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NUCLEAR REACTIONS 

ТКЕ v.*. HASS DISTRIBUTIONS OBTAINED BY INVESTIGATION OF THE COLLISION SYSTEM *°Ar + 232Th 
P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

H. Sodan, S.M. Lukyanov, G.G. Chubarian, V.S. Salamatin and Yu.E. Penionzhkevich 

Joint Institute for Nuclear Research, Dubna 

In reactions between heavy ions the total cross section is generally composed of several com

ponents, which are due to contributions of different reaction mechanisms. In order to study 

these contributions one has to measure the mass and energy distributions of the correlated 

reaction products as well as their angular correlations in a broad range of entrance channel 

parameters. For this purpose, the double-arm time-of-flight spectrometer DEMAS described in 

detail elsewhere /1/ has been developed. Preliminary results obtained by investigation of the 

reactions 22Ne • 2*9Cf, 32S • » 8U, *°Ar • »
2Th and 56Fe • 2°Bpb h a v e a l r e a d y b e e n p u b l i s h e d 

in /2-«/. These projectile-target combinations were chosen with regard to the formation of 

composite systems with an identical nuclear charge number 7 = 108. 

In the case of 40, 232, 

MOP 

Ar + *"Th, studied at a projectile гпегду t} z 301 MeV, we found a Gaussian-
shaped fragment mass distribution with a value Г,.^ = 88 amu lying beyond the width obtain
ed in /5/ for the fusion of heavy collision systems. The conclusion drawn from this picture 
is that the system °Ar(301 MeV) • Z32Th undergoes fast fission, fully in accordance with 
calculations of the driving potential /4/. For E1 = 220 MeV and 206 MeV, respectively, the 
mass distributions tend to broaden and the intensity maximum at M = (M^M-J/Z vanishes. Rela
tive maxima appear in the region оГ M»205 and of the complementary masses Ms*65. The enhanced 
yield of fragments near the doubly magic nucleus 208Pb is interpreted here as due to shell 
effects, which generate and/or stabilize components with closed nuclear shells during the 
drift pro:ess /4/. This is supported by the TKE vs. mass distributions shown in fig. 1, where 

the dashed lines represent the expected release of total 
kinetic energy for fully relaxed events. These TKE values 
are scaled by the expression кМД/(м]/3 + М^/3) ard normal
ized to the centroids of the TKE release for symmetric 
fragmentation /5/. Generally, the dashed parabolas fol
low the ridges of mass drift except the regions of 
M*205 and Мж65. We suppose the emerging shells near 

2П8 the nucleus Pb to be responsible for the formation 
of fission products, which are less deformed. Such 
more compact configurations result in a higher Coulomb 
energy (larger TKE release) than predicted by the 
Viola systematica, which for asymmetric fragmentation 
refers to highly deformed liquid-drop configurations 

i 
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R e f e r e n c e s 

/ 1 / W i l l , C. e t a l . , Repor t JINR 1 3 - 8 5 - 7 5 4 , Dubna 
S c h i l l i n g , K.O. e t a l . , t o be p u b l i s h e d 

/2/ Sodan, H. et 
(1984) 15 

al., JINR Rapid Comm. 

1985) 

(Dubna) N4-84 

120 HO 200 
MAW (omul 

240 2« 

Fig. 1 

/3/ Lukyanov, S.M. et al., Proc. Int. Worksh. on Gross 
Prop, of Nuclei and Nucl. Excitations XIJJ, 
Hirschegg (1985) 123 

/4/ Gippner, P. et al., to be published 
/5/ Токе, J. et al., Nucl. Phys. A440 (1985) 327 
/6/ Hulet. E.K. et al., Preprint UCRL 93218 (1985) 
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TKE vs. MASS DISTRIBUTIONS OBTAINED BY INVESTIGATION OF THE SYSTEMS 22Ne • 249СГ 
56Fe • 208Pb 

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
H. Sodan, S.M. Lukyanov, G.G. Chubarian, V.S. Salamatin and Yu.E. Penionzhkevich 

Joint Institute for Nuclear Research, Oubna, USSR 

AND 

22. Energy and mass distributions of binary fragments formed in the collision systems "Ne • 
249rr 40. 232T. 32c 238,, . 56, 208„. 

Lf. Ar + Ih, ь + U and Fe • Pb were measured by means of the correlation 
spectrometer OEMAS /1/. Preliminary results of these investigations were already published 
elsewhere /2/. In order to draw some conclusions on the mechanisms dominating the studied 
reactions the static driving potentials have been calculated in dependence on the mass asym
metry П : (M - M )/(M + M ) and the different angular momenta 1 /3/. According to these 22 249 calculations the system Ne + Cf is the most interesting one, since its starting point 
for the mass drift is just at the maximum of the potential curve. Hence, the system should 
be able either to move towards increasing n values (fusion-fission) or towards decreasing й 
values (fast fission). A distinction between these reaction mechanisms should be possible 
by taking into account the half-widths of the measured TKE distributions of the correlated 
fragments. In ref. /4/ the heavy collision systems 238U + 160 (Z=100) and 238U + 27A1 (Z=105) 
were studied at an icidence energy of 6 MeV/amu. The results of /4/ allow to predict the 
quantity P. FWHM of the mass distribution of fusion-fission fragments to be in the order of 
70 amu for Z = 108. Contrary to this one expects a broader mass distribution for fast fission 
/4/. Considering the value f , и ц м - 90 amu obtained in our experiments /3/ we conclude that 

22 249 rnrn the system Ne + Cf undeigof.s fast fission. 
Fig. 1 shows the TKE vs. mass distribution of the measured 
fragments. ТЬз contour lines form a ridge, which demon
strates the mass drift to symmetry when the reaction part
ners are in contoct. The dashed parabola drawn in fig. 1 
exhibits the expected TKE release for fully relaxed events 
as already described in /5/. The elastic peaks could not 
be observed for kinematical reasons at the chosen experi
mental geometry /J/. 
The TKE vs. mass distribution of the correlated fragments 

56 20B 
obtained in the reaction Fe(354 MeV) + Pb is shown in 
fig. 2. The plot reveals mainly Bsymmetric 'ragmentation 
with a very low yield of symmetric fregments. More detail
ed considerations show that for the system Fe + 208Pb 
the shape at the conditional saddle is more compact than 
two nuclear spheres in contact /6/. Hence, already for 
central collisions (1 = 0) an extra-push energy E a 30 
MeV is needed to overcome this saddle and to form a stable 
neck. We suppose for higher 1-values the formt ion of a 
neck to be suppressed for energetical reasons (Ё" - V_Q = 

LB 
54 MeV), what prevents the mass drift. The high yield of 
fragments near the elastic peaks is therefore interpreted 
as due to deep inelastic collisions. 
R e f e r e n c e s 
/1/ Will, E. et ab, Report JINR 13-85-754, Dubna (1985) 

Schilling, K.D. et al., to be published 
111 Sodan, H. et el., JINR Rapid Comm, (Dubna) N4-84 (1984) 15 
/3/ Gippner, P. et al., to be published 
/4/ Töke, J. et ab, Nucl. Phys. A440 (1985) 327 
/5/ Gippner, P. et al., this annual report p. 1 
/6/ Bock, R. et ab, Nucl. Phys. A388 (1982) 334 
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IN-BEAM INVESTIGATIONS OF TERNARY FISSION AT THE ROSSENDORf CYCLOTRON U-1ZO 
R. Kotte, H.-G. Ortlepp, H.-O. Keller, F. Stary, E. Hentschel and J. Fiedler 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
The in-beam investigation оГ charged particle induced ternary fission Mas probed at the Rossendorr 
Cyclotron U-120. A 4 nA bean of 13.5 HeV deuterons was focused on a 1.3 mg en target of 
nat.UO, electroplated on a 1.5 mg-cm nickel backing. Two parallel plate avalanche counters 

2 (PPAC) with an active area оГ 2 x 4 en (2 mill gap) were installed both 2 cs> apart from the 
target (fig. 1). These PPACs were operated such (-U. t = 345 V) that only fission fragments 
(ff) generated fast signals for triple coincidences with the lic4t charged particle (lep), 

A third PPAC (lcp-PPAC) with an active area of 1.5 cm in 
diameter (4.5 mm gap) was installed 11 cm apart from the 
target perpendicular to both the fission-axis and the beam 
direction. It was operated at a higher reduced field 
E/p (-U. t = 530 V) allowing an effective triggering on lcp. 
It's fast pulses were used as START signals for a time-of-
flight measurement (TOF). The corresponding STOP signal and 
the energy (E) information were derived from a large area 
surface barrier detector (0 = 3.2 cm, Udet = 130 V) instal
led at a flight distance L = 15 cm Ггот the lcp-PPAC (solid 
angle ail- 12 тег). The mass resolving power m/Jm~4 (at 
E/A = 4 HeV/amu) was mainly determined by the time resolution 
4t = 0.7 ns (FWHM). The three PPACs were commonly supplied 
with 3 torr n-pentane by a gas flowing-through system. 
TOF-E-distributions were recorded into a twodimensional 
analyzer with colour display. Fig. 2 »hows an ungated spec
trum, and fig. 3 a spectrum gat»d by a fission fragment 

coincidence. In order LO obtain the energy distribution of the alpha particles accompanying 
fission the following procedure was done: 
(1) The alpha energy spectra were deduced from the two J.' mensional TOF-E-distributions (fig. 4). 
(2) The contribution of random triple coincidences .as sul-tracted from the gated alpha energy 

distribution by using the ratio (9 • 10" ) of ff-events in both the twodimensional plots 
multiplied with the ungated alpha energy plectrum. 

Despite the bad statistics the determine J large range alpha (lia) energy distribution •"гот 
23B deuteron induced fission of U is in good agreement with the corresponding ones from 

Fig. 1 
Experimental set up 

2J2Cf(sf), " 5U(n th ,f) or 
239 Pu(n.. ,f) /1/, i.e. ternary fission was observed indeed. 
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R e f e r e n c e s 

/ 1 / Kondurov, I.A. et e l . , IAEA, INDC(CCP)-162/GJ 

Fig. 4 
Alpha energy spectra 
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RESULTS OF ABSOLUTE FISSION CROSS-SECTION MEASUREMENTS OF Pu-239 AT 4 . 8 . 8 .65 AND 18.8 MeV 
NEUTRON ENERGY USING THE TCAPM 

С . - и . Hsrbach, к . Mar l« , G. Mualol , H.-G. Or t l epp* ) . G. Pausen 
Technische U n l v e r a l t i t Oraaden, Sektion Fnysik. WB Angewandte Kernphysik 
* ' Z e n t r e l i n e t l t u t für Kernforschung Rossendorf, Barelch KF 

1 . 0 . Alkhazov, L.V.Drapchl>ieky, ЕЛ. Ganze, S .S . Kovalenko, O . I . Koatochkin. S J i . Solovjev. 
V . l . Shpakov 
Khlopln Radlua I n a t i t u t a Leningrad 

Absoluta Measurements of the Pu-239 fast neutron f iss ion cross-section were f in ished at 
three d i f f e r e n t energy spot polnta . By using the Time-Correlated Associated P a r t i c l e Method 
(TCAPM) at the 5 MV tandea accelerator of the С INR Rossendorf (GOR) accuracies of £ 1 % 

were achieved for the neutron f lux determination (see Tab. 1 ) . The produced averaged f lux 

w i t h i n the neutron cone of - 3600 s - 1 

•sea neutron energy (aeV) 
rem of energy distr. (aw) 

Counting of coincidences 
- Statistics of effect 
- Random coincidences 
Fission chamber efficiency 
- Correlated background 
- Extrapolation to sero 
- fragment absorption 
AP counting 
- Background 
•sutron cone 
- Heutron seatterinf 
- Effective fission foil 

tMcknets due to the 
cone aperture 

- Cone neutrons outside 
the angular extent of 
the fission foils 

Plssl le layer* 
- Areal density 
- Inhomogenelty 
Standarl deviation (jf) 
of error 

4.810.20 
0.25 

*•*«— Error 
Con- eontr. 
» ) №> 

1.27 
0.64 0.11 

1.50 0.54 
1.21 0.46 

2.50 0.56 

0.25 0.40 
0.08 0.05 

1.00 
0.88 

2.00 

0.65*0.20 
0.45 

Corr, 

1.86 

lTo4 
1.20 

1.62 

Error 
eoatr. 

1.08 
0.17 

оТгд 
0.45 

0.52 

0.56 0.40 
0.07 0.05 

not corrected 

-
1 

1.00 
0.85 

85 

18.8*0.20 
0.60 

--__ Error 
C4ax- oontr. 

( « W) 
- 1.51 

4.69 0.41 

0.24 0.11 
2.69 0.56 
1.50 0.59 

5.54 1.00 

0.54 0.40 
0.12 0.08 

1.00 
0.88 

2.59 

/ 1 , 2 / was auch higher than in p a r l i e r aeasureaents 
a t U-235 / 3 . 4 / . Fissions were detec
ted by placing th in targets 
£ 300 Aig/cs) inside a p a r a l l e l 

p l a t e ion iza t ion chamber f i l l e d 

w i th aethane / i / . 

New aeasureaents of the target a r e a l 

dens i t ies by « -count ing a t the TUD 

confirm the used RIL data wi th in 

the error H a l t s . The results at 

8 .65 MeV and 18.d MeV neutron energy 

represent a suaaary of independent 

aeasureaents ( F i g . 1 ) . 

The coaparision wi th data evaluations 

indicates a s i g n i f i c a n t discrepancy 

a t 8.C5 MeV espec ia l ly for the 

ENDF/B-V data (Tab. 2 ) . F i n a l resul ts 

w i l l be represented a f t e r checking 

the lsotopic composition of the t a r 

gets by means of mass-spectroaetry 

Tab. 1 : Corrections and error contributions 

and the exper iaental provm of the absorption 

cor rec t ion , which was s t i l l calculated by 

assuming a range of (7 .5 • 2) mg/cm of the 

fragments wi th in the f i ss ion f o i l s . 

REFERENCES 
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TU Dresden, 1985 

/ 2 / C M . Herbach et a l . ; XV. Internat.Symp, 
on Nucl.Phys."Nuclear F iss ion" , Geussig, 
GOR, Nov. 1985,Proe.to be publ . as a 
ZfK-reper t 

/ 3 / R. A r l t et e l . ; P roc .X. Internet.Symp. 
on Selected Topics of the In teract ion 
of Fast Neutron end Heavy Ions with 
Atomic Nuc le i , Gaussig, GDR, Nov.1980, 
ZfK-459 (1981) , p. 27 

/ V *-• A r l t st a l . ; Proc of an Advisory 
Group Meeting on Nuclear Standard 
Reference Data, Oeel , Belgium, 1984 
IAEA-TECDOC-335, p. 18, (1985) 

/ V G ' v » Antslpov e t . a l . , IAEA-report INDC 
(CCP)-166/GM3 (1981) 
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Flo, . l a and l b ; RQeulta of the independent 
measurements at 8.65 and 18.8 MeV 

Neutron 
energy 

(MeV) 

4.8 
8.65 

18.8 

Presented TCAPM-
measurements 
Result 

(10-24cm2 
1.740 
2.350 
2.431 

Error 

2.00 1.85 2.39 

Discrepancies to 
data files 

EWDF/B-
Ш 

* 2.90 
• 4.26 - 1.10 

^telpov/5/ 
Ш • 0.40 

* 2.89 
Tab. 2; Comparlslon of the presented results with actual data evaluations 
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ABSOLUTE MEASUREMENT OF THE U-238 FISSION CROSS-SECTION AT 18 .8 HaV NEUTRON ENERGY USING 
THE ТСАРИ 

С . - И . Harbach. K. Mor ia . G. Hua io l . H . - 6 . Ortlepp^ G. Pauach 
Technische U n i v a r a i t i t Droadan, Sektion Physik. wB Angawandta Karnphyaik 
*? ainca 1984 ZfK Roseandorf 
L.W. Orapchinaky, E.A. Ganza, V . l . Shpakov. S.M. Solovjev 
Khlopln Radiua I n a t i t u t a Leningrad 

Tha Joint aeasureaents prograa of the Khlopln Radiua lietttute Leningrad and tha Technical 
Univers i ty of Dresden / V was continuad wi th a aar iaa of •easureaente of tha U-238 f iaa ion 
cross-sect ion, s tar ted by a eeasuresient at 18 .8 HaV nautron energy. Tha aain experimental 
faaturaa i n nautron production and won1toring corraapond to those i n tha U-235 aeasureaent 
/i/. but in contrary to £2J a s e l f supporting T i - T target without A l - l a y a r (thickness 

2 2 
3 . 1 ag/ca , inventory 62.3 G8q/ca ) was used. The absence of the Al (d .at . ) background coe-

ponent reduced the e r ror contr ibut ion of tha background correct ion in the associated 

p a r t i c l e channel (see f i g . 1) f ro« 1.35 % to 0 .60 %. Employing a ro ta t ing target holder 

systea the use of been-currents to about 500 nA was poee'.ble without not iceable T-escape 

out of the t a r g e t . 

En - (18.8 • 0 . 2 ) HeV 

Counting coincidences 

• S t a t i s t i c s of e f fec t 
- Randoa coincidences 

Fission chaaber e f f i c iency 

- Corre la ted background 
- Extrapolat ion to zero 
- Fragaent absorption 

AP counting 

- Background 

Neutron cone 

- Neutron sca t te r ing 
- E f fec t i ve f iss ion f o i l 

thickness due to the 
cone aperture 

F i s s i l e layers 

- Area l density 
- Inhomogenity 

Result ( 1 0 " Z 4 c » / ) 
Standard deviat ion 

Corr . 

1.07 % 

6.01 % 
0 .81 % 
1.99 % 

5 . 6 5 % 

0.54 % 

0 . 1 2 % 

-

1.337 • 

Г - <• 

Е Г Г О Г 
cont r . 

1.81 % 
0 .21 % 

0 . 0 4 % 
0.20 % 
0 . 8 4 % 

0.60 % 

0.40 % 

0.08 % 

1.00 % 
1.51 % 

0.038 
2 .81 % 

N 
/ ~ \ 

i / JVL " NOffftttiStd Botft 

3 ^«DUU) * 

AP-Spectrum and 
Background Correction 

toe iQrouod 
TildL*) 4 

Ranges Ы Nomohnten ot 

Co 

150 200 
CHANNEL 

Flo. 1; AP-spectrua of the Tl-T target foil and background correction 
Tab. 1; Suaaary of the correction« and """" error contributions of the presented «easuresent 

Tha used 5 fission-foils (Is - 1.909 ag/ca ) ware prepared by HP-sputtering and Separa
tion out of an aetal-organlc coapound. The araal densities were aeaaured by 2/3*/ et-coun-
ting and calculated by using Т„2 • 4.468 . 10 у • 0.11 % / У . The lnhoaoganalty was deter-
ainad by RBS [*J and the uaed flesion chaaber configuration optiaiaad as described in raf. 
Д7 t0 9** • siniaua total lnhoaogeneity. To laprove the accuracy further efforta have to 
be directed especially to the preparation of foils with better lnhoaogeneity. 
Tha preliminary result ((1.337 • 0.038), 10" 2 4 ce2) agrsss within the error Halts with 
the ENDF-BV-coepllation (1.326 . 10"24 ca 2). 
REFERENCES 
/l/ Я. Arlt et.el., Kernenergie g* (1981), p. 48 
/2/ C.-H. Harbach et.al., preprint TUD 05-07-85 (1985) 
Л 7 A. Lorenz (E<ty, IN0C(N0S)-149/NE, Vienna, Dae. 1985 
/ V K. Maria, R. Qroetechel, thla report, p. 116 
/ V С.-П, Herbach et.al., preprint TUO 05-06-85 (1985) 
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THEORETICAL STUDY OF FISSION HBUTROH SMISSIGH DURING FRAGMENT ACCELERATIOK 

H. Karten 

Technische Universität Dresden, Sektion Physik, WB Kernphysik 

Based on dynamical calculations of post-scission processes /1/ we introduced the time-

dependence of fragment excitation energy £*(t) and kinetic energy E ^ t ) into the cascade 

evaporation model /2/ to estimate the iof lustre of neutrons emitted during fragment 

acceleration on total double-differential emission probabilities N(E,0) (2,0 - neutron 

energy and emission angle with reference to t.ie light fragment direction, lab. frame 

coordinates). The considered emission mechanism was assumed to be significant in different 

fission reactions /3,4,5/, but earlie studies iavolved arbitrary approximations like the 

reduction of the problem to a single intermediate emission time. 
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Fig. 1 
Fragment kinetik energy per 
nucleon Ef, the average 
excitation energy £ , and 
the average cms emission 
energy as a function of 
time t after scission for 
symmetric fission of 252cf 
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The angular distribution 
of f ission neutrons for 
a fixed emission energy 
(2 MeV) in dependence of 1 
for 252cf(sf)Csymmetric). 
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Oo/900-anisotropy of 
(sf) neutron emission 
versus t for fixed 
emission energies (para
meter in äeV). The struc
ture at low energy appears 
duJ to kinematics. 

The calculation of the cms emission distribution r"0(£) of toe first cascade step was 

carried out as a function of t, i.e. •» 

t0U « Bk(t),t)dt-»(t). J* t&.Sj&tt). *{£%£№, (1) 
where F.(E :t) - excitation energy distribution. The emission probability per time unit 
#(t) is deduced according to statistical assumptions /3/. The corresponding й(Ы,*) data 
(Fig.2) show a time-dependent 0°/90°-anisotropy (Fig. 3) which can be approximated by 
sinh (3 . V E.E^t)//* / f(t)) (A-fragment mass number). Hence, the relative behaviour of 
EjgCt) and Ex(t) as well as *(t) determine H(E,ÖJt), The used input data /1/ give rise to 
an unexpected anisotropy maximum close to 10 s (Fig, 3) for a symmetric mass split in 
' Cf(ef). A remarkable enhancement of neutron emission in equatorial direction can only 
be deduced for unreasonably short neutron life times, i.e. simulation of non-equilibrium 
emission. 
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/ 1 / B.C. Samanta et a l . , Phys. Lett. IPjJB (1982) 83 
/ 2 / H. Märten et a l . , J. Pays. S 1Ц (1984) 349 
/ 3 / G.A. Pik-Pitchak, lad. Fiz. 12 (1969) 321 
/ 4 / P. Riehs Acta Phys. Auetr. 53 (1981) 271 
/ 5 / £>.J. Hip T et a l . , Phys. Rev. Lett. $1 (1984) 936 
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ABOOT TBE KBAK-SQUARE HADI1 OF THE 236-0 TOCLEOS II EXCITED STATES Я Т Я o m E R E H T 
FISSIOR WIDTHS 
A. Meister, S. Mittag, W. Pils, D. Seeliger, I. Seidel 
Technische Universität Dresden, Sektion Physik, Ю Kernphysik 
L.B. Pikeiner 
Joint Institute for Ruclear Besearch, Dubna, USSR 
Experimentally deteminod meen-aquare charge radii of compound-nucleus states excl-235 ted by neutron resonance absorption la 0 s ow on average a weak diminution as compared 
with the ground state data, and a correlation of these <_r > n with the fission widths of 
tbe compound-nucleus states seems to appear /1,2/. In Ref. / 3 / an attenpt was made to 
discuss this correlation in the frame of the double-hasped fission barrier model. 
This model is successfully used to describe subthreshold fission processes, whereas in 
the present case states are excited lying about 1 He? above the barrier. But investiga
tions of the fission cross section of г 3 5 И + п showed intermediate structures which could 
also be interpreted with the same model that has been used to describe structure in sub-
thesbold fission /4/. 

fith the <r 2> n -data, the fraction a ?, of configurations with deformation corresponding 
to the second well of the fission barrier was estiaated for each excited compound-nucleus 
state. Using the value o^_ of the 4.8 eV-resonance, which has a fission width of only 
4 seV, as a reference (j) the fractions a ~ of the other states are of the order of 109 
(?ig. 1 ) . In the frame of the model the a? nay be relate* to the transition rates bet
ween the wells. This yields a fission, width ГЖ1 » 1...5 *Y for the second well states 
responsible for fission of compound-nucleus statea excited by low energy neutrons. The 
value is very small in comparison to an estimate of the statistical average fjr»50...120eV 
obtained by the Bohr-Vheeler formula. In priciple, large statistical fluctuations of fy 
;re possible, but it can not be excluded that the observed correlation of the < r > n 
with Г j ig connected with any other phenomena not included in the model used. 
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Fig. 1» 
Differences of fractions of second well 
configurations in 236-U compound-nucleus 
states in dependence on their fission 
widths (•{<) and estimated dependences 
with indicated r I I f (— ) 
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AiGUUR CORRELATIONS «HD NASS LOSS in 1 Ge¥ PHOTON-HUCLeüS COLIISIOHS 
L.N. Andronenko, H.H. Andronenko, A.A. Kotov, i.A. Vai»hnene 

Leningrad Huelear Physic« Inititute. Gatehina. U.S.S.H. 

V. Neubert 

Zentralinatltut für Kernforschung Roasendorf, Bereich KP 

The experiment wa« performed at the Gatehina synchrocyclotron using the 1 GeV external 

proton beam. Coincident heavy fragments were detected in the two arms of the TOP spectro

meter. The emission angle of one fragment was measured by a position sensitive PPAC 

(18 x 3.5 cm ). A doublr-grid avalanche counter mounted at a distance of 3 cm from the 

target provided the common start signal for the TOP measurements. Two silicon detectors 

at в, • 90* to the beam axis supplied the stop signal and energy information. In this way 
it was possible to measure two angular correlations simultaneously and to check the 
reliability of the data. The mass distributions of the fragments were determined fron the 
measured TOP's and kinetic energies- The mean value of the single mass distribution <A1> 
was found to be less than the half of the target mass »„. 
The corresponding mean mass loss <ДA> carried away by the undetected particle- was ob
tained from the relation <ДА> - ( A? + 1) - 2 <A1>. 
Figures 1, 2 and 3 show the Bean mass-loss for targets of uranium, bismuth and samarium in 
dependence on the folding angle в, • 6j of th« fragments. The mass loss increases in for
ward direction (в. • в» < 180*) and the r.m.s. variances <в^1> °r *he corresponding mass 
distributions beзове broader. The same tendency was observed in backward direction. This 
behaviour could not yet be understood. 
In a first approximation, we used the two-body kinematics to estieate the transferred for
ward momentum p„ for several folding angles. A'least square 
fit (solid line in fig. *) shows that p„ increases approxi
mately linearly with the mass loss U O in agreement with 
the data of ref. /1/. Purthtrmore, a comparison at given 
< A A > of our <ata with recent measurements /1/ shows that 
p„ varies inversely with the proton incidence energy. 
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R e f e r e n c e s 

/ 1 / S.B. Kaufman et a l . , Phys. Rev. £26 (1982) 269* 

3 

rig. 1 f 

e>£ 
•- T 
— > 
< u > 

Л 
< 4 

V 
1Л 

ч» in 
< 
2 

100 

0 

40 

20 

» 

Sm 
• • « 

• ' * • . 
• • • . 

* • . . 
• * 

• , 
• • • 

rig- г a/ 120 

2000 

Й51000 

I 
trt 
M 

2 

• • 

10-

52 2* 

20 

• . и 

• + — a » 

• • • 
•#» 

• .•• 

• 

a 
d *" •* 1 1 ti 

4 
•••• v 

l e t » • 

4 * 
1И 1И 

• , • • , 
{deerevf] 

ISO 

Pig . * • 
; i i i i 

160 
O-'O; 

[degrees) 

200 

m 
Cevarrmf 

1 »me, M 

•f Я N Я N 
мам uns<t*> tu 1 



- » -

HaBBOB AHB P1AGHBKT BKISSIOH III CLUSTBB IICITATIOB PIOCISSBS »T HBDIOH I» BIG IBS 
H. Heller and C. Schnelderelt, Zentralinstitut fur Kernforschung, lossendorf, Bereich KP 
Is. lovacs. Central Besearch Institute for Physics, Budapest, Hungary 

An extended version of the cluster excitation aodel /1/ is proposed to describe the Inclu
sive spectra of various particle types in a consistent way. The ealsslon of particles In 
hadron-nucleus Interactions la assumed to be caused by a sequence of quasi-free binary 
collisions between the projectile and clusters of к (1 £ к i A) tar(et nucleons. These in
teractions are connected with the conversion of kinetic energy Into excitation energy of 
the colliding systeas. The subsequent decay of an excited systea is described according to 
the statistical aodel /2/, 1. e. the decay probability P*4n) into a certain channel м is 
assuaed to be proportional to the nusbir d Л (М) of quantum states per energy interval 
accessible at the given invariant aaas К of the aystea 

with the aasses «^ of the final particles. Spin- and isospln states are counted by the factor 
g, the Lorents-invariant phase space is denoted by dK"4n), and й aeons the voluae froa which 

n 
the particles are ealtted. The decay probability is noraalised according to 

P* (И) .4Ы1Ш1/1Ы U*W. These probabilities arc employed in the nodel /1/ for the description of the whole interac
tion process. In this way all possible decay channelc are taken into consideration. In fig. 
1 the calculated spectra of protons, deuterons, trltons and pions froa the interaction of 
neutrons with carbon at 5*5 He» /3/ are coapared with aodel calculations. With the para
meters of ref. /1/ a fair description of the whole data set has been achieved. 

Energy spectra of protons, deuterons, trltons and charged pions at different angles /3/. 
Data and curves are multiplied by the factors given in parentheses. 

/1/ Koaarov, V.l., H. HUller and S. Tesch, Fortschr. Phys. 21 (1985) 595 
/2/ Permi, г., Progr. of Theor. Phys. 5_ (1950) 570 
/3/ RSssle, E. Proceedings of the 6 th Balaton Conference on Nuclear Physics, 1963, 

ed. J. Его (KPKI, Budapest) p. 141; Frans, J., «t al., Phys. Lett. 153B (1985) 382 



A UaSWIMMT OF TU TOTAL «OSS SICTIOI OP THI CAPTO» RBACTIOV eM(a,t)| AT »B - 25 la» 

J. MSanar. K. Mller, W. Plls, 6. Sehaldt and T. Stiehler 
Zentrallnatltut fir Kernforachane, lassenderf, Bereich KP 

Photodlslntegration of В and lta inverse, the radiative n-d capture,are a tool to ln-
vestlgete the three-body wave function in ita aore general aapeet and can provide basic 
information on the propertlea of the nuclear forcea. 
The preaent paper repreaanta the firat aeasureaent of the total crosa section of th» cap-
tare reaction B(n,t),. He uaed an experimental aet-up alailar to that described in ref. 
/1/. The 25 He* neutrons are produced at a Tl-T target boabarded by the 8 HeV pulsed deu-
teron baaa of the leaseadorf tandea accelerator. After colllaation the neutrons are inci
dent on a 10 ag/св caseous deuterlua tercet containlnc two HHPC's. The capture trltons, 
reeoil deuterons and break-up protona produced within the deuterlua gas voluac are detected 
alaaltaaeoualy by a eharged-partlelea speetroaeter which allows to separate these kinds of 
particles. Pig. 1 shows the result o' about 440 hours aeaaurlnc tlae. 
The total eapture eroaa section is determined froa the ratio of the nuaber of aeasured 
tritena ta the nuaber of recoil deuterona with the help of a Ronte-Carlo emulation using 
the known differential cross section of the elastic n-d scattering /2/. The resulting cap
ture cross section aaounta to 4V . • (7.6 • 0.8) ub. Using detailed balance this value 

с apt ™ 
corresponds to C d i a • (453 ± 48) ub for the photodlslntegratlon croas section at E. • 
29 lef. 
A comparison with existing photodlaintegra-
tlon data and four different theoretical 
calculations la given in fig. 2. 
The present value confirms the data points 
aaaavred by Skopik et al. /3/ (open circles 
In fig. 2). It should be noted here that in 
the ease of photodlslntegratlon reasureaenti 
the absolute noraallsatlon of the cross 
aeetion ia a difficult ezperlaental task 
and, therefore, systeaatic errors can be 
underestlaated easily. 
Obviously, this also Is the reason of the 
discrepancies between the data of the 
aeaaureaenta of the different groups. 
Vhlth this reapeet our aeasureaent serves 
as a kind of calibration of the photo
dlslntegratlon data. 
A more detailed description of the experi
ment and a discussion of the conclusions 
w^ll be published In /4/. 
References: 
/1/ Stlehler, Т., et al.; Huol. Instrua. 

Methods A 236 (1985) 343 
/2/ Dill, P., et al. (Karlsruhe); private 

"oaaunloetlon 
/Э/ Skopik, D.H., et al.; Phya. Rev. С 24 -» * й щ и д-_ 

(1981) 1791 "потоп вттчшш 
/4/ MBsner, J., et al.; to be published Pig. 2s Total cross sections for the 

in Pew-Body Systeas two-body photodlslntegratlon 
of 3H 

i^^n vv* 
Pig. 1: A plot of the aeasured events 
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OPP-SIBLL SMSITITITT OF TBS N1-C0RTRIBOTIOV TO THB CAPTORS REACTION n • p —•> d * j 

K. M i l l e r 
Saatrallaatltwt ftr Kernforschung, Rossendorf, Bereich KP 

In connection with a stitiiriscnt of the capture reaction n • p —•> d • . with 25 HcV neu
tron* at the Rossendorf tandei. accelerator /1/ a theoretical investigation v u started to 
study the influecce of off-shell chance« in the nucleon-nucleon potential on the capture 
eross section. 
In the neutron energy range fron 0 to 50 HeV the eross section of the n • p — * d + . 
capture reaction 1* dominated by 111 and B1 transitions according to the natrix elements 

m 
11 

To study the influence of off-shell changes on these matrix elenents sets of phase equi
valent rank-2 separable potentials were generated using a method proposed by Piedeldey 
/2/. In an earlier paper /3/ off-shell changes in the SI transitions wer* investigated 
which are due to changes in the triplet np-potential. 
To study the influence of off-shell changes in the singlet np-interaction in the present 
paper the •" transitions were Investigated. Off-shell changes were generated by using 
different wave functions u* for the singlet virtual deuteron d (Pig- 1). The eorrespon-

o 
ding changes in the H1 photodlsintegration cross section are shown in Pig. 2. Proa this 
figure on* can conclude that there are practically no off-shell changes in the capture 
cross section if on* passes fron curve 2 to curve 3- Up to now it is not yet clear whether 
there exists a simple argument to explain this strong cancellation. 

Pig. 1 Wave functions of the 
virtual deuteron state d 

R*f*r*noe* 

En/MtV 
Pig. 2 Off-shell changes of the total 

. • d disintegration cross section 
due to the wave functions d* in 
Pig. 1 

/1/ Stiehler, T. et al. Phys. Lett. 1ЯД (1985) 165 
/2/ Piedeldey, H. Bucl. Phys. A135 (1969) 353 
/Э/ ИВ Her, X. Proe. of the X. luropean Synp. on the Dynamics of Pew-Body Systems, 

Bal*tonfUr*d 1985 
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PHEMOMEHOLOGT OF ANGULAR DISTRIBUTIONS OF 14-MEV-NEUTR0M-INBLASTIC SCATTEBISG: 
SYSTEMATICS AMD THEORETICAL APPROACHES 

D. Herasdorf and H. Ealka 

Technische Universität Dresden, Sektion Physik, «в Kernphysik 

(»•"•rally, the energy and angular dependence of neutron «mission -;л«л sections 
£nM (B,B*, e f ) i s favourable represented In t ere s o f Legendi* pclynoaials according 

*° L 

*^ 1=0 2 

Introducing reduced coefficients f̂  by the normalisation conditioa 

fo (B.E* ) - ^ в. (B.B ' У€л (В). (2) 

The aystematics of higher-order coefficients f̂  ( 1 s D carried out by Briseno et a l . / 1 / 
yields following resultst 
I ) independence on the target nucleus mass шшЪег in the range 30iA<»200; 
I I ) inaependence on the incidence energy la the energy rang« 5£E£26 MtV; 
i l l ) independence on the kind of incidence and emerging particle (at lesst for neutrons 

end protons). 

At present, two different approaches exist for an interpretation of this systematical 
behaviour of fг t 
i ) the "Leading-Particle-Model* developed by Mantsourasis et al , / 2 / «hieb, has been 

implemented into the Generellsed Exclton Model (GEM) by AT-keraans et a l . / 3 / . 
11) the semi-empirical formalism of Ealbach and Mann /*V which has been derived from 

(p,n) and (p,p* ) experiments *t high energies (E-50 MeV). Assuaing the correspon
dence of the transmission of a particle with angular monenvia 1 througn s nucleus' 
potential well and the moment f̂  i t has been found 

*1 (B') - 1/(1 • exp (Al (bt - B')) (3) 

with parameters 
A* - (0,036 • 0.0039 1 (1 • 1))/«eV ) 

. ,l for 1 - 1 . . . 6 (4) 
Bj - (92. - 90/Y 1(1 • 1) )MeT , 

This formalism also reflects a l l independencies of f̂  stated above. But, any application 
at 1« Me? has to be investigated carefully / 5 / . 

References i 
/ 1 / Brlseno-Gelves, J . , Hermsdorf, D. and Ealka, H., Jahresbericht ZfI-559 (1985) 45 
/ 2 / Mantsouranis, G. et a l . , Phys. Lett. 222 (1975) 220 
/ 3 / Akkeimane, J.H., Gruppelaar, H. and Reffo, G., Phye. Rev. £22 (1980) 73 
/* / lalbach, C. and Mann, P.M., Phys. Rev. £22 (1981) 112 
/ 5 / Bermsdorf, D., Ealka, H. and Stelninger, U., this report p. 1J 
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РИБИОИЫЮЬОСТ OF AÄGttUR DISTRIBUTIOBS OF 14-MBV-HBÜTR0H-IIIBUSTIC SCATTEHBCGt 
COaPARISOH OF ВХРНИаЕНТЛЬ ARD THEORETICAL RESULTS 
D. Herasdorf, H. Kalke «nd U. Steiniger 
Technisch« Universität Dresden, Sektion Physik, IB Kernphysik 

In a preceding contribution tee paeuomenologleal models for the calculation of doable-
differential cross sections (DDX) are described / 1 / . Both formalisms have been applied 
to interpret experimental data for Lead obtained by several authors. 

i ) The "Leadiog-Particle-model" i s realised in the computer code AMAPRE / 2 / which 
supplies a l l Legendre momenta f j inclusively f0. 

i i ) The application of Kalbacu-mann' a formalism necessarily requires to account for 
contributions by compound processes (MSCR) by a reduction factor r(K ) defined as 
the relative contribution of direct reactions (DI) to the total emission cross 
section 

exp r(K' )-б-яИ(к- ^/в-^св-) 
to yield Legendre' moments 

*! ( 1 ' ) - C d ' ) - ^ " Ч * " ) f o r l - 1 6 

(1) 

(2 ) 

Usua l ly , ( j^E' ) D t i s approximated by 6"^ (в* )' ,DIBA 

Comparing reduced coefficients extracted from experiments and calculated results follo
wing conclusions can be drawn: 
1) the theoretically predicted fx in both formalisms agree very well within the 

experimental uncertainties /3/ (snd flg. 1) 
il) the predicted absolute angular distributions 6 " ^ (Е,Е*, J ? ) are also in quite good 

agreement if the normalisation factor f0(B,E' ) can be correctly determined by 
theory or experiment. At high emission energies DI components have to be superim
posed to the results of АИАРВЕ /3,4/. 

Fig. 1i 
f^ as function of energy E . 

> > • • • a » 
E'll 

Referencesi 
/ 1 / Hexmedorf, D. and talks, В. , this report, p. 12 
/ 2 / Hemsdorf, D., Kalks, Я. and Seeliger, D., Jahresbericht OI-530 (1964) 16, 

Jahresbericht 2Я-559 (1965) 44 
/ 3 / Bernsdorf, D. at a l . , Proc. Conf. on neutron Physics, t i e r , 1963» Vol. I , p. 131, 

1984 
/ 4 / Elf ruth, T. at s i , , Proc. Int. Synp. on Fsat Reutron Physic«, Chiang Mai, 

Thailand, 1985, to be published 
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ABOUT THE POSSIBILITY OF A BOUND 12C 12< С QUASIMOLECULAR BAND IN Z4Mg 

H.u. Gersch 
Zentralinstitut für Kernforschung, Rossendorf, Bereich КГ 
V. Goldberg and V. Rudakov 
Institute of Atomic Energy, Moscow 

12„ Recently we presented as a result of our Hoscov - Rossendorf collaboration the direct evidence of а С transfer 
in the 12C(14N,d)-reaction, populating the (13.450 + 0.015)MeV 6* level in 24Mg /1/. This statement is based on 

- the agreement of the (d,od ) correlation function with the squared Legendre polynom for an orbital momentum 
1=6 and 

- the disagreement of the deuteron angular distributicn with a Hauser-Feshbach calculation. 

The quoted level has been found and investigated already in different reaction channels (e.g. /2,3,4/). Assuming 
12 12 a rather large spectroscopic factor for the cluster component С- С (both in the groundstate), we suggest: 

29 ~ 
1) The level could be a member of a rotational band with an anomal large momentum of inertia. Using дг. = 

-1 12 12 
10 MeV , as found for the quasimolecular resonances in С- С collisions, the next members of thf hand 
should be situated at E*(4+) *? 11.3 MeV and E*(8+) 2*16.5 MeV, respectively. 

2) The expected members of the rotational band should have similar intrinsic structure. Taking into account the 
spectroscopic factors of the 6 level /2/ and the '-ble I 

,T 

4* 

6+ 

8* 

E* /MeV/ 

11.3 

13.45 

16.5 

flLo /eV/ 

3.5 meV 

1.6 

0.7 

l i , /eV/ 
-

4.1 

15 

energy dependence of the penetrability we get the fol
lowing °C-particle widths (table 1). From this point 
of view it is worth while to investigate the 4 (?)-
level at 11.30 MeV /3,4/ and the three 8* levels /5/ 
at about 16.5 MeV more in detail. 

3) The special method of distinction of a direct transfer from a compound process in heavy ion reactions is 
described in IM, according to which following conditions must be fulfilled: 
- angular momentum matching for a periphere collision 
- fragment (here the deuteron) with spin I 0 as a spectator 

20 
- final state (here Ne) of the angular correlation measurement with spin : 0. 
As shown in table 1 the last of these conditions is hard to fulfill for the expected 4 and 8 members. 
However it should be possible to investigate the mechanism in a more complicated experiment, using for 
example the d-of..-- coincidence. 

4) A rotational band is characterized by collective intraband --transitions. However the known »-transition 111 
Ггот the 6* level leading to the 4* level at 4.107 MeV competes seriously with an expected intraband transi
tion even in the case of strong collectivity. Thus, an identification in a d,-coincidence experiment seems 
to be hopeless. The C( 0 A ) - or Ne(al,.)-reaction has probably a better chance. 

5) The 6* level at 13.45 MeV in 2*Mg is situated about 9 MeV below the well known 6* resonances of the quasi-
molecular band. This fact suggests an interpretation of the quasimclecular resonances in the frame of the 
double resonance mechanism /6/, in which resonances with excited relative motion (Ы0) are coupled to molecu
lar configurations, containing two excited carbon clusters. 

12 12 The generally used nucleus-nucleus potentials do not permit bound С- С states. However, the parameters of 
these potentials are gained by fitting to the experimental quasimolecular bend. Some deep potentials, in
dependently determined. /7/ have bound nucleus-nucleus states end permit the interpretation of the found 
13.45 MeV 6 level as a quasimolecular state. 

R e f e r e n c e s 

/1/ Artemov, K.P. et al., Phye. Lett. 149В (19В4) 325 
/2/ Fifield, L.K. et el., Nucl. Phye. A309 (1978) 77 
/J/ Greenwood, L.R. et el., Phye. rev, C6 (1972) 2112 
/4/ Szanto de Toledo, A. et el., Nucl. Phye. A315 (1979) 500 
/5/ Fifield, L.K. et al., Phye. Rev. C8 (1973) 2217 
/61 Scheid, H. et el., Phye. Rev. Lett. 25 (1970) 176 
/7/ Beye, D., N. Peeher, Nucl. Phye. A379 (1982) 330: Setchler, G.R., Nucl. Phye. A409 (1983) 3c 



15 -

APPLICATION OF K*-INTERFEROMETRY FOR THE INVESTIGATION OF THE EARLY STAGE IN HEAVY ION COLLISIONS AT RELA-

TIVISTIC ENERGIES 

Proposal for an experimental arrangement at the Dubna Synchrophasotron 

H.U. Cersch 

Zentralinstitut für Kernforschung, Rossendorf, Bereich КГ 

Collisions of relativistic heavy ions (RH1) are the unique possibility to study nuclear matter under extreme 
conditions. One of the fundamental problems is the existence of the quark-gluon plasma (QGP). In some theoretical 
models the transition to the QGP seems to be possible already at Dubna energies /1/. 

The aim of the proposed experiment are informations about the evolution of a RHI collision in the stopping 
region of energy. Pions and nucleons emitted during the collision reflect only the thermal freeze oat in а 
later stage of the reaction. From the study of strange particles we expect informations of the early hot and 
dense stage of the collision and about the phase transition into the QGP. The inclusive К -spectra can be used 
for measuring of the temperature parameter T. The density Д> of the nuclear matter in an early stage of the col
lision can be determined from the size of the kson source and the number of participating nucleons. The space-
time behaviour of the К -emitting source can be investigated with help of the intensity interferometry /2/. 

In fig. 1a the expected correlation function is presented 
for two different source dimensions R . Here, the Coulomb I ° 
repulsion between identical kaons was taken into account by 
the so called Gamow-factor G /3/. The life time of the source 
and the effect of coherence between the kaons is assumed to 
be sufficiently small. Fig. 1a shows, bust in a practical 
measurement the events of 2-particle coincidences can be 3 0 0 

s-rt 

»*N 

к<ч,,А,.2о'£у) 

4m 
loo zoo ioo 

cumulated in bins of the parameter q = J p. - p. I of 
U q 4 30 MeV/c ({?: momentum of K* in the rest frame of the 
source). 
Only very scarce rates of К -coincidences are expected. 
Therefore it is necessary to use a filmless detector system. 
The proposed experiment can be realized in principle by the 
magnetic spectrometer of the device GIBS at the Dubna 
Synchrophasotron, consisting of the dipol magnet SP 57 and 
three systems of multiwire proportional chambers (MWPC). 
The spectrometer has to guarantee 
- the identification of keons in the background of pions and 
protons 

- the measurement of the kaon momenta 
- the selection of central collisions by a suitable trigger. 

The yield of K+-coincidences has been estimated on the basis 

О 
Fig. 1 
Expected correlation function for К pairs at 
different sizes of the emitting source (a) and 
phase space factor for the proposed experimental 
setup (b) 

of the following conditions: 
- beam: 5i or heavier, 4.2 A GeV/c(lab), 10 particles/pulse 

2 
- target; Si or heavier, 3 g/cir. 
- two-kaon production cross section в" (2 K+, be" 2 fm)»10 mb (b: collision parameter) 
- survival of K+-pairs in the spectrometer with the length L s 3.3 m : 50 Й 
- phase space factor К (fig. 1b), calculated by simulation with a Monte-Carlo code, taking into account 

• the source of K+ with a temperature T»140 MeV, isotrope 
• the spectrometer geometry with an acceptance of Л * 7 5 пег, spectrometer axib » 15° out of the beam axis 
• the momentum acceptance p(lab) s 0.5...2 GeV/c. 

For the second bin (qCM = 30...50 MeV/c)we got K»3-10"5 and a yield o( N 5*0.02 K+-pairs per accelerator 
cycle. Thus, a correlation function can be gained with sufficient statistics during a few hundred hours beam 
time. 
The identification of kaons is based on the particle momentum (from the reconstructed trajectory in the magnet
ic dipol field) end the tine of flight (TOF). For the length of the spectrometer nf L г 3.3 m the TOF has to be 
measured with 0.2 ne accuracy. Therefore behind the last MWPC a wall of scintillation stop detectors sectionated 
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in about 100 «odiles has to be installed. The start detector eventually must be placed into the primary beam, 

which needs a large counting capability. 

Additionaly a beam detector determines the trajectory at the position of the target. A filter magnet at the first 

part of the spectrometer can help to select the interesting particles from the primary beam and enlarges the 

efficiency of the device by about a factor 2 (fig. 1b). 

A similar experimental setup is under construction in the Brookhaven National Laboratory for the investigation 

of RHI collisions at 15 A GeV/c(lab) /5/. 

R e f e r e n c e s 

/1/ 7. High Energy Heavy Ion Study, GSI-85-10 (1985) 

/2/ Yano, F.B., S. Koonin, Phys. Lett. 78B (1978) 556 

/3/ Beavis, D. et al., Phys. Rev. C28 (1983) 2561 

/4/ Kulakow, B.A., Project GIBS, Dubna 1976 

/5/ Nagamiya, S., Int. School of Nuclear Physics, Erice, 1985 
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QUENCHING ОТ THE CORRELATION FUNCTION AT THE HANBURY BROWN-TWISS EFFECT 

H.U. Gersch 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Using the HBT-effect i t is possible to get information about the space-time structure of the radiating source 

/ 1 / . I f Boson pairs (e .g . K*) 111 are emitted with a Gaussian-like 

the time behaviour 7 the correlation function has the form / 3 / 

regarding the source distribution R and 

Rtyg.) » 1 • A «2 
*t* 

(i) 

q = | p1 - p-l , q0 = | E1 - E_|, A : degree of coherence, 

exists /4/. 

•Лете A= 1, if no coherence between the particles 

In the experiment the product of R(q,q ) and the phase space function k"(q,q ) will be measured. R(q,q ) is 
gained in praxis by normalization to a function without correlation behaviour, which can be determined experi
mentally by using surely not correlated particles or by simulation, taking into account the parameters of the 
source (fireball) and the geometry of the spectrometer 17.1. In general however because of small coincidence 
rates the correlation function can be measured only in dependence of q (e.g. 5,6). In this case the measured 
function R(q) is interpreted as -'A. 

;?<y • < t A ^ e 
9 "IT 

(2) 

Realy this function is gained by integration over q 

R(c[)* 1 * X-e г -ГЦ) 

with the quenching factor T 

r.li6i4s 

Fig. ' 
Quenching factor for different life times of the 
emitting source (fireball) 

R e f e r e n c e s 

r fe 
tft* 

/«'9. 

H<4.Q.)<*9m 

(3) 

W 
<}•) d<fo 

Using the model of the source and the spectrometer geom
etry in 171 for kaons we calculated the quenching factor T 
shown in fig. 1. 

In the simple interpretation (2) the size of the source 
R_ will be overestimated or A can be underestimated for 

s, respectively. 

In the case nf kaon interferometry this quenching effect 
probably may be neglected because of the short period of 
predominant kaon production (highly compressed stage). 
However, it met be taken into account, that protons and 
pions are emitted during the expansion of the fireball, 

-23 which should last some 10 s. 

lifetimes of the fireball T f, 10~23 

/1/ Hanbury-Brown, R., R.Q. Twise, Nature 10 (1965) 1046 
/2/ Gersch, H.U., this report p. 15 
/3/ Yano, Г.В., S.E. Koonin, Phys. Lett. 78В (197В) 556 
IUI Guylaasy, M. et ab, Phys. Rev. C20 (1979) 2267 
/V Nagamiya, S., Hyperfine Interactions 21 (1985) 219 
/6/ Zarbakhsh, F. et el., Phys. Rev. Lett. 46 (1981) 1268 
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Mal 1 4 0 2 АШ> MIT 8201 -
П О REVISED VBRSIQHS OF EVALUATED HEUTROH TOOLBAR DATs. FILES FOR 
SILICOH AHD LEAD FOR BROND 

D . Hermsdorf 
Technische Universität Dresden, Sektion Physik, HB Kernphysik 
A.V. Blokhin and A.V. Ignatyuk 

Fisiko - Snergeticheskij Institut Obninsk, Centre po yademim dannim (CJD) 

Starting in 1985 the library BHOND (Biblioteka Rekomendovanikh Otsenenikh Heutronnikh 

Dannikh) has been initiated and designed for general purpose in the CMEA-region. 

This library (formerly SOKRATOB) is established and will be maintained and disseminated 

by the CJD Obninsk whereas all responsibilities concerning correctness of any included 

data file are committed to originators or «valuators respectively. 

In this year two files most recently evaluated at TU Dresden have been contributed to 

BROAD. Basing on earlier version (MAT 2015 for Silicon /1/ and MAT 1502 for Lead /2/ 

both files have been improved or extended in various quantities (files MF, data types MT). 

Ш±срп: 
i ) re-evaluation of resolved resonances parameters in Multi-Level-Breit-*igoer 

representation (MLBW) (MF2, MT151) 
i i ) re-evaluation of capture cross sections in the fast neutron energy range 

(MF3, UT102) 

Lead« 
i ) inclusion of resolved resonances parameters in MLBW representation 

(MF2, MT151) 
i i ) re-formulation of neutron production cross sections by inclusion of neutron 

multiplicities (MF6, MT10) 
i i i ) inclusion of y-ray production cross sections (MF13, MF14, MF15, MT3 and MT102; 
iv) inclusion of covariance matrices (MF33, MT's 1,2,4,10,16,17,91,102,103,107) 

All improvements and extensions had been stimulated by customers' requests or internal 
data checks by comparison with integral experiments. Both new versions will be documented 
in the next future as separate publications in the INDC(GDR)-report series. 

References 

/ 1 / Hermedorf, D. et a l . , Jahresberichte ZfK-408 (1979) 39, 
ZfK-443 (1980) 22, Ztt-438 (1981) 28 and 30, 
Hermedorf, D., Reports INDC(ODR)-20/L and 22/L, 1983 

/ 2 / Hermedorf, D. et a l . , Jahresbericht ZfK-559 (1984) 16 
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ON SHE USE OF NUCLEAR DATA LIBRARIES IN GDR - UPDATING AND EXTENSION OF DATA BASES AND 

NUCLEAR DATA SERVICE 

S. Eckstein, D. Hermsdorf and D. Seeliger 

Technische Universität Dresden, Sektion Physik, IB Kernphysik 

E. Friedrich, L. Jankowski and B. Lets 

Zentralinstitut für Isotopen- und Strahlenforschung Leipzig, Informations- und 
Rechenzentrum 

In 1985 the data base of the Neutron Nuclear Data Library maintained at TU Dresden has 

been extended by adopting 

i) the Japanese Evaluated Nuclear Data Library JENDL-2 in both versions (point-wise 

and resolved-resonances representation) 

ii) the Evaluated Nuclear Data Library ENDL-84 (an ENDP/B-V formatted version of 

KHDL-62) 

ill) the International Nuclear Data Library INDL/V-85 

iv) the 2 n d revised version of ENDF/B-V Dosimetry Library 

v) the ENDF/B-III scattering Law Library 

vi) the ECN Neutron Dosimetry Cross Section Library DOSCROS 

vii) the ECN Radiation Damage Cross Section Library DAMSIG 

Vithin the Nuclear Data Service 20 requests ordered by 5 customers have been fulfilled 

by preparation of 28 data sets on magnetic tapes and 30 data sets in printed listings 

inclusively inforcetive materials. 

In 1985 a computer SC 1055 M could be put into operation at TU Dresden providing for 

further improvements of the technical basis for data storage, maintalnance and updating 

as well as for dati dissemination by the GDR internal data network in the nearest future. 

The data base nNon Neutron Nuclear Data" at Zfl Leipzig had to serve 35 user request la 

1985. The main progress is the installation of a modern information retrieval system 

ISIS (Unesco) for the storage and retrieval of charged particle nuclear data in the 

BXFOR - Format. The first experiences show, that ISIS allowes a fast and comfortable 

search. A special index file of all stored reactions (Charged Particle Data Index - CPDI) 

gives the possibility for choosing reactions according to target, incident particle or 

product. Reaction parameters aud energy range are also included. This system is ready 

for a use via remote terminals. First tests will start in 1986. 
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NUCICA» SPECTROSCOPY 

LI И И MBS ОГ POSITIVE-PARITY STATES IN 79Br 
R. Schwengner, 6. Winter, J. Döring, L. Punk* and H. Rotter 
Zentralinstitut für Kernforschung Rossendorf, Bereich KP 

79 The ln-beam study of Br performed at the Rossendorf cyclotron revealed a sequence of 

positive-parity states on top of the 9/2* isomeric state at 207.4 keV /1/. 

The mean lifetimes of the 13/2*. 17/2* and 21/2* states have been determined by recoil-

distance Doppler shift (RODS) and Doppler shift attenuation (USA) measurements performed 

in the (a.pn) reaction at a bombarding energy of 27 MeV. The target used in the RDDS mea-
—2 77 —? 

surement consisted of a 0.21 mg cm layer of enriched Se evaporated on a 0.5 mg cm 

backing of aluminiied polyesther. The stopper was made from the заде material as the 
backing, and target-stopper distances from 0.016 to 5.0 mm were used in the experiment. 
Gamma-ray spectra were recorded by a Ge(Li) detector located at 25° with respect to the 

—2 77 
beam direction. In the DSA measurement a 5.0 mg cm self-supporting foil of Se was used 
as target and the gamma-rays were registered at angles of 25° and 155°. 
The lifetimes were derived from a comparison of experimental with calculated lineshapes 
of the gamma-rays. The velocity distribution of the emitting nuclei was calculated by e 
Monte Carlo code that takes into account reactions in different depths of the target, the 
kinematics of the reaction as well as the slowing down and deflection of the recoils /2/, 
Examples of the lineshape analysis in the RDDS met* od are shown in figure 1. The lifetimes 
obtained from the present experiments are listed in table 1, which includes also the E2 
transition probabilities derived. The B(E2) values indicate rather strong collecti/ity and 
prove the rotational character of the band built on the gq/p proton excitation. 
References 
/1/ Schwengner, R. et al., Gemeinsamer Jahresbericht 19t54, ZfK-559 (1985) 28 
/2/ Winter, G., ZfK Rossendorf report ZfK-497 (1983), Nucl. Instr. 2U (1983) 537 
Table 1. Mean lifetimes and E2 transition probabilities Bx/keV By/keV Г/ps IT Method B(E2)/W.u 2) 

797.0 
1732.4 
2866.7 

13/2* 
17/2* 
21/2+ 

589.4 
935.4 
1133.3 

17(3) 
2.5(5) 
0.8(2) 

RDDS 
DSA 
DSA 

34(6) 
23(5) 
27(7) 

The errors are given in units 
of the last decimal in parenthe
ses. They include statistical 
errors, uncertainties of the nu
clear and electronic stopping 
power and of the feeding times 
and intensities. Furthermore, 
uncertainties of the target 
thickness end the flight 
distance are taken into account 
in the RDDS method. 
2) 1 W.u. - 20 e2fm4 

Figure 1. lineshape analysis of 
the peak at 589.4 keV in the 
RDDS method for two different 
flight distances. The errors 
given ere due to the fitt ing 
procedure only. 
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NE.« pa - LIFETIHES ANO ELECTROMAGNETIC TRANSITION A<OliAÜILITIfco IN ^ K r 

6« Winter, R. Schnengner, L. Funke and 3 . Döring 
Z e n t r a l i n s t i t u t für Kernforschung Rossendorf Bereich KF 

The invest iget ion of у rast states i n has been the subject of several experlaentel 
works (see the recent paper of Kajrye at e l . / 1 / ) . Nevertheless, electromagnetic t r a n 
s i t i o n p r o b a b i l i t i e s have only been deteralned / 2 / for throe C2 t ransi t ions connecting 
aeabera of the pos i t i ve -par i t y sequence and, very recently / 3 / , for soae high- ly ing 
states of negetive p s r i t y . I n t h i s laboratory a new in-beaa study of rCr nas i n i t i a t e d in 
order to extend our knowledge on band crossing phenoaena in the Kr isotopes to the nucle
us ^ r . Pre l la inary results have been published previously / 4 / . An other iaporiant « in 
was to study the electroaegnetic t rans i t ion probab i l i t i es between aeabers of the negative-
par i ty l e v e l sequences. 
L l f e t i a e aeasureaents have been carr ied out using the plunger »ethod in connection with 
the (oC,2n) reaction on Se et a boabarding energy of 27 ;;еУ. The experioents for the 
target to plunger distances D » 0 , 21 and 42 f*m have been perforaed in the .»-coincidence 
aode / 5 / with the help of a new plunger chaaber. Since the taro»t becking and the plunger 
are aade f roa the saae a a t e r i a l the distance 0 * 0 is obtained when the or ienta t ion of the 
plunger arrangeaent wi th respect to the beaa d i rect ion is reversed. 
Pre l ia inery values for the l i f e t l a e s as deduced froa these measurements arc presented in 
table 1 . The l i f e t i a e s were found by lineshape analysis of the spectra recorded et an 
observation angle of 24 * 8 degrees / 6 / . Up to now, the cescade feeding was only appraxi -
oately taken into account by assuming constant C(E2) values for the t ransi t ions siithin 
the two l e v e l sequences. An inspection of the reduced t rans i t ion probab i l i t i es ( tab le 1 ) 
reveals b ( t a ) values of about 40 or 10 m'./.U. for the t rans i t ions wi th in the 1/2" or 
5 /2" sequence, respect ive ly . These values are i n accordance with the assignment of the 
p l / 2 o r f 5 / 2 c o n ' i S u r a t l o n e to these sequences. The B(E2) values in the negat ive-par i ty 
sequences are of s imi la r sagnitude as found in the pos i t i ve -par i ty sequence ( « 4 0 .V.U.) 
where the values in the l / 2 ~ sequence night be s l i g h t l y greater than in the 5/2" sequence. 

79 Table 1. Lifetimes and transition probabilitias for transition» in 'Kr. 

* ^ E ' S -с ' . X-"' * W W - Vr t i .1 £ - t y -«A)») 
««V ksV * «a ps ps ps ps » X W.U. 

402 

450 

695 

815 

1063 

1172 

402 
219 

267 
302 
320 

293 
512 

667 

365 

661 
368 

722 
356 

52 
48 

4.7 
67 
28 

33 
66 

91 

9 

82 
13 

94 
6 

42 
42 

42 
42 

21 

21 
42 

21 

21 

57(6) 
46(6) 

120(20) 
100(15) 

12(3) 

10(2) 
10(2) 

3(2/1) 

5(1) 

43(6) 
40(6) 

100(20) 
90(15) 

9(3) 

8(2) 
8(2) 

*) 3(2/1) 

4(1) 

42(6) 

100(20) 

9(3) 

8(2) 

3(2/1) 

4(1) 

81(11) 
87(13) 

2130(350) 
150(30) 
360(70) 

27(9) 
13(5) 

9(2) 

89(13) 

4(2/1) 
16(11/5) 

4(1) 
66(17) 

£2 
HI 

B2 
HI 
El 

HI 
S2 

E2 

Ml 

B2 
HI 

E2 
•1 

47(8/5) . 
39(7/5) 10"-* 

14(3/3) , 
9(2/2) 10"£ 
5(1/1) 10"' 

52(24/14) 10"3 

88(40/16) 

34(10/6) 

8(2/1) 1Э"3 

80(27/25) , 
44(20/18) 10"J 

52(16/11) -
12(4/3) IQ"3 

*) Lower l ia i t eatiaeted froa DSAH. ) Errors are given in parenthesis in units of th« 
last deeiaal. «ban asyaaatric, the notation is (upper/lower) uncertainty. 

References: 
/ 1 / Ka j rys , G., et e l . ; Phya. Rev. Cg7 (1983) 983 
/ 2 / Panqueve, J . , et e l . ; Nucl . Phye. A389 (1982) 424 
/ 3 / Shovliev, u . 3 u . , et e l . ; Tes is i dokladov , Leningrad (1985) 66 
/ 4 / Schwengner, « . , et e l . ; Geaelnsaner Jahresbericht 1984 Zf<; - 559 (1985) 20 
/ 5 / . / in ter , G., Schulze, './., end . . i l l , C,; th is report p. mz 
/ 6 / . / In ter , G., F re i tag , M., and Schulze, '.v.; th is report p. 93 
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SU&iANOSECONO ISOHERS IN 8 7 Y 

L.K. Koatov, w. Andrejtscheff , L.C. Kostova and P. Petkov 

I n s t i t u t e for Nuclear Research and Nuclear Energy Sofia Bulgaria 

H. Prade, H. Rotter , L. Käubier and F. Stary 
Zentral I n s t i t u t für Kernforschung Rossendorf Bereich KF 

The l e v e l scherte of 3 7 Y has been studied i n (p ,2n) and ( « . , 2 n ) reactions / 1 / . The . - r ays 

observed in the («с,2л) reaction are grouped in to two d i s t i n c t cascades wi th opposite par
i t y and d i f f e ren t decay pat te rns . The negat ive -par i ty s ta tes , which ara in terpreted / 1 / as 

2 36 
coupling of one 2 р . . . proton to * ( 9 g / 9 ) Sr core l e v e l s , decay through dipole t r a n s i 
t ions . In the p o s i t i v e - p a r i t y cascade a r i s i n g f ro« the w ( g g / 2 ) " ( Э д / э ) ' 2 conf igurat ion 
the E2 t ransi t ions p r e v a i l . This fact has been explained / 1 / with a possible s a a l l quad-
rupole deforaation at higher exci ta t ions of the *"(g9y2 ) ' ^ 9 9 / 2 ^ conf igura t ion . 
..t have performed l i f e t i a e measurements in the Kb(«t ,2n) Y reaction wi th the » - r . f . 
act hod / 2 / . For the f i r s t t i a e the h a l f - l i v e s of the 17 /2" and 21 /2 * levels heveT>een 
Measured: 

T 1 / 2 ( 1 7 / 2 " , 2675.9 keV)- 0.2 - 0 .1 n s , 
T 1 / 2 ( 2 1 / 2 * , 2827.1 keV)« 0 .8 *• 0.2 n s . 

Further, the h a l f - l i f e of the 5" s ta te at 232.1 keV in 3 8 v has been determined as 
T x / 2 » 0.8 *• 0 .2 ns, in accordance with the value T j „ * 0.6 * Q * 2 ns, obtained by Doppler 
s h i f t measurenents / 3 / . 

For the 399.1 keV E2 t r a n s i t i o n , deexci t ing the 21 /2 * l eve l at 2827.1 keV we have derived 
the reduced t rans i t ion rate 3(E2, 2 1 / 2 * — 1 7 / 2 * ) - 7 . l x l 0 " 3 e 2 b 2 ( 3 . 1 .V .u . ) . This value i s 
of the sane order of magnitude as the t r a n s i t i o n probabi l i ty for the 21/2*-» 1 7 / 2 * t r a n s i 
t ion in 91Nb (10 .6x lO" 3 e 2 b 2 ) and in 9 1 Z r ( l l . l x l O - 3 e 2 b 2 ) where the 21 /2 * states are con-
considered as spherical configurations / 4 , 5 / . This analogy is an ind ica t ion , that the po
s i t i v e - p a r i t y leve ls in a 7 Y at least up to 21/2 can be considered as spherical shel l -mo
del s ta tes . 

References: 
/1/ Fields, CA., et el.; Z. Phys. A295 (1980) 365 
/2/ Schilling, K.D., et al.; Nucl. Phys. A265 (1976) 59 
/3/ Brenner, H., et al.; USIP Keport 74-5.7, nay 1974 
/4/ Fields, CA., et al.;Nucl. Phvs, A326 (1979) 55 
/5/ Brown, H.A., et al.; Phys. Rev, C13 (1976) 1900 
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LIFETXKE MEASUREMENTS IN 1 2 3 t 1 2 5 i 

L .6 . Kostova, n. Andrsjtscheff , L.K. Kostov and P. Petkov 

I n s t i t u t e for Nuclear a «search and Nuclear Energy Sofia Bulgaria 

L. Kaubler, H. Prade, H. Rotter and F . Stary 

Z e n t r a l i n s t i t u t f ü r Kernforschung Rossendorf Bereich KF 

In-beaa »-ray invest igat ions of the odd-aase I nuc le i / 1 , 2 , 3 / have revealed two c o l l e c t i v e 
features: Ä3«2 bands, b u i l t on the 5 / 2 * , 7 / 2 * and 11/2" quasiproton states and Ao-1 
bands, b u i l t on the 9 / 2 * proton-holt s t a t e s . These features have been re la ted wi th a d i f 
ferent degree of deformation of the proton-hole and proton-part ic le conf igurat ions. 

123 125 
Excited states i n ' I have been populated using the «ь-beaa of the Kossendorf cyclo
t r o n . Applying the generalized cent ro id s h i f t set hod / 4 / subnanosecond l i f e t i m e s have been 
•assured, ие have detsrained for the f i r s t t l a e the h a l f - l i v e s of the 9 / 2 * and l l / 2 ~ band-
heads : 

1 2 3 I : T i / 2 < 9 / 2 * , 641.3 keV) - 0 .4 • 0 .1 ns, 

T 1 / 2 ( l l / 2 " , 9 4 3 . 5 keV) * 0 .2 • 0 .1 ns; 
1 2 S I : T 1 / 2 ( 9 / 2 * , 935.8 keV) - 0 .2 • 0 .1 ns, 

T x / 2 (11 /2" ,1034 .9 keV) i 0 .2 ns . 
The 9 / 2 * bandhtads in the l i g h t e r iodine isotopes are known to be also nanosecond isoners 
/ » . 2 / . 
Further results f ro« our investigat ions are the h a l f - l i v e s of the states at 2350.6 keV and 
2791.0 keV in 1 2 5 I , which aaount to 

T j -2 a 1.6 t 0 .3 ns and 

fl/2 ' °'4 * v , i "*' 
respect ively . Spin and par i ty for these states heve been only t en ta t i ve ly assigned / 3 / . 
The is ose r lc character of the states under discussion is an indicat ion, that they are 
probably of three-quaslpar t lc le type. 

References: 

/ 1 / Shroy, K.E. , «t *\.; Phys. Rev. C26 (1982) 10Я? 
/ 2 / Ga l , H . , et e l . ; Phys. Rev. C26 (1982) 1101 
/ 3 / Hsgemsnn, U . , et e l . ; Nucl . Phys. A289 (1977) 292 
/ 4 / S c h i l l i n g , K.O., et e l . ; Nucl . Phye. A265 (1976) 59 
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ПС ЯЮСПС N K N T OF TIC 10* ! 5 0 W IN 1*°C» ЯФ ТСЖМТШС ОСЮаХМХ 0Г TNF. 

INtaO 
ETI» FOR Ce 10*5 

L. Ktubler, H. Prade, N. Cnghardt and F . Stery 
Zentral inet i tut für Kernforschung, Raeaanaorf, Bereich KF 

P. Carla, L.O. Merlin, R.-C. Rmnsfelt and U. ftoeenoard 

Basterch Inst i tu t * of Physica, Stockholm, Suaden 

I n the course of our investigations on N=82 nuclei the magnetic moment of the J = 10* isomer / 1 / in ^Ce has 

baa» measured with the v*v2n) reaction at the ftoasendorf cyclotron (C*,= 27.0 He») and the Stockholm 225 cm 

cyclotron ilju- K . 5 HeV). Some experimental deta i ls are given in table 1 . The experimental arrangements are 

described in ref» . / 2 , 3 / . 

Both the asauaption of the calculated paramagnetic correction в (T = 300 K) = 1.42 ( r e f . / 4 / ) for Ce1* ions 
used in experiment 1 ( r e f . / 5 / ) and the extrapolation for T to in f in i ty for experiments 1,2,3 ( r e f . / 6 / ) - e -
sulted in uncorrect preliminary g-factors. Learning o f the reduced paramagnetism in cerium / 7 / we 

evaluated in experiments 4 end i the g-factor with an internal field cal ibrat ion (table 1 ) . Thus, the g-fartor 
amounts to the averaged value д ^ П О * , 1 * ^ ) = «1.03(4) and the segnet ic moment to u (10* , 1 M Ce) = 1 0 . 3 ( 4 ) ^ . 

The excellent agreement of the experimental value with the result of our shell model calculations / 1 / 
•F f f f ш в * 7 2 

g ^ = 1.01 (a : 0.6 «L ) supports strongly the interpretation of the 10 isomer as a ( g ^ - . d - . - l - p r o t o n 
atate . On the other hand the strong CI transit ion 
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1 0 . - » 9 . suggests snail contributions of configu
rations outside the shell model approach used. 

Table 1 
Experimental results of the TDPAD-experisents 

No. Target 

1 BaO 
2 BaO 
3 BaO 
4b) BaO 

5 Ba 

Bext(T> 
2.527(4) 
2.525(4) 
2.526(4) 
2.234(1) 

2.522(4) 

T(K) 

300 
»23 
663 
«57 
300 

*^(ИМж) 

129(5) 
144(e) 
149(3) 
122(5) 

177(3) 

0(T)•' 

1.04(6) 
1.16(B) 
1.20(5) 
1.11(6) „ 
1.18(3)c) 
1.42(6) . 
1.34(4)c) 

•00 '000 TIKI 
a ) Calculated with g(10*) - 1. 
in Stockholm, c» Field cslibn 
о(И/Г. ™ C O = П.ДТПУО. га 

Fig. 1 
Temperature dependence 0(T) for 1A0CeBjfi and 140CeUt>. 
Dashed: 0 for the nonmagnetic Ce** ions, dashed-dotted: 
0(1) calculated /4/ for Ce** ions. The insert shows the 
relevant part of the level scheme /V. 

д(19/2 

.03 (4 ) , 
cal ibrat ion by 

'Ce) = 0 .420(6) , re f . / в / 

b) Measured 
of 

The measured value 0 (T s 300 К) for the system 
Сева is in exect agreement with the calculation 

. 3 * / 4 / for Ce iona. However, the temperature 
dependence 0(T) for CeBaO exhibits a strange be

haviour ( f i g . 1 ) . Assuming the idea of mixed valence as in re f . / 7 / the Ce iona might be at room temperature in 
a nonmagnetic tetravalent atate , i . e . possibly at a Ba s i t e . For T 2 650 К the 0(T) values follow the tempera-
ture dependence of Ce iona which possibly come to rest a t an oxygen a i t e . At 423 К a noninteger valence 
V(423 K) = 3.5(3) may be deduced giving rise to the suggestion of an i n t e r s t i t i a l . 

R e f e r e n c e s 

/ 1 / Enghardt, И. et a l . , Nucl. Phys. A449 (1986) 417 
/ 2 / Keubler, l . et a l . , ZfK-455 (1981) 1 

/ 3 / Rene f e l t , K.-G. et a l . , Phys. Scr. J4 (1976) 95 
/ 4 / Günther, С , I . Lindgren« Perturbed Angular Correlations. Eds. C. Karl »son et a l . Amsterdam: North-Holland 

1964, p. 356 
/ 5 / Keubler, L. et a l . , Book of Abstract of the Sixth In t . Conf. on Hyperfine Interactions, Groningen, The 

Netherlends, 1983, p. NP17 
/ 6 / Keubler, L. et a l . , Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 31 

PI Bartachat, H.H. at a l . , Solid State Common. 47 (1983) 525 
/ 8 / Barth, H.J. at a l . , Phya. Rev. Le'.t. 45 (1980) 1015 



- гь -

TNCOtV 

жижа YIKUS п ш тнв овсдгаю QUARK GLOOM FLASH. 

В. lamefer. H.W. Bars 
Xeatraliaatitut für Kernforschung Roeaendorf, Bereich KP 
B. lukfcs 

Ceotrel Research Institute for Physics, oudspeat, Huacary • 

One of the scat intriguing prospects of velstivietic hssvy ion collisions is the possi

bility of exciting transiently з quark gluon plesas. The propoaala of identifying 
thia novel satter stete concern pecularitiea in the ignition process, direct probes and 
final products of the decaying plasaa. In ths present note «e analyse «aether the final 
hadron yielda aigbt carry, via the cheaical composition, sons eeaaege being characteri
stic for the plasas source. 

The redistribution of quarks into hsdrons is obviously a coaplex process. One aey expect 
that the final yields depend on three kinds of dots: characteristics of the initial plea
se atate, those of the finel hedronic atate and the history of the phase transition. 
A relatively sieple aodel is the cosbinetoric sodel /~1_7 «here the yields depend only 
on initial state characteristic« (i.e. the corresponding quark-quark collisions), but 
not on the phase transition dynssics. Bos, we propose s Modified aodel, which tekes into 
sccount ths theraodynsaicsl properties of ths final ststs too. The old coabinstoric no
de 1 is proportionsl to sll the nusbsr of quark constituents (collision probability) and 
to a chsnnsl fsctor too (distinguishing between e.g. seson and baryon foraation). Tha 
quark nuabera are given, and the channel factors can be determined froa balance equation« 
expreaaing, for exenple, the aasusption that thers ia no annihilation or aplitting of 
gluona into quark pairs. Then thsrs ere four such equationst 

Q . K + J T + 2 Y + Z • 31; S • F + * • Y + 2 S + э £ . (1) 

• conjugate equations for sntrpsrticles, 

where tha lettere atand for particle nuabers of the indicated particles, snd Y is s con-

eon nsae for -A and £ . These four equstions csn be sstisfisd by four channel factors 

in the generic caae (here we chooaa a distinction between formation of aaeone contsining 

snd not containing S quarka, and the aaae for baryons); becauae of eyaaetriea in the ori

ginal coabinatoric aodel the number of different chenne! factors reduces to 2. 

How, one csn sssuae that the probability of the appearance of a particular hadron aa fi

nal atate ia proportional both to the initial probability (given by e.g. the coabinatoric 

aodel) and to tha nuaber of aicroatstsa belonging to the particular hadronic final atate. 

These statiatical weight factors fi csn be calculated froa theraodynaaica /~2_7, and in 

lowtat order one finds 

'i - •" T » <2> 

where at atanda for particle aaaaaa ana T denotes tha final taspsraturs. Raaulta for an 

iaotheraal transition are displayed in fig. 1 for two values of the tsapersture T. 

The relative yielda of tha doainant coaponenta are sisilar to the predictions of Rsf. 

/"1.7, however, the rare hadrooe sra now auppraaaad due to their large ssssss. Our 

predictions for the ratioa ? Л n d 1C/K ere in the aaao order of the aagsituda aa in the 
ouclssr fireball aodel, thus thsas ratios are not useful aa plasaa signals. A possible 
extension of our present aodel should take into account another poealbilitiee of the 
frees-out regime,the redistribution of energy stored in the gluona and tha vacuum by 
creating quark pairs. 
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CASCADE-MODEL STUDIES OF LAMBDA-PARTICLE FRODUCTIOB IB THE САЯВ0В OB ТАВТА1ДШ KEACTIOH 
AT DUBIA bBERCIES 

И. I. Ban and H. Iva 
Zentralinatitut fur Kemforachung Roaaandorf, Bereich KF 

At the Dubna aynchrophaaotron the production of Aparticlea «aa inveatigated in the reac
tion С on Та at a bombarding energy of Е/лО.36 GeVllJ. We have analyaed thia experiment 
aaingour intraouclear caaeade coda CASIMIR. Tbia code aodela the interaction proceaa of 
heavy low aa a aequence of binary colliaiona of freely aoving hadrona. The production 
of Aparticlea proceeda via either direct nucleon-nucleon encountara or elae via eecon-
dary pion-oucleon encountera. Mean field effecta are neglected. In fig.1 «e ahow the con
tour linea for the invariant differential croea aection d4'/<*j*bi in the rapidity(y)- p± 
plana together with the rapidity diatribution i*t*i and the рд. diatribution *Xl*h. • A 
eatifactory agreeaant with the aeaaureaenta ia attained, although the average rapidity 
( <У> "0.7, (гшхЛ «0.58tP.O7) and trenevarae aoaentua^p^ «0.50, <P i e x p> »0.43*0.05 GeV) 

ere alightly overeatiaatcd. The analyaie re-
veala further that the HR aa «ell aa the JCN 
encountere give an important contribution to 
the Л production and one third of the Л'в 
stea froa the 2.°decay. 
All in all, «a have found that the mechanism 
of strenge particle production in hadron-ha-
dron caacadea ia equally well applicable in 
the energy domain of 3-4 GeV per nucleon. 
Obvioua hinta for a poaaible occurence of a 
new phenomenon could not be found. 
Reference 

[ 1 ] K.Iovchev e t a l . , Dubna report P1-84-279 
(1984) 

Fla.I. Invariant croaa aectiona for Л production 
coapared to experiment £l](dota and hiatogreaa) 
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POPULATION OF HYPERNUCLEAR STATES VIA NUCLEON DECAY CHANNELS 

R. «un*Ch 

Zent ra l ins t i tu t f ü r Kernforschung Rossandorf, Bereich KF 

L. Ha j l i n g and Э. 2ofka 
I n s t i t u t « fo r Nuclear Research ReS near Prague, CSS* 

Using our continuua shelX-aodel code we have calculated the aaiasion probabi l i ty of 
baryons (nucleons andAhyperons) f r o * hypernuclaar subs t i tu t iona l s ta tes produced i n 
(K~,3t" ) strangeness transfer reactions at a a a l l aoaentua t ransfer . The calculated 
appreciable probabi l i ty for reaching a hyperfragsent with aaas nuaber A - l of fers a 
new p o s s i b i l i t y of producing hypemuclei i n non-substl tut lonal configurat ions which 
are of great in terest fo r hypernuclear spectroscopy. 
F i g . 1 shorn the calculated / 1 / r e l a t i v « 
p a r t i a l decay widths of the " c subst i tu t ional 
s ta te« which doalnate the 1 4 C(K",J t~) e x c i 
t a t i o n spectrus. The two lower statea populate 
• a l n l y the low-lying hypernuclear states of _дС. 
The hyperon «alsslon probabi l i ty of the second 
s ta ta saounts to only 23 per cent, while the 
f i r s t state l i e s below the corresponding thre 
shold. The state at 25 MeV populates high-lying 
states of j j c end the ground state of Дв. wi th 
lsospln T » l . The decay to the low-lying T«0 
hypernuclear states of 1С and to the T« l /2 

13 
states of С is isospin forbidden. The saall 
decay probability of 0.1 per cent to the 
ground state of С desonstrates the accuracy 
of the lsospln selection rule in light hyper-
nuclei. 
All the hypernuclear levels populated in 
fig. 1 are not accessible in the {K~,X~) 
reaction on the corresponding A*13 target. 
A siallar calculation has been perforaed for 
the if* hypernucleus. 

Fig. l 
Calculated l e v e l acheaa and p a r t i a l 
decay widths ( i n per cent) of the 

ДС hypernucleus. /V 

/2/ 

R. wünsch, L, Me J ling and Э. 2*ofka, 
Proc. III. Int. Conf. on Meson« and Light Nuclei, 
BechynS, 1985i Czech. 0. Phys. B27 (1986) 
R. vvonsch, L. Me J ling and 3. £ofka, 
Proc, Int. conf, on Hypernuclear and Kaon Physic*, 

Brookhaven, 1985 
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ELCCTRONAGNCTIC RADIATION OF ROTATING NUCLEI 

F. Donau 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Baaing on the well-known concept of the rotor plus particle coupling an intrinsic representa

tion of the radiative aultipole operators is derived /1/ which enables one to calculate di

rectly electromagnetic transition aaplitudes with Cranking ststes. In this way both the orien

tation of the intrinsic systeei in space and the structure of the quasiparticles can be prop-

ertly taken into account. This aethod is then applied to И1 and £2 properties of s high-j 
one-quaaiparticle orbital treated in Cranking approxiaation and it is coapared to the results 

of an equivalent rotor plus particle model. In considering the case of aulti-quasiparticle 

configurations one can establish the seai-classical vector coupling scheae which has been 

successful in describing И1 enhanceaent effects as observed in several experiaents (cf. ref. /2/). 

35 53 ?25 203 292 361 i-ra,u,),«<„3> 

Tig. 1 
B(h"l) values for a j = 13/2 quasiparticle as 
a function of the transitionel frequency u>„ 
placing the Ferai level at К = 7/2. For com
parison the respective spin value I is given 
at the abscissa. For simplicity the gyromagnet-
ic factor is chosen to be g : 1. The rotor cal
culation ("Coriolis") is performed using the 
rotational parameter A = 8.33 keV. The Alaga 
value is obtained by taking K( U>„) z constant 
(7/2) and neglecting all K-mixing. The dashed 
curve "without geometry" is calculated with 
Cranking states but taking not care of the ac
tual orientation of the intrinsic system in 
lab space. The branching corresponds to the 
different transitions I -* 1-1 and I-vl + 1, 
respectively. 

« 
4 "ui 

• 1 
- 3 

ча Л) »i Aj »i » г 
Г 

Fig. 2 
Frequency W„, alignment i = i. + in and 8(M1) values as 
a function of the spin I for the band 9/2 /5147 i" 16'Lu 
ref. 111. The theory (full line) is compared to the ex
perimental B(M1) values (triangles) as obtained by as-
summing a constant intrinsic quadrupole moment /2/ for 
this band. 

R e f e r e n c e * 

/ " ' Donau, F . , NBI -85 -Эв (1985) 

/2/ Johnson, S. et al., Nucl. Phye. Л442 (1984) 397 



Critical Behaviour Of Collective Fluctuations 

A. Pfltmer 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

During the contact phase of a low-energy heavy-ion collision the mutual influence of collective and intrinsic 

motion shows specific features. A consistent treatment requines to consider r.ot only the mean field, but also 

the impact of collective fluctuations on the intrinsic evolution £lJ . Especially the feed-bock of the coup

ling between collective and intrinsec motion on the collective potential, showing up in a «normalization of 

the stiffness, is decisive for the asymptotic behaviour 01 the collective variances £ 2J, in contrast to a 

statement made in [jj. 

The master equation for the single-particle occupation numbers J^ flj is approximated by a relaxation equ.£2J, 

specified by an equilibration time 2 д е and a (fermi-like) equilibrium distribution with diffuseness В It 
forms together with the equation for the variance J{(t) = £S& tg, 

a coupled eystem which is highly non-linear because V*m an^ a depend on the variances, and the transport 

coefficients **, D, d as well as the renormalized stiffness Ц = JZ -It depend on J^ (Jiis the original stiff
ness). For "*>0we obtain damped, for 140exponentially increasing solutions of (1). In the critical point 
ЬтО the asymptotic solution increases linearly with time. To estimate the influence of this different be
haviour on the intrinsic evolution, we calculate the transport coefficients microscopically in a schematic 
model L 2 J , using smoothed step functions for the occupation numbers characterized by a small parameter 
ÄJ" , and consider the dependence of t»q and p onjj.sj'esj / F / J T / A • Here, д is the level-density para
meter, the toupllng strength, u the reduced mass and z = Jj^T?* (r'is the memory time). For tf^^O we 
find asymptotically dbfy) values independent of time and of the initial variances # ( 0 ) and fCUx^SP^y^.Q , 
and a dependence on the coupling strength like Т « л « С / у . At variance to this we obtain for **• = 0 asympto
tically . 

and 7*9 * J fA ("lij V / f f t ' f O) • Here, yfQ is a degenerated hypergeometrical function, and the 
critical stiffness -St* results from the condition Ц - 0, which reads 

tf^ e*" = fctr»,6(-£,*,fcr>. (3) 
Equ. (3) establishes a unique relation between it* and }£, i. e. for a given 3ystem the ratio of a typical 

intrinsic time7^to a typical collective time Tiwf = ТАЛ determines the coupling strength IP' . This 

2) 

20-

V) 

I 
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0 

\ 
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Fig. 1: Dependence of "C*j and й~ on J£ 
dashed curves : V ' " • solid curves: 

i*^\ul-\ A'too, -c**u>-us 

%(A , 0,04 W , <t<Q)=C$f/%(0) 

changes the dependence of 0 and X^a on fv essentially: 

fig. 1 showes a remarkable increase of ß and a faster 

decrease of 2*» with increasing coupling strength. We conclude 

that collective fluctuations may act like an equilibration 

mechanism which is most operative at the critical point. 

References 

[ 1 1 L. MUnchow, A. Pfitzner, Z. Phys. А 3H0983) 97 
f2j A. Pfitzner, L. MUnchow, to be published 
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TARGBT-MASS DBPEHDBHCB 0? PRBBQUILIBRIUM NEUTROH YIELDS IB HEAVY Ю Н COLLISIONS 
P. Midler 
Vereinigtes Institut für Kernforschung Dubna, Laboratorium für Theoretische Physik 

Recently, at the JINR, Dubna, inclusive double-differential cross sections for neutron 
- ,_ — -- — — — 

emission have been measured for the С + С, 
2 7A1, 56p«, I H . 1 2 4 ^ 181Ta> 2 3 8 u r e a c. 

tions at 105 HeV incident energy [l] . As in a similar series of experiments for light 
charged particle emission^ the target-mass dependence of fast neutron yields appears to 
be weak. 
To analyze the data we have applied the two-stage model (TSH) for fast particle emission^) 
taking into account the realistic neutron binding energies Bn of the colliding - ions fl] 
(instead of Bn « 8 MeV as 1п[з] ) that decrease monotonically in the given series of 
target nuclei from 18.7 to 6.1 HeV. Without changing the standard parameters [3] , a good 
description of the absolute double-differential cross eections could be obtained despite 
the comparably low incident energy. 

Pig. 1. 
Total preequilibrium neutron yields for the present 
series of reactions. For details, see text. The open 
symbols belong to other reactions discussed in [1J . 
In Pig. 1 the calculated total neutron preequilibri
um yields are shown as a function of the energy/nuc-
1*>-л above the Coulomb barrier ( /*t -reduced mass num
ber) both for realistic Bn (full circles) and for Bn 
- 8 MeV (asterisks connected by a thin line with the 
corresponding full circles). Note that while Bn 
strongly increases from left to right, the energy/ 
nucleon above the barrier strongly increases too. 
Hence, the weak target-mass dependence (full circles) 
turns out to be a result of the compensation of two 
tendencies, and the conclusion of£2J that the target 
acts as a spectator and the process is a peripheral 

one seems to be oversimplified. 

The Bn в 8 MeV calculations (asterisks} reproduce the 
known £4] linear energy dependence for a given system 
for which we have shown fl 7 that the influence of the 
actual binding energyies (compared to 8 MeV) decreas

es exponentially with increasing energy. Thus, in the intermediate energy domain the TSM 
can be applied in its original form[3] while at lower energies the individuality of the 
ions should additionally be characterized by their realistic binding energy. 

The present Interpretation provides a qualitative understanding of the strong correlation 

of fast cC -particle yields with the et -particle binding energy in the target nucleus 

(EtrT^J (MeV/A) 

that have been observed for the reactions 
cldent energy[5} . 

R e f e r e n 

-2H» + 159Tb, 1Э7Аи, l81Ta, 2 3 2Th at 178 MeV in-

c e s 
[1] Kozulln, £.11., et a l . ; submitted to Z. Phys. A 
ш Pulmer, СВ.,et e l . ; Phys.Lett. 100B (1981) 305 
L3I Biedermann, M., and MSdler, P.; Preprint JINR B7-85-575 (1985), to appear in Z.Phys. 
. , A323 (1986) 
WJHolub, В., et al.$ Phye. Rev. C28 (1983) 252 
ЙВогсеа, С., et a l . { Nucl,Phys.~CT51 (1981) 312 
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INCIDENT-ENERGY AND PROJECTILE-MASS DEPENDENCE OF PftEEQUILIBRIUM NEUTRON YIELDS IN 

HEAVY ION REACTIONS 

M. Blederaann 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

P. Medler 
Vereinigtes I n s t i t u t fü r Kernforschung, Oubne, Laboratorium für Theoretische Physik 

I n the two-stage «odel for fast p a r t i c l e emission (TSM) £ \ J two physical ly d i s t i n c t 

approaches have been combined: I n the ear ly stage we calculate p a r t i c l e emission i n the 

s p i r i t of the model of "prompt emitted par t ic les" (PEP) £~2j'. I n the l e t e r stage, a f t e r 

vanishing of the s i n g l e - p a r t i c l e potent ia l wa l l between the ions, p a r t i c l e s are assumed 

to be emitted from a rapid ly expanding hot zone (HZ) of appreciably large dimensions, 

which i s strongly anisotropic i n momentum space. The i n i t i a l radius of the HZ we f i x in 

accordance with recent resul ts on the ex t rac t ion of source r a d i i from two-par t ic le corre

l a t i o n meesurements. The r a d i a l v e l o c i t y of the a f fec t i v? temperature f ront of the HZ is 

assumed to be 0.2 с (sound v e l o c i t y ) . 

We have compared TSM calculat ions C^J with experimental results ^~3_7 on neutron emiss
ion in coincidence with evaporation residue for the °Ne+ Ho reaction ( F i g . 1 ) . Obvious
l y , at both incident energies, the model which does not contain any free parameter we l l 
accounts for shapes and absolute values of the high-energy t a i l s of the neutron spectra . 

I n F i g . 2 the project i le-mass dependence of the TSM model predictions of the t o t a l cross 
section for fast neutron emiesion ( E n > 12 MeV) i s compared to a few ex is t ing experimental 
values ( taken from ^~4 7 )« H e r e t n e target nucleus as we l l as the incident energy /nucleon 
above the Coulomb bar r i e r are f i x e d . I t is seen that the TSM q u a n t i t a t i v e l y reproduces the 
strong increase of fast neutron y ie lds with the p r o j e c t i l e mass number - opposite to pure 
PEP calculat ions ^"l_7 which are also shown in F i g . 2 . A s l ight underestimation of the 
experimental points for 12C and 2oNe p r o j e c t i l e s is due to a ce r ta in contamination by 
evaporation of neutrons at E >12 MeV which is not present in the c a l c u l a t i o n s . The inve
s t iga t ion of neutron emission for heavy p r o j e c t i l e s at s imi lar energies would be a 

fur ther proof of the TSM. 

References 
/ " 1 7 Biedermann, M. and Medler, P.; report 3INR E7-85-575, 

" to appear in Z . Phys. A323 (1986) 
^"2_7 Bondorf, O .P . ,e t a l . ; Nucl.Phys. A333 (1980) 285 
^"3_7 Holub, E . , et a l . ; Phys. Rev. £28 (1983) 252 

^~4_7 Kozul ln , E .M. , et a l . ; report OINR P7-85-31 (1985) 
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F l g . 1 

Doub le -d i f fe ren t ia l neutron m u l t i p l i c i t i e s 
for the 2oNe • 2 6 5 Ho reac t ion . Thin f u l l 
l i n e s ! HZ cont r ibu t ion . Thin dashed l i n e s : 
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• evaporat ion, I f a f i n i t a temperature is и 
used In the PEP calculat ions / 1 7 . 
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COUPLING BETWEEN ENERGY- AND MASS-EQUILIBRATION IN NIC 

R. Scheldt 
TU Dresden, Sektion Physik, Wlasenscheftsberelch Theoretische Physik 

We continued end coepleted the analysis of the eass d r i f t in heavy-ion co l l i s ions (H ie ) 

• r l th in a Modif ied d i f f u s i o n eodel (MOM) f l j . 

With in the MOM the i n i t i a l exc i ta t ion and t rans fe r of nucleons are calculated Micros

cop ica l ly w i th in the ween free path l im i t based on TDHF-physics. During the e q u i l i b r a t i o n 

of the i n t r i n s i c energy nucleons are p r e f e r e n t i a l l y t ransferred from the l i gh t to the 

heavy fragment u n t i l a common teepereture has been establ ished. The nucleon exchange 

during the jo in ing transport stage i s treated w i t h i n a d i f fus ion eodel wi th Modified 

i n i t i a l condit ions f o r the mean value of the mass-asymmetry taking into account the net 

•ess exchange during the previous stage* of the c o l l i s i o n . The app l ica t ion of th is con

cept to HIC w i t h i n a broad range of i r i t l a l mess-asymmetries ( A p / A T « < 1 / 1 • • • V 2 ) . t o t a l 

Masses (Ap+Aj. e> 8o . . . 25o ) end incident energies (E/A *s 4 MeV/N . . . 2o MeV/N) allows a 

consistent i n t e r p r e t a t i o n of rather d i f ferent phenomena of the mass transport observed 

exper imental ly (see f i g . ) . P a r t i a l lack of mass d r i f t (Kr + E r ) , t o t a l lack of mass d r i f t 

(Ar • Mo) , d r i f t against the s t a t i c dr iv ing force (Ne • Cu) and vanishing production 

cross section for eleHente heavier than the p r o j e c t i l e (Ne • Au) are explained on a 

common basis in terms of e continuous evolution ee in ly generated by the (*p-\ / Ap+A^de-

pendence of the number of exchanged par t ic les pr ior to the transport stage. 

The analysis of experimental data wi th in the MOM strongly suggests that energy- and 

mass-equi l ibrat ion i n HIC are coupled. Thus, i n any microscopic theory of the e q u i l i b r a 

t i o n process of i n t r i n s i c energy i n HIC the mess asymmetry degree of freedom should be 

taken into account. I t i s expected that the i n c l u 
sion of t h i s degree of freedom may also inf luence 
considerably the e q u i l i b r a t i o n t imes . 

References 
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A SIMPLE MODEL TO APPROXIMATE TOHF RESULTS ON FAST PARTICLE EMISSION 

M. Biedermann 

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

P. Midler 

Vereinigtes Institut für Kernforschung, Dubna, Laboratorium für Theoretische Physik 

In l~1.2_7 it has been deaonstrated that TDHF calculations in slab geometry well compare 

with numerically stable realistic TOHF evolutions for central collisions if integral 

characteristics of fast писЛеоп emission are concerned. This is because fast particle 
eaission in TOHF occurs preferentially along the collision axis, while on the correspon
ding short tiae scale (1..-2-10-22s) the transverse dynamics is of minor importance. Des
pite this, even in slab geometry large numbers of numerically stable calculations for 
particle emission require very large computer times ^~l.2_7. 
We have investigated a seemingly extremely oversimplified model and compared to corres
ponding TOHF calculations for fast particle emission: The self-consistent mean-field of 
nuclear slabs we approximate by rectangular potential wells of depth VQ«-50.4 MeV. This 
value corresponds to the saturation density for the simplified Skyrme force used in 
^"l,2_7. The initial conditions are fixed as in the TDHF initio" value problem. The tra
jectory of the "slabs" is replaced by a sudden release of the potential wall between the 
"slabs" at contact. The continuum of the composite system we have discretisized in a suf
ficiently large numerical box. Repeating systematically the TOHF calculations of £"2J 

we have obtained surprisingly good results ^"3_7". 

i) The density evolution of the orbital Initially representing the projectile slab in a 

0 fm"2, (E/A). .»5 MeV collision (Fig.l) is very close to the cor-Aj»0.2 fm -2 • A2=2. 'Lab 
responding TDHF evolution (Fio.l of ^~2_7) outside the potential well (emitted partic

les). Differences for the corresponding densities inside the composite slab are due to 

a different reflection behaviour at the sharp/ diffuse edges, 

ii) The percentage of emitted nucleons A/A (Figs.2 and 4 in £~2_J) are somewhat larger 

than in TDHF but come'closer to them with increasing energy. For example, for a A.« 

A„=2.0 fm -2 (E/A), b»5 MeV collision our values exceed the TOHF value by a factor 

of 2.1. 

iii) Except extremely small (A£0.4 fm ) slabs the "slab mass table" is very similar 

to the HF mass table (Fig.3 in £~2_7) . 

In the present case no numerical iteration of the one-

particle Schrödinger equation is needed: The density 

f(z,t) is analytically expressed in terms of the ener

gies of bound and discrete continuum states of the 

composite system. 

Fig. 1 

Density evolution of the projectile wave packet outside 
(lower part) and inside (upper part) of the potential 
well of the composite system (indicated by arrows or 
vertical thin lines). 

R e f e r e n c e s : 

1'i.J Mädler, P . ; Z.Phys.A318 (1984) 87 

£~2j Medler, P . ; OINR Communication E7-84-690 (1984) 

/"3_7 Biedermann, M. , and Mädler, P.; in preparation 
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AZIMUTHAL CORRELATIONS BETWEEN TWO FAST PARTICLES WITHIN THE TWO-STAGE HOOEL 

H . Blatte raann 
TU Dresden, Sektion Phyalk, Wissenschaftsbereich Theoretische Phyaik 

P . Mid ler 
Vere in ig tes I n a t l t u t fü r Karforschung Oubna, Laboratorium f ü r Theoretische Physik 

The parameter-free tiro-stage aodel (TSM) for fast p a r t i c l e eaission ^~1_7 l s v e r Y s u c c e * _ 

f u l I n describing single p a r t i c l e Inclusive cross sect ions . The comparison of TSM 

predict ions with «ore exclusive aeasureaents should be a fu r the r fact for the v a l i d i t y 

of the a o d e l . Therefore, for the Ne • Ho, E, . » 4o2 MeV, react ion , we have ca lcu 

la ted az lauths l corre la t ions between two fast neutrons (E > 3 o MeV) at f ixed angles 

r e l a t i v e to the beaa axis ( Q - 5 o ° , в • 7o°) . F i g . 1 i l l u s t r a t e s the calculated r a t i o 
* У 

of the coincidence cross section divided by the singles cross sections в~ / er &• t s 
. • о о ' ' 

a function of the az iauthal angle ф . Here ф« 0 / 180 corresponds to the eaission of 
two neutrons to equal (opposite sides of the beaa a x i s . The ca lcu la t ion c l e a r l y deaon-
str t ' .ee that eaission i n one plane with the beaa is favoured. This i s in agreement with 
experimental results for the Au ( 0 , pp) , E. h - 4oo MeV react ion with a low energy 
threshold E * 36 MeV at s i a l l a r proton angles r e l a t i v e to the beam axis ( в . • 4 o ° , 
6 V " 7o°) 2~2_7» Although d i f f e r e n t systeas and e j e c t i l e s are concerned, for q u a l i t a t i v e 
coapariaon, the experiaental points from ^~2_7 are also shown i n F i g . 1 . Since rat ios 
of cross sections are considered and low-energy e j e c t i l e s (neutrons) are excluded in the 
ca lcu la t ions , we c la ia that such a comparison aakes some sense. A semiquantitat ive 
comparison of our results with the experimental points shows a s l i g h t overestimation of 
• a i s s i o n of two fast p a r t i c l e s to the same side of the beam axis ( ф » o ° ) . Possibly t h i s 
i s a consequence of the neglect of r e c o i l e f f e c t s , which (although of minor influence 
for heavy targets ) strongly favour emission to opposite sides of the beam in the case 
of l i g h t systeas l~2_7. Calculat ions for proton-proton corre la t ions end d i rec t quant i ta 
t i v * comparisons with corresponding experiments an i n progress ^"3 7» 
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COMPARISOH OF THE TWO-STAGE MODEL FOR FAST PARTICLE EMISSION WITH H0T-S0URC6 
PARAMBTRIZATIOMS 
M. Biedermann 
TU Dresden, Sektion Physik, Wissenachaftsbereich, Theoretische Physik 
P. Midler 
Vereinigtes Institut fflr Kernforschung, Dubna, Laboratorium for Iheoretische Physik 
Inclusive data on fast particle emission are well reproduced if assuming isotropic emis
sion from a moving hot source (MHS)[l] . The fit parameters of this model (temperature 
and velocity of the source, and an overall normalization factor) are smoothly varying 
functions of the incident energy. 
The parameter-free two-stage model (TSM) for fast particle emission[2] provides a dynami
cal understanding of the MHS model and allows one to calculate time and impact-parameter 
avaraged effective source parameters: 
i) The mean-velocity field introduced in the TSM to characterize the anisotropy of the nuc 

leonic momentum distribution in the expanding hot zone (HZ) includes velocity components 
from the velocity of the target up to the projectile velocity. As a consequence, calcu
lated effective source velocities are close to half the beam velocity above the Coulomb 
barrier (as in the MHS model). 

ii) The calculated effective source temperatures are close to the MHS fit values. 
iii) The calculated effective nucleon number in the source are close to the IIHS fit values 

(slightly larger than twice the projectile mass number for asymmetric systems). 
Furthermore, the (angle dependent) effective temperatures which result from the "rotating 
hot spot" parametrization (RHS) [1] are grouped around the calculated TSM values. 

12 181 For example, for the С + Та, E » 105 MeV reaction the TSM yields an effective 
temperature of 3.8 MeV compared to 4.3 MeV (MHS,DJ ) and valves ranging from 3.7 to 
4.7 MeV (RHS,f3j )• For the effective nucleon number, the TSM yields 27 compared to 24 
(HHS,f3j ). Since in the TSM translations! as well as rotational motion of the HZ are in
corporated in a natural way, the good agreement with the MHS and RHS fits is not surpris
ing. Slightly larger temperatures from the MHS fit and from the RHS fit at forward angles 
are due to the fact that the TSH besides HZ emission includes also a certain amount of non 
statistical (PEP) emission which does not enter the calculated effective source values but 
implicitly influences the MHS/RHS fits of the total fast particle cross sections. 
An extrapolation of the TSM to higher bombarding energies naturally leads to the expecta
tion of a mid-rapidity high-temperature, a projectile-rapidity intermediate-temperature, 
and a target-rapidity low-temperature effective source £2] . The temperature hierarchy of 
these three sources is expected to increase with incident energy. This is exactly what has 

been observed for the C+5 Ni -* p + X reaction [4] , where the fitted temperatures are 

4.2/5.5/7.7 MeV at 25 MeV/A and 6.7/10.2/19.2 MeV at 84 MeV/A. 
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POLAR PARTICLE EMISSION IN SPONTANEOUS FISSION 

В. Hilek and R. Reif 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 
3. Rev ei 
Cent ra l Reseerch I n s t i t u t e for Physics, Budapest, Hungery 

Emission and t ransfer of nucleons i n heavy-ion c o l l i s i o n « may be invest igated by Modelling 
the react ion dynaaics as a p a r t i c l e i n the f i e l d of two s ing le - ten« separable potent ia ls 
•oving uniformly along s t r a i g h t - l i n e t r a j e c t o r i e s . For t h i s case i n a Fadeev-l lke formu
l a t i o n the p r o b a b i l i t i e s for the e l a s t i c , t r ans fe r , and breakup channel have been ca lcu 
la ted in dependence on the basic react ion parameters ^ ~ 1 . 2_7. 

This three-body aodel for the dynaaics of heavy-ion c o l l i s i o n « haa been extended to 
s iau la te spontaneous f i s s i o n . As an i n i t i a l s ta te two spherical aean f i e l d s , approxiaated 
as one-term separable po ten t i a l s , have been located at a cer ta in separation distance, 
wi th a neutron as a t h i r d p a r t i c l e being bound by 8 M«v with a two-center wave funct ion , 
which goes asymptotically to two l s - s t a t e s in the separated w e l l s . For a given t r a j e c 
tory for the re la t i ve notion of the fragments during the f i ss ion process, the single 
p a r t i c l e wave function is followed i n t ine by solving the corresponding tiae-dependent 
Schrodinger equat ion. Froa the asymptotic wave function the escape probabi l i ty can be 
calculated in dependence of the non-adiabatic features of the f iss ion dynaaics l ap l i ed 

252 i n the chosen t r a j e c t o r y . F i r s t ca lculat ions for Cf , s . f . indicate the fol lowing 
r e s u l t s , rather independent froa the d e t a i l s of the t r a j e c t o r y in the overlap r e . i o n : 

( 1 ) The t o t a l emission probabi l i ty i s a few percent, increasing only very s l i g h t l y with 
the mass asymmetry. 

( 2 ) The average energy of the emitted pa r t i c l es i s i n the range of a few MeV, with h igh-
energetic pa r t i c l es of about 2o MeV being decreased by a factor of lo - lo . The 
emission spectrum is hardened with increasing mass asymmetry. 

( 3 ) The p a r t i c l e is emitted p r e f e r e n t i a l l y in polar d i rec t ion ( f i s s i o n a x i s ) , with the 
emission probabi l i ty in perpendicular d i rec t ion diminished by about two orders of 
magnitude for the case of symmetric f i s s i o n . 

(4 ) Concerning the corre la t ion with the mass asymmetry, the p a r t i c l e emission along the 
d i rec t ion of the l igh t fragment i s favoured by about one order of magnitude compared 
to the f l i g h t d i rec t ion of the heavy fragment, i f high-energetic pa r t i c l es ere 
emi t ted . 

The general trends expressed in these results are r e f l ec ted i n the experimental data on 
polar pa r t i c le emission in f iss ion ^ ~ 3 , 4_7 . 
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ANGULAR DISTRIBUTIONS FROH GAMOW STATES IN 1 7 0 • 1 6 0 

3 . Fsndrich, B. H i lek and R. Ral f 
TU Dresden, Sektion Physik, Wissenschaftebaxelch Theoretische Physik 

While i n nucleon induced react ions the re laxat ion of the compound systea s t a r t s fro» an 
i n i t i a l e ta te with already one p a r t i c l e i n the continuua which favours n o n s t a t l s t i c a l 
ealssion during various stages of the react ion , i n heavy-ion reactions nucleons, at the 
beginning of the reect ion occupying bound states of the wean potent ia ls , have to be 
l i f t e d a t f i r s t to decaying states by the nucleus-nucleus i n t e r a c t i o n . Therefore , i t is 
meaningful, to seperate the Gamow s t a t e s , represented by wave functions wi th purely 
outgoing waves i n the asymptotic region, f ro« the regaining s ing le -pa r t i c l e continuua. 
Supposing the two ions to wove along given c lass ica l t r a j e c t o r i e s , quasistat ionary 
s tates are occupied by dynaaical coupling i n the adiabatlc basis consisting of bound 
and Gaaow statea i n a two-center p o t e n t i a l . From the population of the basic states 
s i n g l e - p a r t i c l e eaission spectra , i n e l a s t i c e x c i t a t i o n , and transfer p robab i l i t i es can 
be derived l ~ l , 2_7. The f i n a l occupation numbers a f t e r the in teract ion stage for d i f f e 
rent e-substates allow for the ca lcu la t ion of i n - and out-of plane corre lat ions during 
the sequential decay of quasistat ionary s t a t e s . 

Angle Integrated spectra for neutron eaission froa Gaaow states have been calculated 
/ ~ 1 7 i n a two center po ten t i a l with f i n i t e depth potent ia ls corresponding to the 0+ О 

17 16 
systea. I n i t i a l l y , the I d - , - l eve l i s occupied by a valence nucleon in 0 above a 0 
core . The quasistat ionary part of the basis |ф ; л > for a given posit ion of the center R*. 
and R. n a s been labeled by the project ion Л of the angular aoaentua ( r o t a t i o n a l syaae-
t r y ) . p a r i t y Л ( I d e n t i c a l cores) , and a count nuaber 1 . The required asymptotical be
haviour is guaranted by the Green operator ^" l_7 

л (*) m- 1 
Г f F i P ) e ( *•*"' ————— \ *o i t i *A * „ 4 - 0 E _ V i t ; E _ W i r . Ä r t ( i , 

Expressing each poten t ia l i n a f i n i t e rank o s c i l l a t o r basis | l > the Schrödinger equation 

<Y * m ' \ V(<f > can be solved in aoaentua representation by a lgebrs l za t lon . Using the 

procedu -e ( 1 ) for f ixed posi t ion of the two center , in space representation a angle 

dependent aapl l tude of the outgoing waves for | r | — • • « can be derived 

< г | ф * > ==- fC?J ^ 

ic?) - $< 3 ; ' е к и м *> 7 ' 7 ^L< r \ г ; л л <* , , vи> 
The operator с contains known coe f f i c ien ts as wel l as the t rane la t lone l operators for the 
l o c a l i z a t i o n of the cente rs . The wave nuaber к i s deterained approximately by the r e a l 
part of the coaplex energy ( P « E) of the state under considerat ion. A double -d i f fe ren
t i a l spectrua ar ises by t i a e in tegra t ion over three time-dependent fac tors : the rate of 
eaission between time t and t • d t , the probab i l i ty to f ind the p a r t i c l e at an emission 
energy t between e and t * d t (Lorentz -d ls t r lbu t lon) and f i n a l l y the probab i l i ty I f / 2 

to f ind the par t i c le i n a space d i rec t ion outside of the system. Various types of ca lcu
la t ions for peripheral c o l l i s i o n s »re under invest igat ion l i k e neutron-project i le angular 
corre la t ions for selected t r a j e c t o r i e s and averaged spectre . 
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MODEL INVESTIGATIONS ON NITROGEN IMPLANTATION IN SILICON 
C. Sobeslavsky and K. Wollschläger 
Zentralinstitut für Kernforschung, Rossendorf, Bereich Kf 

The iaplantatation of high doses of energetic N*-ions into silicon (N_ sf 1.3 - 10 N* ca , 

С - 200 keV per ion) leads to the formation of buried Si.N.-layers. SOI structures using such 
layers have been shown to be suitable for a coaplete dielectric insulation of Microelectronic 
coaponents, they also acts as a diffusion barrier against dopants and other unwanted iapurities. 
The present investigation deals with the Modelling of as-iaplsnted nitrogen concentration 
curves. In this case, if nitrogen concentration exceeds the characteristic stpichioaetric 
value of Si-N., the experiaental curves show an approxiaately Gaussian nitrogen distribution 
in the vicinity of the projected range of the stopped ion R . The aodel was originally 
developed to describe high dose 0 -iaplantation in silicon /1/. It takes into, account sputter
ing, voluae swelling and the change in range profiles due to the foraation of Si.N.. If the 
Si.N. stoichioaetry threshold is exceeded, the excess nitrogen is allowed to diffuse both to 
the surface and to the bulk in order to fora Si.N.. A Deal-Grove rule for such a nitridation 
is assuaed. The excess nitrogen which reaches the surface diffuses out. 
Coaparing the experiaental data with the aodel calculations one obtsins the following results: 
- Above the Si.N. stoichioaetry threshold nitrogen is not found to diffuse. Hitherto a radia

tion enhanced diffusion (as known in the case of high dose oxygen iaplantation in silicon) 
could not fully be excluded /2,3/. 

- for an energy of E = 20 keV per nitrogen atoa ion aixing does not play a reaarkable role. 
- The nitrogen concentration of Si.N. is reached, first at the profile aaxiaua, at a dose 

N .of approxiaately N _.. - -r • T/2T • d • A R , where d is the aolecular density, crit crit ч • p 
- Coapared with the aodel distributions the experiaental ones show longer tails at the bulk 

side of the curves. This can be explained by an additional voluae swelli .g effect caused by 
the excess nitrogen, which is assuaed to be in a solid or liquid phase. 

- The aodel describes well the foraation of Si-N coapounds at concentrations of nitrogen in 
silicon below the stoichioaetric value of Si.N.. In this region the nitrogen distribution 
can be approxiaated by 

«?v>- ' ЛА «л/ ( h'»' )- w(^J*— ) 

N 
where z* = z - Y , V is the sputtering yield, n,. denotes the atonic nuaber nSi 

target density, Jj--! «nd t are implantation current and 
time, respectively; N_ s J.(.0i ' *• 

- % • (-ftsi N " ' '•^•Si'' "here - ^ S U N A end ^ S i " t a n d e for tne voiu*e of nitride 
molecule and silicon atom, respectively. 

l3"4 
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ИОПШ.ТВС Of S B OZXGa BKDTSWTWIIOl ИПШЮ KUUtim CT BUSHS S i 0 2 UXBBS BY. HIGH 
BOSS GKxcB BSUSIASIOX 
B. U. Jäger 
Zentralin*titut für Kernforechung, Kossendorf, Baroieb IF 

Using a modal l~1 J which tekea into account Chane** i* tba> ion renge, t*rg*t widening, 

surfsc* sputtering and Intaznal oxidation du* to unbonded oxygon, tb* daptb profilaa ob

tained ef ter high do** oxygon implantation into ailicon hove Ь**п calculated for a broad 
range of ion energiea and implanted doaaa (fig. 1 and ref. £zj). 

In a recant paper О J the formation of buried SiOg layers baa been'monitored by tb* 
implantation of 0 tracer atom* and subsequent anslysis by negative ion SIMS. Tb* oxygen 
iaotope depth profile* m**aur*d in thia experiment can be well reproduced by our phenome-
nological model С К J proTided that a perfect exchange of migrating oxygen with matrix 
oxygen in the buried layer ie poetuleted. In fig. 2 we present model prediction* for the 
aomewhot fictitious situation that the two oxygen doaea ( О and 1 80) implanted are equal 
to eeeh other and amount to D » 0.8 x 10 ca> (upper part) or D • 1.2 x 10 cm" 
(lower part). The oxygen depth profilea abown refer to 
(i) aingle implantation to doee 0 (thin line), 
(ii) final distribution of the initially implanted iaotope (daabed line), 
(iii) distribution of the e*condly implanted iaotope (dotted line), end 
(iiii) total oxygen distribution after the two enccessiTe implantations (thick line). 

DOSE llC1 
fig. 1. Surface ailicon layer tbiokneaaea versus 

implanted oxygen doses for various im
plant energies. 
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fig. 2. The redistribution of oxygen in 
silicon during two «uccessiT* 
iaplsntations of 200 k*T 0* 
ions. 
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ON TIC CHOICE OF THE ELECTRONIC STOPPING FORMULA FOR RANGE PROFILE CALCULATIONS IN THE MEV REGION 

N. Posselt, M. Skorupa, Zentralinstitut für Kernforschung, Bereich KF 
A. Beyer, w". Markgraf, Technische Hochschule Karl-Marx-Stadt, Sektion Physik/Elektronische Bauelemente 

It is well known that theoretical ranne profiles calculated by Monte-Carlo simulations or analytical transport 

theories are strongly influenced by the following inputs: (i) the interatomic potential or the miclear stop

ping and (ii) the electronic stopping. Me have studied the influence of the second input in the case of 

W O kev phosphorous implantation into silicon where the slowing down of the incident inns is dnninated by 

electronic losses. The ion range profiles have been determined by Monte Carln simulations using (i) the Varelas-

Biersack equipartition (cf .Д/) of the Lindhard-Scharff and the 8ethe-Bloch electronic stooping formulas and 
(ii) the scaling of the electronic stopping cross-sections of protons. The first approximation interpolates 
bttimn two limits: (i) At low velocities v.4cv,--vn and relatively high atomic numbers 0.75vF-*vn Z ? " the 
stripping of the projectile is small and independent of Vj. If v.< wy-Vj, only the valence electrons of the 
target may be excited(Lindhard-Scharff).v1 ,Z., vn, vf are the velocity and the atomic number nf the projectile 
the Fermi velocity of the target and the Bohr velocity, respectively, (ii) At high velocities v.*v n 72/* the 
projectile is fully stripped and all target electrons can be excited v.»v г 1/2 (Bethe-Bloch). Z, is the 
atomic number of the target. In the second model (cf. Л 7 ) the well-known proton stoppinn, cross-sections are 
multiplied by the effective charge 7j of the projectile. Z. is calculated by the Brandt-Kitanawa approach 
taking into account a certain stripping criterion. The upper limit of the Brandt-Kitaoawa theory may he given 

1/2 by V|(VVQ Z 2 where all target electrons are excited. 
In fig.l the computed range profiles are compared with experimental values determined hy pulsed CV measurements 
after W O keV phosphorous implantation. The theoretical profile obtained from the second model (heavy lines) 
agrees well with the experimental data. The first model (thin lines) yields a deeper range profile. This 
difference may be interpreted as follows. In our example the initial velocity of the projectile is about 1 .lvn. 
In that region the stripping already depends on the projectile velocity. This is well described in the second 
approach. On the other hand, this effect is not considered in the first model whi<:h leads to a lower electronic 
stopping. Both profiles in fig.l are calculated usinti the Biersack interatomic potential, ftearly the sane re
sults are obtained by applying the Moliere potential. Furthermore, in fig. 1 the ranges corresponding to the 
maximum of the profiles which would be obtained from the Gibbons (a) and the Burenkov (b) tables are shown. 
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31 D * Fig. 1 Theoretical end experimental range profiles for 990 keV P implantation into silicon 

(dose: 5*10 cm" , anr«aling; 1100 C, halogen lamp, further experimental details see / V ) 
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INFLUENCE OF THE ENERGY TRANSPORT BY RECOILS OH ENERGY-LOSS PROFILES 

Posselt, Zentral insti tut für Kernforschung Rossendorf, Bereich KF 

Two Honte Carlo simulation scheues are applied: The 

f i r s t which наз original ly i.ade up for range distr ibu
tions [\J describes the slowing down of the incident 
ir.ns un t i l their energy drops below E • . 

min 
The subcascaocs in i t ia ted by the primary knock-on atinns 
(PKA) are not f o l l « « d ard the deposition of the FKA 
energy is assigned to take place at the position of the 
PKA generation ( local energy deposition). This approxi
mation leads to a relat ively fast computer code. In 
the second scheme CtiDJ which is also used for sputte
ring and ion nixing purposes recoils of a l l orders are followed un t i l E 

mm Below E - local energy deposition 
is assumed, E n i n is chosen so t M t the coiresponding par
t i c le range is smaller than the interval size in the 
calculated histot)rans. The disadvantage of the second 
schenc is i ts higher computer tine consumption. In com
parison with the f i r s t scheme ( f i g . l - t h i n lines) this 
pethod (heavy l ines) yields depth profi1™: -.jhich are 
shifted into the depth and broader lateral prof i les, 
due to the spatial рпггпу trnnsnort hy the recni ls. In 
general for heavy ions incident on l igh t targets this 
effect is considerable, both for electronic and nuclear 
loss prof i les. 
The following rough estimation nay be useful to decide 
i f the computer time consuming second method must be 
applied to calculate the energy-loss prof i les or not. 
The nuclear stopping pov/cr of the incident ions deter
mines the average energy transfer to the PKA per path 
length. Therefore, the portion of the energy dissipa
tion into the subcasendes and the energy transport by 
the recoils increase with increasing nuclear stopping. 
At suf f ic ient ly high ion energies (£»0.3 / V ) the 

maximum nuclear stopping of a l l ion-target combinations 

can be characterized by fiJCiJ 
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M.,11-,fare the ion mass, the target mass and the target 
density, respectively. In f i g . 2 the quantities r and r, 
uhich globally characterize the longitudinal and the 
lateral energy transport by the recoils are clraiin vs.f 
(data from /2 / /3 / ) . r and r. increase with increasing f. 
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COMPUTER SIMULATION OF THE EVOLUTION OF LOU-ANGLE GRAIN BOUNDARY NETWORKS DURING ZONE-MELTING OF SOI-LAYERS 

K.-H. Heinig, H.-3. Müller and G. Otto 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Silicon-on-Insulator (SOI) is attractive for high-density MOS-integrated circuits. One novel approach to forming 

device-quality single-crystalline layers on insulating substrates is lateral zone-melting (by halogen lamps, 

rjraphit stripe heaters or lasers). By means nf this recrystallization technique monocrystalline layers with 

lnw-anrjlc grain boundaries or subboundaries are obtained /1,2/. These randomly distributed subboundaries can 

deteriorate device quality. Therefore, experimental and theoretical investigations have been started in order 

to understand the pattern formation of subboundary networks with the aim to find means for its preventation 

мг cmtrnl. 
At present there is experimental evidence /1,2/ that (i) the single-crystalline SOI-films grows preferably in 
<010> direction and tends to have (100) texture, (ii) the melt-solid interface consists of alternating (111) 
and (111) facets, and (iii) that subboundaries are formed at the interior corners of the faceted solidifi
cation front. 
Starting from these rules and assuming that the normal growth velocity of the facets is determined only by the 
nucleation of neu (111) lattice planes, a quantitative model for the evolution of subboundaries have been pro
posed recently /3/. Within this bidimensional model, after one growth step the change of the length L-, of a 
(111) facet,i.e. a facet with an even index, is given by 

dL2i/dt = ( v2i_j - v 2 i + 1 ) / sin ( Oj • 0 2 ) , ( 1 ) 

uhere 0, and 0- are the angles between the growth direction and the (111) and (111) facets, respectively, 
and v-. is the normal growth velocity of the (2i) facet, i.e. 

v2i = к 2 1 2 l 1 ( x
m ' x > dx / cos °2 • ( 2 > 

"Si 
Solidification proceeds in x-direction, where x2- and x_. . are the positions of the corners of the (2i) 
facet and x =vt is the actual position of the melting isotherm. The kinetic factors k, and k» of the odd 
and even facets, respectively, are mainly determined by the nucleation rate, the temperature gradient at the 
solidification front and the texture. Using periodical boundary conditions, the system (1),(2) of coupled, non
linear rliffnrnntial nnuntinns fnr thn 2*H facets has been solved numerically by means nf a Runge-Kutta 
procedure (N is typically Ш...100). For the "birth" and "death" of facets special numerical routines have been 
developed. 
The results of the computer simulation can be summarized as follows /*/: (i) Independent of the initial con
ditions, the evolution of the loci of the interior corners (=subboundaries) results in a random, stationary 
pattern (see e.g. ref. /5/). (ii) Adjusting the parameters v, 0 and k, all experimentally observed types of sub-
boundary pattern can be explained, (iii) It has been proven numerically that N~v~ ' . (iv) Misalignment between 
the growth direction and the <010> crystal direction leads to a certain self-confinement of subboundaries. 

R e f e r e n c e s 
/1/ Scnarff, W., J.-W. Erben, С. Hoppner, A. Wolf, Я. Klabes, J. Metthäi, M. Voelskow, and E. Wieser, Proc. 

Int. Conf. Energy Pulse Modification of Semiconductors and Related Materials, Ed. K. Hennip, 
ZfK-555 (1985) 397 
Vleissmantel, C , ibid. p. 383 

/2/ Geis, M.W., H.I. Smith, O.J. Silversmith, R.W. Mountain, and C.V. Thompson, 3. Electrochem. Soc. 130 
(1983) 1178 

/3/ Pfeiffer, L., S. Paine, G.H. Gilmer, W. van Saarloos, and K.W. West, Phys. Rev. Lett. 5* (1985) 1944 
/4/ Heinig, K.-H. and R. Otto, Working Meeting Ion Implantation in Semiconductors ..., Balstonaliga (Hungary) 

1985 and to be published 
/5/ Fromm, U., Fromm, W.-0., K.-H. Heinig and G. Otto, this report p. 137 
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COMPUTERSIMULATION VERSUS ANALYTICAL FORMULAE: 

A CRITICAL DISCUSSION OF THEORIES OF TRANSFORMATION 

H.-J. Hüller and K.-H. Heinig 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Mathematical studies of crystal l ization kinetics for the interpretation of experimental findings have 

been carried out for about four decades. The f i r s t attempts were made independently by Johnson and Mehl / 1 / 

and Avrami 111 in the early fourties. Their formula have been proved to be in accordance with many experimen

ta l data but there are also serious differences. These differences are to be expected because drastic approxi

mations have been used for the derivation of the formula. 

Ruckenstein and Ihm / 3 / suggested a formula wich deals the problem of the so-called extended volume in Avrami's 

derivation somewhat better. However, as they did also f a i l to include the grain impingement in an appropriate 

manner, their formula can be used only for the early stage of transformation. Up to now the grain impingement 

could be taken into consideration by Speich and Fisher / 4 / in an empirical way only. The broad discussion about 

the various models of phase transformation kinetics stimulated recently Price / 5 / to compare them c r i t i c a l with 

experiment. As no practical theory of grain impingement is available he maintains that at present the empirical 

Speich-Fisher relation i s the best alternative to describe experiments. Another problem not solved so far 

is the inclusion of the time lag into analytical transformation formulae. 

Our computer simulation / 6 / allow to take into f u l l account the grain impingement as well as the time lag. 

Thus we are in a position to test analytical formula and to modify them. The main results of an extensive 

investigation of the solid-phase transformation a-Si into poly-Si in the framework of the computer simulation 

can be summarized into the following items: 

( i ) The Avrami formula is well adopted to transformation kinetics of processes i f the time-lag does not 

play a role, ie where i t is small compared to the transformation time scale. That results from the fact 

that Avrami's approximation with respect t o the extended volume gives by accident a pre-factor which 

describes the growth stagnation by grain impingement rather good. 

( i i ) In contrast to discussions about transformation kinetics (see e . g . / 5 / ) we prove that i f there are d i f f i 

culties to f i t experimental data by Avrami's law, then they are weti.jr an evidence against i t nor does 

they support other formulae. In rea l i ty , the time lag is the crucial quantity which determines the 

f i r s t stage or even the whole process of transformation. 

( i l l ) Due to the complex interplay of time lag, grain impingement and other influences on the transformation 

kinetics, investigations nf time dependent transformation processes on the base of Avrami's or other 

analytical formulae give no reliable information. 

/ 1 / Johnson, И.A. and Mehl, R.F.; Trans. AIME 135 (1939) 416 
111 Avrami, M.; J. Chem. Phys. 7 (1939) 103; в (1940) 212; 9 (1941) 212 
/ 3 / Ruckenstein, E. and Ihm, S.K.; J . Chem. Soc. Faraday I 72 (1976) 764 
/ 4 / Speich, G.R. and Fisher, R.M.; i n Recrystallization, Grain Growth and Textures, New York 1961 
/ 5 / Price, С.И.; Scripta Met. 19 (1985) 669 
/ 6 / Müller, H.-J. and Heinig, K.-H. ( this report p.44 
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COMPUTER SIMULATION OF THE PRIMARY CRYSTALLIZATION a-SI TO poly-SI 

H.-J. Hüller and K.-H. Heinig 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The kinetics of crystallization has an increasing impact on the development of materials for microelectronic 

devices. It is a result of the collective interaction of extrinsic parameters (temperature-time-regime; star

ting and boundary conditions) and intrinsic laws of the transformation. There have been many efforts to for

mulate universal analytical laws for the transformation kinetics, but due to the complex interaction of kine-

tical and geometrical aspects no generally accepted formula exists. Therefore in the last few years a renewed 

interest in this subject inspired by the increasing possibilities of computer simulations (CS) can be observed. 

It has been shown that they give a deeper understanding of crystallization processes, because they allow a 

thorough insight into the fundamental microscopic motions. On the other hand CS are able to prove existing 

empirical or semiempirical laws by a systematical study of the influence of extrinsic and intrinsic parameters 

and laws on the kinetics of crystallization. Thus a variety nf CS has been established /1,2,3/ for the 

description of the second step of crystallization, the so-called grain growth, occuring upon annealing a 

polycrystalline aggregate after primary crystallization is complete. Up to now analogous extensive CS of the 

primary crystallization process are missing, although such models are very useful for the investigation of 

rapid thermal processing (e.g. a-Si to poly-Si) where this plays the dominant role. 

Primary crystallization is caused by nucleation and growth of the crystalline phase within the amorphized Si. 

The kinetics of transformation is a result of the competitive process of nucleation and growth and the growth 

stagnation induced by grain impingement during crystallization. The latter depends on the actual grain ensem

ble of the crystalline phase. It is impossible to give an exact analytical description of the growth stagnation. 

All these effects were included into a two-dimensional computer simulation of the primary solid-phase crystal

lization of thin layers of amorphous-to-polycrystalline Si. Classical nucleation theory and the growth rate of 

solid phase epitaxy serve as basic ingredients. The statistical aspects of nucleation are incorporated by a 

grand-canonical Monte-Carlo-Procedure. Thus the model is based on well-established, phenomenological laws, 

whereas most of the other CS work on a more microscopic scale using additional assumptions. An almost real 

geometrical situation of the grain ensamble is realized by a division of space and time into finit elements 

using bit-mapping techniques for the transformation area /4/. 

:0 oM N 

т=±вее к 
1 0 =8847 A 

Plot of a calculated polycrystalline structure of a Si layer 

Results on the grain size distribution, the grain-boundary topology and the transformation kinetics in two-tH-
mensional Si layers are obtained in dependence on the transformation temperature. Furthermore the developed 
computercode permits an extensive investigation of the growth stagnation by grain impingement, which has befn 
a fundamental problem in the derivation of analytical formulae for the kinetics of crystallization in the lfist 
years. 

/1/ Anderson, M.P., Srolovitz, O.J.., Grest, G.S. and Sahni, P.S.; Acta Met. 32 (1984) 7ЯЗ 
111 Ceppi, E.A. and flasello, O.B.; Scripta Met. 18 (1984) 1221 
/3/ Yabushita, S., Hatta, N.. Kikuchi, S. and Kokado, 0.; Scripta Met. 19 (19Я4) 853 
/4/ Müller, H.-J. and Heinig, K.-H.; to be published 
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APPLIED METHODS OF NUCLEAR PHYSICS 

HIGH ENERGY (0.99 MeV) PHOSPHORUS IMPLANTATION INTO SILICON 

M. Skcrupa, E. Mieser, R. Grötzschel and H. Posselt 

Zantralinatitut für Kernforschung, Rossendorf, Bereich Kf 

A. Armigliato und A. Garulli 

CNR Istituto LAMEL, Bologna 

Recently, ion inplantation with energies in the HeV range has become of increasing importance 

for semiconductor technology /1,2/. 

In our first experiments, P ions have been accelerated with a voltage of 330 keV to reach 

an end energy of 0.99 MeV. The beam power density was « 0.8 H cm maintaining the target tem

perature at about 300 K. The substrates were monocrystalline silicon wafers with <10"> orien

tation coated by 100 nm thermally grown Si0_. The implanted doses ranged from 5 1011 cm"2 

to 7.5 10 14 -2 After implantation, annealing was carried out by furnace (900 °C, 30 min, 

N 2 ) , flash lamp (~-1350 eC, 17 ms, air) and halogen lamp (—'1100 eC, 10 s, air). This contri

bution will be concerned with radiation damage after implantation of 7.5 • 10 cm" . 

In fig. 1 RBS spectra are shown. After implantation a peak due to direct backscattering is 

visible in the aligned spectrum at a depth of 0.83 цт. This value added with the SiO. thick
ness of 0.1 цт corresponds well with the position of the maximum of the energy deposited into 

nuclear processes as calculated by the BRICE theory (0.98 цт) 
and MONTE CARLO simulations (0.97 цт). No amorphisation took 
place there although the deposited energy in this depth is 

21 -3 higher than 10 keV cm , the amorphisation threshold level 
at 300 К /3/. No defects were found by cross section ТЕМ. 
After annealing, the yield of the aligned spectra (fig. 1b) 
is in all cases for depths i* 0,65 - 0.85 цт slightly higher 
than that one of a virgin crystal. These higher yields are 
induced by dechanneling. Annealing with the short time meth
ods was more effective. Only a narrow defect band was eva
luated by cross section ТЕМ between 0.88 цт and 1.13 цт for 
these cases. After furnace annealing dechanneling begins 
already at 0.65 цт. The ТЕМ results confirmed that the defect 
band is broader and ranges from this depth to about 1.1 цт. Ш 200 300 

ошяе. NUMBER Generally, the residual defects are dislocation loops and 
-. . stacking faults. The surface region is free of defects. 
RBS spectra (1.7 MeV, 4He+) 
after 0.99 MeV phosphorus 
implantation a) random 
and aligned, b) aligned with 
higher magnification (for 
experimental details see 
text) 

R e f e r e n c e s 
/1/ Proc. 5th Int. Conf. Ion Impl. Equipment, Jeffersonville 1984, Nucl. Instrum. Methods 

86 (1985) 
111 Skorupa, W., Literatur-Reports Hochenergieimplantation in Silicium, ZfK/KFH 3.85 (1985) 
/3/ Vook, F.L., Radiation Damage in Semiconductors, Inst. Phye. Conf. Ser. |£ (1973) 60 
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FORMATION OF BURIED SILICON NITRIDE LAVERS IN SILICON BY ION IMPLANTATION-NEW RESULTS 

N. Skorupa, K. Wollschläger, H. Oertel and R. Grötzschel 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

H. Bartsch 

Institut für Festkörperphysik und Elektronenmikroskopie, Halle 

The ideal SOI (silicon on insulator)-structure may be characterised by a monocrystalline 

silicon layer Free of defects above an ideal electrical insulator with a steep interface be

tween them. A first step into this direction has been reported recently /1,2/. High dose 

nitrogen implantation (330 keV, 1.2 x 10 1 8 cm"2) followed by furnace annealing at 1200 °C, 

5 h, Nj leads to the formation of buried silicon nitride layers with steep interfaces and 

rectangular nitrogen profiles /1/. This method was investigated in more detail. Formerly, the 

aligned yield within the whole silicon top layer as determined by channeling was about 20 5. 

By optimisation of the annealing scheme (see below) it was found that it is possible to reach 

aligned yields comparable to such of unimplanted silicon (see Fig. 1, spectrum a), fry cross 

section TEH only dislocations were found in the silicon top layers. Up to now only SOI struc

tures with more complicated defects as grain boundaries, precipitates, twins etc. were pos

sible to produce. 

Annealing of the bare silicon wafers with buried 

SijN^ layers at 1200 С in nitrogen atmosphere 
led to a strong erosion of the polished surfaces. 
For this manner it was proved to use a thermal 
oxide as a protective layer. It was found to be 
sufficient to drive in the wafers into the fur
nace in oxygen atmosphere and changing the am
bient gas to nitrogen after five minutes. In this 
case, the surfaces of the wafers were free of de
fects after annealing. From RBS aligned spectra 
(Fig. 1), it is visible the surface damage peak 
to be comparable to that of virgin silicon. 
The mechanism of minority carrier lifetime in
crease above buried silicon nitride layers /3/ 
was investigated in more detail at the original 

structure i.e. epitaxial layers on the buried layer system. Clearly, it could be shown that 
Si}N4 precipitates lead to a gettering effect Ik/. 

RBS spectra after nitrogen implantation 
(330 keV, 1.2 x 1018 Cm"2) into silicon and furnace annealing (1200 °C, 5 h, N.) 

R e f e r e n c e s 
/1/ Skorupa, W. et a b , Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 96 
111 Hemment, P.L.F. et al., Appl. Phyj. Lett. 46 (1985) 952 
/3/ Skorupa, H. et al., Electron. Lett. 20 (1984) 426 
/4/ Skoiupa, W. et al., Working Meeting on Ion Impl. in Semicond., Balatonaliga, 1985 
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ANODIC OXIDATION AS SECTIONING TECHNIQUE FOR THE DETERMINATION OF HIGH DOSE B* AND As* IMPLANTATION PROFILES 

IN Si 

G. Hende 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The profile determination in Si by electrical measurements or neutron activation analysis is often perforaed by 

successive layer reaoval with the help of anodic oxidation in coabination Mith dissolving of the oxide in dilute 

hydrofluoric acid. 

In the present work the influence of various doses of B* (2 • 10 and 2 • 10 cef , energy = 50 keV) iaplant-
„14 1015 and 2 1016 cm"2, energy = 100 keV) iaplanted into ed into n-type Si (SO Oh» cm) and As* (2 • Ю " , 6 

p-type Si (10 Oha ca) on the oxidation rate and the thickness of removed layers has been investigated after 
flash leap annealing (17 ms at 1350 °C). 
The samples were anodised with a constant current density (7 mA/cm ) in 0.04 N solution of KNO, in ethylene 
glycol containing 1 Vol.-S И.О. The thickness of removed layers from B* implantation profiles in Si was calibrat
ed by means of neutron activation analysis after annealing (30 ain at 750 °C in a N. stream) of the samples 
/1/. The thickness of removed layers from Si implanted with As was measured by a Talystep. 
After B* implantation with a dose of 2 - 10 cm the thickness of removed layers does not change in comparison 
with uniaplanted aaterial (Fig. 1a) and the oxidation rate is constant (Table 1). However, after В implantation 

16 —2 with a dose of 2 • 10 ca the thickness of removed silicon layers is reduced (Fig, lb) and the oxidation rate 
is enhanced (Table 1), provided that the concentration of implanted boron is higher than ? • 10 cm* . 

A similar effect can be 
stated after As implan
tation with a dose of 
2 • 10 cm" , provided 
that the concentration of 
implanted arsenic is lar
ger than 2 • 1021 cm"3. 
But in this case not only 
the oxidation rate but 
also the thickness of 
removed layers is increas
ed. 
Therefore the oxidation 
rate is a good monitor 
for thickness change dur
ing anodisation of sili
con implanted wi'.h suf
ficiently high doses 
(2 • 10 1 6 cm"2) of boron 
(energy = 50 keV) or 
arsenic (energy =100 keV). 
In this case the thick
ness/voltage increments 
during anodisation of un-
implanted materials are 
not valid and the thick
ness of removed layers 
must be determined step 
by step. 

Fig. 1a, 1b 
Removed layer thickness of silicon implanted with boron in comparison with unim-
planted Si vs. depth x and the 8* implantation profile N. . according to the LSS 
theory l*' 

Table 1 
Anooisation time t of Si implanted with boron during successive anodisation steps 
( V s 210 V) 

.7 
doee /em / 
2 • 101* 
2 • 1016 

t^min/ 

18.9 
19.55 

t2/min/ 

18.56 
18.81 

tj/min/ 

18.68 
17.20 

tft/min/ 

18.60 
11.31 

t5/»in/ 

18.46 
10.76 

tfi/min/ 

11.83 

R e f e r e n c e 

/ 1 / Hende, C , J. Electrochem. Soc. 127 (1980) 2085 
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втюдон smuKsss» AUD ELECTRICAL АСПУДПОЯ виною ЙАИО соявяш. *«™HTJ»-. (ИА) орв«м> А» ШЪАИТБВ 
SI 
В. Köcler and В. aleser 
Zentralinstitut für Kernforschung Etoesendorf, Bereich KP 

IHffuslon enhancement and alectrlcal activation of В and Aa Implanted In 31 during KXA «ere investigated by 
comparison of experimental carrier or dopant profiles «dth computer slaulatlons of diffuslonal broadening. 
axoerlment: uoron and Arsenic «are implanted in eilOOVSilicon through 30 na SiO,. the dose «a« between 
5 . 1015 cm"2 and 2 . 10 en"2 and the Implantation energy «as 30 keV end 100 ke* respectively. ИА 
«aa carried out at a maximum temperature T between 800 °C - 1300 °C «lth a holding time t^ between 
5 and 20 seconds. 
Carrier profiles of 3 eere aeasured by anodic oxid stripping *** increment«! abtat resistance and Hall 
affect measurements. Dopant profiles of Aa «are detenalned by BBS measurements. 
Computer simulations: Por the computer simulations of dlffuslonal bwrtonlng the following diffusion 
coaffidents «ere used: 

DJJ - f . Do(Ufl *• («.jJO*8)"1 exp(-3.43/k*) 

Do » 3.33 . 109 jiB2/"»n, fl - 3 

D^- f . Do(1+B "• (jjJd^B)"1 exp(-4.1/kT) 

D • 1.37 . 10 im /min, в - 100 

Ям diffusion enhancement factor f saw fitted in such a say, that calculated and measured profiles »are in 
acreemant. 
In the casa of arsenic the computer simulation Included the cluster nodal by leal / 1 / . Clustered Arsenic 
does not diffuse and is electrically Inactive. 

iwaulta; 
В / 3 / - The diffusion enhancement factor f i s In al l cases greater than 1. It decreases «1th increasing 

T ^ and t, , respectively. The observed values lie between f " 25 and f • 4. 
- In the temperature range ? „ _ 1000 С - 1100 °C our time averaged enhancement factor f is comparable 

with an expression civen by Pair / 2 / . 
- Por temperatures above 1100 °C the data ( Fig. 6 /3/)disagree «1th the Pair formula. 
- Pull electrical activation la reached for annealing temperatures T . - T 1100 °C. 
- The пнпг1тмт carrier concentration l ies above the equilibrium solubility in the investigated tem

perature range. 

As - Also in the case of Aa enhanced diffusion has been stated. Пи f values are lower than in the case 
of В (typical values between 6 and 2) . 

- Pull electrical activation «as not reached in the investigated temperature regime because the forma
tion of Inactive As proceeds faster at higher concentrations and at higher temperatures Тща_ 

- At temperature« T .«11000 °C the data indicates non-equilibrium states with maximums carrier 
max 

concentrations above the equilibrium value. 

Reference 

/ 1 / V..i. Teal, P.P. Uorehead, J.B.B. Baglln, A. B. Lionel 
J. Appl. Phys. 51 (1900)3230 

/ 2 / R. B. Pair, J.J. Wortman, J. Liu 
J. Electrocnem. 5oc. Щ (1984)2387 

/ 3 / S. Guiaaraes, ft. Köcler, E. Landi, 5. Solral, 3 . Wiener 
phys. stat. sol. (a) 9j[ (1966) 577 
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ВВСТЯСЛь иЯПЖШ OP 1ИРЬМШЯ) С«Дв BY SHOBMDB AMUTJaT, 
О. Taiiiiln. С. Dbriag, J . Hüller. С. «ataa. Е. tleser 
Zeatreliaatltut für Kernforschung, ftosseadorf, Bereich KP 

Slmrt ttaa адпоеИгу; of Si-implanted Gate l a tba solld-phaae reglaa baa Ъаав investigated by llght-pulae 
heating »adas halogen-lamps. SeeA-lnsulating Cr-doped (100) Gate aaa implanted with Si (200 set) la tba 
doaa range of 1013 to 1015 Si/cmVt difraraat temperatures (20-200 °C). 
lb . da» d e p « * n c of the a t e * ee«iar c ™ t r . t i « ( I . ) , tb. aobiUt, ( / , ) aad tba ahaat г а * . * , » , c . 
la aaoaa la Fig. 1 for an —m»11-t treatment at 900 С for 5a «ltbout cap layer, tor laplantation at 

14 2 
room temperature В iaeraaaaa op to the doaa 1 . 10 Si/cm and approaches a saturation value of BV& 

11 —2 e ^ 
(3-4) 10 ca , valid also for Meter dosaa. Per bl(b temperature laplaatatioa a alallar dapandanea on 
tba doaa i s obtained, but tba saturation level of Ha la loaar. Ina saturation behaviour of * s can be explained 

by tba aapaotarie cbaractar of SI la Gals, ablch Is aspadally 
doalaatlae at high doaaa. Tb» weak doaa depandaaca of Ai points 
on a dcadaatlnc lafluaaca of the chromium content. Tbarafora the 
dos« dapaadanca of о Is aalaly dataialnad by tb* dosa dapandance 

Ю* 

E 
о 

Kf2 

ю3 

•в 
2 
sio2 

mil i « • " • • • ! ' ' ' " • " ! I * m i n 

Л of • 
tb. nor-all, observed prevention of «TpUxaUon by T ^ -200 °C 
plays no rola undar our conditions. 9 » RBS spactroa proves that 

rooa teaperatur* laplantatlon dees not results in an amor-
pboua layer. Obviously tb. temperature ia>20 С and tba aaor-
phlxation threshold depends vary strongly on the real t . . 

lapx . 

E 
2, also 

This ami «ins the loaar saturation value of I at T. , • 
s lopl 

200 ° C . 

. TO 3 She dependence of I on the annealing taaparatur end the wiesUng 
2. the dependence of И o n the teaperatur 

10' 
10" TOeffcm 

tlae la shoan In Pic« 
as «all as on the time shorn а. aajdaua. this mart m i shifts with 
Usher teaperwtur to a shorter time sod with leaser t la . to e 
loser temperevjre, respectively. Ibis means, there i s a set of 
temperature-tine pairs for a optimium temperature treatment. These 
pairs «re aalnly determined by the dissociation of the GaAs sur
face. 

Iio° 
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m

" 
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Pig. 1: Dose dependence of the sheet carrier concentration, mobili
ty and sheet resistivity. 
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Plg. 2: Dependence of the sheet carrier concentration on the 
annealing temperature and the holding time. 
(5 . Ю13 ~i/ca2) 
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H. abrgeaatern 
Zentraliastitut fUr Kernforschung Roasoatorf, Bereich KP 

Ketal-seaicooductor systaaa show rectifying behaviour at aultabl* material pairing. Iba reason for t U a con
s i s t s l a tha difference batawan the aatal work function >„ and electron affinity t^of the semiconductor, which 
builda up a resulting e lectr ic f ie ld and therefore chars» dlsplaceasnte i n tha contact region. The conductivi
ty of the semiconductor i s usually auch lower than those of tha aetal , ao that the chaise dlaplacaaant and the 
resulting bandbendingwill occur i n the semiconductor. The width of the space charge layer can be varied by 
an additional external voltage and can be studied ao. I t i s observed that the deposition of a aetal on a s i l i 
con surface at enhanced toaueratur « i l l lead to a reaction between both aaterlala resulting in the formation 
of s i l l c i d e s . Tha coapoaitioa « i l l possibly vary fron a aatal-rich s i l i d d e at the aatal aide to a s i l icon-rich 
on* at the sanicoaductor side / 1 / , / 2 / . During this reaction deep leve ls are formed in the aatal region of the 
semiconductor, л suitable aaterial eoabinatlon i s the system aolybdenua s i l i c o n . The process for the prepara
t ion of the structure (Jig. 1) i s ths following: P laplantation 50 keV, 10 1 5 cm"2, activation 600 °C, 30 Bin, 
« 2 ; anodic oxidation for 10O na oxide, annealing at 500 °C, 30 e in , » , ; after oxide reaoval back contact by 
evaporation of aluminium, annealing at 450 °C, 20 adr, • ; front aide oxide atructurlzatlon by photolithogra

phy, evaporation of Ко (30 am) at different substrate temperatures (400.. .200 °C). 
Results: Current-voltage aeaaureaents show the diode behaviour of the structure. 
I t i s v i s ib le (Pig. 2) that the substrate teaperature during the Bo evaporation i n 
fluences the shape of the carve. Higher temperatures (400...250 °C) give lower for
ward end reverse current« than the lowest (200 °C). Barrier height meaajurements give 
Information about a possible variation of the internal structure of the barrier. 
P i e . 3 shows the results: A week decreasing of the barrier height for decreasing 

Pig.1: Cross section of temperature i s notlcabl*. DLTS measurements presents Pig . 4. With decreasing teape
rature the number of levels also decreases. Some levels seem to be typically for the 

Cross section of 
Ho -n-Si structure 

OB 
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02 
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Plg.2: Current-voltage characteristics in 
forward (a) and rererae (b) direction 
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4 
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7 ig .3 : Variation of barrier height versus 
substrate teaperature 

barrier (0.28 eV; 0.36 eV; 0.62 eV), the other one are 
only traceable at certain temperature«. The leve l at 
0.57 aV appears only after forward current stress of the 
structure. The capture cross sections l i e between 10 
and 10* cm ; except the level at 0.19 eV, which has one 
of 10"13 cm2. Densities of th* levels are high, from 10 1 4 

to 10 cm" . All levels ere of donor type. 

Mg.4: Deep leve ls in the Ko-n-Si •trueture at 
different substrate tenparaturee 

R e f e r e n c e 
/ 1 / Asllove, S.P., Budbeig, P.B.i Diagrsaey aoetojanije mrtalliceakich sistem Я< 1 970г VsasojuwdJ inet l tut 

nanenoj 1 techniceekoj informacil, Moskva 
/ 2 / Thin fUms- Int*rdiffu*ion and reactions, *d. JJI. Poet*, K.R. Tu, J . t . »layer, John « l e y and Sons, Haw York 
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MINORITY CARRIER LIFETIME IMPROVEMENT OF HIGH RESISTIVITY N1D-SIIICON AND ITS APPLICATION 
ГОН COUNTING DETECTORS 
L. Bischof Г 
Zentralinstitut für Kernforschung, Rossendorf, Bereich Kf 

High resistivity fZ-p-Si ( p = 2. -.5 k Q » , T= 0.5. ..1 as) was used to produce n-5. with 

о < 100 кQся by the Neutron Transmutation Doping technique. Lattice defects, caused by 
the fast neutrons from the nuclear reactor as «ell as impurities (heavy metals) inside the 
crystal and/or impurities diffusing into the crystal and its electrical activation during 
the annealing lead to a strong decrease of the minority carrier lifetime (HCL). Propper is 
to use gettering techniques to increase the MCL again. The results of these investigations 
are shown in Table 1 . 

Table 1 
Results of the gettering investigations 
d-sample thickness; ТЩТП/Ч -HCL-ratio of NTD 

process 

standard annealing 
ion implantation of Ar 
and annealing at 600 °C 
Ar -Impl. and HCl-oxidation 
at 110O°C 
HCl-oxidation ai1100eC 

600 'C-annealing and HC1-
ox idat ion 
oxidation at 1000 °C 
2-step annealing 
a) 750 eC, 2 h, N 
b) 650 °C 8 h, N* 

d/mm/ 

all 
< 1 
i 2 

-2 

~2 

1...2 

< 1 

-Si to p-Si 

^ T D ^ p / 5 / 

15...35 

~ 100 
70...80 

-80 

~65 

50...70 

40...80 

remarks 

technology is very ex
pensive 
technology is very ex
pensive 
out diffusion effects of 
phosphorous 
good compatibility with 
the technolog/ 

long time process 

From this NTD-Si ( u = 2...50 kQcm) detectors with sensitive areas of 0.5...3 cm were 
manufactured. The energy resolution amounts to FWHM - 15. ..40 keV for a-particles and 
26 keV for 60 keV-.-rays, respectively. These detectors were tested in transmission- and 
backscattering arrangements for high energy electrons for industrial applications. The maxi
mum possible irradiation dose fc~ spectrometric detectors depends on the demands of the meas-

1 2 - 2 -2 
uring task and amounts to 5...50 • 10 cm for electrons and 2...5 • 10 cm for a-partic
les, respectively. For counting detectors these values increase of one to two orders of mag
nitude. A partial or even a complete annealing of the radiation damage could be observed at 
ftOO C, N_, 30 min. Therefore a re-use of the detectors is possible. 
Another application field of NTD-silicon with p > 10 kQcm, T > 200 p.s is its use as detec
tors for backseattered electrons with E ~ 30 keV in control and analyzing systems for micro
electronic structures (scanning electron microscope, type ZRM 20, from Carl Zeiss Jena). 
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TWO-STEP-ANNEALING OF HIGH RESISTIVITY NTO-5ILIC0N 

I. Bischoff 
Zentralinstitut für Kernforschung, Rossendorf, Bereich Kf 

The standard annealing process оГ high resistivity NTD-Si at 750 °C (2 h, N ) leads to a 
decrease of the minority carrier lifetime (MCL) up to 65 5. A second long time annealing at 
I = 400...650 С allows to increase the HCL for thin slices (d < 1 mm) again /1/. The depend
ence of the ratio Т / т ( rafter-, Г ЬеГоге the 2 annealing) on the temperature is 

о о 
shown in Fig. 1. A gettering effect was only measured on n-type-Si, which is caused by 
phosphorous centres working as drains for heavy metal atoms. At temperatures about 700 °C 
these phosphorous-heavy metal pairs dissociate again. The assumption of a phosphorous getter
ing is supported by two facts: 
a) The decrease of the electrical active phosphorous concentration 4N at temperatures of 

about 650 °C (Fig. 1 ) . 

Ы No effect in p-type-Si, and so oxygen-reiated gettering effects can be excluded. 

Because of the relative low diffusion constant of heavy metals at these temperatures very 
long annealing times are necessary, see Fig. 2. After 12...18 h a saturation of gettering 
efficiency is observed. The clearer effect at Iwamat.su /1/ can be explained by the higher 

10 cm ; this work: N 1 • lo'2 cm"'). P-concentration оГ his samples (/1/: CZ-Si, N ~ 5 
P - - - - - - p 

The increased HCL and the related higher resistivity (correspondendinq to d N = 1...2 • 10 
-3 о ** 

cm ) are stable at room temperature. During a following 400 C-annealing { 10 min, N ) these 
parameters don't change. A 500 °C-annealing leads to a MCL-decrease to 80 '.. 

12 

V0[ 

F,3. 1 
Dependence of the MCL-ratio and the 
phosphorous concentration on the 
temperature 
(t : 48 h /1/; t : 12 h this work) 

— T - - > 2 0 0 0 

tine M 

F ig. 2 
Dependence of the MCL-ratio on the annealing 
time; т = 650 °c 

R e f e r e n c e 

IM Iwamatsu, S . , Denki Karjakii W ? > ( 1 9 Я 2 ) 6 5 7 

http://Iwamat.su
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rUNDWCNTM. STUDIES TO SENSORS NIOC BY SILICON-ON-INSU.AT« TECHNOLOGY 

D. Schubert and U. Loren«. 
Zantralinstitut fur Kernforschung, Rueeendorf, Bereich КГ 
M. Jenechke and Т. Uhlig 
Zantnai für Forschung und Technologie Mikroelektronik Dresden 
Sensitive eleaanta of polycrystalline and rone aalt recrystallized silicon enable an expansion of their operat

ing teeperature range and a reduction of their teaperature dependence. Resistor structures «era uaad to study 

tha effect of theraic and aechanic signals. The spectral photoresponae «as aeaauied at the diodes /1/. 

Tha teanerature coefficients of resistance «Xj, of aono-, polycrystalline and racrystallized silicon is shown 

in Fig. 1. The sign and the »alue of 0C„ оГ polycrystalline silicon can be adjusted by the dopant concentration. 
Resistor file» of silicon-on-ineulator can be used up to auch higher teaperaturas (500 °C). The longitudinal 
strain gauge factor 1^ (resistors in direction of strain) of polycrystalline silicon is by a factor 2 to J less 
than that of aonocrystalline arterial (Fig. 2). The transverse gauge factor Kf is even auch leas. The 1^- and 
К -factors of recrystallired silicon file» uith /100/-oriented surface and resistors in /110/-direction cor

respond to that of aonocrystelline silicon (Fig. J). Fig. 4 shorn 
the spectral photoreapooss of a diode with a saall sensitive area 
(0.05 an2) on a 0.5 ua> thick polycrystalline silicon file (distance 
of contact strips: 20 pa). By the increasing of tha operating 
voltage U the dark leakage current is raised auch «or» than the 
phoborsspofeW • 
The experimental studies enable to design teaperature, rate of 
flow, pressure and radiation sensors 111. 

Fig. 1 
Teaperature coefficients Cf„ as functions of sheet resistance R$ 

poly.,i 002 01 

•0»«»V""'e t 
L. »-"-J 

»• 

i 

x> 

•0 

Fig. J 

• a °A 

/•/ 

•JO ao 

Gauge _factors. %_ as functions «f sheet resistance J», 
of polycrystalline Si of recrystsllized Si 

Ш 

L. • '7 i 

Fig. * 
Photorasponae n as a function of the 
wavelength a or a polycrystalline 5* 
diode 

R e f a r a n c e a 

/ 1 / Schubart, 0 . , U. Loren/, Proc. 10. 1ИГ.К0 World Congress, Prscue, April 1985 
12/ Schubert 0. et a b , Proc. 19. fachkolioouiuai Inforaationstechnik, Dresden, Januar 19B6 



CONSTRUCTION MO PCRTOftWCC OF A LAMX MCA aE-C SILICOM OETECTOR TELESCOPE 

N. Otutsrher, R. rarster , С. Hands, H.-C. Ortlepp and И. Seidel 

Zentral inet i tut fur kernfaracn>*wj> Rossendorf, Bereich KF 

For future experiaents with the apectroaeter DOMS / 1 / • ДЕ-C a i l icon decoctor arrangeaent is necessary in 
order to aaeeure high-energetic charged part icle« in addition to the heavy fragaents. A f i r s t variant of such a 
telescope has been real ized. I t consists of a 0.2 aa thick д£ detector and a 2 aa thick S i (L i ) total absorp

t ion detector. The disaster of the Si -s l ices and o f the sensitive areas aaount to 51 and 45 aa, respectively. 

•) 
The thin detector was prepared using 1000 Sea n-type s i l icon . Both surfaces uere polished as usually in the **) aicroelectranic technique . I t results in a aicrainhaaogeneity Mithin 20 ne for both plane surfaces. A 

para l l e l i t y deviation of 5 2 «as l a i u t s d by electron tranaaission spectroscopy. The ton iaplantation has been 

used for doping the junction and the accuaulation layers. A 100 ne thick theraal oxide layer serves for the 

edge protection. 

The base aa te r ie l of the S i ( l i ) detector consists of dislocation free p-type s i l icon with a resist iv i ty o f 

200вса and a ainori ty carrier l i ve t jae of 0.2 as . The cross section of a typical detector is shown in f i g . l a . 
The d r i f t proceeded under following conditions: Taaperature: 110 < T , reverse voltage: 120 V, d r i f t t i a e : 
170 hours. F ig . lb shone the obtained current voltage characterist ic. A ainiaua carr ier l i f e t iae of 1 as has 
been estiaated froa i t neglecting the di f fusion- and surface contributions to the junction current. 

Ni th 5.5 NeV « -par t ic les an energy resolution of 120 keV «as obtained. A f i r s t test experieent has been per

forata et the external beaa of the heavy ion cyclotron U-300 of the JINR, Laboratory of Nuclear Reactions, in 
197 Oubna. The self-supporting Au target маа boabarded in the reaction chaaber of the spectroaeter DEHAS by 

\ ions of S3 HeV energy. The aE-C telescope я м located 21 ca apart froa the target under 15° forward angle, 
covering a sol id angle of 36 aar . A 150 ua thick A l absorber was placed in front of the telescope in order to 

stop e las t ics l ly scattered part ic les. The standard electronics setup of the DEHAS spectroaeter 111 «ss used. 
Data were leiutuetl event by event on aagnetic disk for o f f - l i n e analysis / J / . F ig . 2 shows the contour plot of 

the Measured energy loss aE versus energy С for • * , t , d and p. The setup is able to distinguish unaabiouously 

between «'-particles and hydiogen ions. 

Si(U-detector 

thtclcncs5; 2itwn 

rr-^—A 
U-oWu*on-tay*r 

onotsc омуск layer 

B-*npkjnt£d p*kv/er 

Au-contad 

_I_* reverse characteristic 

no 200 iL 
V 

300 

F ig . 1 

a) Cross section of the large area Si(Li)-detector 
b) U-I reverse characteristic of the detector 

WAu.«C(a3MeV) 

tiazacTiMw) 

Contour plot of energy loss versus energy for 
the systea 197Au • 1ZC at 83 MeV incident 
energy 

R e f e r e n c e s 

/ 1 / Gippner, P. et a l . , annual report 1963, ZfK-530 (1984) 115 

111 W i l l , E. et a l . , Report JINR 13-85-754, Dubna (1985) 

/ 3 / Froa», И.О., w. Enohardt, annual report 1981, ZfK-488 (1982) 169 

••) 
The Material waa produced by VEB Spurenaetelle Freiberg 

D. Frano, Inst i tut für Halbleiterphysik Frankfurt/Oder 
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CAPACITY MODEL OF A SILICON STRIP DETECTOR 

И. TeichfuO and L. Bischoff 
S * n t r a l i n s t i * u t für Kernforschung Rosaendorf, Bereich KP 

Today s i l i c o n s t r i p de tec tors are one of the »oat advanced e l e c t r o n i c s p a t i a l r e s o l u t i o n d e t e c t o r s , e s p e c i a l l y 
for photon and p a r t i c l e r a u i t t i o n . The mininuai e v i d e n t i a l energy of the p o s i t i o n s e n s i t i v e d e t e c t o r i s deter -
• ined by the energy r e s o l u t i o n o f the d i s c r e t e de tec tor e l e a e n t s . This t a l k d i s c u s s the c a p a c i t y - v o l t a g e - c h a r a c 
t e r i s t i c of s i n g l e d iodes , which are inf luenced by t h e i r neighbours. Therefore • new capac i ty model (SDC-oodel)*' 
was developed and t e s t e d with t e n s t r i p d e t e c t o r s . The s t ruc ture of three neighbouring d iodes of such a d e t e c t o r 
i s shownЛп P ig . 1 . Never the les s , the c a p a c i t i e s are contained, which a f f e c t t o the capacity-voltage-measurement 
at the к d iode . Corresponding t o equation ( 1 ) , the capacity C. of t h i s diode i s g r e a t e r than the capacity c£ 
expected by a p p l i c a t i o n of the p l a t e - c a p a c i t o r - n o d e l . 

kl ki <? 
* cr (1) 

kl 

The maximum parasitical capacity of all remaining diodes was estimated with equation (2) on the under
standing С s» Ckl = 

with n 

ki "* kl dd -

C * * "Cdd 
number o f nearest neighbours 

(2) 

The capaci ty of one s t r i p diode i s then found t o be 

with 
n С dd 

\ / d k 
(3) 
00 

( A strip plane, d depletion layer depth ) 

C,, depends on the diode geometry. The model of 
two parallele half-cylinders (corresponding to the 
form of the depletion layers) has been used to 
describe the capacity between strip diodes. By 
using CAUCHY-RIEHANN's differential equations (6) 
the solution of the two dimensional potential 
equation A U (x,y) = 0 (5) 
can be found as a result of a function-theore
tical problem, with conjugate complex potential V. 

>y 
9U 
Эх »X 

и 
»У 

(6) 

Subst i tu t ing c£ by equation 0 0 the diode capacity 
amounts to / 1 / . 

Ck = tk / \ * *Ln / l n O ^ / K ^ l ( 7 ) 

with K, / K, к i 
1 . 

2a 

- r i ' rk 

" r k > / b 

| ( l - b * 2 a ) / ( l + b * 2 a ) | 

(rf 
f l 2 V 2 

(1 • b г« r2) ) 1 / 2 

c y l i n d e r radius of the neighbour diode 
c y l i n d e r radius of the к diode 
d i s tance between two cy l inder a x i s 
s t r i p length 

Pig. 1 Str ip diodes s tructure with c a p a c i t i v e 
equivalent c i r c u i t 

In the case of a s i n g l e diode detector s tructure equation (7) 
i s equiva lent to the p la te -capac i tor -mode l . The SDC-model enables 
the d e s c r i p t i o n of the experimental obtained s t r i p diode capac i ty 
( see P ig . 2 ) .Further on, the model g i v e s informations r e l a t i v e to 
the degree o f the capac i t i ve connection between the s t r i p d iodes , 
which are s tanding in need of app l i ca t ion of s p e c i a l readout 
p r i n c i p l e s ( c a p a c i t i v e charge d i v i s i o n ) . 

Reference 
О Ю so ulv) 

/ 1 / TeichfuD, M.; Diploma pro jec t , Technical University 
Dresden (1985) 

Six: * J t r i p Detector Capacity 

Fig . 2 C a p a c i t y - v o l t a g e - c h a r a c t e r i s t i c e of 
a r e p r e s e n t a t i v e s t r i p diode 
- • -experimental capac i ty 
— p l a t e - c a p a c i t o r - m o d e l 
-•-S1>C - model 
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PRRPORIUHCB OP SILICOH HOCLBAR RADIATION DETECTORS 

J. von Borany, L. Bischoff and В. Schmidt 
Zentralinstitut für Kernforschung Rossendorf, Bereich KP 

ZfK's semiconductor nuclear radiation detectors are ion implanted oxide paaslvated silicon 

p*n - type diodes, produced by a special planar process. 

.2 
PARAMETERSI Active Area 

Sensitive Depth 

Reverse Current 

Operating Voltages 

Window Thickness 

Pulse Rise Time 

Time Resolution 

Working Conditions 

Mounting Configurations 

/um 

10 . . . 1300 

up to 300 /um; S 1000 /Um 
100 nA/cm2/100 
+50...+200 V 

£0.2 /um 

5 5 ns 

< 200 ps for A * 25 mm2 

Room Temperature, Vacuum or Air 

BHC Rear Connector (P,T series) 

Microdot Side Connector (T series) 

PKATPRB3 AM) APPLICATIONS; 

• High resolution spectroscopy of charged particles, i.e. electrons, protons, deuterona, 

particles or heavy ions with a penetration depth £ 300 лш; 2 1000 »um* 
• Counting measurements of charged particles with high counting efficiency 
• Particle identification or any type of ЛЕ measurements 
• Spectroscopy of soft 7- and X-rays at room temperature (15<Ey< 100 keV) 
• Possibility of baking in vacuum systems or annealing after high radiation exposition 

PROPERTIES OF DETECTOR SERIES 

Active Area 
A / mm 

10 
20 
50 

100 
180 
350 

1300 

Guaranteed Kax. 
Resolution / keV 

a** 

13 
15 
17 
20 
25 
30 

a * * * 

6 
8 

10 
13 
18 
25 

unspecified<100keV 

Pnrt ia l ly Depleted 
Detectors , w i 100 »urn 

tlodel -No. 

P-0010-100-13 
P-0020-100-15 
P-0050-100-17 
P-0100-100-20 
P-0180-100-25 
P-0350-100-30 
P-1300-100 

Total ly Depleted 
Detectors, w=300 <um 

Kodel - No. 

T-0010-300-13 
T-0020-300-15 
T-0050-300-17 
T-0100-300-20 
T-0180-300-25 

-

Table 1: Standard detector series (w - depth of depletion layer) 

Active Area 
A / mm 

50 
100 
280 

4 0 . . . 5 9 0 

2 1 . . . 5 6 

Material 

ETD - Si 
KTD - Si 
NTD - S i 

FZ - Si 

PZ - Si 

Guaranteed Max. a -
Resolution / keV** 

25 
30 
50 

1 8 . . . 4 0 

15 

• Remarks 

w - 0 . 5 . . . 1 . 0 mm 
w я 0 . 5 . . . 1 . 0 mm 
ring structure 
pos i t i on - sens i t i ve 
s i x - ring structure 
rectangular active area, 
spec ia l mount 

Table 2* Special detector series* 
*Restricted availability **Total system resolution FWHM 

for 210pOf 5,3041ieV alphas using standard ORTEC-electronics 
***Beta resolution approxi

mated by pulseг width 
mm 
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TfO-DIMEKSICNAL POSITION-SENSITIVE PHOTODBTECTORS 

B. Schmidt, H. Schott 

Zentrelinstitut für Kernforschung Rossendorf, Bereich KP 

The two-dimensional position-sensitive photodetector (xy-PSPD) is a dual axis full area 
optoelectronic sensor that provides continuous analog position information (x,y) about a 
centroid of a light spot as the spot moves on the sensor surface. The sensor is fabricated 
by a proprietary ion implantation process [1] which gives very good linearity and unifor
mity. The dual axis position-sensitive detector consists of two layers: a high resistivity 
implanted p-layer with p+-implanted contact areas and an i-layer in high resistivity sili
con with implanted n+-contact areas also on the front side. This used structure is based 
on the device structure proposed by NOORLAG and i.JDDELHOEK [2]. 

As shown in Pig.1 in the equivalent circuit each position signal (photocirrents I ^ » * ^ 
and 1уц1то) i8 о п 1У divided into two parts by the two resistive layers, and therefore, 
this type has a higher position detecting ability in comparison with tetra-lateral posi
tion-sensitive detectors, where four electrodes are placed on the top p-layer and one elec
trode on the underneath n-layer [3]. The photocurrent collected by the electrodes is in
versely proportional to the distance between the incident light beam position (x,y) and 
the electrodes. The conversion formula is given in Pig. 1,,where I x 1, 1%г and I ,, I 2 are 
the photocurrents collected by the electrodes. 2L and I h respectivily stand for the inter-
diutances between the contacts and the total photocurrent. 
The mean features and applications of the x,y-PSPD are the same as noted in [4]. The sen
sor is manufactured and available in chip form. The mean device parameters are given in 
Table 1. 

Table 1: 
Device parameters of the 
two-dimensional position-
sensitive photodetector 

Parameter 
Recommended Mode of operation 
Spectral range (10 % of peak) 
Radiant responsivity at peak 
Nonuniformity of radiant reeponsivity 
Position seneltivity 
Position nonlinearity (from center 
to 75 % of center-contact distance) 
Dark current (30 V bias) 
Rise time,(10 % - 90 %, 50 Q load, 
30 V bias) 
Active area 
Chip dimensions 

x,y-PSPD 
Photoconductive 
400...1050 nm 
2 0.45 A««"1 

<2 'f, 
50...60 .uA'm'iiT «mm-1 
<t% 
S 200 nA 
1...2 <us 

10,0 x 10.0 mm 
14.0 x 14.0 uun 

a) I j! photocurrent generator 
D : ideal diode 
С^ t pn-junction capacity 
Rah ! shunt resistor 
Re(p)s p-layer resistivity 
Rfl(n): n-layer resistivity 

b) 

lx2 *x1 

Xph " хх1 + I X2 V1 + I. y2 

*x1 + Jx2 

V2 " АУ1 
*У1 + I. y1 

X 
Ь 

У 
L 

*у1 У2 
Fig.1« Equivalent circuit (a) and conversion formula (b) of the x,y-PSPD 
Literature 

Schmidt, В.,and H. Ross, Sensors and Actuators 4. (1983) 439 Noorlag, D.J.W. and S.U. biiddelhoek, Solid State & Electr. Dev. 2 (1979) 3, 75 
Dünnebier, G. et al., Peingerätetechnik 22 (1901) 4, 170 
£>?hmidt, B. and И. Schott, this report p.58 
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ОНБ-DIfcEKSIOHAL POSITIOH-SBNSITIVB PHOTODETECTORS 

В. Schmidt, H. Schott 
Zentralinstitut für Kernforschung Hossendorf, Bereich KP 

The one-dimensional position-sensitive photodetector (also called strip-photodiode - SPD) 

is an optoelectronic sensor that provides continuous position data of a light spot, which 

travels over its surface along one axis (x). The SPD consists of three layers: implanted 

p - layer, implanted n +- layer underneath and i - layer in a high resistivity silicon 

substrat[1]. Incident light beam falling on the SPD is photoelectrical transduced in a 

photocurrent and detected by two electrodes on the p- typ resistive layer (Pig.1).. Since 

the resistivity of the p - layer Is uniform, the photocurrent collected by one electrode 

is inversely proportional to the distance between the incident light beam position (x) 

and the electrode. The conversion formula is given in Flg.1, where Ix1 and 1 ^ are the 

photocurrents collected by the electrodes and 2L and I n stand for the electrode inter-

distance and the total photocurrent (proportional to the lignt beam intensity) respective

ly. 

Predominant features and applications of this optoelectronic sensor are: 

Features Applications 
• Remote optical alignment • Continuous position signal 

• Position accuracy independent on 

light spot size 

• Electrically variable null point 

• Simultaneous power and position signal 

The mean device parameters are given in Table 1. The SPD is manufactured and available 

in chip form. 

Machine tool alignment 

Vibration analysis 

Process control 

Guidance systems 

Parameter 

Recommended Mode of operation 

Spectral range (10 % of peak) 

Radiant responsivity at peak 

Nonuniformity of radiant responsivity 

Position sensitivity 

Position nonlinearity (from center 
to 75 % of center-contact distance) 

Dark current (30 V bias) 

Rise time (1o % - 90 %, 50 0 load, 
30 V bias) 

Active area 

Chip" dimensions 

SPD 

Photoconductive 
400...1050 nm 

ä 0.45 A^W"1 

< 2 % 
27.5 yuA'mff"1.mm-1 

£1 * 

100 nA 

0.5 /us 

3.0 x 36.5 mm 
2 

5.0 x 40.0 mm 

a) I _: photocurrent generator 

D t ideal diode 
b) 

pn-junction capacity 
shunt resistor 

Table 1: 

Device parameters of the 

one-dimensional position-

sensitive photodetector 

Rs(p): p-layer resistivity **4 n 
xx2 *x1 

3H x2 

Lph 
2x1 + Xx2 2x1 + Jx2 

X 

T 

7lg.1: Equivalent circuit (a) and conversion formula (b) of the one-dimensional position-

sensitive photodiode 

Literature 

[1] Schmidt, B. and R. Ross, Sensors and Actuators £ (1983) 439 
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lenODB ОТ ИЮПХЯНС ОЙХа ВОЦЮАИГ ИВВ SIIXCOH STRDBS Oll IBSÜIATDIG SOBStMBS 
J. Hatthal and a*. Voalakow 
Zentralinetitut für Kernforechung Roeaaodorf, Bereich XT 
K. Böppoar and • • Scharff 
Tecbnlaeha Hoebaebula Karl-Marx-Stadt, Sektion Phyalk/Blektronische Bauelemente 
3 . Cerisch and K.-H. Stegeamnn 
1KB Zentrum für Forschung und Technologie Mikroelektronik Dresden 

During the last few years fabrication of cryatalline silicon on insulating substrates has gained auch interest, 
since i t promises шапу advantages for device applications In comparison to bulk silicon. B» zona -melting 
racrystalllzatlan of large area thin silicon layers on Insulating substrates i s a favourable technique for 
producing SOI -structures. 
In tba present work, the zone-melting process «as realised by preheating the sample up to 1100 K-1200 К 
using a sat of 12 halogen lamps and moving the light stripe of an additional lamp In an elliptical mirror 
across the wafer with velocities of 0.5 mm/a to 2.0 mm/в. this proceaa results in an<100>-oriented 
cryatalline layer with the typical aubgraln boundary pattern (feather structure"). Рог circuits with high 
packing density, i . e . with small active areas of elemental devices, i t i s necessary and sufficient to obtain 
gradnboundary free areas at desired positions. In the paper, three Kathode of producing auch areas will be 
presented. 
One method to approach this goal, proposed by Gels / 1 / , Is the transversale modulation of the temperature by 
an array of absorbing or reflecting stripes on the top of the encapsulated silicon layer. He uaed fotolltho-
graflcally pattemd stripes of UoSi_. The distance between atrlpea and tba width of them were varied from 
Юдш to 150лив. Since the reflection coefficient of molten silicon la greater than the reflection coeffi
cient of the silicide hence the coolest areas are between the sillclde atrlpea, and the grain boundaries are 
located under the stripes. 
A transversale modulation of the temperature can also be obtained with patterned polycryatalllne silicon 
stripes embedded in the encapaulating S10. layer. In this case the different temperatures were obtained by 
additional heat production of the molten polycrystalllne silicon stripes during solidification. Aa shown 
in Pig. 1 subgrain boundaries are located under the atrlpea. 

Pig. 1: Optical micrograph of a »crystallized silicon 
layer after Schimmel- etch 

r. 4 

A third method of producing defect- free eilloon areas on insulating substrates Is the reoryatalllsaticn of 
long silicon stripes embedded in the ayetem of the S10-/S1JI. layers. Stripes with a width below 40л» 
recrystallize to grain boundary- free monoerystalline silicon islands. If the width exceeds the typical 
distance between subgraln boundaries in large area reerystallized films, one obtain monocrystaillne «tripes 
oontalnlag subgrsin boundaries. 

Reference 

/ 1 / т.е. Gala et e l . , Appl. Phys. Lett. 40, 156 (1962) 
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SI£CTRICAL ?aOPEHTES OP tOC-STHUCWBBS ПВЬ.САТВО IH 1ЛКР DBCRISXALLZZBO Si Ш OH OXID 
IS. Sieber, U. Voelskow, It. Oertel 
Zentralinstitut für Kcmforscbunc itossendorf, Bereich Ю» 

The effects of process variables, such as preoxidetion, HCl-oxldation and front aurface danaga gettarlng on 
e lectr ical properties of KOS-structures in sllieon-on-insulator, Ыпге been investigated. 
The effect of preoxidation has bean studied by growing a therasl oxid approximately 60na and 120 nm thick 
in dry 0_ which was subeequeatlj etched away. Seat other saaoles were prepared only by chemical cleaning 
of «crys ta l l i zed s i l i con f i lms. 
In order to investigate the influence of front surface damage gettering argon «as implanted at a dose of 
10 1 5 ions/cm2 through the 50 nm thick S10. into the reerystallized film*. After annealing at 1000 °C for 
60 min i n H.-atmospnere the implanted layer was removed. 
Planar L'.OS-capacitors ware fabricated by growing a 80 nm thick gate oxide i n dry 0_ at 1000 °C with and 
without HCl on the approximately 0.44.um thick racrystallized S i f i lms. Al-gates and Al-contacts to the 
recrystallized Si were prepared by electron-beam deposition, photolithography and annealing in forming gas 
at 450 °C for 30 min. 
Ine e lectr ical characteristics of ItOS-structurea have been investigated using high-frequency and quaslstetic 
capacitance-vnltage (c -v) - measurement as well as by triangular voltage-sweep (TVS) at 250 С and by 
Ball effect measurements. 
Generation lifetime in recrystallized S i films have also been determined by the high frequency c-v charac
t er i s t i c s derived i n response to a triangular^voltage sweep / 1 / . 
All these measurements indicate that the racrystallized Si exhibits an n-type conductivity. The doping 
concentration U- in the film i s 1.4 . 10 cm" , as evaluated from the ratio of high frequency depletion 
layer capacitance in inversion to oxid capacitance. 
This high doping level i s l ike ly due to diffusion of contaminations from the oxide cap layer during the 
recrystal l izat ion. 
The other e lectr ical properties, such as the interface state density at addgap H , the effective charge 
density &t f la t bond К „ , mobile ions density In oxid я , effective minority carrier lifetime t . . 
and carrier mobilities u„t a x e summarized in Tab. 1. 

Tabelle 1 

P r o c e s s 

Chemical cleaning 
and 0 -oxidation 

Preoxidation and 
0.-oxidation 

Surface damage 
gettering and 0_-
oxidation 
Chemical cleaning 
and 3 ;J HCl-oxida-
t ion 
Preoxidation and 
3 ;'•> HCl-oxidation 

eff 
/cm"2/ 

5.6 . 1010 

5.3 . 1010 

5.3 . 1010 

4.6 . 1010 

4.6 . 1010 

M 
38 

/ev cm / 

4.1 . Ю10 

4.0 . 101 0 

4.3 . 101 0 

3.8 . 101 0 

3.0 . 101 0 

N 
и 

/cm"2/ 

101 0 . / . 8 . 101 0 

10™ . / . 8 . 10 1 0 

101 0 . / . 1011 

£Ю1° 

<V° 

LZ eff 

0.1 

0.1 

<0.1 

2.4 

2.4 . / . 2.C 

/ 2 - 1 - b /cm . v s / 

750 

760 

700 

860 . / . 900 

~900 

These results show that the HCl oxidation is a very effective process for improving of electrical 
characteristics of KOS-structures, especially for achiving a hlch lifetime of minority carriers in 
recryctollized si. 

Reference 
/ 1 / K. Tanicuchi, Solid-Stote Electronics, v o l . 21, pp 1057-1061 
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CHARACTERIZATION OF PECVD NITRIDE LAYERS 

C. Bauer, D. Srambole, C. Heiser, P. Herrmann and '.V. Rudolph 

2entralinstitut für Kernforschung, Rossendorf, Bereich KP 

Thin nitride layers (400 nm) were deposited on silicon wafers using the pis 

enhanced CVD- technology (SiH. •»• NH, gas inlet). Hydrogen concentration, stoichio-

metry, density and refractive index of the layer material were studied by a suitable 

combination of nuclear methods as well as optical and mechanical measurements: 

- the ̂ ( ^ N , ^ J)12C гезопапсе reaction at ER= 6.84 MeV for H- concen
tration analysis and H- depth profiling / 1 / 

- Rutherford backscattering / 2 / to obtain both stoichiometry Nsi/N„ 
and area density ("-at/cm ) of the nitride layer, 

• thickness measurements by means of Taylor-Hobson taly step, 
together with 

- ellipsometry to get information about the refractive index. 
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ri». 1: Hvdro»»n concentration, density and refractive index of P~CVD nitride layers 
as a function of the substrate temperature 

As ĉ in be seen from Pig. 1 , substrate heating leads to a significant reduction of 

the average hydrogen concentration, whereas the atoichiometry was found to remain 

stable (NR/NSi= 1.15 and 1.32 for p= 1.85 and 1.0 Torr, respectively). With in

creasing temperature the hydr,o»en loss increases the density of the layer material, 

consequently the refractive index grows up. No other parameter variation as SiH. 

flow and plasma power , respectively, led to a comparable drastic change of the 

hydrogen concentration. A rise of the SiK4 flow (100...300 cm
3/min) changes the 

stoichioxetry 

(n= 2.0...2.1). 
(N,./Nsi= 1.2,.. 1.0) and increases the refractive inde* 

R e f e r e n c e s 
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BOHOH DEPTH PROFILING BY THE l1B(d, «t0)
9Be REACTION 

V. Rudolph, C. Bauer, C. Heiser and P. Urwank 

Zentralinstitut für Kernforrchung, Rossendorf, Bereich KP 

At deuteron energy E-= 1.55 MeV and detection angle J = 160° we measured the 
particle spectrum due to deuteron bombardment of a 180 nm thick natural boron 

target and estimated the cross sections for the strong particle groups. For these 

strong transitions the yield functions were measured in the energy region 

Ed= 0.8...1.7 KeV. According to our results the B(d,a£„) Be reaction is best 

suited for boron depth profiling using deuteron induced reactions. A small 

plateau of the yield function is obtained for E. * 1.4...1.5 KeV and this reaction 
10 

gives the greatest y i e l d except the very broad B(d, <t.)2A peak. 
1 1 9 The B(d, «t„) Be react ion at Ej= 1.50 KeV was employed to measure boron depth 

d i s t r i b u t i o n s in 500 nm thick boron doped s i l i c o n oxide layers produced by plasma 
enhanced chemical vapour depos i t ion . 

CHARACTERIZATION OF BORON DOPED SILICON OXIDE LAYERS BY HELIUM BACK3CATT2HIKG 
AND PROMPT NUCLEAR REACTIONS 

W. Rudolph, C. Bauer, C. Döring, D. Grambole, R. Groetzschel, С Heiser, 
F. Herrmann and P. Urwank 
Zentral inst i tut für Kernforschung, Hossendorf, Bereich KF 

The oxide layers were produced by low-tsmperature and low-pressure CVD at 420 С 
(deposit ion rate Ц 100 nm/min). Different (BpHg + Ar) admixtures to the ( 0 2 + SiH.) 
flowing through led to d i f ferent boron concentrations within the 500 nro thick 
layers deposited on thick silicon substrates. 

о 
The silicon and oxygen areal densities (in at/cm ) and the O/Si ratios were 
determined by 1.7 KeV He backscattering, whereas the boron and hydrogen contents 
were measured using the B(p,ii)2rf and H( 'N,«£7) С reactions, respectively, 
A 180 nm thick boron target and plastic foils with well known hydrogen content 
served as standards. In this way the layer compositions were determined in de
pendence upon the (BpHg + Ar) flowing through and a full characterization of the 
main layer components was realized. Using special backings and optimum experimen
tal conditions the concentrations can be determined wit.h an accuracy of 1...2 ;S . 
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FUSTIC FOILS AS PRIMARY HYDR015N STANDARDS FOR NUCLEAR REACTION ANALYSIS 

W. Rudolph, C. Bauer, K. Brankoff, D. Grabbele, R. Groetzschel, 

C. Heiser and F. Herrmann 

Zentralinstitut für Kernforschung,Roasendorf, Bereich KF 

Plastic materials contain large amounts of hydrogen and their compositions are 

well known. However, these materials are not stable during ion bombardment and 

the hydrogen signal depends on the ion fluence applied in the measurement / 1 /. 

By means of a rotating sample holder we realised large irradiated foil areas 

(up to 10 cm ) and measured the differential /- ray yields y(Q) of the 

H( 5 Я , < 7 ) С resonance reaction (Ej,= 6.5C HeV) at low current densities (1...2 
nA/cm ) in dependence upon the collected charge / 2 /. 
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Fig. 1 
Differential /- ray 
yield curves measured 
at low 1 5 N + * fluences, 
Q/F * 2.5 /uOcm"2, 
current density 1...2 
nA/cm2. Yield ratios 
relative to an a-Si:H 
sample containing 13*6 
at* hydrogen. 

In Fig. 1 the results are shown for the polypropylene ( сз н^) п t polyester ( сю Н8°4^п 
and polycarbonate ( С1б Н14°з) п foils, respectively. As can be seen the /- ray yields 
change only slightly at these measuring conditions and the initial yields у = y(Q=0), 
which correspond to the known foil compositions, can be determined with good accuracy. 
In this way the experimental errors can be kept well below the uncertainties inherent 
to the stopping cross section data / 3 / and the plastic foils are suitable as primary 
hydrogen standards for nuclear reaction analysis. 

R e f e r e n c e s 
/ 1 / Westerberg, b. et al.,Nucl. Inetrum. Methods BJ. (1985) 49 
/ 2 / Rudolph, W, et al.,Proc. of the 1. Int. Conf. Ion Beam Analysis, July 1985 
/ 3 / Ziegler, J.F. , Handbook of Stopping Cross Sections for Energetic Ions in 

all Elements, Vol. 5, Pergamon Press. 1980 
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50 kV FINE FOCUSED ION BEAN APPMMTUS 

A. Hoffmann, A. Kahn, U. KreiOig and F.K. Naehring 

Zentralinetitut für Kernforschung, Rossendorr, Bereich KF 

To study the angular distribution of ion emission from a Galliuaj liquid metal ion source an automatically 

driven device including a stepping motor was developed. Fig. 1 shows how the emitted angular intensity varies 

with the emission angle< . For ion currents greater than 10 uA we observed a smell peak at the edge and an

other close to the axis of the distribution. The plateau becomes structurated because of growing protrusion at 

the apex of the liquid metal cone. These results agree well with other experiments /1/ and theoretical calcula

tions /2,3/. 

The ion micro beam laboratory equipment /4/ has been implemented. An ion source power supply (instability 
-4 <10 ) allows to set both the extraction voltage, determining the ion current and the energy width of the beam, 

and the energy of the ions entering the focusing lens independently. For beam trimming and size measurements 

the edge method is used. The ion current profile is monitored by moving the beam across the meshes of an 

aluminium grid. The collected current behind the grid is displayed on the oscilloscope, see Fig. 2. 

A solid state detector for target imaging by secondary electrons is prepared. An octupule ion beam deflector 

has been optimized for high uniformity of the electrical field within the deflector by a simple model calcula

tion /5/. Fig. 3 shows the geometry of the device that gives ten times better uniformity compared to previous 

ones. 
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Fig. 1 
Angular intensity distributions from 
Gallium liquid metal ion source at 
different ion emission currents 

i 

Fig. 3 
Octupole ion deflec
tor geometry 

Fig. 2 
Determination of the 
beam diameter at the 
edges of an aluminium 
grid structure 

Fig. ft 

I I 

•щитлилд 4» SlrAttfufchnnwrt 

Scanning electron micrograph of a lattice written by en ion beam 
into a Au layer on Si 

The ion beam was used to write lines into a layer of 30 nm Au on 
a Si substrate. Fig. ft is a SEM image of a typical detail caused 
by an ion beam of 10 nA Ga with an energy cf 30 keV. The smal
lest width is about 2 \m. 
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Ol GEOMETRICAL ABERRATIONS OF THIRD AHD HIGHER ORDER III TUBE LEI1S2S 
OP FIHITE LENGTH 

R.R.Bartl 
Zentralinstitut fur Kernforschung, Rossendorf, Bereich XF 

Aberrations of higher than 3rd order in rotational-symmetrical electro
static systems usually are ne^.ected, if the beam diameter inside the le-.r; 
is one half or less of the diameter of the electrode boring. 3rd order 
aberrations are known for tube lenses, whose length L is large in compari-
sion with the diameter D. For practical application tube lenses with fini
te L/D ratios and aberrations of higher order were investigate! /1/. 

For «ach lens geometry were calculated: the potential U(x,z) (using 
the method of Hoch et.al. /2/, a linear superposition of analytical ele
mentary fields ), the paraxial particle trajectory, the cardinal eleir.e:its, 
the 3rd order aberrations (trajectory and value in the image plane) a;.d 
the exact trajectory. The calculation of paraxial trajectory and 3rd order 
aberrations bases on the axial potential ф(г) and a power series in x, for 
the exact trajectory we had to compute the potential and its derivatives 
for every point of the trajectory. 

It was shown, that the cardinal elements and abarration coefficients 
for ratios L/D i 2 obtain the asymptotic values. ?or smaller L/D the focal 
length, the image distance and the magnification decrease, while the aber
ration coefficients increase. In the investigated range of starting distan
ces from the axis x„ and starting slopes x' the soherical aberration terT, 

о " г о 
is dominating. Its coefficients 
at the image z. are defined by 
the equation 
х(г1)=В3(хр3+В5(х^)5+а7(х^)7+... 
The values of B,- and B- were 
extracted from the difference 
between exact calculated and 3rd 
order trajectories. 

The figurelillustrates the ratic 
A of the aberrations of 5th and 
higher order to the aberrations of 
3rd order at the image for various 
values of x' and L/D (curve parame
ter), x * 0. All points represent 
trajectories, whose maximal distan
ce from the axis is smaller then one 
half of the lens radius. 

flg.1 
Ratio A *f the eteerretion* depen
dent OB the »tartlog slope x^ , 
»urve parameter I»/D 

«SICREKES 
/ 1 / «.«.Berti, to tee published In 

Ixpex. Technik «njsik 
/ 2 / Moon et .a l . , Optik 22(1978)4U 0.2 x(, 
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ТИС MAGNETIC FORM FACTOR OF IRON IN AMORPHOUS Г*1Ь*2Ъ 

N. HatI 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The neutran diffraction intensity of an aaorphoua alloy in the ferroaegnetic state contains 

nuclear and «agnatic contributions. 

by: 

.2- i 2 

For aaorphous Fe-.B-. the latter contribution is given 

dr 
dS 

aagn. * & ) »F. 'FV^F.-F.««» (1) 

Here ii. is the aagnetic aoaent, f, (Q) the aagnetic fora factor and Sf._f.'0' tn* partial 

structure factor for the iron-iron atoaic pairs, respectively. 

The aagnetic neutron scattering contribution for aaorphous Fe...В., «as deterained as the 
intensity difference froa aeasureaenta without and with a saturating aagnetic field parallel 
to the scattering vector Q. The partial structure factor 5 _ _ f (Q) was estiaated froa the re
sults of neutron and X-ray diffraction experiaents on this aaterial /*1/. The aagnetic aoaent 
of iron at rooa teaperature can be deduced froa Hossbauer spectroscopy and was taken to be 
"Fe = 1'79 "В Ы-
According to /37 the aagnetic for* factor of iron can be given in a paraaetrized fora. Intro
ducing a width parameter N (kj, which accounts for the broadening of f(Q) in the aaorphous 
aaterial, one gets: 

fFe(Q) ,3854-exp(-0..O8517 NQ2) * 0.6326 «xp(-0.3209 NQ2) - 0.0173 (2) 

The aagnetic cross section of equ. (1) was fitted to the experiaental aagnetic intensity 
(points in fig. 1) in order to estiaate the paraaeter N in the aagnetic fora factor (2). The 
best fit (full line) was achieved for N = 0.9 • 0.03. In fig. 2 the corresponding aagnetic 
fora factor of iron in aaorphous Fe-.B-, is coapared with the aagnetic fora factor of pure 
iron. The width paraaeter N < 1 indicates a tendency of 3d-electron localisation for iron in 
aaorphous fe-.B... This result is consistent with observations for other aaorphous alloys 

«Fig. 1 
Experiaental aagnetic 
neutron diffraction 
intensity (points) and 
calculated intensity 
using equations (1) and 
(2) ( fu l l line) 

40 SO 60 
a inm-1i Fig. 2 • 

Comparison of the aagnetic 
fora factor of iron in 
Metallic iron (full line) 
and iron in amorphous F e75 B25 (dashed line) 

<0 50 во Oliwu-'l 
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ИСТ COO IC AI INVESTIGATIONS VIA TF.XTURC OF ROCK SALT 

N. B e t z l and • . V o i t u s 

I v n t r a l i n s t i t u t fü r Kern fo rschung , Rossender f , Bere ich KF 

A. C r t e l 

Kjrl-Harx-Universität Leipzig, Sektion Cheeiie, MS Kristallographie 

In a former paper /1/ the importance of neutronographic texture analysis of rock salt was 

already underlined. It was referred to the coarse-graining of these rocks whereby in the case 

of usual saaple dimensions the grain statistics is not sufficient. 

As it could be deaonstrated by aethodical investigations the majority of saaples cut show a 

qiain size distribution with a aaxiaua near 2 - 4 aa in diaaeter independent of the mineral 

deposit. About 22 5 of grains are bigger than 5 aa and about 1 5 is bigger than 10 aa. Taking 

as a basis for neutronographic texture investigations a ainiaua nuaber of 1000 grains the 

ainiaua saaple diaensions •or the sphere-technique (approxiaated by a cube) should not fall 

below JO x JO x JO aa . Oue to the integral aeasureaent of neutrons scattered in 2D.. ., the 

needed increasing of cross-section of the incident beaa and the changes of cross-section of 

the scattered beaa during the saaple rotations for the pole figure scanning a larger detector 

aperture oust be required. Fiq. la shows the (200)-Halit-pole figure of the saaple 84 aeasured 

with a BF,-detector of J8 aa in diaaeter. In Fiq. lb the saae pole figure aeasured by aeans 
1 J 

of a He-detector of 90 aa in diaaeter is 

given. The averaging of intensities due to 

the broadening of the detector slit can be 

clearly seen. 

Additional iaproveaents *.- possible by 

•assuring of neighbouring saaple ranges and 

the superposition of their results in com

posite pole figures. In general their is no 

significant iaproveaent of superposition of 

•ore than two single aeasureaents. Fig. 

Za-c show two single (200)-pole figures and 

the coaposite pole figure obtained froa 

the former ones. 

Hehsnwnien *Mt 1,5 
Mefl-Nr 5*1391152 
Holit (200) Probe 84 

F i g . l a 

Höhenlinien: №«15,20 
МеЛ-Nr SB4191152 
Holit (200) Prob« B4 

F i g . l b 

10,15(20 
MtA-Nr: 5*5071152 
Eintelmetaung iw Compertpotrigur 
Н«Ш (200) tobe 12A(1) 

F i g . 2a 

Hohtnlinimv 10,15,20 
MefVNr 5*5041152 
EimtlmeMung mr Cwnpotitpo№air 
Holit (200 ) Probt 1.2.AÖ) 

F i g . 2b 

Honentinian: 1ЯД5.2Л 
Mefl-Nr: 585621152 
Compotrtpolfigur Probe 12.A 
Holit (200) 

Fig. 2c 

An additional Increasing of the influence of coarse-graining can be expected by an oscilla
tory movement of »ample performed during the measurement. 

R e f e r e n c e 

/ 1 / B e t z l , M . , Gemeinsamer J a h r e s b e r i c h t 1 9 8 1 , ZfK-488 (19B2) 108 
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MZUTnoNotaMfHic гсхгик INVESTIGATIONS OF HAUT 

Я. Belli and ». VoituS 
Zertra l Inst i tut für Kernforschung, Rossendorf, Bereich КГ 

A. Ertel 
Karl-Marx-Universität Leipzig, Sektion Chemie, MB Kristallographie 

P. Bmkwitz and H. КашрГ 
Zentral insti tut für Physik der Erde Potsdaa, Bereich Geologie 

The CM has available large Hal i t -Sylvin-aineral deposits representing an iaportant base or resources for cheai-

ca l industry and agriculture. Behind the USSR and Canada the GDR holds the third place of the «югId hauling. 
Simultaneously during the last 10 years plans of secondary storage containments fcr various aater ia ls have 
be сим aore and «ore important. In both cases the interest in texture analysis for investigating of sal t tec
tonics and salt properties has increased. The Werra-Kali-Area, the Region of Northern and Southern Harz and ..he 
Clod of Calvörde are the main mineral deposits of the GDR. 

First neutronograohic texture investigations «ere performed at samples of the cal led regions with special con
sideration of the faulting Pertubation zone of the mineral deposit of the Clod of Calvörde. 
F i g . 1 and 3 show the (ZOO)-Halit pole figure of the sample B2 оГ the Region of Southern Harz and of the sample 
3.1 of the Clod o f Ca\vörde, resp. In F ig . 2 the (220)-pole figure of the saaple B6 of the Nerra-Kali-Area is 
given. For a l l samples investigated a ( IOC)-f ibre texture can be observed (F ig . 1 ,3 ) . Only the tectonically 
strongly deformed saaple B6 of the Werra-Kali-Area additionally shows a ( H O ) - f i b r e texture ( f i q . 2 ) . Especially 
considering the examples of Fig. 1 and 3 i t aust be concluded that a transformation of the corrected pole f i g 
ures from the coordinate system of measuring into those of the place where the saaple was cut (topographical 
system) aust be carr ied out before analysing the data by calculation of the three-dimensional orientat io-
distr ibut ion function. Only when this step is done the results obtained for the different regions can be compared 
aaunu, one another. The hitherto existing investigations of the mineral texture of Hal i t give rise to the follow
ing conclusions: 

1 . For a l l of the three regions a (100)- f ibre texture can be universally observed. Therefore a planar deforma

tion texture should exist . 

2 . The texture do not turn with the layered material (sal t fault of the Clod of Calvörde) but i t is comparable 
with a cleavage texture superimposed with the fault ing structure and in general possessing about the same 
orientation. 

3. Likely the obtained Hal i t -a ineral textures are caused by recrystal l izat ion because the investigations of 
salt-dome samples / 1 / show a (100)- f ibre texture too. Therefore the recrystal l izat inn behaviour of rock-r.alt 
should have a comprehensive importance being not supposed unt i l now and existing independent of the primary 
structure. 

Hohtnlinien 1.0,1,5,2.0 Höhenlinien 1.0> 1.5 Höhenlinien 1.0,1.5,2,0 
Mefl-Nr.: 58*181152 Mffl-Nr 584161153 Mefl-Nr 785101152 
Holit (200) Probt B2 Halit (220) Probe B6 Halit (200) Probe 31 

R e f e r e n c e s 

/ 1 / Brokmeier, H.G., Thesis Clausthal-Zellerfeld (1983) 
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TEXTURE DEVELOPNENT IN PASS-ROLLING OF FCC METALS 

P. Klieanek and K. Cyrener 

Bergakademie Freiberg, Sektion Metallurgie und Nerkstofftechnik 

A. Niicklich and U. Scholz 

Zentralinstitut für Kernforschung, Rossendorf, Bereich КГ 

In addition to recent texture investigations of hot-rolled steel rods produced by pass-rolling in a groove 
sequence of the type ROUND - OVAL /1,2 /the orientation changes occuring during pass-rolling of technical pure 
Cu and Al in groove sequences ROUND - OVAL and SQUARC - OVAL неге measured by neutron diffraction. The plastic 
deformation *as performed in one step (total strain / *> 0.9.. .1.0) with strain rates f »1 s~ at 293 К 
(cold-rolling; T/Ts< 0.5) or at T(A1) = 673 К and T<Cu) = 923 K, resp. (hot-rolling; T/Ts - 0.7). For quanti
tative analysis of the rod textures pole figures f m l » (200), (220) and (311) of the sample material неге 
used. The experimental technique is explained in /3/. Fig. 1 illustrates the choice of the sample related 
coordinate system. The results of the inv- igation give rise to the following conclusions: 

- As expected from the deformation geomet. te texture of the pass-rolled rods is very inhomogeneous (see also 
/1,2/). In the regions near the surface . .rregular orientation distribution is observed, but in the midsec
tion of the rods well-defined texture components can be found. As it follows from measurements of complete 
(i.e. four quadrants) pole figures as Nell as from orientation distribution functions, which were calculated 
without restricting suppositions concerning the sample-related coordinate system, these midsection textures 
can clearly be interpreted in terms of orthornombic sample symmetry. 

- In both groove sequences the midsection textures formed by cold-rolling at room temperature can be described 
by the main components 
fl10)<001>, (110K111>... fl10j<112> f11230l1>and f112l<110>. 
Just these orientations неге also observed after hot-rolling of austenitic stainless steel X8CrNiTi16.10 in 
the groove-sequence ROUND - OVAL /1,2/. The independence of the midsection terLures of the groove geometry 
may be surprisingly at first, but can be understood because of the very similar deformation geometry near the 
rod axis (Fig. 1). 

- After hot-rolling at T/T = 0.7 the textures of both sample materials and groove sequences include the cube 
component f00llO00>. Because of the fact, that the total strain was chosen sufficiently large and the 
material was quenched immediately after the deformation, the formation of this texture component should be a 
consequence of dynamical and postdynamical recrystallization. 

Although the texture of pass-rolling can be 
described by components {hklj<uvw> partly 
occuring in connection with flat rolling too, 
they have to be considered as a special type 
of deformation textures (compare /2/). 
Together with /1,2/ the present paper gives 
a first contribution to a more systematic 
analysis of these textures, the practical 
importance of which becomes clearly increasing 
in connection with the development of modern 
rolling techniques. 

- h 

- * , 

Fig. 1 
Rod rolling geometry and sample coordinate system for groove 
sequences ROUND - OVAL 

R e f e r e n c e s 
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/3/ Kleinstück, к. et al., Kriatall und Technik Д (1976) 409 
/4/ Bunge, H.J.: Texture Analysis in Materials Science. London: Butterworth 1982 
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TEXTURE DEVELOPMENT DURING COLD ROLLING OF (и. • 0)-BRASS 

P. Klimanek and A. Kühl 
Bergakademie Freiberg, Sektion Metallurgie und Nerkatofftechnik 

A. Mücklich and U. Scholz 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The orientation changes occuring in cold rolling of (* + 0)-brass CuZn39Pb with different microstructures 

(Table 1) were measured by means of the neutron diffraction technique described in /1/ and quantitatively ana

lysed by use of orientation distribution functions, which were calculated from complete pole figures (200), 

£220l and f311] of the f.c.c. * -phase and {200), f211J and (321) of the b.c.c. 0-phase by series expansion 

HI. In all microstructures taken under investigation the spatial arrangement of the phases corresponded to 

that of a so-called dual phase structure. The plastic deformation of the material was carried out at room 

temperature with thickness reductiono At : 5 S up to a maximum deformation 6 = 50 S. 

The results of the texture analysis can be summarized as follows: 

- According to tne prehistory of the alloy (Table 1) in all unstressed samples relatively sharp initial textures 

were found which can essentially be explained by recrystallization («.-phase) and texture inheritance (0-phase) 

occuring in the «c -8 transition during the annealing procedures. The connection between the textures of the 

phases is based on the KURDJUMOV - SACHS relationship f 111]^ /| fiw] f l; <1W>||<*111>0 and the sharpness of 

the 0-texture indicates significant variant selection. The main texture components of the phases are summa

rized in Table 2. 

Table 1 

Structure characteristics of the sample material 

annealing ••— 
structure 2 

893 K/1.5 h 

quenching 

v B = 42.5 S 

Initial state obtained 
by cyclic TMT 

rolling: RT/50 S 

annealing: 893 K/8 h 

slow-cooling 

vB = 8.1 S 

— » annealing 
structure 

733 K/1 h 

quenching 

vQ = 13 S 

— » TMT 
1 structure 

rolling: RT/40 В 
annealing: 573 K/72 h 
quenching 
vQ = 30.7 S 

TMT - thermomechanical treatment; vQ - volume fraction of the 0-phase 

Table 2 
Texture components of the ( + 0)-brass 

m. -phase B-phase 

annec.* inq structure TMT structure annealing structure THT structure 

C» 

4* 

A» = 

fonKioo* 
(112}<211> 

f01l]<733> 
011 344 

B« r. {338l<443> 
Z.,B« = (0113<211> 

S» r (123»<'643> 
d» s (011}<100> 

, j = f443]<338> 

, } = [225K110> 

(C) 
(W) 

С = {001j<110> 
W = {001)<100> 

- As it can be expected 
for solid solutions 
with low SFE, in the 
plastically deformed 
«-phase a typical brass-
type texture is formed. 
In addition orienta
tions of the copper-
tube can be found, 
whose orientation den
sities are higher than 
in single-phase brass 
and more significant in 
the annealing struc
tures 1,2 than in the 
fine-grained TMT struc
ture. The maximum 
sharpness of the «-tex
ture is already observ
ed after thickness re
ductions of about 20 S. 

I, - first twinning generation 
- Aa in the case of the -phase the texture components of the 8-cryatallites also correspond to the rolling 
texture of singe-phase b.c.c. materials. But contrary to the «-phase, the orientation changes during the 
deformation are closely related to the microatructure of the sample material. 

In comparison with the texture development in two-phase steels with micro-duplex structures /3,4/ the interrela
tions between the deformatior, textures of the phases in (*+ B)-braee seem to be very weak. Such a behaviour is 
in agreement with the ideas concerning the plasticity of dual-phase structures. 

R e f e r e n c e s 
/1/ Klelnstück, К. et a b , Krist. Tech. 11. (1976) 409 
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/4/ Klimanek, P. et al., Proc. 4th RIS0 Int. Symp. Metallurgy and Materials Science, ftekilcb (I ) 19ЯЗ, S. 339 
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SMALL-ANGLE NEUTRON SCATTERING ON HYDRATING CEMENT PASTE 

F. Eichhorn 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

r. HäuOler und U. Miene 

Technische Hochschule Leipzig, Sektion Naturwissenschaften 

Hardened cement paste is the hydration product of cement powder. It consists of hydrated phases of clinker min

erals, pores of different size, water and remaining unhyarated clinker phase particles. 

By small-angle neutron scattering (SANS) compact samples can be investigated without special preparation because 

of the small absorption coefficient of the cement paste constituents. Using a double-crystal diffractometer 

with perfect crystals (neutron wavelength = 0.101 nm) for SANS measurements variation of the microstructure in 

the particle size region 30 nm ... 10 um can be observed. For preparing the sample Portland cement powder of 

the type PZ 1/40 A was mixed with 38 % water by weight and then filled in a container of 6.8 mm thickness. The 

SANS intensity is given by 
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Fig. 1 

Intensity of SAt'S from hydrating cement paste for differ
ent time after the beginning of hydration versus the 
scattering angle 

^ANS^P-^KH (1) 

4* 

11 

f.O 

M 

1 r 

S v v ^ ^ KlEINWIkKELiTHfyVN* 

I^S^ 

9p M - scattering length density of particles and 

matrix, respectively, Fp - particle form factor. 

Scattering curves of the cement paste for differ

ent time after the beginning of hydration are 

shown in Fig. 1. Their half-widths decrease during 

the first hydration day. Assuming spherical parti

cles this corresponds to an ;,•• <-чзъе of the parti
cle diameter from 2.4 pm (3 h) to 3.6 pm (25 h). 
At the used water-to-cement ratio no capillary 
pores may grow up /1/. Therefore the observed 
effect in the early hydration state is caused by 
particles of clinker minerals. The generation of 
hydration products on the surface of the original 
clinker mineral grains is equivalent to an effec
tive increase of the particle size. Moreover the 
integral SANS intensity decreases (Fig. 2), be-

9 
cause the value of factor (<j„ - 9 H ) deter
mining the intensity is reduced during the hydra
tion. Immediately at beginning of the hydration 

this factor amounts to 20.6 • Id28 _2 m takititi 
into account water and the mean value of all 28 —2 cement phases. It reaches 6.1 • 10 m in tl 
completely hydrated state. 

Literature 
/1/ Wesche, K.: Baustoffe für tragende Bau

teile. Band 2. Wiesbaden 

1» 10 

Z«it noch Hvertliticnibiainn [Л 
H g . 2 
Coefficient of SANS from hydra':ing cement paste versus the 
hydration time 
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DEPTH DISTRIBUTION OF F. Na. AND P If, TOOTH ENAMEL MEASURED 3Y MEANS OF NUCLEAR REACTIONS 

H.-E. Zschau, 0. Vogt, and G. Otto 
Karl-Marx-Universltat Leipzig, Sektion Physik. WS Angewandte Kernphysik 

Nowadays the application of nuclear Methods for the determination of elemental concentra
tions is a growing field of research [l]. High resolution spectrometry of x-rays, y-reys. 
and backscattered particles produced by ion beam bombardment of very different materials 
is used to measure lateral and depth concentration profiles of main and trace elements 
in the near surface region. 
We continued our measurements [2] of the fluorine distribution in tooth enamel after 
application of fluorine containing drugs to prevent the teeth against carles. Also the 
knowlegde of p and Na depth distributions in a surface layer up to some hundred nanome
ters is helpful for a better understanding of deminerelization processes during forma
tion of caries cavities and the caries preventing activity of the drugs. In the in
teresting region up to 0,5 /am the fluorine depth profile was obtained by means of the 
narrow resonance (Г« 2,5 kev) of the reaction 19F(p,«ry )16o at a proton energy of 
Ep - 340 kev. The emitted ^-rays with energies of Er« 6.129 Mev, 6,916 MeV, and 
7.115 MeV were used for the evaluation of the concentration values. The depth resolution 
of the profile was about 25 nm. 
The phosphorus depth profile was measured using the resonance at E » 1148 keV (/* = 4 keV) 
of the reaction 3 1p (p.^-) 3 2S (E r • 2237 keV) with a depth resolution of 65 nm and 
simultaneous the resonance reaction 23Na (p,«< у )20N'e (Ep • 1163 kev, Г » 5 keV, 
Ey » 1634 keV) v/as used for the determination o* the sodium depth profile with a reso
lution of abouf 80 nm. 

„300 

1200 
о 
°100 

I I I 

FLUORINE 

PHOSPHORUS 
*-•*-• y * - 4 - - < - < - - - - < • 

The obtained depth d is t r ibu t ions of f l u o r i n e , 
phosphorus, and sodium ( F i g . 1) i n the outer 
surface of tooth enamel are he lp fu l for 
dent ists for the development and the o p t i 
mization of the appl icat ion of prophylact ic 
treatments against c a r i e s . 

w , rd 3 ' " PIXE "Conference, Heidelberg 1983 
Nucl . I n e t r . and Meth. i n Phys, Res. 
0 3 (1984) . 

[2] Wolf, U. e t , e l . ; Oahreabericht 1984, 
ZfK - 559 (1985) 84 
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F ig . l F, Na, and P depth d is t r ibu t ions 
of prepared tooth ( f u l l l i n e ) and 
an unprepared tooth (dashed l i n e ) 
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INVESTIGATION OF EPITAXIAL (Ca.Sr JFj/GaAs HETEROSTRUCTUPES BY R3S/C:IANNELINC TECHNIQUE 

R. Flaga»yer, and 0. Schümann,* 

Karl-Marx-Univereitat Leipzig. Sektion Phyaik und Sektion Chemie* 

Group II fluorides have received considerable attention as epitaxial insolatora on seal-

conductors because of their properties like cubic structure, the good lattice match and 

the ease of evaporating stoichiometric files. The interest originates fron a potential 

use for a three dimensional device stapeling. M3E growth of CaF_, SrF_ and BaF_ and their 

nixed crystals on Si or GaAe substrates £~е.д. 1.2__7 has already been reported, '.'/e pre
sented first RCS/Channeling Investigations of (,aQ д^Зг- 5 7F- films on GaAs (100) which 
were deposited by a simple flash evaporation technique C$J /_~*7 • Films with thicknesses 
fro» 10 to 250 nm were deposited in a high vacuu« equipment (p « 2 • 10" Pa) on chemo-
mechanically polished GaAs substrates. Epitaxial growth was found in the substrat tempe
rature range from 725 to 850 к. 
Typical aligned and random backscattdring spectra are shown in Fig. 1 a. The standard 
scattering angle of в = 120° gives good depth resolution and the Cr part of spectra 
appears as a "background-free signal" to characterize the film thickness and quality. 
For grazing exit geometry (Fig. 1 b) the 
surface depth resolution becomes better 
than 5 nm. In this way, surface minimum 
yield« X . were determined exactly be
hind the surface peak. Best values of 
4,5 r' and 10 r' are found. Generally, the 
crystalline perfection increases with 
decreasing film thickness. SEM and ТЕМ 
investigations yielded that cracking ta
kes place at layer thicknesses exceeding 
about 100 nm. Cracks arise from strains 
caused by large differences in thermal 
expansion coefficients. 
Grazing exit channeling is very sensiti
ve to surface films on an epitaxial layer. 
we found area densities of 
2«5 - 3.5-1015 at.cm"2(3r) which point out 
disordered surface regions of 2 - 3-5 mo
nolayers, resulting from oxidation and/or reconstruction. Furthermore, accordant with ЛЕЗ 
profiles R3S spectra (cp. Fig. 1 a) show a sharp transition from GaAs substrate to fluori
de film within an interface region of 15 - 20 nm. Investigating depth and energy depen
dence of normalized minimum yield X(d), a strong increase of X(d) with increasing ion 
energy as well as a distinct decrease behind the Interface has been observed. Dechanne-
ling by edge dislocations or loops (R>20 nm) and direct scattering from curved atomic 

1/2 1 
rows /.'5.У has been found to be proportional to E ' and E , respectively. Thus we assume 
that relative high dislocation densities in present films lead to strong dechanneling as 
well as direct backscattering of ions. From increase of x(d) - X -(d) with depth we con-

11 -2 " 
elude dislocation densities up to 10 .cm 
R e f e r e n c e s 
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MICROHARDNESS OF PROTON BOMBARDED GAP SINGLE CRYSTALS 

C. Ascheron, H. Neumann, G. Dlubek*, R. Krause4' 

Sektion Physik, Karl-Marx-Univeraität Leipzig 

"•"Sektion Physik, Martin-Luther-Universitat Halle 

Proton bombardment of III-V compound semiconductors has been shown to provide effective 

electrical and optical isolation in device fabrication /1/. 

The irradiation induced changes in the mechanical properties of proton bombarded semi

conductors may influence the operational performance and lifetime of the devices /2/. 

We report first results regarding the influence of proton bombardment on the micro-

hardness of GaP single crystals. 

On (111) and (100) GaP, irradiated with (0.1-8)»1017cnf2 1 MeV H+ (Rp«»13/um) at 300 К 
and annealed at 720 K, a load of 20 g was applied for a period of 15 s. Since the 
indentation depths were far below the penetration depths of the protons, the measured 
microhardness is characteristic of the surface region. On unimplanted GaP we found a 
microhardness of 7.6 GPa for the (111) face and of 8.0 Pa for the (100) face. This 
trend in hardness anisotropy of GaP agrees with that reported for InP /3/. In implanted 

crystals within the error of our measurements 
no anisotropy could be revealed. With rising 
f Гчепсе the microhardneso increases as shown 
in fig. 1. For both faces at the fluences 
studied maximum microhardness changes of 
about 50 % are observed. 
Since GaP is elastically strained by the 
proton bombardment induced defects and since 
strain is nearly proportional to damage 
density /4/ the relation OJ. changes in 
microhardness to strain is of interest. By 
comparing fig. 1 a with fig. 1 b it can be 
seen, that both functions increase sub-
linearly with fluence and exhibit a tendency 
to saturation behaviour at higher fluences. 
The correlation between hardness changes 
Д Н and lattice strain Ad/d can roughly be 
described by дН ~y&u/d'. On He* bombarded 
steel /5/ an according dependence of дН on 
the dislocation loop density has been 
observed. Within the error of our 
measurements the given relation holds also 
for the annealing behaviour. 
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A d ^ ^ d ^ , of (111) GaP immediately /5/ K. Shiralshi, K. Fukai, J. Nuc. Mat. 

after bombardment at 300 К (•) und Ш » 1Э4 (1983) 
after annealing at 720 К for 30 min 
(о) 

DUO17«!»"2) 

DI1017cm'2) 



75 -

HYDaOGSTJ DSPTH PROFILING IN raPLAHTSD GaP USING SLA3TIC HBCOIL OBTBCTION 

D. Lehmann and C. Ascheron 
Karl-Marx-'/niversität Leipz ig , Sektion Physik, ЭТ Angewandte Kernphysik 

Hydrogen i so topes , e s p e c i a l l y H, are very d i f f i c u l t to detect in nondestructive elemen
t a l ana lys i s . 'Vith the usual R33 method i t i s rather complicated to measure H d i s t r ibu
t ions because of the low mass. Nuclear react ions , commonly used to prof i l e If i so topes , 
require heavy-ion beams of several Me7 kinet ic energy in the case of H. In the l a s t de
cade a new method has been developed, experimentally based on the ordinary UBS equipment. 
mhe so -ca l l ed e l a s t i c r e c o i l detection (ЕГСЭ) [1] uses the r e c o i l of low-mass atoms from 
the sample af ter an iiipect with heavier energetic pro. iect i le3 . 
Г.'е measured the depth d i s tr ibut ion of hydrogen in proton implanted Ga? by means of ERD 
using 1.r> !*eV He* iono. The experimental arrangement i s shown in f i g . l a . Since only 
depths no to 240 nm can be profi led under these condit ions , the implanted sample was be
ve l led by sputtering with 1 ke7 Ar ions . In th i s way the measurable depth interval was 
increased (from 250 nra t o 3 Aim) at the expense of the depth resolut ion (reduced from 
about 25 nra to 160 nra). Pig. lb shows 2HD spectra obtained at d i f ferent pos i t ions on the 
bevelled sample. Behind the sharp surface peak, which i s mainly attributed to hydrocarbon 
and water contaminations, the spectra of recoi led protons increase with r i s i n g H content . 

m m « dtffi лет* to onowi Bitot, ihm) <йр№ лоты ro onfmoi surfe» (pul 

"he hydrogen concentration profile was extracted from the measured spectra with an itera
tive modelling procedure, which conoists of the following routines: 
- computation of the concentration dependent energy-depth conversion in the H spectra; 
- modelling of a theoretical spectrum with an initial H distribution and a recoil cross-

section, deviating from the pure Coulomb ease [2] ; 
- convolution of the theoretical spectrum and its fit to the smoothed experimental one; 
- extraction of a corrected depth distribution of hydrogen and 
- start of the next iteration from the beginning. 
3 to 4 iteration loops are enough to obtain reasonable agreement between experimental and 
fitted 3peetra (fig. tc). Wider the chosen conditions the sensitivity of the method is 
about 1015 H atoms/ cut2 within a depth interval of 20 nm. 
The combination of all eoectra from the bevelled sample gives the implantation profile, 
which is shown in fig. Id. The hydrogen distribution measured with the nuclear reaction 
technique on the same sample [j] is also included in fig. Id. The good agreement between 
the two methods enables 3HD to be used as a standard-free method for hydrogen profiling. 
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DEPTH RESOLUTIOI 1Я DIFPBREsTlAL HALL-BFFBCT MEASUBKtfERTS FOB SHALLOW IMPLAHTATION 
PROFILES 

B . Lukascb 
Humboldt-Universität su Berlin, Sektion Physik - Bereich Atoastoßprozeese der 

Festkörperphysik 

For the differential Hall measurement of low energy ion implantation profiles in silicon 

below for example 10 keV implantation energy a stepwise resovement of about 2 nm is 

necessary. In this paper possible depth resolution, even after a lot of stripping pro

cedures by anodic oxidation is examined. 

It is well known /1/ that layers, fully amorphized by implantation, recryetallize epi-
taxially with an atomically sharp Interface. For the profile shown in Fig. 1 the inter
face of recrystallization has etoped at a critsical concentration of foreign atoms of 

21 ^ 

about 10 As/cnr /2/. To prove the resolution of the method the so generated edge 

in the doping profile has been analysed. 

Calibration of the stripping procedure has been made by epitaxially recrystallized 

As-implanted profiles, where fully activation appearu and chemical profile is well 

known from RBS-measurement. The thickness of removed silicon after anodic oxidation 

and HF-etripping is given within an error of about 20 % by 
t [nm] = 1 + 0,25 U p [v] , 

where U, is the voltage drop between the bulk silicon and the electrolyte in the moment 

of oxidation stop. As electrolyte a solution of KNO., in ethylene glycol with 10 % 
water has been used. Within the given error ths thickness of the layer зеешз to be tin-
dependent on structure of the silicon target 
and on current density witch has been varied 
strongly to realise oxidation times grater 
then 20 seconds. 
Obviously a surface near layer of about 1 nm 
is deactivated by atmospheric oxidation with 
a few minutes. For all points in Fig. 1 show 
in one row, no change in the integral Hall-
Effect was visible. After the 20th btop a de 
viation is visible but no differential eva
luation was possible. But allready the next 
point reaches nearly the chemical As-concen-
tration, Ooviously even after the 20th step 
of 1,5 nm removing the resolution is better 
then 3 nm. 

Fig. 1s Carrier concentration and Hall mobi-
lity profile of a 5x10 ̂ cm As-im-
plantation, 50 keV, annealed at 
520 °C, 15 min. Full line represents 
RBS-measurement. 
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THE USE OP SBCOBDABY IOH MASS SPECTROMETRY РОВ STEEL AEALYS1S 
S. Mechahougui, G. Lehaann, end U. MUller-Jahreis 
Sektion Physik der Huaboldt-UniversltSt zu Berlin, Bereich "Atoi 
Festkörperphysik" 
The secondary ion aase spectrometry (SIMS) Is one of the most effective methods in micro
analysis. The sensitivity for trace elements is normally in the range of ppa and in the 
order of ppb in the most favorable cases. Secondary ion signals depend not only on prima
ry ion density, sputter rate of the target and concentration of the investigated elements 
in the sample but also on chemical effects in the matrix material caused by its composi
tion and modified by primary ion implantation. Generally, the so called matrix effect is 
not favorable in quantitative analysis but it can be used in microanalysis for the in
vestigation of both concentration and cheaical state. 
Vanadiua secondary ion signals were used to charcterize different crystallographic phasee 
of a low-alloyd steel (C: 0.12 *, Kn: 1.3 %, V: 0.05 *, Hb: 0.08 %, AI: 0.003 * ) . 
The steel probes were submitted to successive thermal treatments for producing alterna
ting two different states: solid solution of vanadium (states X , with n = 0 to 4) and 
precipitation (states Y ) . The states of solid solution were obtained by austenitic 
transformation by heating (1200°C, 10 min, air) followed by quenching in water. The Y -—1 states were produced by a low-rate cooling (dT/dt^O.5 Ks ) . 
As it can be seen in Pig. 1, the vanadiua concentration (measured by emission spectrosco
py) has not bean changed by the thermal treatment, whereas the carbon concentration de

creases. The SIMS-signals of vanadium are found to be con
stant, too, but different in the two states (the Pe -eigne.", 
has been used as reference). The vanadium secondary ion emis-

• ч sion from the X-states (solid solution) was about 30 % smal-
* \ KnKianEWf ler than that from the Y-states (precipitation). This result 

was expected because of the ionic bonds of vanadium carbide 
and/or nitride in the precipitation state. 
But this information is not sufficient for a quantitative mi
croanalysis because of the superposition of concentration and 
matrix effect. Our proposition is now to use and additional 
information from the ratio of vanadium molecule and atomic 
emission I(Vp)/I(V), This ratio has been found to be more de
pendent on the matrix effect than the vanadium emission. Here 
the Y-values exceeded the X-valuee by a factor of about 5 
(Pig. 2). The great straggling of the experimental values in 

r 
loo-» 

Q02 

Kohlenstoff 

Vonodiuffl 

* x. % x, ъ X, Ь X. % 
Zuttond the Y-states is not caused by a limited accuracy in the mea

suring process but it is an expression of local inhomogenei-
ties. 
The use of both informations (V/Pe and V2/V) stems to be a 
promising way in the determination of the concentration and 
the state in microscopic areas of the steel samples. Such a 
method could also be applied in other problems of SIMS-micro-
analyels because of the non-existence of standards for inho-
mogeneous samples. 
21& . 1t Vanadium and carbon concentration in dependence on the thermal treatment 
Pig. 2t V2/V-ratio in dependence on the thermal treatment 
И В« Bandar, S. Loison, and B. Texier, J. de Physique, 

Colloque C2, S^ppl. j£, 6?3 (1984). 
И S. Mechahougui, Int. Sem. on Mater. Sei,, Anaba (Algeria), Oct. 1985. 
@ D. Stulik, Bad. Eff. Letters Щ , 117 (1985). 
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A MMHOD OF QUAITIFICATIOI О? MASS SPECTRA IB SBCORDARY IOH MASS SFECTROUBTRY (SIMS) 
H. Dueterhöft and A. Widere 
Sektion Physik der Humboldt-Dnivereität zu Berlin, Bereich Atomstoflprozesse der 
Festkörperphysik 

One of the most serious problems of SIMS is its quantification without standards. To con

fine the large number of influence parameter on secondary ion yield investigations were 

carried cut on special glasses /1/. In case of such ionic crystals the emission follows 

laws of 'bond breaking' without strong influence of oxygen /2/. 

The instrumental data were published elsewhere /3/. 

The composition of the glasses was: 

type SYI Ca8: 50 Si02 + 16,7 A1203 + 33,3 CaO (aol X) 

type CaS»-92: 50 SiO,, + 6 AljOj + 38 CaO + 6 Fe203 (mol 56). 

The samples were polished (untreated samples) ore deposited after 2160 h at room tempera

ture in a special solution on 0,9 g CaO/1 + 42 g KOH/1 -»-8 g HaOH/1 (treated samples). 

The preparation was carried out in ZIAC of AdW. 

The energy window of the energy analyser corresponded with the maximum energy (^max/eV) 

of the Si+-ion. In comparision with treated and untreated samples the mass spectra 

showed a linear connection between the ratio of the relative secondary ion yield of the 

elements and the ratio of the mol % in the samples (table 1). This table shows a mean 

deviation s of the ratio on the counts (a/b) to the ratio on the mol % (A/B). 

Table 1 (I = 2.22)t rel. SI yield 

a: S VI Ca8 

(counts/s) 

b: CaSP-92 a/b A/B 
s = 

Si 
Al 
Ca 

1127 

зоэз 
13743 

2731 
2434 
31294 

0,42 
1,25 
0,44 

1 
2,78 
0,88 

2,38 
2,23 
2,00 

By means of normalisation of the mass spectra of the sample CaSF-92 with 1 we sot a com
parable mass spectra to the sample SVI Ca8, Same results we obtained froii some other 
samples of glasses of this type. The composition of the treated samples was unknown. For 
the standardisation we took this mass line which had the smallest deviation. Fig. 1 
shows that all other lines were decreased. Using the ratio between (a/b) and (A/B) on the 
mass spectra of treated samples we obtained a quantitative survey about surface condi
tions. The obtained formula 50 Si02 + 6,8 A120~ + 36,6 CaO * 6,9 F«2°3 ^шо1 ^ neQrli 
described the surface conditions of treated sample CaSF-9?. The results were reprodu
cible. If the surface was covered by oxygen the ratio i changed its magnitude but the 
arieed mass spectra were very similar to these without oxygen coverage. 
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1; Relative Secondary Ion Yields 
— CaSF-92, untreated, 
1=2,22 normalised on S VI Ca8 

- - Са8Р-9?, treated, nor
malised on Fe jf untreated 
sample (primary ions 10 keV Ar ) 

Й Engelhardt, G,, Phys.Chem.Glasses, 
267 157 (1985) 

Ы Blaise, G., Slodzian, G., Surface 
Sei., 4£, 708 (1973) 

Й DUsterhöft, M. et.al., Exp.Tech. 
Phys. 21, 131 (1984) 

M DUsterhöft, H., LUders, A., to be 
published 
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ОБИ' LEVELS IN n-Si CAUSED BY LOW EHEROY IOH IMTLAJTATIOI 
J. Bollmann, H. A. Klose, and A. Hertens 
HU Berlin, Sektion Vhyeik, Bereich "Atomstoßprozesse der Pestkörperphyeik" 
The low-energy ion implantation can be used to produce surface-near shallow profiles 
with projected ranges R_ between 10 nm and some 100 na for the shrinkage of feature 
sizes in VLSI, but implantation defects are simultaneously created in depths of some R . 
Becausu it is possible to perform Schottky junctions by a low-energy high-dose implan
tation of heavy metal ions £l] the process-induced defects can be studied in the as-
implanted state as well as after annealing procedures. How expected the implantations 
generate typical vacancy-coupled defects (E1, B3, B4) and two levels (E2, Б5) indepen
dent of implanted ion species. Annealing procedures reduce drastically the concentration 
of these defects contrary to the increasing amount of implanted ion-correlated defects 
(see table in the case of Ag+ implanted n-Si samples). By using DDLTS measurements in 
connection with a precise interpretation of the raw data \ji} depth profiling of diffe
rent deep levels was carried out (see Fig. 1). Because the metal-correlated defect pro
files show a similar shape compared to the other defects it must be assumed that a small 
amount of implanted metal ions is channeled. It should be pointed out that these long 
tails of defect distributions achieve values of many R and depend on crystal orienta-

en = A T21 exp(- дЕ/кТ) 

level 
Б 1 
Б 2 
E 3 
E 4 
E 5 
1 E 
2 Б 
3 E 
4 Б 
5 E 
Б I 
E II 

AE/eV 
0.42 
0.32 
0.25 
0.15 
0.14 
0.44 
0.37 
0.35 
0.32 
0.17 
0.56 
0.09 
0.06 

А Т2/в_1 

2.7x10 
4.3x1Cj 
5.8x10 
5.7x10 
4.9x10 
2.7x10 
1.0x10 
2.3x10 
1.2x10 
1.7x10 
3.8x10 
1.4x10 
7.0x10' 

TT 

11 
10 
11 
12 
12 
12 
12 
11 
12 
10 
8 

features of levels 
PV~, Vp~ acceptor 

V2 acceptor 
V0"(A-centre) 
? 
assumed Ag corr. 

after 775K/30min 
heat treatment 

Ag- acceptor 
0- donor (after 575K/ 

30 min annealing) 

tion. 

PV/VfaO^Jicm'Tn ' 
• 15ucm«111> 

• 07UcmcXX>. 

b 

А9^£?*:'п-,уре& 

T.77K 

• as implanted 

775K/Xmin 

775K /30mm 
— о е 

575 К/30mm 
-o о — 

500 ЮО0 1500 

depth / n m — » 

Pig.1i Depth profiling of some typical 
implantation defects determined 
by DDLTS 

References: 
CO Bollmann, J., Klose, H. A., and Mertene, A.; Proc. Phys. Halbleiteroberfläche 

1£ (1985) 267 
[гЗ Маава, К., Irmecher, К., and Klose, H. A.; phys. etat .sol. (a) 21 (1985) 667 

http://Pig.1i
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STRUCTURE DEPENDENCE OF QUADRUPOLE COUPLING CONSTANTS" IN A H B I V C 2 CHALCOPYRITE COMPOUNDS 
S. Unterricker, Bergakademie Freiberg. Sektion Physik 
Some of the so called probe Method» (NQR, HE,TDPAC,...) determine the quadrupole coupling 
constant V Q - •<3v

zr/n •"*• " i t n 4t the electric field gradient (efg) V z z at the nuclear 
probe. V z z reflects the charge distribution in the probe environment. To obtain all the 
informations which contains V one needs a good theory of efg. In priclple such a theory 
aust start from the electronic charge distribution ЩТ). Normally, §("r") is not exactly 
known and • calculation of the efg with a fine structured Щ(г) is very tiae consuming. 
Therefore, by far the most cases, only approximative solutions of the problem are possible. 
Very hopeful is a theoretical Investigation of the lattice structure dependence of efg. 
Here simplifying models proved entirely successful [1,2] . 
In a first step geometric efg are calculated with the definition 
a q - a v

z z(l- Л . ) " *1C £_• . which are numbers independent on the cell volume. (1- Л,) 
is the STERNHEIMER correction. The a q show a simple dependence from the axle ratio for in
stance in the cases of substances with wurtzlte lattice [2] , with CdCl- lattice or for 

I I IV V 
ternary A B C , semiconductors wi th chalcopyri te s t r u c t u r e . I n Table 1 the TDPAC measured 
VQ for A I X B I V C2 co"P<>und» ••"• l i e t e d . 

Table 1 
TT TV V 

Quadrupole coupling constants fo r А В C 2 

semiconductors. Probe nucle i C d j T » 2 -c /a 
substance 
CdSiP2 
CdGeP2 
CdGeAe2 
ZnSiP2 
CdSnP2 
CdSnAs2 

VyMHz 
110.1(9) 
88.1(17) 
75.7(20) 
53(2) 
37.3(7) 
31.6(6) 

e3q(A) 
23.9(2) 
19.8(4) 
18.8(5) 
9.9(4) 
9.1(2) 
8.4(2) 

X 
0.164 
0.123 
0.113 
0.067 
0.048 
0.044 

Though the substances cover a wide range 
of te t ragonal compressions the a q(A) 
show a s t r i k i n g l i n e a r X dependence. 
This i s surpr is ing because the chalco
p y r i t e structure i s charccter ized not 
only by X m 2 -c /a but a lso by the d i f f e 
rent cat ions A and В and by the anion 
displacement h• Х-У4. 
We have calculated the geometrix efg 
a q(A) by a l a t t i c e summation of a point 
ion l a t t i c e using the 2>(T) r e l a t i o n of 
ABRAHAMS-BERNSTEIN f o r I d e a l 

sp 3 -conf lgurate i B I Vatoma. The resu l t a3q(A) - 3 . 1 5 2 ( г д - Zß ) • ( 2 5 . 8 2 Д • 30 .6 Z g ) T , 
with charge numbers г д , Zg and z c at the l a t t i c e points,depends l i n e a r l y on X . 
The fol lowing atateaenta are possible i f we compare theory and experiment: 

- I f the ZA, Zg and Z c a re explained as e f f e c t i v e charge numbers I t fol lows Z . > Z Q . 
• The spread of the г д , ZQ and Z c for the d i f f e r e n t substances should be r e l a t i v e l y smal l . 
- The c a s e t - 0 i s comparatively simple (exact t e t rahedra l arrangement of the nearest 

neighbour charges) . With the f ree ion STERNHEIMER correct ion of (1-УЬо) - 30 we got 
ZA - ZB . 0 . 6 9 . 

- The e f f e c t i v e charge s ta te of the Cd probes is < 2 . This can be considered by e valence 
e lectron correct ion fac tor F v a l > l beeide ( 1 - A ) . 

- The value of F v e l i s unknown. With F v e l ~ 3 the e f f e c t i v e charges of HOBNER [ 3 ] agree 
with our experiments. 

- Between the spher ical ion cores there are extended bond charge d i s t r i b u t i o n s , which i n 
a point charge approximation y i e l d efg proport ional t o T and of the eame order and sign 
aa a 3 q ( A ) . 

R e f e r e n c e s 
[ l ] Bodenetedt, E.,and B. Porscheid; Hyp. I n t . 5 (1978) 291 
[2] Unter r icker , S . ; Proceedings of the XX winter School on Physics, 13 

1985, Zakopane-Poland, p. 437 
[3j Hübner, К . ; phye. e t a t . s o l . (b ) 52 (1972) К 33 

26 A p r i l 
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HOSSBAUER STUDY OF FE 2* - FE3* ORDERING IN NATURAL CHROMITES 
C. Pletzach, Bergakademie Freiberg. Sektion Physik 
Natural chroaita spinels are chaaically coaplex and therefore offer the possibility of a 
variety of hypothetical cation ordering scheaes. In the literature there are different 
opinions on this problea. Osborne et al. [l] assumed an "ordered" spinel structure with 
divalent cations on the tetrahedrel (T) sites and trivalent cations on the octehedrsl (0) 
sites. Da Silva et al. [2] have interpreted the Mossbauer spectra of chronite as a dis
ordered distribution of Fe and Fe on both T and 0 sites. In soae cases electron hop
ping occurs if Fe * and Fe * both are situated on octahedral sites. 
This paper reports a Moesbauer investigation of three chroaites froa different locations, 
the Mossbauer parameters of which are given in Table 1. 
Table 1 
Mossbauer parameters of chromites 

chronite 

I 

I I 

I I I 

I re l . 
140(6) 

335(23) 
293(22) 

162(8) 
285(33) 
258(13) 

432(13) 

394(17) 

T ш 295 К 

($"/••. s"1 Д /е» • s"1 

0.497(5) 0.585(5) 
1.023(5) 1.086(9) 
1.023(6) 1.95(1) 

0.481(9) 0.578(7) 
1.046(7) 1.13(2) 
1.018(8) 1.89(1) 

0.370(5) 0.931(6) 

1.05(1) 1.478(9) 

Г/вв-s"1 

0.25(1) 
0 .47(2) 
0.50(3) 

0.33(2) 
0.48(4) 
0 .47(3) 

0 .51(2) 

0.74(3) 

T » 77 К 

I rel.<f/nn»e Д/пп.в 
210(11) 0 .61(1) 0.470(9) 
170(22) 1.12(2) 2 .02(3) 
457(12) 1.173(4) 2.935(6) 

205(10) 0 .54(2) 0 .61(2) 
109(13) 1 . 1 . ( 3 ) 2 .06(3) 
476(9) 1.169(4) 2.923(6) 

509(21) 0 .52(2) 0 .84(1) 
59(15) 0 .91(3) 2 .17(3) 

339(17) 1.178(7) 2.920(7) 

Г/вп»э 
0.47(4) 
0 .51(9) 
0 .41(5) 

0.54(4) 
0 .53(8) 
0 .43(2) 

0 .57(5) 
0.34(9) 
0.42(2) 

I - i n t e n s i t y , d - isomer s h i f t ( r e l . < X - F e ) , Д - quedrupole s p l i t t i n g , P - l i n e w i d t h . 

The best f i t of the room temperature spectra al lows the fol lowing i n t e r p r e t a t i o n . 
Chronite I and chronite I I show nearly the eene paraneters. One doublet i s c h a r a c t e r i s t i c 
of Fe * occupying T s i tes wi th a r e l a t i v e l y large quedrupole s p l i t t i n g owing to e random 
cation d i s t r i b u t i o n on the 0 s i t e s (perturbed spinel ) and the other one corresponds to 
Fe * 0 s i t e s . For the t h i r d doublets two d i s t i n c t p o s s i b i l i t i e s of coordination e x i s t . 
E i ther Fe occupies T s i t e s or due to e lectron hopping between Fe * and Fe on the sane 
cryeta l logrephlc s i t e s a doublet with the average valency of Fe * appears. The spectra 
of chronite I I I were f i t t e d wi th two doublets, one to Fe and the other one to Fe both 
on octahedral s i t e s . The l i n e width of the Fe doublet is very breed i n th is case. 
To c l a r i f y the problem of e lect ron hopping Mosebauer epectra at 77 К were recorded. The 
77 К run of the three chromitea shows three d i s t i n c t doublets in any case. Renarkably i a 
the decrease of the i n t e n s i t y of the Fe , 5 + doublet in favour of the other two doubleta 
conpared with the room temperature spectra. This resul t leade to the conclusion that 
e lectron hopping ex is ts in inverse natural chromites. 

R e f e r e n c e s 

[ l ] Osborne, M. D . , e t a l . ; Cont r ib . M i n e r a l . P e t r o l . 77 (1981) 251 
[2] Oa S i l v a , E. G . ,e t a l . ; Appl . Phys. 22 (1980) 389 
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RARE EARTH ELEMENT AND YTTRIUM CONTENTS IK FLUORITE SAMPLES 

0 . Oegering, S. Unterr icker and W. S to l z 
Jergakademie F re ibe rg , Sektion Physik. 
0 . Leeder and 6 . .ifendebaua 
iergakadenie Fre iberg , Sektion Geowissenschaften 

The small concentrations of the rare earth elements (REE) in geological samples play an 
important role f o r invest igat ions of the geochemical source aspects. Because of the s a e l l 
d i f ferences in t h e i r e lec t ron ic configurations they behave l i k e s coherent group wi th l i t t 
l e v a r i a t i o n s . Yt tr ium which i s not a lanthanide aay show г а г ч - e a r t h - l i k e charac te r is t i cs 
or ig inat ing in i t s s imi la r e lec t ron ic conf igura t ion . On the other hand, the absence of one 
e lectronic she l l in comparison to the REE nust have some e f f e c t on i t s behaviour. There-
f o r e , y t t r ium i s possibly a more sensit ive indicator for the h is tory of formation of the 
sample as the var ia t ions between the REE. Unfor tunate ly , contrary to the most REE Y is 
not detectable by the instrumental neutron a c t i v a t i o n analysis ( INAA). So, Y i s of ten not 
considered in geochemical works. 
Here we report invest igat ions on a f l u o r i t e deposit in Ilmenau-Gehren. The contents of La, 
Ce, Sm, Eu, Tb, Эу and Yb were determined by the INAA method. The Y-determination was per-

r n 8Q 8Q 
formed as presented in [l] by means of the Y (d,2n) Zr reaction. Pulverized specimen-
from the Ilmenau deposit, a fluorite standard (Х"Ж) end a limestone standard (KH) were 

og 
act ivated with deuterons (E .»13.5 MeV, l,uA for l h ) . The peak area of the Zr IP- l ine was 
determined by a specia l f i t t i n g procedure wi th Gaussian curves on an energy-dependent 
background. The chondrite-normalized contents of the REE v s . the ionic r a d i i for the f l u o 
r i t e standardXHCand a sample from Ilmenau are shown in F i g . l . The abundances of the stan
dard except the Y-value were taken f ro« [2] , the ion ic r a d i i from [3] and the chondrite 
contents are the sane as in paper [4] . A l l samples showsd a REE d i s t r i b u t i o n pat tern 
with a continous growth for increasing r a d i i . Eu has an anomalous behaviour based on i t s 
two possible oxidat ion s t a t e s . For the standards loicand KH the measured .'-concentrations 
were (61 £ 4) ppn and (14 _+ 2) ppm, respect ive ly . These resul ts are in agreement wi th the 

values (59 _+ 6) ppn and (13 *_ 0 .6 ) ppm from [2] obtained by an In te rpo la t ion between the 

neighbouring elements. Nevertheless, along the vein of Ilmenau the Y-abundances were In 

the range from 20 to 50 ppm and thus apparently la rger as expected by an i n t e r p o l a t i o n 

(2 to 20 ppm). This fact i s i l l u s t r a t e d in F i g . l where the REE- and Y-concentrations are 

presented for a charac te r is t ic sample. These, resul ts demonstrate that the in te rpo la t ion 

provides not always r ight y t t r ium contents. Thus the introduct ion of y t t r ium in the f l u o 

r i t e l a t t i c e for geological samples 

depends obviously on the growing 

conditions and i s only under cer

t a i n circumstances s imi la r to that 

of the REE. 

F i g . 1 

Plot of the REE abundances related 

to chondrite contents (C ) vs. 

ionic radii (R). Curve 1 connects 

the relative contents of the fluo

rite standard хж( open circles) and 
curve 2 that of a typical sample 
from Ilmenau (open triangles). Also 
shown are the Y-values of these 
specimens ( f i l l e d s i g n s ) . 

R e f e r e n c e s 
[l] oegering, D.,and S. Unterricker; Geneinsamer Dahreebericht 1984, zfK - 559 (1985) 83 
[2] Saupe, M,,end G, Loos; 3. Tagung Nukl. Analyeenverfahren, Dresden 1983, Preprints 155 
[3] Ahrens, l . H.; Geochlm. Cosmochim. Acta 2 (1952) 155 
[4] Loos, G.,and M. Saupe; 3, Tagung Nukl. Analysenverfahren, Dresden 1983, Preprints 109 
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DEFECTS IN LASER ANNEALED I0\ IMPLANTED GaAs LAYERS 
W. tesch, P. Rcssel, E. Hendl er 
Friedrich-Schiller-UniversitSt Jena, Sektion Physik 
Ion implanted GaAs layers capless annealed «ith nanosecond laser pulses exhibit a pronounced 
tail of the absorption coefficient near the fundamental absorption edge «ith an exponential 
dependence on the photon energy characterized by an energy E.atO.l ... 0.5 eV depending on 
the laser energy density and almost no refractive index change. Laser irradiation of virgin 
GaAs created the same near edge optical behaviour /\2. and an identical behaviour is also 
observed in weakly ion implanted GaAs layers [?J• It «as shown recently /i-37, that the 
Measured optical properties can be urJcrstood assuming high concentrations of vacancies, 
anti-site defects and/or complexes of them. It was furthermore deduced that also for the 
extremely short anneal times the surface decomposition of the material must be prevented. 
8ecause the experiments with the commonly used cap layers yielded poor reproductibility of 
the electrical parameters laser annealing in a highpressure ambient atmosphere was proposed 
/ У . First investigations of samples irradiated at 125 bar in an Ar atmosphere carried out 
in our laboratory show a reduction of the near edge absorption exponent Kd (Fig. la). The 
characteristic energy has a constant value E. » 0.22 cV independent of the loser energy den _ 
sity (Fig. lb) indicating a reduced average defect concentration in the resolidified layers 
(under normal pressure E- increases with the laser energy density). The high pressure anne
aling significantly increases the degree of electrical activation, but the electron mobi
lity is yet too low /57. Thus, the prevention of material degrartotion is not sufficient to 
produce optimum electrical parameters. Obviously defects created as a co.iseguence of the 
high regrowth velocity play an important role in the binary III - V compounds. Ihis problem 
may be overcome by reducing the resolidification front velocity, e.g. by elevating the 
sample temperature during irradiation. 

Fig. 1: Absorption exponent Kd and characte
ristic energy E. versus the laser 
energy density E, for virgin SI- GaAs 
irradiated with 40 ns pulses of a 
Nd-gloss loser ( X « 0.53 um) nt 
normal pressure (0) and at a pressure 
of 125 bar ( О ) in an argon 
atwosphere. 

Д7"|». »each, E. »endler, G. Got/, K, Unger, H. Rbppischer. Chr. Resagk, 
phye. »tat.sol. (b) JL30, 539 (1985) 

/2/ E. »endler, V». «esch, G. Götz, phye. etat. sol. (a) 93, 543 (1986) 
Д 7 E. »endler, tr. Wesch, K. Unger; Proc. Int. Conf. Energy Pulse Modification of Semi

conductors and related Materials, cd. К. Hennig, Dresden 1984, 
Л 7 F. Sato, Т. Sunada, 3. Chikawa, Meter. Lett. 1. ill (1983) 
Л 7 *. Weech, G. Götz; phys. etat. eol. (a) 1986, in the press 

p. 535 
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RBS INVESTIGATIONS OF CEFECTS IN WEAKLY DAMAGED GaAs 
». lesen, к. Gärtner, E. Wsndler 
Friedrich-Schiller-Universität Jena. Sektion Physik 

Weakly damaged ion implanted GaAs layers stum characteristic near edge optical properties: 
a highly increased absorption coefficient depending exponentially on the photon energy and 
almost no refractive index change. As discussed in /i, 2, 3/. these results of the optical 
Measurements can be understood by the assumption of a high relative concentration ( « 50%) 
or matrix specific point defects (anti-site defects, vacancies) characteristic for compound 
semiconductors. 

Recently in ft? it was shown that the temperature dependence of the RBS minimum yield for 

a crystal with point defeats is characteristic for the position ra of displaced atoms from 

the string of atoms. Therefore it is possible to determine the defect concentration n d(z) 

as well as the position ra from the depth dependence of the minimum yield measured** for 

different temperatures. In Fig. la the difference of the minimum yield of implanted and 

virgin G a A s A A ^ U H s depicted for two temperatures. From the smoothed experimental curve 
4 \ i n ( z ^ et 2 9 3 K w e h a v e calculated the relative concentration of point defects, n (z), 

assuming different fixed values of the distance r e from the string and for randomly
Pdistri-

butcd r a (no preferred position) (see Fig. lb). For these defect distributions with the 

corresponding r a values the differences in the minimum yield AX (z)at 60 К were calcu
lated (dashed curves in Fig. la). In spite of the large experimental errors of the RBS data 
the temperature dependence nf^Xmin{z)is negative and can be confirmed only for r » 0.025nm 
and r e « 0.03nm. Taking further into account that for rfl « 0.05nm and randomly distributed 
r a negative defect concentrations are obtained for depth z> 0.8pm (omitted in Fig. lb), we 
conclucde from onr RBS investigations that high concentrations of displaced atoms (maximum 
values of 50 ... 90%) with prefered positions in the lattice cell at a mean distance of 
about 0.025 ... О.ОЗпт from the atomic string exist in weekly damaged GaAs layers. The 
results distinctly exclude interstitial» and confirm the suggestions indicated by the resufcs 
of the optical measurements. 

Л 7 E. »endler, W. Wesch and G. Götz; phys. etat. sol. (a) 93, 543 (198b) 
Л 7 *. Weech, K. Gärtner, E. Wendler and G. Götz; Int. Conf. Radiation Effects in Insulators, 

Guildford 1985, to be published in Rad. Effects. 

/ V E. Wendler, W. Weech and K. Unger; Proc. Int. Conf. Energy Pulse Modification of Semi

conductors and Related Materials, ed. K. Hennig, Dresden 1984, p. 535. 

Л 7 K. Gärtner, К. Hehl and G. Schlotzhauer; IMucl. Instr. and Meth B4 (1984) 55 

I« ни» m —• <w» ш» 
> m« 
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Fig. 1 Depth dependence of the difference of minimum 
yield A\in(z) for l.4MeV He* ions incident on perfect 
<100> GaAs and ion implanted GaAs (5xl0 1 5N*cm - 2 at 
293 K ) , measured at 293 К and 60 К (part a ) . The 
relative concentrations of point defects n d (z) 
were calculated for different distances r fro* 
the string using tXmin(z) at 293 К (part b, negative 
part of n d (г) omitted). The theoretical curves 
in part a (dashed lines) were received with the 
corresponding distributions n d(z) given in part b. 
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ACCELERATORS 

OPKMTIOR DP THB CTCLOTROH 0-120 

B. Anders and H. Guratssch 

Zentral inat itut fur Kernforschung Bosser.dorf, Btraich a 

In th* past year th* total operation t ine of th* cyclotron haa been 4794 hours. The bean has been used 
mainly for basic nuclear research (1366 hours) and isotope production (1466 hours). Table 1 ahows the 
complete time distribution. Table 2 elves the survey of accelerated particles with their percentages of 
bean time. 

In th« course of cyclotron improvement new ion source« have been tested and the acceleration at higher 
harmonics has been studied. Ions of 20Ke3+ (12 HeV) and ^ие** (21 H*V) have been accelerated at the 
third harmonic and extracted into the beam l ine . To iaprov* the beam handling system, the quadrupel 
doublet has been extended to a tr ip le t . 

Table 1 

Ream tlae distribution for 1965 

Cyclotron operational 

Turning on and off; 
Maintenance 

Scheduled revision 

Total bean tine: 

Nuclear physics 
Isotop* production 
Neutron therapy 
Thin-layer activation 

j Cyclotron improvement 
j Other users 

5817 h 

591 h 

432 h 

4794 h 

1366 h 
1466 h 
197 h 
196 h 

1038 h 
531 h 

Table 2 
Accelerated ions and their 
percentages of beam time 

D+ 

»2+ 

W 
6;7L 1> 

5 2 * 

5 * 

40 % 

3 * 



OPBRATION OP THB BLECTHOSTATIC ACCBLBRATORS IH 1965 

N. Burger and S. Turuc 

Zentralinstitut für Kernforschung Roseendorf, Bereich G 

Tande*-Accelerator 

The accelerator was operated in m 3-ehift ende. It was used for experiments of nuclearphysics, 

solld-state-physlcs, thln-layer-activation with respect to abrasion investigation, irradiation 

of polymer-foils for filter production and for accelerator-experiment» and development. 

Characterizing parameters are given in table 1 und 2. 

Table 1 Table 2 

Available time 

Accelerator under voltage 

Experiments with beam 

Development 

Maintenance and planned stand 

hours 
5970 

4048 

3 W 

861 

848 

suedes of ions 

P 

d 

d (pulsed) 
15B 
19r 
^Cl 

0, Cu, Br, Ge, Si, 

rel. on. time 

5,5 S 

22,7 % 

16,7 % 

17 % 

4,5 * 

27,7 % 

Se 5,9 * 

The life-time of the charging belt (Greengate) is now 8200 hours. The acceleerator-tubes (stainless 

ateel electrodes, ceramic Insulators, inclined field) have been used up to now about 48000 hours. 

The Injector-platform supporting the two lonsources (duoplasmatron, sputter-ionsource) was elevated 

1000 mm. This was necessary to get place at the entrance of the accelerator for beam-diagnostic 

elements. 

The equipment for foil irradiation was tested under different conditions. In a pilot production a quantity 
2 

of 2000 m of polymer-foil was irradiated in a appropriate quality. 

In connection with our development of simple and reliable sputter-ionsources we came to a sale contract 

for one ionsource MISS 483 with the University of Helsinki. 

Van-de-Graaff-Accelerator 

The 2-HV-vde-Accelerator was used 2675 hours mainly for nuclear analysis protons, deuterons and 

heliumlons. 
The activities for improving the beam quality, started in the last учат have been continued. 
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NUCLEAR ELECTRONICS AND MEIHOOS 
F I R S T I N V E S T I G A T I O N S N M H A S T A T I O N A R Y P O S I T R O N C A M E R A 
P. HanfraD, И.О. From«, H. Sobiella and 0. Nohlfarth 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Investigations of the properties of a stationary positron camera with gas-filled detectors /1/ 

меге started in 1985. As detectors two 20*20 cm1 KNPC are combined with four 5 mm thick multi-
hole converters in order to absorb the .-radiation fron the annihilation. The converters are 
operated in the normal drift regia« with a field strength of ~1 kV/cm. The effectivity for 
E|=511 keV was P X. The tine window of 120 ns was selected fro« the FNTM-width of the coinci
dence spectrum. 
The algorithm for the filtering of the backprojected tomograms assumes, that for all source 
points the same aperture can be provided. For an acceptance of •_ 15 degrees and a distance of 
32 ca between the MNPC's this condition is only in a volume of 8*8*12 cm' fulfilled. The di
mensions of the 7 longitudinal tomograms recorded are chosen identical to the detectors which 
results in a pixel size of 3.125*3.125 me* (64*6* channels). 

22 The Measured resolution for a Na line-source (diameter 2 mm, length 50 mm) was 5 mm FNHH. 
This relatively poor resolution is mainly caused by parallax error which amounts to 4 mm in 
the given geometry with a distance of 25 mm between the converters. The reconstruction of the 
measured tomograms was performed applying the method of Townsend et al./2/. 
Tests of the filtering programs with simulated data-sets revealed a good reproduction of the 
shape and intensity of the object distributions. The defncused intensities were damped by a 
factor of 1/8 compared to the backprojected distributions, for neasured data-sets using the 
22 
Na line-source in different picture planes the achieved damping factor of 1/3 is worse. 

This may be caused by the finite spatial resolution of the positron camera which was neglec
ted in the filtering program and manifests itself as a widening of the source perpendicular 
to the picture plane. 18 Another test with a spatial activity distribution was performed using a white rat with F 
enriched in the sceleton after injection of Na,AlF. (Fig.l). The mean coincidence rate was 
150 c.p.s. Only 30 X of the total coincidences (N. .=642000) were 'net for xhe picture gene
ration according to the aperture condition. Therefore, every picture plane contains about 
26000 events with 18000 true coincidences. 
R e f e r e n c e s 
/1/ P. Manfraß et al.; Gemeinsamer Jahresbericht 1984, ZfK-559(1985)148 
/2/ 0. Townsend et al.; Phys.Med.Biol. 23(1978)325 

i i i 

•W mm* 

Fig.l Positron emission tomograms of the sceleton of a rat: raw data and reconstruction (below) 
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THE С ON V E R T E R -МИР С IN THE M U L T I - S T E P A V A L A N C H E N O D E 
P. HanfraO, W.O. Froma, H. Sooiella and 0. Nohlfarth 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
The investigations for the improvement of the properties of the detectors used ftг the posi
tron camera were continued. With the application of the multi-step avalanche amplification 
principles /1/ for MWPC's with hole-converters critical parameters like time-resolution and 
discrimination against background radiation can be substantially improved /2/. The field 
strength within th2 converter is so large that electron multiplication takes place. The fol
lowing amplification of the electron avalanche in the MWrC field yields signal amplitudes 
about 100 times larger as in the normal drift regime of the converter. 
The main topic of the investigations was the measurement of the time-resolution for selected 
detector gas admixtures with Ne as main component. The converter with a total thickness of 
* mm -<as fabricated from ten 0.2 mm thick PbSb3Sn2.5 foils with electrically isolating lay
ers rf 0.2 mm Prebeg. The diameter of the holes and the distance between hole centers were 
0.0 a.id 1.0 mm respectively. The best time-resolution of 13 ns FMHM was achieved with Ne * 
5 X Hexan and a homogenous field strength of B.O kV/cm at the converter and 1.1 kV anode 
<jltage. The use of CO- as faster quenching gas did not improve the time-resolution. 
The measurement of the detection effectivity for .-radiation of Sil keV with respect to con
verter and anode voltages has shown, that the practically reachable effectivity is limited 
by the large dynamic range of the signal amplitudes. This follows from the exponential depen-

OC X 
dence of the multiplication factor H = e from the paliilenytii x in the nüBoger.öüS electric 
field. The dynamic range of the signal amplitudes is reduced if the field strength applied to 

the first 5 Pb-foils is diminished in such a way that only in the second half of the conver

ter electron multiplication can occur. In accordance to / ) / for the homogenous field a maxi

mal effectivity of 2.4 X (1.2 X per mm Pb) was measured. In the second case the effectivity 

growed to 3.3 X (1.63 X per mm Pb). Our investigations confirm that by an optimal choice of 

the electric field in the converter the effectivity of the detector can r>e further improved. 

R e f e r e n c e s 

/I/ A. Breskin et al.; Nucl.Instr.Meth. 161(1979)19 

/2/ A. Jeavons et al.; Nucl.Instr.Meth. 176(1980)89 

/3/ A. Jeavons et al.; CERN-EP/82-201, Dec. 1982 
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A HICROMOCCSSOR CONTROLLED HuSSBAUCR SFCCTROHCTER 

P. Reirhel, N. Hatz and N. boede 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The Hössbauer spectroaeter <4S 10 was reconstructed using the aicroprocessor systea HFS 4M*. 

For this purpose the coil of the velocity transducer wss rewound to allow Гог a low resistant 
feeding (± 13 V). The aicroprocessor has 102» analyser channels and two Hössbauer spectra were 
independently recorded in the experiaent. Quartz-stabilized 1 as tiae pulses were given to an 
up-down-counter (-511.. .0...Я1...0.. .-511) and are uaed as the binary input aignal of a DAC. 
The output signal is a triangle function. It is integrated to give a double parabola and 
drives the transducer via a power aaplifier. Linearity control is perforated by coaparison of 
the triangle function with the signal of a reference coil in the transducer. The 1 as pulses 
initiate interrupts in the aicroprocessor. The address of the aultiscaler is coaputed froa the 
binary inforaation of the up-down-counter. The detector counting rate within the 1 as tiae 
interval is than added to the appropriate channel. 

The softwsre of the aicroprocessor allows for the output of the spectre on a printer and a 
paper tape puncher. The width of the aultiscaler is 24 bits, but for output orly 16 hits csn 
be used. The aeasuring tiae can be presented between • and 255 hours. In the output regiae it 
is possible to sua up 2, 4 or 0 succesive chsnnels. 

Test experiaents were perforaed with a standard absorber of at-iron (2) U,B thickness) and a 
Co-Hössbsuer source in rhodiua host, (or different aaxiaua Doppler velocities, ranging froa 

aax — 6.9 aa/s to v = • 11.6 aa/s, the Hössbauer spectra were analysed. Csch of the two 
spectra and the sua spectrua were .rested separatly. The sua spectrua was determined by cal
culating at first the velocity zero of the two parta and than the shift between then. In order 
to estiaate the linearity of the velocity scale, the velocity-channel-relation was coaputed 
by a least square fit. The calculated error of the slope of the linear relation don't exceed 
• 0.2 S in the aentioned velocity range. The single absorption line positions differ fron the 
calculated positions in the aost cases by less than 0.1 channel. The shift between the two 
spectra depends on the aaxiaua velocity. It is between 0.25 and 1 channel, if each spectrua 
is aeasured with 512 chsnnels. The line width (FNHH) of the absorption lines was Measured for 
v s 6.9 aa/s with two different discriainator windows for the 14.4 keV .-line of i.on. With 
high discriaination (window width equal to half-width of .-line) the inner two absorption 
lines of the Hössbauer spectrua have a line width of Г - (0.267 • 0.003) aa/s. This is essen
tially the saae as the value of 0.26 аи/s given by the producer for the source used, for 
relaxed discriaination (window covers the whole .-line) the conparable line width is 

Г- (0.286 ± 0.005) aa/s. For higher aaxiaua 
velocities the aean width of the absorption lines 
is about 0.3 an/s. The summation of the two spec
tra with proffer shift between them do not broaden 
the line width of the absorption lines. 
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Fig.l Scheme of the Mössbauer-spectrometer 
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A NUCLEAR MICRO-BEAM PROBE FOR THE INVESTIGATION OF SURFACES 
И.О. Fro»", 0. Grambole, F. Herrmann and F. Schwarzenberg 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
The nuclear microprobe is an analytical instrument to get information about the lateral saaple 

composition in the surface region in the micrometer range. For this prompt radiations (X-rays, 

backscattered particles, secondary electrons or j-ra»s) are measured which are emitted when 

the target is irradiated with charged particles of high energia^ (»>2 MeV) focussed by an 

electroaagnetic quadrupo'e triplet to a diameter of about 5 um /1/. A two-dimensional elemen

tal map will be got if the beam is scanned over an area of about 500*500 pm* by means of a 

computer-controlled electromagnetic deflection system placed before the lens 121. 

The microprobe is connected to an intelligent CAMAC-System (Fig.1).The apparatus is controlled 

by the autoncaous crate controller АИСА-80 constructed on the base of the 8 bit microprocessor 
U860. All the used CAHAC-units are manufactured in the Central Institute for Nuclear Research. 
The scan of the beam spot over the surface of the sample is realized by means of a twofold 
10 bit Oigital-to-Analog converter. Only 7 bits (128 steps) are used for the deflection in 
the X- and Y-direction. The program MIKROS allows 8 different settings of the stepwidth and 
the selection of the starting values for X and Y. Therefore, it is possible after an over
view measurement of the sample to look for certain regions in more detail. The beam current 
at the given position is monitored by a presetable counter which counts the current-integrator 
pulses delivered from the Faraday cup. Therefore, by normalization to the charge a correction 
for beam intensity variations is applied. The radiation emitted in the interaction of the 
sample and the »»earn is recorded by a «-ray or X-ray detector. Pulses are fed to the Analog-
to-Digital converter. The recorded pulse height is placed in an 8 Kbyte buffer memory together 
with the corresponding positional information. If the charge limit chosen for the measurement 
at one position is reached, the beam spot is deflected to the next position. If the buffer is 
filled, the registered events are written to a magnetic tape cassette drive. During this 
operation the beam is switched off to prevent damage of the sample, ihc *otal capacity of one 
tape cassette of 512 Kbyte :s sufficient for measurements of a few hours. For the immediate 
evaluation of the measurement an on-line sorting procedure was implemented. The energy-spec
trum of the used detector can be registered and Displayed on the graphic display unit which 
also serves as operator console. Up to four peaks corresponding to certain reaction types can 
be chosen as windows for the sorting. For every event fulfilling one of the conditions the 
corresponding two-dimensional spectrum (128*128) is incremented. The four two-dimensional 
spectra are stored and displayed by means of an attached color display unit /3/. Using this 
on-line technique the sample can be seen in the light of the selected reaction channel during 
the data-taking. The programs are written in assembly language. 

R e f e r e n c e s 
/1/ Grambole, D. et al.; 

Gemeinsamer Jahresbericht 1982, 
ZfK-503(1983)p.M0 

111 Grambole, D., Herrmann, F.; 
Geneinsamer Jahresbericht 198«, 
ZfK-559(19B5)p. 92 

/3/ Fromm, И.О., Kahlenbach, М.; 
Gemeinsamer Jahresbericht 1983, 
ZfK-530(19B»)p. l31 
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F i g . l Schematic representation 
of the CAMAC-system used 
for the control of the 
Rossendorf nuclear micro-
beam probe iviar-McoaoiN» CAM*C-*Y$TIW ID -SFfCTRA 
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INVESTIGATION OF SCINTILLATION MATERIALS 
J.Rüdiger 

Zentrallnstltut fur Karnforschung Roaaandorf, Barelch KF 

In tha beginning of tha 70-a tha aoat convenient /-ray scintillation detector - Nal(Tl) -

did not satisfy users anymore, in particular because of its hygroscopy and ita relatively 

poor tlaing propertiea. coaparad to organic scintillators. Therefore, a great effort «ras 

done to find out new scintillation detectors. At present, the aoat promising 'па»* aete-
rlels for efficient scintillation detectors see« to be 814Ge}012(so called "8GO")^\7 •nd 

BaF2 Z\7* Soa* «»cease »as also acchievad with CdS(Te). CdW04 / \ 7 and tha "old* 
Cal(Tl) £ij. 

With regard to future expariaents at the cyclotron tandea и «00 -U 400 H at the 3INR 
Laboratory of Nuclear Reactions in Dubne, USSR, яе checked our possibilities for the pre
paration of aclntlllatlon detectors for /-rays and for light charged particles of high 
energy. The following Materials were investigated *': CsI(Tl), CeF2, CeF2(Eu). CaF (Ce), 
BaF2. BeF2(Ce), ai4Ge,012("BGO"). VjAl5012(Ce). Т1ВП ("KRS-5-). and a plastic scintilla
tor froa TESLA (CSSR): SPB 31. We considered their aost laportant paraaeters, like rela
tive pulse height, energy resolution, et/6-rstlo, and the pulse shape obtained froa the 
anode of the photoaultipller tuba (PHT) and observed on an oscilloscope. Several types 
of PMT were used: И 12 FS 100, H12FVC51, K14FQS51. XP 1020. To increase the light output 
tha scintillators were surrounded with various reflectors (aluminium, aluainlzed aylsr or 
teflon foils, HgO or A ^ O , powders), and war* coupled to tha front-end of the PMT with 
silicon grease NP12 or with silicon oil NNi-iOOOOO. 

Here, only prellalnary results can be given. 
1. For tha detection of light charged particles of high energy the aost promising scintil

lators see* to be CaF2(Ce) and CsI(Tl). Fluorita (CaF2) has a low /-ray sensitivity, 
and ita activation with Ca leads probably to tha highest scintillation efficiency for 
oc-particles (eea also ref.^V7). Also, the Of/6-ratio for CaF2(Ce) has the largest 
value after CsI(Tl). The second scintillator has the highest Qr/S-ratio of all Mate
rials investigated (see table), but there »rm large fluctuations between different 
plecea. The reason for this is not yet clear. 

2. For the detection of /-rays we lnve- _ ._ , 
Table 1: Prellalnary results for soae materiel» 

stigated various temples of BaF_ in . м ... ± .— • ,. 
3 2 ScintillatorEnergy resolution, %a/B-ratlo 

order to teat the possibility for /'rays ОС-particles for 6 rTaV 
ita use as enticoapton shielding. (662kov) (б.ОИеУ) «x-particlos 
In part, we found that tha best of 
all tested reflectors for the uv-
scintillatlng BaF, la MgO, in con
tradiction to ref./V7. Teflon tape 
seeas to be an overall good reflec
tor for all scintillators. 

S. In table 1 aoaa values of approxlaete or/fJ-ratios »re listed. These values correspond 
to the ratio between the /-ray energy and the ок-partlcla energy at the seme pulse 
height. 

References: / 1 7 Farukhl U.R.; IEEE Trans.Nucl.Sei. NS-29 (1982) 1237. 
^ \ 7 Wisshak K. st el.; Nucl.Instr.Heth.Phys.Res. 227 (1984) 91, 
£\J Gressasnn H. at al.; Nucl,Instr.riath.Phys,Res. 228 (1965) 323. 

£"*J Czirr J.8. et al.; Nucl.Instr.rieth. 143 (1977) 487. 

^ \ 7 Wong W.-H. et al.; IEEE Trans .Nucl.Sc 1. NS-31 (1984) 381. 
1'The constant support of the VEB Carl ZelB Jena, W061, where aost of these samples have 
bean prepared, la gratefully acknowledged, we thank alao Or.Schulze (Z0S Berlin) for 
providing us with tha BGO sample. 

8GO 
BaF 

CaF, z 

CeFi(Eu) 
CaFf(Ce) 
Cal fTl ) - l 
CaI(Tl)-2 

SPB 31 

22 
IS 
— 
— 
^ 
10 
16 
—• 

7 . 5 
8 . 5 
9 . 0 
8 . 5 
7 . 0 
4 . 0 
5 . 6 

~ 1 1 

0.21 
0.26 
0.32 
0.42 
0.52 
0,56 
0.74 

~ 0 . 0 8 
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DEVELOPMENT ANO TEST OF A JE - E ANNULAR DETECTOR TELESCOPE 

P. Kleinmichter, 0. Rüdiger, 3. Döring, L. Funke, H. Freitag, H. Rotter, Th. Scholz, 

Ю. Schulze, a. Schwengner. E. »ill and G. Winter 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

A special JE - E annular detector telescope was developed to identify light charged par-

tides eaitted in heavy ion induced reactions under forward and backward angles« The 

iE detector was aade from a 200 м thick n-Si slice ( 50 am 9 ) and consists of six 
concentric annular diodes ranging froa 0.4 ... 5.9 ca sensitive areas. The width of 
each ring aaounts to 2.3 mm. The ion beaa passes through a hole of 9 н diameter. Thus, 
it is possible to get information on the angular distribution of the eaitted reaction 
products in an efficient way. bore detailed informations on the annular Si-detector and 
the elect-onic signal processing is published elsewhere [1 J. If all rings are connected 
together *n energy resolution of 3& for 6 MeV •* -particles is obtained. 
As E detector serves a plastic scintillator ( SPW 31, TESLA ) coupled by a light pipe 
( piacryl ) to the photoaultiplier tube of the type XP 1020. The plastic scintillator 
has a hole of 10 ma diaaater for the beam passage and a thickness of 8 am that allows 
a stop of 27 MeV protons completely. The energy resolution.for 6 HeV «-particles is 
found to be 12 :

M. 
Some properties of the detector system such os 
the noise and the timing behaviour as well as the 
energy resolution were tested at the Rossendorf 

27 cyclotron by bombarding Al with beams of protons, 
deuterons and •.<-particles of different energies. 
The tine resolution of the telescope was determined 
by us:ng a Ac source ( providing /- and .-
radiation in coincidence)to be 5 ns. In a first 
experiment the telescope was installed in a reac
tion chamber at the U-200 cyclotron of the 01NR in 

16 27 
Oubna u t i l i z i n g the react ion 0 • Al at on i n 
cident energy of 140 MeV, The data were recorded on
l i n e on magnetic tape by a Sh-3 computer. Thj resul t 
of th is test experiment is p lo t ted in f i g . 1.where 
no r\nij se lect ion of the ÜE detector was made. I t 

shows a rather good separat ion of the p, d , t and 

A - p a r t i c l e s , The r e l a t i v e l y h i j h y ie ld of accidental 

coincidences is due to the large coincidence time 

( 1 ,из } used i n thi pre l iminary experiment. 

References: 
[ 1 ] Schmidt, B. et a l . Annual Report ZfK-559 (1984) , 
p. 152 

Fig. 

iE - E plot showing the p, d , t and 
o t -par t lc les emitted in the react ion 
1 6 o • 2 7 A ; 
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CONSTRUCTION OF A PLUNGER FOR COINCIDENCE EXPERIMENTS 

G. v/inter, H . Fre i tag end w. Schulze 
Z e n t r a l i n s t i t u t für Kernforschung Rossandorf Serelch KF 

The r e l i a b i l i t y of plunger measurement* can be considerable improve* when the »-ray t r a n -

s i t i o n s are aeasured i n coincidence w i t h other signals which are e i t h e r charac te r is t i c 

f o r the desired reaction channel o r f o r a cer ta in cascade in the f i n a l nucleus. Such 

Signale can be derived from edd i t iona l detectors that aus'.- be arranged near the beam spot 

on the t a r g e t . The t o t a l e f f i c i e n c y of such coincidence Measurements depends qui te s t rong. 

l y on the geometry of the plunger chamber and on the absorption propert ies fo r a l l radia

t ions to be detected. Thus, e plunger of small volume and high transparency f o r the rad ia 

t ions is necessary. However, these propert ies must be considered i n connection wi th tf e 

demand for high mechanical s t a b i l i t y and precise adjustments. For the f i r s t test exper i 

ments a small and simple arrangement was constructed (see f igure 1 ) that allows us to 

reach a minimum distance between ta rget and plunger of «Oyua. The target of thickness 

3.2= ag cm"2 was evaporated on 0.5 mg cm' 2 aluminized polyesther f o i l . The same polyesther 

mater ia l was also used f o r the plunger. Examples of linesh.ipe analyses for meesureaents 

car r ied out in the . . -co inc idence mode /1/ are shown in f l y i r e 2 . 

C4MCITT MfASUWtMtHT 

" • " ' • ' ' " • ' • ' >4j:b.::. . . ; , ; . . .'}.'.' . . , ' . . .'}> 

Figure 1 . Schematic view on the new 
plunger arrangeeen? in a p l a s t i c vacuum 
chaaber for . . -coincidence experiments. 

PLUNGER MEASUREMENT 
1-FOLO COINCIDENCES 

"SelotfnJ^Kr 

Э99 402 «05 719 722 725 726 
y-RAY ENERGY (keV) 

Figure 2. Lineshape analyses for the 402 keV 
transition and for the doublet at 722 - 726 
keV in ̂ K r /2/. The observation angle was 
24 * 8 degrees. 

References: 
/ 1 / . . in ter , C , ücliulze, ' . , and i l l , " . ; th is report p. 102 
/ 2 / . / in ter , C , Schwcngner, r i . , Funke, L. f and Döring, 3 . ; th is report p. 21 
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DOUBLE GRID AVALANCHE COUNTER NITH LARGE DYNAMIC RMCE 

N. Seioel, H.-C. Ortlepp and 0. Fierier 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Parallel plate avalanche counters (PPAC) have been shown to be ие11 suited as large area timing detectors for 
heavily ionizing particles. He present here the prototype of a double grid avalanche counter (DGAC) /1,2/ with 
an active area of 1) x 1} ca designed for the inner detector layer of the 4TT spectrometer PHOBOS /3/. The de-

2 2 
tector consists of a SO ug/ca thick Formvar foil with 40 ug/cm gold layers on both sides as a coaaon cathode 
and tao orthogonal anode wire grids. The «ire planes are located at 3 am distance on either side of the cathode 
and consist of 50 pa Cu-8e wires, equally spaced by 1 aa soldered on printed circuit boards. Each wire is con
nected to ground through a 500 к С resistor. For detecting the X and Y positions of the avalanches, delay line 
read out is used /4/. All electrode fraaes were aade of enoxy res.»n plains. The electronics employed has been 
described elsewhere /4/. The detector was operated in a vacuus chaaber filled with n-pentane gas in the pressure 
range of 1 - 10 Torr. The DGAC counting efficiency was measured relative to an ion iaplanted silicon detector 
(SO). For different gas pressures the ratio between the 0CAC-S0 coincidence and the SO singles count rates was 

241 # aeasured as function of the ZJC applied reduced voltage. With 5.5 MeV Am ot-particles the detection ef-252 ficiency of 100 £ can be obtained only at a pressure of p » ) Torr. For fission fragments of a Cf source a 

wide plateau of 100 S detection efficiency is obtained down to p s 1 Torr. At lower pressure values it is dif

ficult to apply voltages high enough for 100 S efficiency without parasitic discharges between the electrodes. 
2 

Test Measurements for the tiee resolution were performed with a conventional PPAC (5 cm area, 2 ma gap width) 
241 

and a DGAC in coincidence. For <C-particles of an Aa source the intrinsic tiae resolution of the DGAC was 

290 ps at U = -61» V and p = 4 Torr. Fig. 1 shows tiae-of-flight (T0F) spectra for different flight paths, 
252 

aeasured with a Cf source. The TQF spectrum for fission fragments and «i -particles at a cat.x,S» voltage of 

U : -570 V and p = 4 Torr, is shown in part a. For the et-particles the intrinsic tiae resolution amounted only 

to At - 570 ps. The detection efficiency was determined to be 100 5 for the fission fragments and the Ы.-par
ticles. The PPAC timing signal was derived from a preamplifier with logarithmic amplitude response /5/. Fig. 1b 
shows the T0F spectrum of the light and heavy fission fragments with an oC-particle pulse height below the 
trigger threshold. The light fragments show FMHH : 320 ps which corresponds to an intrinsic tine resolution of 
the DGAC of At< 200 ps, taking into account the energy-loss straggling in the start counter and the intrinsic 
velocity distribution of the fission fragments. A ^E-resolution of 20 3 and a position resolution of 
ДХ =ДУ41.5 ma was obtained for a 100 S Ы.-particle aa well as fission fragment efficiency. A further opti
mization of the position resolution is under work. 
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TIMING WITH FAST PARTICLE DETECTORS 

H.-G. Ortlepp 

Zentral insti tut für Kernforschung, Rossendorf, Bereich КГ 

I f usual constant fraction triggers (CFT) are operated » i th the short timing signals of fast particle detectors 

as micro channel plate detectors (MCP) or para l le l plate avalanche counters (PPAC) several d i f f i c u l t i e s nay 

occur. With shaping delays in the order of 1 ns a proper operation of the zero-crossing detection circui t becoaes 

problematic. Furthermore, intolerable output pulse shifts may occur near threshold / 1 / due to a wrong logical 

combination of the informations from the threshold discriminator and the zero crossing detector in the following 

c i r c u i t , e .g . a D-type f l i p - f l o p . During the last two years some new solutions for CFT circui ts were tested by us. 

I f the conventional "fract ion" attenuator is replaced by the RLC f i l t e r shown in f i g . 1 the free time,before the 
time-defining low-high transit ion ( f u l l c i rc le ) at the output of the comparator becomes long enough to guarantee 
a proper operation of the following logics. 

In order to avoid the time shi f ts for near-threshold pulses / 1 / caused by too short signalr of the lower level 

discriminator output leading to an insufficient covering of the "clock" t ransi t ion by the "D" input signal of 

the above mentioned f l i p - f l o p (FF1 i n f i g . 2) a second one (FF2) was introduced. The output signal of the "zero 

crossing" comparator is delayed by de l . 2 (—5 ns) un t i l the Q-response of FF1 has reached an unambiguous state . 
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Fig. 3 
Current pulse of e PPAC 
t .: drift time through the whole gap 
* : time constant of the electron 

avalanche 
At: shaping delay of the CFT with 

f=1 

Several investigations неге perforned 
concerning the timing electronics for 
parallel plate (PPAC) or parallel 
gri ! (PGAC) avalanche counters. The 
typical current pulse shape of a 
PPAC shown in fig. 3 suggests that 
the best timing information should be 
derived from the fast trailing edge. 
A current amplifier with i" 0.5 ns 
transition time and an amplification 
factor selectable between 100 and 800 

was applied. In the CFT the "fraction" attenuator was removed (frl.O), 
and the delay time between the two inputs of the "zero-crossing" com
parator was chec^n as At : 2 ns (see fig. 3). 
Thus the comparator fires in that instant when the second of two equal 
values of the curve i(t) separated by At is reached. An advantage of 
this method is not only the timing at the fastest part of the signal, 
but also the possibilitiy to extend the dynamic range replacing the 
fast linear current amplifier 111 between the PPAC and the CFT by a 
logarithmic one. The logarithmic response was achieved with the help 
of a forward biased Schottky type diode KD 514 (USSR) as feedback 
resistance of the first stage. If comparator chips of the type 
KR 597SA1 (USSR) were used a walk less than + 100 ps was achieved for 
CFT input pulses between 150 mV and 3 V. The corresponding dynamic 
range of the signals at the input of the logarithmic amplifier amount
ed, however, to 300 : 1. 

With a PGAC the logarithmic principle yielded very bed timing results, probably caused by pulse shape variations 
at different impact points. In thie case a "classical" CFT scheme with f = 0.3 and At = 1.5 ns built around a 
SP 9687 chip (PLES5EY) yielded better results /3/. 
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A BRAGG CURVE IONIZATION CHAMBER 

R. Kot te 

Zentralinstitut für Kernforschung, Rossendorf, Bereich КГ 

Bragg curve spectroscopy (BCS), first proposed by Gruhn et al. /1-5/, is a new method for particle identifica
tion in heavy ion reactions. It is based on the generation of an ionization current signal with a time depend
ence that contains information on the specific ionization along the particle track. If the particle is stopped 
inside the active volume of the detector, the specific Ionization distribution has a characteristic shape 
known as the Bragg curve, which contains the information required for a Z-identification of the particle and 
the determination of it's energy. 
In this paper we report on эп ionization chamber with the electrical field lines parallel to the particle 
trajectory (Bragg ionization chamber BIO. The chamber is mounted on a piacryle flange (fig. 1). The particle 
enter the active volume through an entrance window of 2.5 cm diameter. The entrance window was made of stretch
ed polypropylene foil of thickness O- 100 цд-ссл supported by an etched brass grid (180 um broad strips, 2 mm 
mesh width, B3 % transmission! which serves as rathnrie together with the brass entrance window holder and an 
aluminium flange supporting the whole detector construction. The design of the entrance window and the grid 
holder allows a rapid and simple window exchange. A set of such holders is permanently prepared by glueing with 
windows of different thickness. The distance between the cathode and the Frisch grid (FG) is chosen as L = 
5,3 cm. It is possible to extend this distance to L = 10 cm or even more. Equidistant guard rings with an inner 
diameter of 4 cm maintain a homogeneous electrical field between the cathode and the FG. A divider chain of 
8 x 20 Mft/0.1 W supplies the voltages for these electrodes. The cathode is held on negative potential with 
the feedthrough across the high vacuum in front of the chamber. The FG-to-anode distance amounts to G = 0.65 cm. 
The grid consists of 70 um copper/beryllium wires with 0.5 mm spacing (sceening inefficiency 1.0 %). The anode 
is a brass disk maintained at positive potential through the input of the charge sensitive preamplifier. 
N-pentane was used as stopping gas purified from water and oxygene by a threefold destination /6/. The pressure 
was chosen such that the particles with the longest range provide a 5 cm track length. The cathode-to-FG poten
tial was fixed to a reduced field strength t /p = 3.8 V/cm.torr corresponding to ч drift velocity v . «• 3 cm/us 
delivering a maximum pulse length of 1.8 us. In order to guarantee an effective collection of all the electrons 

drifting to the anode a ratio of the anode-to-FG field to 
the cathode-to-FG field |F /E_|S 3.5...4.0 was chosen. 
The signal from the preamplifier was fed into two dif
ferent shaping amplifiers, ihe first one was a stan<Jqrd 
spectroscopic amplifier with 2 us shaping time for the 
energy determination. The second one was a special new 
developed BCS-amplifier+peak stretcher unit 111 with a 
short shaping time (adjustable in three steps: 47, 100, 
220 ns) wliich is comparable to the electron transit time 
through the anode-to-FG gap. This signal when viewed on 
an oscilloscope should be representative of the Bragg 
curve. Both signals were digitized and fed into a two-
dimensional analyzer with colour display. 

Fig. 1 
Bragg chamber cross section 
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TEST MEASUREMENT WITH A BRAGG IONIZATION CHAMBER AT THE ROSSENDORF TANDEM ACCELERATOR 

R. Kotte, H.-G. Ortlepp, H.-J. Keller and F. Stary 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

First experimental results are reported on the Bragg ionization chamber (BIC) presented in a former paper /1/. 

The alpha particle resolutions of the BIC obtained with a pressure of 150 torr n-pentane are given in table 1. 

After subtracting the contributions of the electronics 4E - IB keV and the straggling in the entrance window 

JE^ = 19 keV, determined with a high resolution surface barrier detector, the intrinsic BIC energy resolution 

for alpha particles amounts to 4Eglc = 22 keV (FWHM). The BIC properties for heavy ions were proved at the 

Rossendorf 3 HV tandem accelerator. The following ions were used for the measurement of the energy and Bragg 

peak resolutions as well as for the determination of the response functions of these parameters: 22.73 HeV 
52.6* 

"=» « , ^W.W гит» I.A , J t . f c ГЯ5» J * , JO.О ПС» J± , Ч 1 . Ч П В 1 J J , J t . J PTC¥ 

79 7t -7 197 
BrT These particles were elastically scattered from a 10 tig*cm* " 

-2 

12c4* 
Si , 31.5 MeV 

Au target evaporated on a 

10 u,g>cm carbon backing fixed on an aluminium target holder. The scatter products were observed at an lab. 

angle iTs 30° and a distance 1 = 70 cm between the target and the entrance window with a solid angle ASl- 1 msr. 

In order to produce a continuous energy distribution of the scattered particles in some cases a cellulose ab

sorber was set behind the target. In table 1 resolution parameters (FHHM) for different heavy ions are present

ed. The given energy value E is the energy of the particles deposited in the active gas volume of 60...150 torr 

n-pentane as measured with the BIC. For the estimation of the 61C energy response the elastic scatter peaks of 

the projectiles and a few recoil peaks of target, backing and target holder components are used. For the 

Table 1 

BIC resolution parameters 
(FWHM) 
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79 197 heaviest particles ( Br, Au) the energy response function is no more 
linear due to an increasing contribution of recombination effects in the gas. 
In first approximation the response of the Bragg peak which is a measure of 
the element number 1 is also a linear function. A typical two-dimensional plot 
of BP over E is given in fig, 1. The charge resolving power of the detector 
is obvious from the corresponding BP single spectrum (fig. 2). The BP resolu
tion may be improved by increasing the BCS amplifier shaping time constant X 

(table 1), but, the energy point at which the BP becomes independent of the 
energy will rise, too. We found a compromise of f= 100 ns corresponding to 
half the transit time of the electron through the Frisch grid-anode-gap. 
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Fig. 1 

Bragg peak vs. energy distribution of elast ical scat
tered 41.4 MeV 28Si ions and recoils from target 
(197Au), backing (1*C) and target holder (27AJ,Mg, 
"Na.1 60) 
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SHAPING AMPUF1E« FOR BRAGG CURVF SPECTROSCOPY 

H.-G. Ortlepp 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The introduction of the Bragg curve spectroscopy technique /1/ for heavy ion Z identification requires a shaping 

amplifier with a time constant comparable with the electron drift time between the grid and the anode of the 

Bragg ionization chamber. Usually this drift time is in the order of 0.1 to 1 microseconds. Most of the available 

spectroscopy amplifiers, have, however, shortest shaping tines of 0.25 or 0.5 microseconds. Therefore, a new 

shaping amplifier was developed meeting the requirements of Bragg curve spectroscopy. The amplifier together with 

a peak stretcher is housed in a 40 mm wide EGS module. The simplified circuit ciagram of the amplifier part is 

shown in fig. 1. The three operational amplifiers are built up from discrete coiyonents. The shaping is performed 

by one pole-zero compensated differentiation just at the input and four decoupled RC-integration networks be

tween the second and the third amplification stage. Time constants of 22; 47 and 105 ns are selectable by a switch, 

resulting in shaping times (with the commonly used normalization) of 47; 100 and 220 ns, respectively. 

Fig. 1 

Simplified circuit diagram of the Bragg curve spectroscopy amplifier 

The amplification factor defined as the step response amplitude divided by step height, may be adjusted in the 

second stage by the 4.7 к Л potentiometer from 50 to 150 (at 100 ns shaping time). Both the input and output 
polarities are positive. Baseline stabilization is performed by a feedback loop including а В 110 voltage com
parator (цА 710) and an RC low pass. Different from usual amplifiers the change of the differentiation time 
constant is performed by changing the resistance before the virtual ground of the first stage. In this way the 
step response amplitude becomes proportional to the inverse of the shaping time. The Bragg curve signal, however, 
remains nearly independent of the shaping time. Therefore, the amplification лае* not be changed when the shaping 
time is changed. The Bragg peak amplitude decreases only slightly with increasing aliaping time because the peak 
becomes broader and more flet. The shaping times were chosen shorter than usually utilized in ord» to extend 
the Bragg curve spectroscopy to lower heavy ion energies. 

R e f e r e n c e s 
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AH AXIAL IONIZATION CHAMBBR FOB FRAGMENT DETECTION 

L.H. Andronenkc V.V. Janofsky, A.A. Kotov, L.A. Vaishnene 

Leninsrad Nuclear Physics Institute, Catchina, U.S.S.R. 

U. Heubert 

Zentralinstitut für Kernforschung Hossendorf, Bereich KP 

Fig. 1 shows a cross section of the ionization chamber provided for Bragg curve spectros

copy of fragments emitted in proton-nucleus collisions. The distance between the cathode 

mesh and the anode is 140 mm. The anode made from polished copper-plated epoxy resin is 

screened by the Frisch grid at 20 ...in distance. In order to achieve an electrical field 

parallel to the inconing particles between the cathode and the anode, ten equidistant guard 

rings are mounted. The inner diameter of these field shaping rings increases like a cone to 

have regard to the different diameters of the meshes of the cathode (20 mm) and of the 

Frisch grid (ü0 nn). The guard rings are epaced and insulated by glass cylinders fixed on 

Ьгачя holder-;, A и i vi .1»r rhnin ячррЦ»я the voltages for these electrodes. In order to keep 
the pollution of the gas as lou as possible the case of the ionization chamber is made from 
steel covered by nickel. The particles to be detected entere the chamber through a thin foil 
of Fornvar supported by a nickel mesh wire of 97 % transparency. An additional electrode is 
placed at 2 mm distance in face of the cathode meeh. Both electrodes are made from a nickel 
nesh of G strips per nn and form an avalanche counter provided for timing measurements. 
The ionization chamber was operated with n-heptane and n-pentane purified using the follo
wing procedure. Both liquids were dcep-fro?.en by means of liquid nitrogen, then the rest 
Cases were pumped out fron the reservoir and pentane (or heptane) were distilled into the 
ionization chamber volume. Usually, this procedure wa3 repeated once more before the voltage 
to the electrodes 'was switched on. 

2S2 
l'irot teet experiments were carried out with a Cf source. The gas pressure was adjusted 
ouch that the maximum range of fiseion fragments corresponds to the effective length of the 
chamber. The anode pulses were fed into a charge sensitive preamplifier and processed by a 
CAilAC data acquisition systen. 
The pulse height distribution measured with heptane had a shape typical an energy spectrum 
of fragments slowed down by an absorber. This effect, which is due to the increased recom
bination probability of heptane, was also observed for n-butane /1/. Finally, purified pen
tane was found to be a suitable gas. The energy spectrum (fie- 2) gives a peak-to-valley 
ratio p/v = 2.b +, 0.4 which agrees with the result in ref. /1/ obtained with a constant 
gas flow of loobutane. 
R e f e r e n c e s 
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А ГА37 I/IuCRZuXiirtVQn lilVH LüU-LüYSL THRESHOLD 
Л.1. Iljin and U. üeubert 
Ser.tralinstitut für Kernforschung Rossendorf, Bereich KF 

j'ast oreanpiifiers connected to parallel plate avalanche counters (РРЛС) provide pulse 
heights which nay vary fro« several tens up to some hundred» of millivolts. In titling 
aeasurener.:s мi сii such detectors it is advantageously to use a fan - discrininator which 
allows to adjust a lou threshold. Here we present a simple fast discriminator on the basis 
of electronic components available at present tiue. Vhe circuit diagram is shown in fig. 1. 
-'v:o discriminators are assembled on a double-sided printed circuit board in СЛГ.ЛС :;tan'iard. 
Starting with physical events thi3 discriminator allows an adjusting the low-level thres
hold at about 30 mV. An Univibrator for the stretching of the output signal and a d;lay 
adjuytr.ier.t are provided for further improvements. Special applications require the corres
ponding option of the entrance part of the discriminator. 
Vining neasureaents (fig. 2) were nade «ith generator and detector pulses both fed through 
a fast preamplifier with a rise time of about 3 ns. For generator pulses an attenuator was 
used to чдг-j' the signal level at the discriminator input, "he transit tii.ie was measured 
with a VAC connected between the discriminator output and the pulse generator synchron out
put (left part of fig. 2). Ue achieved a walk of S 550 ps in the dynamical range fron 
hO -iV up to about 1 V. Vhe discrininator was also tested 
with a V0i' arrangenent of two PPi'.C'o. Vhe voltage of the 
start detector ыаз changed uhcTsas the voltage of the 3top 
detector was kept constant, "he points of the right part of 
fig. 1 refer to the peal: position of the light fragments of 
252 

Cf separated fron tho heavy o:\os Ъу a flight path of 
7 en. If the start ??AC! in operated at low voltage a full 
resolution nf both grouys is prevented and soue uncertain
ties are introduced. We repealed the nea3urccients with the 
fa3t diso •i-.iinator SD 503's nanufactured in зеПез a. thi; 
3fi;. It iü obviously, that this diocrlninator cannot oe 
applied to precis« tining r.ieanurei.iunt".. 
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PREAMPLIFIER FOR SILICON PARTICLE DETECTORS 

H.-6. Ortlepp and E. Schuster 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

For several yeara an increasing number of silicon particle detectors has been produced at the 

CINR nuclear and solid state ohyaics departeaent /1/. Devices with rather different geometri

cal and electrical parameters sre used e.g. for alpha-spectroscopy and in-oeam charged perticle 

detection including fast timing. 

Therefore, a preamplifier for broad range applications was developed (fig. 1). Since detector 

capacitiea of more than 1000 pF have to be expected a high transconductance FET was used. 

Selected devices of the power type KP 903 (U.S.S.R.) with g = 50...80 mS et Id = 20 mA yielded 

valuea of the noiae line width in the order of 4 keV • 10 eV/pF at 2 \is shsping time. In order 

Fig. 1 

Circuit diagram of the preamplifier 

to get a linear responae up to Ы 1000 HeV, necessary for heavy ion experiments, the sensi
tivity had to be kept low. On the other hand, at a too low sensitivity the input noise of the 
shaping amplifier influences the resolution. The chosen value of 8 mV/MeV seems to be a reason
able compromise. The 1000 MeV dynamic range ia reached only if the detector bias ia positive. 
With the help of the 100 к u Potentiometer the potential of the E-output is adjusted to zero. 
The timing signal la coupled from the high impedance point of the charge sensitive loop vis 
• 10 pF capacitor to a current to voltage converter. The risetime of the timing output (T) 
•ignal amount* to 0.B na if a pulae of 0.2 na risetime is fed into the test input. 
The preamplifier waa used in a time of flight-energy spectrometer for low mess charged partic
le*. A email parallel plate avalanche counter (PPAC) with about 150 ps (FWHM) time resolution 
for alpha particles acted as atsrt detector. The PPAC timing system is described in ref. Ill'. 
For Si detectora of 13; 50j B00 and 1250 mm active area time resolutions of the whole spectro
meter of 200( 260; 450 end 700 ps (FWHM). respectively, were achieved. 

R e f e r e n c e a 
/1/ Borany, J. von et »К, thia annual report, p. 56 
/2/ Ortlapp, H.-C, thie annual report, p. 95 
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MAJORITY COUCIDEKB OTIT 

S. « I l l 
Zentralinstitut fur Kernforschung Rossendorf, Baralch KF 
aultldetector оо1пс1о»гэе arrangements ara frequently usad In nnelaar resarch. In such ex
periment* coincldane« events «ill only ba recorded, if a daslrad number of dataotors or a 
distinguished combination of dataotors (pattern) have fir «A. For tha interpretation of a 
oolnoldenoe event tha number of detectors or tha dataotor pattern have to ba recorded. In 
order to process a high data rata spaelal coincidence nodules are usad for this ale. There
fore, a Majority oolnoldenoe with the following properties «es constructed: 
- The number of detectors (en jorlty) and/or tha deteotors «hlch have to see an event (Bes
ter) oan be specified. 

- The coincidence tlae can be chosen between 30 ns and 20/is. 
- A separate strobe Input Is possible for realising a fast-slow coincidence. The strobe 
tlae cen be so Justed between 0.9 and 5/US. 

- The coincidence allows 12 coincidence input signals. 
- A separate coincidence Input oan be used that Is not Included In the majority logic. 
- Each Input signal any be either In the TTL or in the NIM standard. 
- The number of input signals and tha input pattern Is avalable In the SI 1.2 standard. 
In figure 1 the scheme of an experiment Д 7 is shown with one Ge(Li) detector (master) and 
two Hal deteotors. The leading edges of the shaped pulses start the time and selection 
logic. An SCL logic adds the input signals and gives the result to the output and the mul
tiplexer, which compares the sua with the demanded number of deteotors (fold). In case of 
agreement anj if also the signals of both the master logic (In this case only from the 
Ge(Ll) detector) and the ADC cone within the strobe time (3,us) an output signal is gener
ated, that starts the conversion In the ADC end elves a LAU to the computer. The computer 
reads the data from the ADC and from the coincidence unit with the help of a multiplexer 
£i]• After the data transfer a general reset of the nodule is carried out. 
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Figure 1: Scheme of an experiment with one Ge(Ll) and two Mai deteotors. 
References 
/ V «latex, G., Sohulse, *. and wi l l , z.; this report p. юг 
/ V Vl l l , I.; Annual report ZfK 443 (1981) p. 209 
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E L E C T R O N I C D E V E L O P M E N T S OF THE K F M G R O U P 
H. Angeraann, И.О. Froaa and F. Schwarzenberg 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Magnetic Tape Cassette Controller »56-20 

On the base of the single board computer UPC 880 an intelligent interface unit for the Robo

tron К 5200 aagnctic tape cassette drive was developed /1/. The controller provides the coa-
aonly used SIF 1000 Interface. The first batch was aanufactured using wire-мтар technology to 
build the specific part оГ the interface-logic (IL). Later on this part was optiaized and pro
duced as a saall printed circuit (PC) board adapted to the single board coaputer (SBC). Nith 
the version 9958-20 both parts (SBC • I D are coabined on a 170 • 205 aa* PC board in order 
to facilitate production. A description of the aagnetic tape cassette interface is published 
in ref. /2/. 
Saall TV-Monitor 
For the coapact aultichannel analyzer (MCA) a saall display aonitor had to be developed as a 
built-in unit. High resolution alphanuaeric and graphic output is desirable. Display drivers 
supporting an addressable field of 256 * 512 pixels are available (VIS2A, GOO 5216) and gene
rate signals according to the TV standard. Therefore, the TV-tube M17-111 (Tungsram, Hungary) 
with a screen diagonale of 155 aa has been used. The deflection electronic is realized on two 
PC boards with the diaensions of 95 * 150 an' each. The power consuaption is 10 N. The cir
cuits were optinized for good linearity (<IS) which is essential for graphic output. Tn» 
unit is constructed as EGS-aodule of 160 aa width. 
Saall Functional Keyboard 9902 
For the control of the coapact MCA a keyboard with full alphanumeric capability is not the 
optiaal choice. In addition to such drawbacks as large diaensions and weight the user may 
prefer a device-like communication with the instrument using dedicated buttons to invoke 
certain pre-programmed functions. A small keyboard constructed from conductive rubber with 32 
keys arranged in 8 rows and 4 columns was developed. As interface a PIP "as used. The scan of 
the keyboard is performed by software. The codes of the keys are taken from a table which can 
be easily changed. Four LEO's of different color in the top row are used als visual feedback. 
The geometrical dimensions of the keyboard are 6u * 1*0 mm1. A flat ribbon cable is used as 
connection to the interface module. 
PROH-Programmer 9900 
For the microcomputer development system MPS 4944 a PROM-programming module was developed for 
EPROH's of the types 2708, 2716 and 2732. The PC board 9900 (95 • 170 na')/3/ generates the 
programming voltage of 26 V. The data-, address- and control-signals are provided by two Р1П 
and transistor switches. The programming regimes are implemented by softnire. The programmer 
was adapted to the MPS bus and mounted in a standard MPS board frame. A 24 pin ZIF socket is 
connected with a flat ribbon cable to the front panel. The monitor program of the MPS system 
was supplemented with commands for reading and programming the F.PR0M. A test for programma-
bility before and correctness after the programming is performed automatically. 
Hardware Multiplication Unit 4058 
The 16 bit minicomputer KR5 4201 has no instructions for multiplication and division. In pro
cess automation as the main field of application these instructions are of minor importance. 
In scientific canculations however the emulation of these instructions represents a substan
tial part of the total running time. Therefore, a hardware mti? tipl ication unit for the KRS 
•201 was developed /4/. The unit consists of 2 PC boards and attaches to the programmed channel 
of the computer. The multiplication of two 16 bit operands is carried out in 5 us. A software 
package containing subroutines for floating-point multiplication and division (by successive 
multiplication) was implemented. The calculational speed improves by a factor of about ten. 
R e f e r e n c e s 
/1/ F. Schwarzenberg and И.О. Fromm; Gemeinsamer Jahresbericht 1993, ZfK-530(84)p.l29 
111 F. Schwarzenberg antf И.О. Fromm; radio, fernsehen, elektrnnik, 35(B6)Nr.4 
/3/ F. Gabriel et al.; Neuerervereinbarung NVe 19/B3, ZfK Rossendorf, 1983 
/4/ 3. Zschau et al.; Neuerervereinbarung NVe 29/80, ZfK Rossendorf, 1980 
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HARD- AND SOPTVARB SOFFLBUBVTS FOR THB СОНРОТП Z 9001 
P. Schwarsenberg 
Zentral Institut fuer Kernf orsehung, Ross.ii.iorf, Bereich LT 

The standard version of the ROBOTRON hoaecoaputer Z 9001 eoaes with 16K Dynamic RAN, %K ROR 
for the operating system and 11 Static RAH for the video refresh memory. A 4-»lot external 
U880-proeessor bus Is implemented for memory expansions. ROBOTRON offers for memory expan
sions a 16K-DRAH and a 10K-P0M plug-in module. Standard software tools are a 101-Basic-
Interpreter and a 10K-Editor /Assembler. 
Here soae hard- and software tools for the Z 9001 are presented which has been developed to 
provide a wider range of applications in scientific Institutes. 
1. Software solutions 
- Konitor/Debugger ZH-9001 
This program supports powerfully the implementation of aachinecode programs. For this aim 
25 commands can be used. Among them are commands for starting user programs with two 
breakpoints, for displaying and changing memory contents and processor registers, for 
moving, verifying or testing memory areas, r-~ searching binary strings and for working 
with I/0-ports. Roreover, the program delivers a lot of l/0-routlnes to handle data trans
fer with peripheral devices. For this purpose the user-port (one PlO-port and one CTC-
channel) has been taken to connect peripheral devices with the standard interface SIP-
1000. Furthermore, an output-routine exists to apply a RS232-output-device like the ther
mal printer TD 40 for program listings or graphic applications. 
With the 'Assign'-command the user can assign the logical implemented devices CONSOLS, 
READ, PUNCH and LIS? to different 1/0-routines (physical I/O-devices). 
Another powerful feature of the ZH-9001 is its ability to switch the coaputer into a CP/N-
compatible mode. A lot of well-known CP/K-procraas (e.g.ZSID, KBASIC) can be used in this 
mode. 

- Screen Editor BITBX-Z9001 
The CP/R-version of the screen editor BITBX-88/Э developed in the ZfK Rossendorf for the 
microprocessor system ИРС 4?44 has been adapt ?d to the Z 9001. If no printer is available 
in the system configuration, the off-line output of the text files Is carried out by data 
transfer to the magnetic c<-.33ette tape. 

- ?. 3001 ' ape Protocol Interface 
On the UPS 4944-ba.sed СР/й-system a program was implemented that allows the Input/Output 
of Z 9001-magnetic tapes. Thus an off-line communication between the СР/И-system and the 
Z 9001-systems is possible. 

2. Hardware solutions 
- 10K-R0!I-Rodule with bank switching 
To realize BASIC- and word processing applications without changing plug-in modules the 
standard ROM-Module was aodified. This module occupies the address range C000H-S7PFH. The 
main feature of this module is the use of the bank switching principle. Thus, two or more 
of this modules may be plugged into the system at the sane time. The actual module is 
selected by software. The above mentioned ZH-9001 also includes the switching technique 
for such modules. The system developed in the ZfK works with two of such aodified modules 
and permits to operate 20K-R0H and 48K-RAH simultaneously. 

- Communication module 
To provide the communication with other computers or peripheral devices, a module for 
serial communication has been developed. The module contains a SI0- and a CTC-device and 
Includes one RS242- and one current-loop-channel. On the base of this module a system for 
word processing was Installed using the following components: 
- one ROM-Module with ZM-9001 and BITBX 
- two RAM-Modules (»»> 48К-ПАМ configuration) 
- typewriter S 6010 with ГЯ-232-interfaee 
The text input and output proceeds directly from/to the S 6010 using BITBX-Z9001. 

http://Ross.ii.iorf
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SOFT- AND HAfiDCOPV FOR H M C W U T E R S 

H.-J. Müller, F. Schwerzenfaerg and И.О. From 
Zantralinstitut für Kernforschung, Rossenderf, Bareich KF 
Homacoaputers has been proved to be a useful tool for the effective solution of saall and interaediate nuaerical 

problems in theoretical and experimental physics. To enlarge its field of application a COMMOOKC M com

puter (C-M) мае connected to other coaputers and peripheral devices. Thus it has become possible to receive 
and to send program- or textfiles and *> make hardcopies of computer generated high-resolution graphics 
using dot matrix graphic printers (DMGt-.. 
The C-M provides an implemented software for using a RS 232-channel to communicate with other coaputers 
and peripheral devices. Thus it is possible to control such options as baud rate and parity as well as die 
number of start and stop bits with BASIC or machine language kernel routines, but no physical RS 232-channel 
exists in the standard configuration of the C-M. Therefore it is necessary to convert the TTL-level of the 
C-M I/O-signals either to the standard level of RS 232 (•/- 3...25 V) or to a 20 eA-c.irrent loop. Because 
of the inexpensive hardware realization (two optocouplers; two transistors) and the compute galvanic sepa
ration of the coupled devices the current loop was preferred. The C-M was connected with a M*S *9M-besed 
CP/H-developmtnt system. The communication software of the CP/M-systaa permits the received C-M data to be 
transaitted to the console, to the print device (line- or type-wheel printer) or to a digital cassette drive /1/. 
At present time the C-M hardcopy data will be sent to the QHGP (SO US«) off-line by using the magnetic tape 
cassette drive /2/. It is planned to install a one board microcomputer /3/ inside the D G P to realize an 
on-line contact with the C-M. 
The hardcopy of high-resolution graphics (320 by 200 dots) takes some care because the bytes of the screen 
memory of the C-M are arranged horizontally, while the bytes selecting the needles of the DHGP are organized 
vertically. A further complication arises from the demand of enlarging the x- and y- axis of the graphics twice 
to minimize the printing inaccuracies of the DMGP with respect to the graphic size. Оле short machine language 
program for the C-M serves as a byte-generator of the bit-mapping memory acting horizontally, while an addi
tional machine language program working in the receiving system transforms the by*es vertically and doubles 
the size of the graphics. This way has been shown to provide the most effective data transfer of the different 
versions proved. The transmission of one high-resolution graphics lasts about 40 sec. at a baud rate of 2400. 
The printing time is limited by the velocity of the OK» only. On the other hand, the data transfer by magnetic 
cassette tape serves as an easy way to safe these graphics for later access. 

Hardcopy of a high-resolution graphics generated by the C-M 

/1/ Schwerzenberg, F. and From И.О.; radio, fernsehen, elektronik 39 (1986) Heft 4 
/2/ From, U., From), И.О., Heinig, K.-H. and Otto, G.; this report p. 137 
/3/ Schwerzenberg, F. and Fromm, И.О.; Proceedings of the XI. International Symposium on Nuclear Electronic«, 

Bratislava 1983, 013-M-53, p.20», Oubna 1984 
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те мта-UK- AH» рпяш-шв i i m u i GDP-ПТ 

Xaatrallaetltwt fir loraforecheng. naeaendarf. B m l c b G 

of a Luapal r nttwrt aar bo eonalaered a* a att of cooperating dletrlbated proseeeea 
organised aa a hierarchical atraetara of layera. Thar aro characterised by th« a a m c a a of farad to 
the aatltlaa located in the next upper layer. 
la the software parrage lapleeamted in the dlatnbated proeeaa-eontrol ayatea at tandaa and cyclotron 
accelerator [1] the Application layer la the highest one. It la offering the eervice for uoer taaka. 
The loaaat level conalta of the Data link layer and Phyalcal layer (Pis. 1). For each layer aaln data 
aalta are the Interface-Data-Onlta П И and the Protocol-Date-Onlte PDP. 

S e n d e r 
froa/to application layer 

(via network layer) 

D-IDO i_l 
l e e e l v e r 

to/fron Appllcatisn Layer 
(via PJr.work layer) 

DLL-Service 

Data Link Layer 

P-IOD 

m ВЦ-Ргд*,осо1 

0-PDO 

J t 
Data Link Layer 

PL-Srrvlee 

Phyaleal Layer 
СШ 

PL-Protocol 
Phyelcal Layer 

Pi«. 1 Corraapondence between layera, eervlcea and protooola 

l a oar net we пае a CJUUC ayatea for Data tranafer. Therefore, the logical paraaatara of the CAHAC aatdlua 
acceaa anlt (Link-Modal 1*71) determine» the Protocol Data Unite of the Phyalcal Layer P-PDD. 
The P-PDO (Pia. 2) la a act of LAM (look at ne) signals and a transparent lnforaatlon. 

S e n d e r 
16 bit dataword 

R e c e i v e r 
16 bit dataware 

LAID (PLAO) LAR9 (Handahake) 
(Handahake) 

LAID (PUG) LAR1 
(Irror) 

J t 
Phyaleal tranafer aedlaa (twisted two pair line») 

Pia. 2 Protocol Data Onits of the Phyaleal Layer (P-PDO) 

The taaka of Data Link Layer rea l lna the logical control, fraat aaeenbllng and aedlvaa aanagenent. The 
Interfaee-Data-Onlta of the Data Link Layer (D-IWJ) are: МСИП (receiver neater), CTRL (for reaponee 
handling) and NPPn (naer date»). The reeult of fnaw aaaeabllng la the Data Link Layer-PDO (D-FDO). 
Thar« are two type« of the D-PDV. 

r_--r Control f: [FLAP I ИСАИ CTRL CaTRLf-CaTRL 7 PCS | PLAC~j 

- Inf one. fraaa: fpLAO | ПЖ 1 CTRL | РАТЛВТТЮ (2-^092) | PCS | PLatt"] 

PCS: Pram cheeking aequenx, CRTRL#-CNTRL 7: Protocol Control Dnlt (PCD). 

CO »lekaann, S. and Pall«, i . jnor & (1962)621 
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A var iant for On-Line Rapid Extract ion I n Nucleer-Cheelcal Experimente with Crown Ethers 

E. 3. Langrock 
Technische Hochschule Leipzig, SM* 2 
К. Eichhorn 
Zentralinstitut für Kernforschung Rossendorf, Barsich G 
K. Glos und P. Mühl 
Z e n t r a l i n s t i t u t für Festkörperphysik und Werkstofforschung Orssdsn 

For e nueber of nucleer-cheaicel invest igat ions, en on- l ine rapid ext ract ion systee ought 

to be appl ied . In l i t e r a t u r e , systseia have been described, in p a r t i c u l a r , where the r e c o i l 

nuclei froa a s o l i d thin target are transported swey by aeans of a He-Jet and conveyed in to 

a solut ion / 1 - 4 / . 

Skerneaark et e l . have described a systee where 

HCl/M- csrr ias out the transport in to the so

lu t ion / 5 / . 

The var iant of i r r a d i a t i n g a so lu t ion , where a 

( n , f ) - r e a c t i o n taking p lace , applied by Arena-

son et a l . in 1973 was no longer presented in 

the l i t e r a t u r e published l a t e r on. 

In the preaent caae, i t w>a interned to teat 

the chemical fundamentals of the extract ion 

under dynaeic conditions described in / 7 / . 

For th is purpose, the react ion n "Hg •«£ 

itas choaen and an aqueous target »o lu t ion , 

i r r a d i a t e d with He-nuclei of an energy of 

26 (-leV in the Cyclotron U-120 i n Rossendorf. 

For i r r a d i a t i n g the aqueous target so lu t ion , 

a flow chamber was developed. The ion besa 

(vacuus) entered the i r r a d i a t i o n cheeber 

(noraal pressure) through th in f o i l window 

(6 /urn T i ) . A scheaatlc sketch of the ex

perimental setup i s shown i n F i g . l . in 

order to separate the phases, s c e n t r i f u 

gal extractor was ussd. A HgCl^-tolutlon 

Tab. 1 

n u c l i d e 

Pb-197M 

Pto-199 

Pb-202M 

PD-204H 

energy 

2 3 9 . 5 kev 
6 0 8 . 5 keV 

3 5 3 . 4 keV 
3 6 6 . 9 keV 

4 2 2 . 1 keV 
9 6 0 . 7 keV 

3 7 4 . 7 keV 
8 9 8 . 9 keV 
9 1 1 . 4 kev 

T l / 2 
42 e i n 

1 . 5 h 

3 . 6 2 h 

1 . 1 5 h 

F i g . 

1-beae 
senplee 

2 - i r r . cheeber; 3-valve for 
; 4 - ro taaeter ; 5 -centr i fuga l 

e x t r a c t o r ; 6-mixer; 7-storage at a pH-value of 4 . 6 , was used aa aqueous 

phase and a solut ion of 18-crown-6 in 

benzene, aa organic phase. The concentra

t ions corresponded to the conditions described in / 7 / . Already few seconds a f te r the be

ginning of the experiment, a l iquote were taken out of both phaaes and evaluated by f -spec

troscopy. The Pb-iaotopes found are shown in Tab. 1 . 

The d is t r ibu t ion coe f f i c ien t of 24 found for Pb, for the ex t rac t ion in to the organic phase, 

did not change durirg the experiment, which four hours. Thus crown ethers may be considered 

sui table for the rapid e x t r a c t i o n . The flow chamber for i r r a d i a t i n g l i q u i d targets has pro

ved serv iceable . Applying th is -tethod, f i r s t steps have been rea l i zed to extend the possibi 

l i t i e s of nuclear-chemical methods for on- l ine invest iget ions in the l i q u i d phase. 

L i te ra ture 

/ 1 / Baker, 0 . 0 . at a l . , 0. anorg. nuc l . Cham. 42 (1980) 1547 
/ 2 / Skarnewark, С et a l . , Nuc l . Inetrum. a. MeTh. 171 (1980) 323 
/ 3 / eaker, 3 . 0 . , e t e l . , Radiochlslca Acta 28 ( 1 9 8 1 Т П 
/A/ uroden, K. et a l . , 0 . i n o r g . nuc l . Cnem. 43 (1981) 7b5 
/ 5 / Jkarnemark, *». at a l . , Kadiochlmica «cte T5 (4985) 97 
/Ту "roneson, P.O., et a l . , J . inorg . n u c l . <-he«i. 3'J (1974) 2307 
/ / ' / Lsnr,rock, t . - 0 . , et a l , , Radiochimlce A r t a 3£ "T982) 229 
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OPTIMIZATION OF THE ASSOCIATED PARTICLE (AP) DETECTION SYSTEM USED FOR TCAPM FISSION 

CROSS-SECTION MEASUREMENTS IN THE 4.5 AND 8.5 MeV NEUTRON ENERGY RANGE 

C.-M. Herbaeh. G. Muslol. G. Pause1» 

Technische Universität Dresden. Sektion Physik, WS Angewandte Kernphysik 

?-. A. Ganze 

Khlopln Rarflua Institute Leningrad 

The AP detection systea, used in our TCAPM fission cross-section aeasurenents at ~ 4.5 and 

<v 8.5 MeV neutron energies /1,%/. «ras optimize«'.. Mean AP counting rates of 3600...3700/s 

(NAp ш 4800/s) at a solid angle A O » " !•* asr for AP detection and corresponding 
background corrections of (1.5...2.5)% * (0.3...0.4)% were reached /1/ 
- by changing the reaction kineaatics at En -v 4.5 MaV to get higher AP energies /1/. 
- by utilizing Д Е detectors with optiaua thickness, diaaeter and hoaogeneity, and 
- by applying a two-paraaeter unit with colour display /3/ to optialze the eight electro

nic thresholds and the coefficients for particle identification £2J. 

Fig. 1 shows а ДП-S representation in the AP channel at E « 4.8 MeV; in fig. 2 scatte
red deuterons are suppressed by an optiaua ДЕ tiaing threshold /2/. Fig. 3 shows the 
selected E window (E_ » д Е • E_) which includes the He-AP-peak. Because of the over-

9 9 r J 4 
lapping total energy, в coaplete separation of He froa the He background is only possib
le by selecting an A window (A » а ДЕ • b E ) (fig. 4). 
At E ж 8.65 MeV, four e.1 one groups have to be suppressed (fig. 5). 

rf"F;j<rj«;CS 
/1/ C M , Herbach et el., report 05-06-85, TU Dresden, 1985 
/2/ C M . Herbach et el., report 05-07-85, TU Dresden, 1985 
/ V W.O. Froaa, M. Kahlenbach, ZfK-530 (1984), p. 131 
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ANALYSIS OF ASSOCIATED PARTICLE SPECTRA IN TCAPM FISSION CROSS-SECTION MEASUREMENTS 

AT "19 MeV NEUTRON ENERGY 

C.-M. Heroach, K. Merla, G. Mualol, G. Pauach 

Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

L.V. Drapchineky 

Khlopin Radius Institute Leningrad 

In our TCAPM fission cross-section measurements at E <v 19 MeV, eel fsuppor ting Ti-T targets 
9 2 

(2...3 «g/cai ) covered by thin AI layere (~0.2 mg/cm ) are used for neutron production. 

Unfortunately, (d.ot) reactions occur at the Tl, the Al layer, and at the oxygen which is 

bound at the tergat surface end in the whole target voluae /1,2/. '.'he energy spectra of 

such alphas and "true" accoclated particles (AP) overlap, and a background correction 

becoaes necessary. In general, various Ti-T and Tl target foils are available during the 

cross-section aeasureasnt, but no pair of foils with identical Al layers and oxygen depth 

profiles. Therefore, the background correction must be baaed on a separate analysis of all 

background components, considering the true target composition (flg.): 

1) An "Al" spectrum (A) is obtained fron a pair of 

Ti foils of coaparable thicknesses with and 

without Al layer, considering a spectra norma

lization relative to the number of registered 

scattered deuterons. 

2) A "Ti" spectrum (T) is obtainea «ron e Ti foil 

without Al layer and of a thickness comparable 

to that of the used Tl-T target. 

3) The "Al" and "Ti" spectra ere normalized to the 

"effect" spectrum (C) of the Ti-T target. The 

normalization factors a, b are derived from the 

Al normalization range, where no oxygen compo

nent Is present and the Al component consists of 

separated peaks. By calculating the difference 

(D) • (E) - a>(A) - b«(T), a spectrum is genera

ted which consists only of the AP peak and a resi

dual oxygen component caused by the difference of 

the oxygen profiles. 
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Background components •• 
Ti l o » 
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0 W.cCl 

- - ' NTi targtt 

16 4) Considering the level scheme of 0 and the 
reaction kinematics, the conclusion was derived 
that the 0(d,oi) component consists of two 

separated peaks. Because of the energy loss of alphas within the target, the peaks are 
broadened and the shapes correspond to the oxygen profiles. Using the peak distance and 
peak ratio determined from measured spectra (Ti foil; high oxygen component), the resi
dual oxygen component within the AP peak is calculated from the oxygen component in (D) 
outside the AP peak. By calculating this "residual oxygen" spectrum (0), the energy 
threshold for alpha detection (caused by Д П detector thickness) is taken into account. 

5) The complete background spectrum (B) » a(A) • b(T) + (0) is used to calculate the back
ground portion within the AP window. 

This procedure was implemented at an SM-4 computer. 
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EXPERIMENTAL DETERMINATION OF THE 3 H e ( d . p ) * H e BACKGROUND PORTION IN TCAPM-MEASUREMENTS 

OF ABOUT 19 MeV NEUTRON ENERGY 

C . - M . H e r b a c h , K. M e r l a . G . M u s l o l . G. Pausch 

Technische U n i v e r s i t ä t Dresden , S e k t i o n P h y s i k . WB Angewandte Kernphysik 

L . V . O r a p c h l n s k y , E .A . Ganza 

K h l u p l n Radium I n s t i t u t e L e n i n g r a d 

The p r o d u c t i o n o f 1 8 . 8 MeV n e u t r o n s i n a b s o l u t e f i s s i o n c r o s s - s e c t i o n measurements by us ing 

t h e T i n e - C o r r e l a t e d A s s o c i a t e d P a r t i c l e Method (TCAPM) was per formed based on t h e 

T ( d . n ) > l e - r e a c t i o n by 6 MeV deu te rons / i . 2 / . 
3 4 

Because of t h e T - d e c a y , t h e H e ( d . p ) H e - r e a c t i o n c a n g e n e r a t e background o t - e v e n t s wh ich 

a r e r e g i s t e r e d by t h e a s s o c i a t e d p a r t i c l e (AP) d e t e c t o r . For deu te ron e n e r g i e s > 0 . 5 MeV the 

r e a c t i o n c r o s s - s e c t i o n i s i n t h e o r d e r of t h e T ( d , n ) He c r o s s - s e c t i o n fij, and background 

p o r t i o n s o f -1 % seen t o be p o s s i b l e a l s o f o r new T i - T - t a r g e t s (age - 30 d a y s ) . The r e a c t i o n 
3 4 

k i n e a a t i c s a r e n e a r l y the s a n e , t h e r e f o r e t h e H e ( d . p ) He backe, ound events can not be d i s 

c r i m i n a t e d f r o n t h e A P ' s by means o f p u l s e h e i g h t a n a l y s i s . 

By p e r f o r m i n g the background c o r r e c t i o n o n l y based on Measured s p e c t r a a t n o n - t r i t i a t e d 

f o i l s / 5 , 4 / , c e r t a i n l y , t h i s p o r t i o n i s not t aken i n t o account and would l e a d t o a sys tema

t i c e r r o r of the n e u t r o n f l u x measurement. I n o r d e r to c o n s i d e r t h i s a d d i t i o n a l background 

e x a c t l y , the c o r r e l a t e d pro tons (P) were counted by a AE-E R -semiconductor t e l e s c o p e which 

was p laced i n s i d e t h e vakuun chamber ( F i g . 1 ) . An a b s o r b e r f o i l was used to screen t h e d e 

t e c t o r s from t h e s c a t t e r e d d e u t e r o n s . The a p p l i c a t i o n o f t h e t e l e s c o p e - t e c h n i q u e was f a 

v o u r a b l e I n o r d e r t o d i s c r i m i n a t e t h e d e t e c t o r p u l s e s caused by j f - r a y . 

In c o n t r a r y t o the f i g u r e , by employing a s m a l l e r AP d e t e c t o r diaphragm (0> 3 mm) i t was 

g u a r a n t e e d , t h a t t h e c o r r e l a t e d P-cone was f u l l y p l a c e d w i t h i n t h e s o l i d a n g l e o f t h e 

P - d e t e c t o r (d iaphragm 0 9 mm). The H e ( d , p ) 4 H e background p o r t i o n was d e t e r m i n e d by c o u n t i n g 

the c o i n c i d e n c e s between AP- and P - e v e n t s i n r e l a t i o n t o the number of t h e r e g i s t e r e d A P ' s . 

A l l e l e c t r o n i c l e v e l s were s e t as i n t h e c r o s s - s e c t i o n measurement. To check up a l l c o n 

d i t i o n s and t o i d e n t i f y the P ' s , s i n g l e and t w o - d i m e n s i o n a l p u l s e h e i g h t s p e c t r a of t h e 

P - d e t e c t o r s were r e g i s t e r e d . 

The measurements a t t h r e e d i f f e r e n t T i - T -

t a r g e t s ~30 days a f t e r t h e i r p r e p a r a t i o n 

r e s u l t e d in v a l u e s o f ( 0 . 2 5 * 0 . 1 0 ) % f o r the 

P / A P - r a t l o . Th is c o n f i r m e e the measurement 

which was performed a f t e r t h e c r o s s - s e c t i o n 

measurements / 5 , 6 / b y us ing a comparable 

system w i t h the r e s u l t o f ( 0 . 3 5 + 0 . 3 0 ) % / 2 . 7 7 . 

The d i f f e r e n c e t o t h e t h e o r e t i c a l e s t i m a t i o n 

should be caused by the escape o f He-gas 

out of t h e f o i l . 

* c w MTICTO» 

; ZfK-559(1985) ,p.21 
; report 05-07-85 , 

Phys.Rev. 88 (1952) , 

: th is report p. 110 
ZfK-559(1985) ,p . l9 
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CONE BROADENING IN TCAPM FISSION CROSS-SECTION MEASUREMENTS 

C.-M. Herbach, 3. Musiol, G. Pausen 

Technische Universität Dresden. Sektion Physik. WB Angewandte Kernphysik 

The only possible source of undetected systе..tic errors in fission cross-section measure
ments by means of the time-correlated associated particle method (TCAPM) which does not 
appear in other techniques of neutron flux determination, is a broadening of the correlated 
neutron cone due to scattering effects. The effect of neutron scattering is considered in 
the neutron scattering correction, whereas the scattering of incident osuterons or associa
ted particles (AP) c.„ produce error, if it lead» to a con.id.r.bl. part of correlated neu
trons which do not hit the fission foil,. Therefore, much care was taken to en exact expe
rimental determination of the neutron cone profile /1-y. 
In various cone profile meesurements carried out during TCAPM fi„i0n cross-section measu
rements /S-4/ and using a scintillation detector placed outside the reaction ch.mb.r a 
"tall" was observed at a level of about К Г 3 of the cone maximum. Theoretical estimates end 
an additional cone profile measurement with a scatter which simulates a thicker vacuum 
chamber wall / V suggested that this is an effect of neutron scattering at the fission 
chamber material and the vacuum chamber wall. This suggestion was proved by a direct „easu-
rement. making use of the nearly identical kinematics of the T(d.n)4He and the 3He(d о)4не 
reactions: Because of the tritium decay, the Ti-T targets used for neutron production in 
our 18.8 MeV measurement ,ontain noticble amounts of 3He. and 4He particles from 3He'd p) 
contribute to the total AP counting rate Л / . ay measuring the profile of the correspond 
ding cone of correlated proton,, the influence of deuteron and AP scattering within the 
target foil on the cone shape i, taken into consideration, and the result of such a measu
rement can be used to estimate the systematic error due to this effect. In principle also 
• measurement of the neutron cone profile inside the reaction chamber should allow to discri-
alnate neutrons scattered at the chamber wall because of the additional flight path and the 
enlarged time-of-flight; but in this case, the high gamma background limits the sensitivity 
cf the cone profile monitor. 

A proton cone measurement was performed using the proton telescope described in /5/. The 
measured profile (fig.) shows that the "tail" observed in a corresponding neutron cone 
measurement Is caused only by neutron scattering, and the shape of the initial neutron 
con, out.lde the fission samples down to Ю " 6 of the maximum value can be described by an 
exponent. Thl. fact was used to estimate upper limits of the error £ . caused by cone 
broadening in TCAPM fission cross-section meesurements. A calculation for the geometry of 

the и measurement at 4.45 MeV, based on cone 
profiles determined experimentally, resulted in 
Ecb < 0' 1 %C*>7-
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CONSIDERATION OF THE 12C(n.n')3« -REACTION AS A BACKSROUNO SOURCE WITHIN A METHAN FILLED 

FISSION CHAMBER FOR NEUTRONS OF ~ 1 9 MeV 

C.-M. Herbach, K. Herla. 6. Musiol. 6. Pausch 

Techniache Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

In order to detect the neutron Induced fissions In cross-section aeasureaents usually »n 

ionization fission chancer (FC) is employed. Because of its high electron drift velocity 

(ivlO ne/ma>), the application of aethan as the chaaber filling gas is advantageously to 

gat vary short currant pulses and therefore to ainialze the pile-up probability of oi-pul

ses froa the natural acivity of the fission foils. 

But in absolute cross-section aeasureaents, the 12C (n,n')3ot -reaction within the aethan 

gas must be taken into account as a background source. For 18.8 MeV neutrons this reaction 

(<T*370 ab /l/ , Q« -7.27 MeV) generates events with a rata in the order of the induced 

и 
trajff^y I HeV 

KW-OATtO SFltTBUM НИМ 
2 M - U FISSION СИАНЖЯ 
IN А Ч » HtV ШИТВОМ FULO 

(SHOWN IN ГНС LOW ЕИЕИвТ RANSE I 
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~VC intr\'i-rtocton 
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Fig. 1 Comparision of spectra with and 
without fission foils within the FC 

РЫМ 4>ght 
XffrO 

fTTCJOfll Л-ГМГК. 
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f iss ion r a t a . For special t r a j e c t o r i e s of the 
three oc -par t i c les , energy losses up to««11 
MeV can be rea l ized w i th in the FC To iden t i fy 
the react ion, an experimental test was per for -
ned by using a aethan chaaber without f las ion 
f o i l s . When the chaaber was put in to the neu
tron f l u x , pulses could ba observed above the 
electronic noise ( F i g . 1 ) . The cor re la t ion of 
these pulses with neutrons was proved by a 
t l m e - o f - f l i g h t measurement. 
In our TCAPfl cross-section aeasureaents a t 
18.8 MeV on U-235 /i/ , P u - 2 3 9 / 3 / a n d U-238 
/ V i t was not possible to d i s c r i a i n e t e the 
12 
C(n,n')30t-background events by aeans of the 

CFT-threshold, because it would lead to coun
ting losses within the plateau region of the 
FC spectrum and therefore to a higher uncer

tainty of the threshold correction to zero. To consi
der the neutron correlated background in the FC 
channel, the following procedure waa appliested 
(Fig. 2): A lower limit К was introduced which 
characterizes the lower end of the linear plateau 
region. The number of correlated events (N -N^ ) below k_ was determined as the difference of the to-o 
tal number of events below к (N .) and the number of 

о u' 
random ot-AP coincidences (NÄ ) which was calculated 

from the direct FC spectrum and the CFT efficiency 

curve (Fig. 2). The correlated events were eubtracted 

from the number of coincident fissions N?. Fission 

fragment pulses below к were determined by a linear extrapolation of the plataau region from к <Nex>' 

F i g . 2 ; Scheme of correct ion of the 
corre la ted background and the three 

Though the ra t io (N - N e ) / N j can reach values up to 
~ 6 % the addi t ional uncertainty of the correct ion 
is very small and Is only caused by the error of N Ä 

calculat ion, i f a l l coincident f iss ions were col lected 

in the spoctrum during the whole measuring t ime. 
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A CORRELATION BETWEEN FISSION FRAGMENT ABSORPTION LOSSES AND THE PLATEAU HEIGHT IN 

FISSION CHAMBER SPECTRA 

C.M. Herbech and G. Pausen 

Technische Universität Dresden, Sektion Physik. MB Angewandte Kernphysik 

In aost of the progressive fission cross-section measurements, the dstectlon of fission 

events is based on the registration of fission fragments using parallel plate ionization 

fission chambers. In general, the ebsolute detection efficiency is determined by linear 

extrapolation of the "plateau" region in the fission chamber spectrue froa the detection 

threshold to zero at the pulse height scale, and by calculating the counting losses due to 

absorption of both fragments within the target foil using a paraaeter R which describes 

the fission fregaent renge in the terget material. 

The relation 
Э К ( У 5 ( Е » : xfEl - R x(E) R(E) (1) /(E) '"-^ft* • О 

between the energy spectrum y ( E ) of the f iss ion fragments which leave the terget layer 
and the absorption correct ion K( t ,R ) ( t : target thickness) allows to derive a cor re la t ion 
between absorption losses and the plateau height i n the f i ss ion chamber spectrum f\J , 
i f the range-energy function R(E) for f iss ion fragments in the target mater ia l i s known. 
For thermal neutron energies the absorption correct ion becomes simple f t ] , snd (1) 
results in л 

/ ( E ) 

/ ( E ) 

t 
1 {\ - R ( E ) > •2 . 

dR(E 

for 

for 

R0 - R(E) i t 

R(E) < t 

(plateau region) : 

( 2 ) . 

The ra t io у _ А _ »f the plateau height to the absorption losses then does not depend on 
the target thlckneeo and on absolute R(E) values, but only on the shape of the range-
energy funct ion , i f Я i s determined from R(E) and the known f i s s i o n fragment k ine t ic 
energy. 
A f i r s t estimate of the absorption losses for the f iss ion f o i l configuration used in our 

3 5 U f iss ion cross-section measurements at 4.45 and 18.8 MeV £ъ] was performed [ \ ] , 
based on measured f i ss ion chamber spectra and a simple ca lcula t ion of у /К applying new 
stopping power data [Aj ( f i g . ) . The calculated lower edge of the f iss ion fragment peak 
for the experimental f iss ion chamber geometry wee employed to c a l i b r a t e the energy scale 
in the plateau region / o _ / . This sstimate resul ts in an experimental range parameter 

2 
R * 4 .7 mg/cm ; an a d d i t i o n a l correction of 0 .85 % was found due to the non-l inear 

exp 
plateau shape a t lower energ ies . 
The described method allows to determine an indiv idual range parameter for each f iss ion 
f o i l which considers chemical composition and surface roughness. Further theore t ica l and 
experimental Invest igst lone arm necessary to get de ta i l ed information on the s e n s i t i v i t y 
to stopping power data and on the uncertainty of the energy scale i n measured f iss ion 
chamber spectra . 
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DETHRriUtATION OF TMf A*! AL PHNSITY OF THE PU-239 FISSION-FOILS 
K. tier la, С.-И. Herbach, R. Perez 
Technische Universität Dresden, Sektion Physik, \IB Angewandte Kernphysik 

0.1. Kostochkln, S.M. Solovjev 

Khlopin Radium Institute Leningrad 

In hitherto carried out Pu-239 fission cross-section measurements the parameters of the 
fissile layers were the main limitations for better accuracies of the result. /1,2.37 
All used Pu-239 fission-foils were prepared at the KRI by thermo-sputtering using material 
of high isotopic purity (> 99.99 mass-'^ main nuclid). The determination of the »reel densi
ties were carried out at the KRI by low geometry OX- counting. All published results are ba
sed on these values with total errors of about 1 %. At the TUO a low geometry counter /4,5/ 
was built up to enable independent measurements. At first all Pu-foils used in the measure
ments at 4.6, 8.65 and 18.8 HeV were investigated. Eech foil was measured by 2 different de
tectors t» chedc Independence of detector properties. But all results agreed within the sta
tistical uncertainty of <0.1 %. 

The geometry factors of the used systems of apertures were calculated by the formula of 
Petrzhak /Б/ using results of geometrical measurements at .. .'-dimensional set-up. 3esides 
these calculations with 3 independent systems of nearly the same aperture-0 at the target 
a comparison test with an target of excelbnt homogeneity was performed to check the calcu
lations result. All the results of this test correspond within the error limits and the 
small divergences were used as corrections to the geometry factors (0.21 to 0.46 %) (fig.l}. 
A typical el-spectrum is shown in fig. 2. At the spectra the following corrections had to be 
considered (in brackets typical values in the Pu-239 measurements); 
- background correction determined by Independent measurements before and after the runs 

(0.01 to 0.47Гъ - increasing because of insignificant contamination o." detector and 
apertures during the runs) 

- correction of ot-pulses originating in the decay of Pu-238 within the layer (this amount 
was only determined out of the spectra to about 1.80 %) 

- extrapolation of the spectrum from the discr. level to pulse height zero (0.1 to 0.2 ̂ ) 
- pile-up correction (<0.1 %) 
besides the error components by the corrections a; the spectra and the geometry factor the 
following were considered: - half-life period (employing T,..» 2.411.104у) /7/ 0.12 л 

- backscattering out of the detector /By 0.10 % 
- large angle scattering /ву 0.25 % 

__ In the table the results are given. The 
total error was estimated to about 0.61 k,. 
The total areal density of all the foils 
differ fron the KRI value (1145.2) 0.30 %. 
A revise of the ascertained cross-section 
values using these new areal density re
sults of better precision is planned. 
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DETERMINATION OF THE INHOHOGENEITY OF U-238 FISSION-FOILS 3Y ROS-MCASURCKCNTS 

K. Merla 

Technisch« Un ivers i tä t Dresden, Sektion Physik, VIB Angewandte Kernphysik 

R. Groetzschel 

Z e n t r a l i n s t i t u t für Kernforschung, Rossandorf, Bareich KF 

In the TCAPM f iss ion cross-section measurements the inhomogeneity of the f i s s i l e layers is 

of In terest because i t makes a d i rec t contribution to the t o t a l error of the 6""f-measure

ment. In case of mater ia ls of high enough own « . - a c t i v i t y as Pu-239 and U-235 th is parame

ter was determined by a scanning measurement as described in r e f . / 1 . 2 / but at U-238 wi th 

a lower « - a c t i v i t y measuring times of about 10 month would be necessary. Therefore a t 

U-238 th is parameter was determined by Rutherford-Backscattering measurements at the Van-

de-Graaf f -accelerator of the CINR Rossendorf wi th the folowing main exp. fea tures : 

- 1 . 7 HeV He-ion bean of about 10 to 17 nA beam-current 
- 15 aw2 S i (SB) -detector , placed in an distance of 130 a« to the target (angle r e l a t i v e to 

the beam a x i s 190°) 
- the normalizat ion of the spectra was real ised by an current - integator to an absolute 

value of ЗОуиС ( s t a t i s t i c a l uncertainty & O.2 л ) 
- measuring points of 3 mm diaaater were located in the centre of the f o i l ((J 21 am) and 

8 on a c i r c l e (? 12 mm) in steps of 45° 
The f i g . shows the RBS-spectra of 2 f i s s i o n - f o i l s , which were prepared by d i f f e r e n t tech
nologies (HF-sputter lng, separation out of an aeta l -organic compound). The spectra show a 
main peak o r ig ina t ing in the f o i l mater ia l Uranium. I t s high energy edge ar ises fron ot-
pa r t l c l es backscattered a t the target surface, i t s low energy rdge from M - p a r t i c l e s back-
scattered at U-nuclei on the backing sur face. L ighter elements from the backing give over 
lapping peaks a t lower energies. The used ORTEC-7040 MCA disposes of software possibi l i t ies 
for a l i nea r background subtraction using only the contents of the border channels for 
i n t e r p o l a t i o n , so that the resul t shows a strong dependence on these both s t a t i s t i c a l 
varying numbers. Therefore the brut to area of the e f f e c t peak was used as a measure of the 
Uranium contents. I t is possible because 
- the backing of constant thickness gives a constant p i le -up background 
- the dependence of the Rutherford-scatter ing cross-section on the depth of tne scat ter ing 

posit ion Is neg l ig ib le because of the nearly constant layer thickness. 
Because the peak-width i s a measure for the layers t o t a l thickness the ra t io peak-area: 
peak-width should give add i t iona l informations about the layers rea l structure (perhaps 
ba l las t substances). 
The s t a b i l i t y of a l l the experimental components was control led by the posit ion of the high 
energy edge of the Uranium peak. A l l obtained resul ts were reproductible wi th in the t o t a l 
error l i m i t s of 0.25 д,. 8 f i s s i o n - f o i l s with the following parameters were invest igated: 

2 
- a rea l density 2 0 9 . . . 521 /ug/cm 
- s tand , deviat ion of the points outside the 

centre 0 . 3 1 . . ,2 .94 ,, 
- averaged dif ference to the centra l point 

0 . 1 6 . . . 3 . 5 7 ;,; 
- t o t a l inhonog. 0 . 5 3 . . . 4 . 0 3 ,„. 
By an opt imizat ion beetween tha error cont r ibu
t ion by th<? t o t a l inhomoqeneity of the o p t i m i 
sed fiseion-ciiamber (calc .mounting pos.of each 
f o i l so, that the stand.dev.of the round points 
w i l l be a minimum)/2/ and the reachable s t a t i 
s t i c a l uncertainty in the f ixed measuring time 
gave the best value for the use of the 5 best 
f o i l s . This arrangement was used in the 18.8 
MeV measurement Л 7 » 
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SEPARATION OF OUTER-SHELL SATELLITE X-RAY LINES AT .SOURCES OF HIGHLY IONIZED ATOMS 
*. Magner 
Ooint I n s t i t u t * of Nuclear Research, Oubna 
6 . Zschornack 
Technical Universi ty Dresden, Department of Physics 

Calculations for t h * «volution of ionic charge states by a u l t i s t e p electron iapact i o n i 
zation in sources of highly ionized atoas have been published e a r l i e r in r e f . /l/. I t has 
been shown, that the width of the charge d is t r ibut ion keeps values of several charge uni ts 
over the «ho i * ioniz ing process up to high charge s t a t e s . 
We investigated t h * p o s s i b i l i t i e s of a wavelength dispersive X-ray spectrometer to sepera-
t * S a t e l l i t * l ines of neighbouring ionic charge s t a t e s . 

Fig. 1 
Resolved outer-shell satellite lines 
for th* к . , and L . , transitions 
(hatched areas) by the Dubna 
JOHANSSON spectroaeter, using 
Si02(1340) and LiF(200) crystals. 
I - stage of ionization. 

K> SO M 70 00 

The outer -she l l s a t e l l i t e l ines of the K- and L-series are shi f ted r e l a t i v e to the diagraa-
ae l ines by 10 eV to 10 eV / 2 / . Due :o the natural l i n e widths of radiat ion one can 
expect that high resolving crystal d i f f rac t ion spectrometers are not able to seperate 
X-ray l ines over the whole charge spectrum. 
F.stimationa have been carr ied out for the Dubna OOHANSSON-spectrometer / 5 / assuming nearly 
rea l measurement geometry. We have examined the К . , and L , . l ines which could be measu
red by use of a S i 0 2 (13%}) and a LiF (200) c r y s t a l . 
The resolving power of a c rys ta l d i f f r a c t i o n spectrometer depends on the SRAQG-engle 
and the real ized angular divergence д Э " : 

Л 
ДА 

E_ 
ДЕ 

tan у/ 
4 * 

where Д ^ consists of the components дЗ"к - the width of the crystal mosaic distribution 
and лЭ'г; - the geometrical width. 
Because of the dominating influence of дЭ*е over a wide range of J , assuming real measu
rement conditions, we took Into consideration the natural line widths ̂ Sl end t,^Ta, 
neglecting the qualitative parameter Д<^к* Therefore our estimations are to be understood 
as a lower limit of possible resolution. The geometrical aberrations have been simulated 
statistically by the computer code VF.ROI 1 /4/. 
Under the condition, that the resolution of the spectrometer has to be equal or better than 
the energy difference of neighbouring satellite lines ( a very strong test! ), we find the 
indicated areas of the (Z.I)-plot in fig. 1, 
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TEMPERATURE CONTROL OF ANALYZER CRYSTALS IN CRYSTAL DIFFRACTION SPECTROMETERS WITH 
DISCONTINUOUS OPTIMIZED CONTROLLERS 
0. Kreiseler 
Joint Institute for Nuclear Research Oubne, Division of New Acceleration Methods 
3. Zschornack 
Technical University of Dresden, Department of Physics, Division of Applied Nuclear 
Physics 

To realize a working regiee with high stabilized temperature on the analyzer crystal of 
crystal diffraction spectrometers, to use in precision Measurements the high accuracy of 
the best known x-ray standards, a parameter optimized discontinuous controller was applied. 
The base for it was an available СЛМАС-equipment for the temperature mesurement and con
trol /i/ with a precission of 0.02 К and a deliver unit, generating adjusting values of 
1024 hoating stops for the current supply of a heating coil on the crystal holder. 
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fig. 
Course of temperature д Т and 
adjusting value I for with a 
parameter-optinized discontinuous 
PLO-acting cont ro l le r rea l i zed 
automatic loop. 

Af ter a choosen scanning time T an in ter rupt of the running measurement programme by the 
computer MIRA 60-30 takes place and a discontinuous control algorithm is s t a r t e d , which 
has the form of a di f ference equation 
U(k) =• U ( k - l ) • qe e(k) • 4 l e(k-l) + q2 e(k-2) 
with 
U 
о 

value of adjusted parameter 
control value deviation from reference input 

q. : control parameter 
к : repetition step 
The identification of the controlled system and design of discontinuous PXD-acting control
ler aro computer-aided and provided in dialogue with a system of connected computer MERA 
60-30 and microcomputer INTEL 8000. essential support for the design of the controller 
arises from graphical representation of results on a colour display. This possibility wee 
used for a qualitative report of control and adjusting processes. 
lasing on the developed program system for digital simulation the design of the controller 
was provided. For the disturbed ргосезэ a maximum temperature deviation д Т of 0.04 К was 
found. On Fig. 1 the course of the control and adjusting values for optimized control 
parameters is shown. The sampling time was 4 min. 

n;FLR!:NCr-:3 
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А ТЯО-вЕАМ LASER ANGLE INTERFEROMETER FOR BRAGG CRYSTAL DIFFRACTION SPECTROMETERS 

G. ZschornacJt 
Technical Univers i ty Dresden, Department of Physics 
G. Müller 
Technical Univers i ty Dresden, Department of I n forest ion Processing 
G. Kar rasch. Vir. Schulze, W. Wagner 
Saint I n s t i t u t s for Nuclear Research, Oubna 

For a precise d e f i n i t i o n of the c r y s t a l angle posit ion in d i f f r a c t i o n spectrometers ш \Л9вг 

angle interferometer »as developed end appl ied a t tho OINR Oubna. The d i f f r a c t i o n spectro
aster works basing on s naster dr ive with a t ransalssion rat io 1 « 37228 and foras from the 
1.5°-angla increment of the stepping motor an angle step of 0.145 arcsec. This value has 
stochastic character and deviations from idea l values nay be verry ieportant (reasons: q u a l i 
ty of keying, asseably condi t ions) . Using tne> increments froa the laser in te r fe roaa te r for 
the angle aeasuresent, i t is always possible to dr ive into the lock- in range of a slow-no
t ion control device (o?«2')> rea l ized wi th p iezoe lec t r i c c r y s t a l s . This device allows in 
connection wi th the laser interferometer a f ine adjustment in the range A ? « 0 . 2 arcsec. 

F i g . 1 shows the opto-mechanical asseably of the 
in ter ferometer . I t i s bui ld up as a two-beam i n t e r 
ferometer, that allows to analyze a maximum angular 
range of • 2 6 ° . The laser bean L3, emitted w i th small 
divergence by the laser L, i s s p l i t t e d on t i e beam-
s p l i t t i n g cube TV in two components L S I , 2 . The single 
bean components are re f lected on pentagonal prismas 
PP1.2.3 i n d i rect ion to the t r i p l e prismas TP1.2 
which are mounted on the shoulder 3 , ro ta t ing around 
the c r y s t a l ax is KA, Here they are re f lec ted to the 
f i n a l prism ГМ1.2 and fron EP1.2 v e r t i c a l l y adjusted 
back to TV. 

Owing to the rota t ion of S in both branches of the inter feroneter d i f f e r e n t Doppler sh i f ts 
of the beam frequency f, are generated. In TV both components superimpose to a beat f r e 
quency f g , where f „ Ä f . . After the receivers ü-1,2 the signals are processed in the i n t e r 

feroneter e lectronics / 2 / . In the signal processing device one signal i s delayed and a f r e 

quency mul t ip l ica t ion (8 t ines) for both channels t i k e place. The angular increment A/32R 

has a maximun value of 0.012 arcaec for a given distance R of both t r i p l e prismas. A l l r e -

g ls t ra ted values are counted in a b id i rec t iona l counter and topical determination of the 

angle in i n t e r f e - j i . C ' i ..nits .ccurs for an average of 300 counts. 

In F i g . 2 the counter content without average 

i s shown. This representation demonstrates the 

u n c e r t a i n t i e s of the angle determination due 

7hi to influences outside of the opt ica l branch. 
This u n c e r t a i n t i e s are in an average region 

F i g . 2 UncortalnltleS'Qfangle determination due „ f . h „ l l f , „ , <„,«,«_, .„„„,„, . „ntrt> , h - , 
^ ^ to influence outside of the o p t i c a l branch. o f e b o u t ю ^ " ' ' f e r o . i e t e r u n i t e , that 

corresponds to an angle i n t e r v a l of less 
than 0 .4 arcsec. The two-armed construction provides the independence of the angle analyse 
from l a t e r a l posit ion var iat ions of the c r y s t a l , which can occur due to support conditions 
of crysta l table and bottom dr ive in the order of some micrometers /i/. 
F i r s t measurements demonstrate the operating function of the interferometer in an angle range 
of 15°. 
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F i q . l Opto-mechanical assembly of the 
inter ferometer . 
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INVESTIGATIONS Л1ТН THE AIM OF INSTALLATION A LOO-LEVEL /^SPECTROMETER 

3 . H. Kim* S . Unter r icker , a . S t o l z . О. Oagaring and O. Hebert 
3argakadeala Fre iberg . Sektion Physik 
О. Simon 
ZIPS - Au&enstelle l a Ke l lbe t r ieb "wsrre" 
• Aspirant . Kim П Sunq Un ivers i tä t Phjongjang. KVOR 

Coaponants contr ibut ing to the background of a ^-spectrometer are the na tu ra l a c t i v i t i e s 

of the U- and Th-chalne and of 40-K decay I n the envlronaant of the detector , the s h i e l 

ding and the detector a a t a r i a l s and events which ere induced by coaaic rays . These back

ground sources aust be c a r e f u l l y invastigated by eatebl ishing a l o w - l e v e l y -epec t roae te r . 

Beside shielding of the detectors by aassive wal ls of low a c t i v i t y a a t e r i a l s the back

ground can be reduced very e f f e c t i v e l y by an add i t iona l geological shie ld ing [1 .2 ] . Э. 
determined with en overlay of 200 awe an at tenuat ion of the euon induced background to 

-2 
10 . which ia nearly energy Independent i n the energy range of 5 MeV to 200 Mev. I n the 
energy range below 5 HaV th is e f f e c t i s not so obviously i f na tura l i f - a c t i v i t i e s doalnate . 

-Je have aeaeured /'-background spectra in the energy range up t o 4 MeV by a N a l ( T l ) - and 
a Ce(L l ) -detector In the a inlng d i s t r i c t of Freiberg (Reiche Zeche, overlay 140 a gneiss 
f 380 ewe) and a a a l t eine of the vaerra d i s t r i c t (over lay 500 a lower buntaandsteln and 
sa l t tvllOO awe). The cav i ty i n the s a l t eine has an environment of wore than 10 a of rock 
s a l t . Table 1 sueaarizes charac te r is t ic f igures of the ^-background epactra aeaeured by a 
10 ca Ge(Li ) -detector end e 256 channel analyzer . 

Table 1 

Selected photopeek end I n t e g r a l rates (up to 4 MeV) in counts/10 a 

locat ion 
surface l a b . 
R.Z. 1.Sohle «380 awe 
s a l t wine 
Merkers(Rhon)~ll00wwe 

Е Г - 1.46 
539(9) 

1240(10) 

180(20) 

»1.76 
48(4) 
65(5) 

K l ) 

ж2.61 MeV 
76(4) 

105(4) 

1 

E # - > 0 . 2 
113000 
133000 

10500 

> 1 . 5 
2980 
3540 

26 

» 2 . 7 MeV 
97(4) 
0 .9(4) 

-

Up to the 208-T1 l i n e et 2 .61 MeV the values of the gneiss cavi ty are l a rger than corres
ponding surface values. This i s a consequence of the high U, Th and К contents in t h i s 
f i e l d . Coupled with th is i s a r e l a t i v e l y high Rn concentration which strongly increases by 
the in te r rupt ion of v e n t i l a t i o n [ 2 ] . Of course the background above 2 . 7 MeV l e strongly 
reduced. 
I n the sa l t nine the beckground results are ouch b e t t e r . This environment hee very low и 
and Th contents, which sre below the detect ion H a l t s of our na tu ra l a c t i v i t y and neutron 
ac t i va t ion analyses aeasureeente ( < 0 . 0 7 ppa of U and < 0 . O l ppa of T h ) . Rn wae a leo not 
detectab le . The only problee i s the к concentration, which results in a pronounced K-peak 
and tha corresponding Coapton background, no determined e K20 equivalent of 0 .21 % i n the 
rock s a l t . This r e l a t i v e l y high ( 0 . 1 . . . 0 .2 %) К content i s c h a r a c t e r i s t i c f o r the rock 
sa l t of the werra region, Much be t te r results ons can expect i n the Steßfur t rock e a l t of 

the Bernburg d i s t r i c t . I n th is case a elnleua « 20 equivalent of 0.02 % i n the environaent 

of s locat ion i s possible , which must result i n a very low natural / - - a c t i v i t y . In connec

t ion wi th a shielding by selected mater ia ls and also low a c t i v i t y construction a a t e r i a l s 

for tha detector coaplox a very low ^-background can be expected. N a t u r a l l y auch a loca

t ion f o r a /•-spectrometer brings problems with the aaintenanca, the aaapla exchange and 

also the sa l t duet . 
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PAST TBZGGSB FOR SSSTBOS ?1в-СТ-К.1(И? KftASSSSSSR 
P. Eckstein, A. Bolster aad U. Gone 
Technische Universität Dresden, Saktlca Physik, IB Kernphysik 
The experimental investigation of choaleal iadaced shifts of nautroa resonances /1/, 
Doppler-broedeaiag of neutron rasoaaacaa /2/ as «all as otbar affacts /3/ requires л 
registration of alaato diffaxoacoa betw»*a the positions aad shapes of aoutroa rosoaaaeoa 
observed with dlffexeat saaplea. Neutron transmission aaasureaents with the time-of-flight 
technique at the Dubna pulsed reactor ЫВ-ЗО operated la boaster aode with the llaac 
ШБ-40 guarantee for low-energy resonances the necessary energy resolution as well as a 
high counting-pulse rate needed for statistical accur--y. The neutron detector used for 
such aeasureaeats comprises a lithium-glass scintillator aad a photoaultiplier. 
For a precise processing of detector pulses, the rate of which changes тегу strong and 
fast, a trigger was developed with ECL-technique /4/. 

The trigger possesses the following parameters! 
- input pulses t positive or negative polarity, pulse length £ 4 as 
- threshold« adjustable In digital Banner (4 bit) 

froa s 10 ml to * 150 ml with steps of 10 ml 
- aarlaiBi poise ratet 2 107 a-1 

- output pulsest i 0.7 ¥ at 50 JL, adjustable pulse length>25 as 
- dead timet adjustable JS 45 na 
- current supply i • © V (150 as,), - 6 1 (600 as) 
- case dimensions 55 x 100 z 1*0 mm? 

The detector pulses are fed by an emitter follower to a fast operational amplifier working 
as a comparator. The trigger has a logic devices guaranteeing a constant dead time after 
each reglstrated event, this la realised by charging and discharging a capacitor by con
stant current. 

The presented trigger was used in transmission aeasureaents and waa working reliably up 
to a marl ana pulse rate only determined by the scintillation time constant of lithium-
glass scintillator (about 75 na). Without dead time device the trigger was also success
fully tested for input pulses having lengths of 1...2 as. 
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Poll« with а gradually «hanging thickeeas have been prepared by a stepwise evaporation of 
РОЯШГАВ (~90yUg/cm2) with aluminium (ilO^ug/cm2 single-layer thickness) to correct for 
different flesion fragaeat time of flights doe to the geosetrical aberration in a direc
tion-sensitive detector arrangement. Pregnant direction and tie» of flight are Measured 
by the use of special set-op consisting of a single parallel-plate avalanche counter РРДС 
(trenaal«Ion detector located beside toe fission sample) and a position-sensitive one 
(PPiC(PS)) /1,2/. The PPaC(PS) is aoonted in a straight free*. Hence, the fragaeat flight 
path and, consequently, the fragaeat time of flight for а given kinetic energy per nucleon 
depend on fregnant direction. If this "aberration" la snail, it can be corrected for by 
the nee of a foil with gradually changing thickness to retard the fragments definitely. 
Bte preparation of such a foil requires an accurate evaluation considering the stopping 
power of the РРДС foils and the working gas (heptane at about 1300 Pa pressure) and 
varying the thickness of the stopping foil to obtain an unique fragment tine of flight 
for all directions, the stopping foil position was chosen in the aiddle of the distance 
between both PPAC. Ibis arrangement was aesuaed to be optiaua. The evaluation procedure is 
carried out by the uae of a ЮВТВАН code enabling the calculation of the total time of 
flight of a fragment characterixrd by ease number and initial kinetic energy, 
all necessary stopping power data are introduced /3/. Obviously the fragment velocity is 
a local function. Hence, the whole fragment time of flight is obtained by integration. 
lbs deduced stopping foil thickness, which is a continuous local function, can be 
approximated by a stepwise function. Ais is the pattern for the evaporation procedure. 

The described method of aberration correction is only rea»enable if the maximum flight 
path distinction is lower than about 10 %. 
It was testet with fragments from spontaneous fission of -' Cf. In this case, the 
symmetric fragments bad a unique time of flight to distinguish between the light and the 
heavy fragment group in a simple manner. An alternative method is a multi-parameter 
measurement including fragment time of flight and position and a corresponding off-line 
analysis (cf. /2/). 
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H. karten, D. Richter, D. See l iger 
Technische Universität Dresden, Sektion Physik, *B Kernphysik 

• . D . Fromm, • . Neubert 
Zentral inst i tut für Kernforschung Rossendorf, Bereich kf 

The application of a d i rec t ion - sens i t i ve method of fragment spectroscopy enables the 
measurement of the whole neutron emission d is tr ibut ion 8 (E ,0 ) , i . e . i n dependence of 
l ab . frame energy and emission angle with reference to light-fragment direct ion, 
simultaneously. Hence, several systematic errors are avoided / 1 , 2 , 3 / . 
An extended spectrometer based on a fragment detector arrangement cons is t ing of a s ingle 
para l l e l -p la te avalanche counter (PPAC) and a pos i t ion s e n s i t i v e one i s used in connec
t ion with two f a s t neutron detec tors . Fragment d irec t ion , f r e p e a t time of f l i g h t 
(PF-TOF) and neutron time of f l i g h t (n TOP) for both neutron detectors (01 , D2) are 
measured three-dimensionally (F ig . 1 ) . The s ingle PPAC located beside the f i s s i o n sample 
(5 am normal distance) provides the timing s ignal T-PPAC for the PF-TOF as wel l as the 
n TOP measurement. The time difference between T-PPAC and the anode s ignal T-A of the 
pos i t i on - sens i t i ve PPAC i s a measure of PF TOP (about 100 mm f l i g h t path) . 

Fig. 1 
Scheme of signal processing and data 
acquisition (see text). Dashed lines 
represent logical signals. 
(TAC - time-to-amplitude converter, 
COINС - coincidence unit, ADC - analogue-
to-digital converter, MI - multiplexer 
interface, DMA - direct memory access). 

The cathode of the position detector (180 mm 
length) is subdivided into 36 segments, «hose 
signals are coupled into a delay line inductively 
(220 ns maximum delay) yielding the time signal 

T-Dl. Measuring tne time difference between T-A and T-DL one obtains the position (FF 
direction) signal. Fig. 1 represents the scheme of data processing. T-D and D-D are the 
neutron detector timing signal and the discriminator signal (amplitude and particle dis
crimination) respectively. The corresponding amplitude spectra (AMPL-D) are stored for a 
continious check up of stability. 
The computer KiiS 4201 connected with a microcomputer-aided system for 2D-spectrum handling 
with coulor display is used for on-line data acquisition (including representation of 
single spectra and an eligible 2D-spectrum), complex off-line data sorting (assembler 
codes), and the final data analysis (FORTRAN programme system). 
The deduced position spectra for selected neutron energy intervals and for a given frag
ment group are unfolded by the use of a rather simple Gaussian-fit algorithm (resolved 
peaks). The peak area for a given FF direction (angle Ö ) and a chosen E interval divided 
by the geometrical PPAC(PS) segment efficiency (to be measured) is proportional to N(E,6). 
The described experimental arrangement is employed to measure Н(Е,в) of neutrons from 
'2Cf(ef) which is "standard" subject for the study of the mechanism of fission neutron 

emission. The measured angular distributions are characterized by a rather high point 
density (up to 120 in 180 deg) /2,3/. 
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IMPLElIKäTATION 0? SERIAL iiiULTI-MASTüR BUS CONTROLLER USING oINGLE-CHIP MIQHOCOMPUTtR 

H. Ueiling and A. Krause 

Technische Universität Dresden, Sektion Piiysik,WB Kernphysik 

In scientific instruments increasing aaount of decentralized data processing executed by-

internal microcomputers reduces required data transfer rate betweeu coupled devices of a 

complex measuring system to about 10 or 100 i\Jyte/s. In these cases, serial data transfer 

mode can be recommended, expanded by multimaster capability if more thaa one device is 

able to control data transfer on the bus. 

In last years some serial multiraaster bus standards were defined. The local area computer 

network ousses are characterized by high transfer rates and by expensive interface con

trollers which exclude application in scientific instruments. On the other aaud, the 

inter-IC bus 1 С /1/ represents a sarial taultimaster component bus, which is designed to 
connect integrate! circuits on a printed board or to couple printed boards in a frame with 
data rate up to 100 Kbit/s. Originally, the interface controllers are implemented on the 
chips of the 8400 microcontroller family and adapted peripheral circuits /2/. Parameters 2 of 1С and possible realization of interface controllers by use of a single-chip-micro-2 computer suggest application of 1С to couple scientific instruments within distances 
which are typical in laboratory rooms. 

2 
In fig. 1 block diagram of the 1С interface controller is shown. Serial data transfer 
protocol is program-controlled reducing the expense of the controller to one-chip-micro
computer U 882, 2 KByte itfROM circuit and 5 standard logical circuits which perform some 
logical and timing conditions. If one of the connected instruments wants to act as bus 
master, it gives the start condition which prevents all other instruments from bus control 
until master has finished its transfer mode. Wired-AHD function by pull-up resistors at 
the bus lines 3DA (serial data) and SCL (дег1а1 clock) secures clock synchronization of 
master and slave. More details of data transfer protocol, of arbitration procedure and of 
other parameters are given in /1/. 
7sing the interface controller of fig. 1, two К 1520 microcomputers and two I C peripheral 
circuits (PCD 8571 128 byte CI,;0S RAil, ?0'f 8573 clock/calendar) are coupled with a total 
bus length of about 5 и. -he maximum transfer rate is about 25 Kbit/s. From the first 
investigations can be concluded that the 1С bus controllers using U882 sin^ls-chip micro
computers are suitable to realize low-expensive serial bus coupling of "intelligent" 
scientific instruments /3/. 
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NASS SPBCTROHBTRY OP LIQUID METAL ION SOURCES 

R. Mühle, F. Hachalett 

Friedrlch-Schiller-Universitttt Jena, Sektion Physik 

Recently there has been considerable interest in liquid metal ion sources for applications 

such as maskless ion doping of semicondors with submicron dimensions /i, 2j. Among these ion 

sources, alloy liquid metal ion sources offer a variety of ion species, so that for example 

n- and p-type dopants can be implanted using a single ion source. For many sources signifi

cant amounts of doubly charged ions are often observed. This is an advantage in obtaining 

high energy focused ion beams. In many cases liquid metal ion sources also emit a large per

centage of their ions in the form of clusters. The composition of the emitted ionj can be in

fluenced for example by the source feed composition, the source ion emmision current and the 

operation temperature /3, ^2'• I" order to optimize the working conditions for the different 

applications it is necessary to investigate carefully the ion energy and mass distribution. 

In the present work a magnetic mass spectrometer has been adapted for the registration 

of the mass distribution up to an energy-mass-product of about 5 MeV . u. The schematic dia

grams! is shown in Fig. 1 . The emitted ions are accelerated to an energy of q . '/_ (q is the 

charge of the ion and V_ the extractor voltage) and can be focused by a triple cylinder 

lens. The geometric parameters of the arrangement are the following: 1. » 1„ = 0.8 m,r = 0.1m, 

^ » 4 1 . The slits s1 and s„ can be varied continously. The ions are collected behind the 

exit slit by a Faraday cage. The obtainable mass resolution at a slit width of 2 mm is about 

50. The mass spectrometer was tested with an AuSi alloy l'quid metal ion source of an atomic 

composition Au-.Si,. The observed mass spectrum at 43 ,-« source current and 8.23 kV accele

ration voltage Is shown in Fig. 2. Primarily, Si , di , Si- , Au , Au , Au, and Au, ion 

species are emitted. Additionally, Au Si clusters can be observed connected with the 

Au ions. Since Au«Si ions are present in the spectrum it can be supposed that the line 

designated as Au is in reality a mixture of Au and Au. ions. The observed ion flux 

fractions are presented in Table I. 

In order to have an impression of the mass resolution of the presented mass spectrometer 

the Si* line is shown in detail in Fig. 3. The isotopes Si"1 
oq -in 

. Si and J Si can easily be 
separated even at a slit width of 2 mm. 

Table I. The observed ion flux fraction of the Au_.Si, alloy liquid metal ion source 

ion species 

S i + + 

S i + 

s 
Au Au+ 

Au 

AuSi+* 

Au2Sl+ 

AuSi* 

Au281+ 

Au-Si* 

Lon f lux f 

1.96 

0 .99 

0 .70 

5 .19 
73.81 

0 .17 

9 .79 

4 .43 
0 .02 

0.81 

1.08 

0 .06 

0 .14 

0 .83 

SLITS-
дрвтяЕ 

TRIPIE CYIMKR/ ОПИЛО! 

Flg. 1 Sehfmatlo diagram» of the mass spectrometer 
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'ig- 2 Observed гаазз spectrum of the AuSi l i q a i d 
met.-.l Ion source showiitg the ion current 
I_vs . В f i e l d at 43 uA source current 
F 

Pig. 3 Mass spectrum of the Si lone 
showing the resolving power 
of the spectrometer at a slit 
width of 2 mm 
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BASIC CHARACTERISTICS OF AN Atf-SI-LIQUII HBTAL IOH SOURCE 
R. HQhle, F. Hachalett 
Friedrich-Schlller-Univereitlt Jena, Sektion Physik 
Liquid metal field ion sources (LUIS) offer a high brightness (~ 10 A ea sr Л 7 ) >nd 
also a variety of metal ion species Г?2 »° that there has been increasing interest in recent 
years in their application for maskles» ion implantation and mlcrofabrlcation /5, 'l/. But one 
drawback for such an ion source is that it is applicable only for elements having a relative
ly low melting point and a low vapour pressure at this point. For this reason the Ionisation 
of elementary Si by LKIS is not possible and an eutectlc alloy with Au is generally employed 
because of his good wetting properties. The melting of this alloy starte at the eutectic 
temperature of T • 636 K. 
The following measurements were carried out by means of the ion source described in /%/ and 
an Au-Si-alloy with an atomic composition of Au„.Si,. A typloal current-voltage characteristic 
of the ion source is shown in Fig. 1. The emitter tip was mounted about 0.5 mm behind a 
concentric extractor electrode of 3 °>m diameter. The ion source is turned on at a threshold 
voltage of 6.9 kV and the ion current I- rises up to 100 uA corresponding to an angular inten-
sity of 57 uAsr . The heater current was set about 5% above the value necessary for com
plete melting. There is a hysteresis in the IgUg charcteristic which is also observed by 
Komuro and Kawakatsu £fj. A typical angular distribution (dl/diL vs 4) with the source 

current as a parameter is shown in Fig. 2. For small emission angles i the angular Intensity 

is nearly constant. The observed mass spectrum is published in ClJ. 

- ( • - > - > - * о s я » 

P ig . 1 Current-vo l tage c h a r a c t e r i s 
t i c of the Au-Si LUIS 
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COMPUTATIONAL METHODS AND CODES 

FORTRAN PROGRAMMES FOR THE CALCULATION OF SINGLE-PARTICLE QUANTITIES IN HEAVY-ION 
COLLISIONS IN A TWO-CENTER BASIS 

B. Milek 
TU Dresden. Sektion Physik. Wissenschaftsbereich Theoratische Physik 

With help of the programme EW8ER the stationary Schrödinger equation can be solved in g 
three dimensional finite depth two-center potential applying the separable-potential 
technique. For that purpose spherical potentials of a Woods-Saxon shape with spin-orbit 
forces, localized by translational operators at certain distance, are represented in a 
finite-rank oscillator basis. In this way the Schrödinger equation can be solved by 
algebraization in momentum representation ^~1_7» T n e solvability condition for a corres
ponding system of equations is a vanishing coaplex determinant, which depends on the 
eigenvalue. The search for zeros of the determinant is performed with help of the Newton 
procedure. All solutions can be characterized in a coaplex k-plane: 
solutions on the positive iaaginary axis - bound states, 
solutions on the negative imaginary axis - virtual states, 
solutions in the lower half plane - Gamow or quasisteti^nary states C*-J' 
A further labeling follows by introducing symmetries of the problem (quantua numbers). 
The output of EWBER are single-particle energies and after solving the systea of equations 
with vanishing determinant by a GauB procedure the wave functions, too. For a given rank 
of the oscillator basis (in the present version 21) the accuracy of the eigenvalues 
(energies) can be choosen freely. The normalization of the wave functions is determined 
with an accuracy of about 5 %. 

In the programme COUPLE radial couplings in the adlabatic basis are calculated of the 
typ <d>v |-g~ I Фы > for two levels v , м ^~2_7. These couplings reflect nonadiabatic 
effects in the relative motion of the nuclei and influence the single-particle motion. 
Both bound and Gamow states can be coupled with each other. 

Time dependent occupation numbers in the two-center single-particle basis calculated 
by EWBER are the output of the programme LANZEN. At first, a calculation of classical 
trajectories Is performed governed by conservative nucleus-nucleus and Coulomb forces 
according to the method ^~3_7. The change in time of the occupation numbers Is deter
mined by a first order system of differential equations which have been solved by the 
predictor-corrector method. The population of the levels is governed by the decay widths 
and by the coupling matrix elements calculated in COUPLE. 

Physical applications of the programmes have been performed for the single-particle 
inelastic excitation and transfer in the system О • С (Landau-Zener effect) /~4 7 

17 16 * and by the coupling of bound and quasistatlonary states in the system 0 + 0, which 
leads to an emission of the valence neutron in 0 £ 2 j . 
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PEP - A FORTRAN PROGRAM FOR CALCULATION OF FAST NUCLEON EMISSION IN HEAVY-ION REACTIONS 

M. Biedermann 

TU Dresden, Sektion Physik, Wissenscheftsbereich Theoretische Physik 

P. Midler 

Vere in ig tes I n s t i t u t für Kernforschung Dubna, Laboratorium für Theoretische Physik 

The model for "promptly emitted par t ic les" (PEP) proposed i n r e f . ^ ~ l _ 7 and i t s modif ica

t ions are based on the assumption that at any time of the react ion the actual momentum 

d i s t r i b u t i o n of the nucleons can be described by two Fermi spheres (T*C) «shifted by the 

r e l a t i v e v e l o c i t y . Adding the r e l a t i v e and the i n t r i n s i c v e l o c i t y apart of the nucleons 

from the p r o j e c t i l e ( t a r g e t ) moving through the contact zone in to the target ( p r o j e c t i l e ) 

have s u f f i c i e n t energy to escape. The def lect ion at the nucleus surface i s taken into 

account in a c l a s s i c a l manner. The p a r t i a l absorption of fast nucleons is taken into ac

count according to the imaginary part of the o p t i c a l po ten t i a l for the nucleon- nucleus-

s c a t t e r i n g . A nac-->scopical, TOHF motivated model for the descr ipt ion of the t ra jec to ry 

as we l l as the evolut ion of the neck between the c o l l i d i n g nucle i ^~2_7 i s used in the 

program PEP. I n t h i s way the f r i c t i o n force and the in tens i ty of the f lux of emitted par

t i c l e s could be t reated in a consistent manner ^~3_7. 

The present version of the PEP- model shows nearly i d e n t i c a l shapes of the angular d i s t r i 

butions and spectra in comparison with ^~1_7- However, the absolute cross sections are 

smaller by a fac tor up to 1.5 due to the consistent descr ipt ion of the t r a j e c t o r y ar.d 

p a r t i c l e emission and the neglecting of two body PEP ^~3_7. General ly , the PEP- model 

shows too strongly forward peaked angular d is t r ibu t ions and too small cross sections for 

the emission of very fast par t ic les i n comparison with the experiment. Due to the possi

b i l i t y to introduce a f i n i t e temperature for the nucleonic momentum d i s t r i b u t i o n the 

emission p r o b a b i l i t i e s of very fast nucleons may be enhanced fo rma l ly . 

The c a l c u l a t i o n of PEPs is stopped when e i the r the momentary f lux of emitted pa r t i c l es 

is zero or the turning point is reached in the t r a j e c t o r y . Moreover, the ca lcu la t ion can 

be stopped at the time t when a compact neck occurs. The resul ts obtained in th is regime 

correspond to the emission i n the f i r s t stag'3 of the two- stage model proposed in 1~Ъ_7 • 
The program calculates double- d i f f e r e n t i a l as we l l as energy- or angle- integrated 

cross sections ( in tegrated over impact parameter) and pr in ts separately the corresponding 
contr ibut ions of nucleors from the p r o j e c t i l e / t a r g e t . D i f f e r e n t i a l m u l t i p l i c i t i e s for 
c e r t a i n impact parameters can be calculated and the time evolut ion of the f lux of emitted 
pa r t i c l es can be analysed. The resul ts are pr inted in the labor or c m . - s y s t e m . 
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HCT - A FORTRAN PROGRAM FOR CALCULATION OF FAST NUCLEÜN EMISSION FROM A HOT ZONE 

M. Biedermann 

TU Dresden. Sektion Physik, Wissenschaftsbereich Theoretische Physik 

P. Mädler 

Vereinigtes Institut für Kernforschung Oubna, Laboratorium für Theoretische Physik 

The two- stage- model for the description of the precquilibrium emission of nucleons in 

heavy- ion reactions proposed in ref. ̂ ~1_7 is based on the assumption that in the early 

stage of the reaction a slightly compressed hot zone forms in the contact zone of the ions 

with an effective temperature front expanding radially with velocity of sound (0.2c). In 

particular at the beginning of the collision the momentum distribution of the nuclcons in 

this zone is very anisotropic. This can bo described by introducing a mean velocity field, 

directed along the collision axis. 

The nucleons can be emitted until the effective front of the hot zone reaches the outside 

surfaces of the nuclei. The angular distributions (for asymmetric systems) are forward 

peaked in the laboratory system (as a result of the anisotropy of the hot zone in momen

tum space) . 

In program HOT a trajectory model described in ref. /~2_7 is used. The evolution of the 

hot zone starts, when in the trajectory model a compact neck occurs. The hot zone cools 

down аз a consequence of the fast expansion inspite of simultaneous exitatlon (because 
of friction). Impact parameters where no compact neck occurs (quasi elastic collisions) 
are excluded. 
The double- differential cross sections calculated with HCT represent the contribution 
of the second stage in the "two- stage- model" C^-J• I n addition to double- differential 
cross sections (or mean multiplizities) and angle- or energy- integrai-id values the pro
gram prints the time development of the temperature and the excitation energy in the hot 
zone as well as the actual flux of emitted particles. 
The calculation can be carried out in the labor- or cm.- system. The initial radius of 
the hot zone is fixed (motivated in ^~1_7) with 3.6 fm, although other values can be used, 
too. The calculation for a given impact parameter is stopped at the time t= min( max(t , 
t_) > *„^) С * - interaction time; t - time for which the temperature front reaches 
W WW WW W 

the outside surface of the havier react ion partner; t - turning point) . 
The input data include quant i t ies characteriz ing the speci f ic reaction as we l l as the step 
sizes for integrat ions over t ime, impact parameter, angle, and energy, which determine 
the necessary ca lculat ion t ime. A s u f f i c i e n t l y precise ca lcu la t ion for one reaction needs 
nearly 15-25 minutes ca lcu la t ion time at the CDC-&500 of the Ooint I n s t i t u t e (3 I \R ) Oubna. 
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FORTRAN CODE FOR THE CALCULATION О? "REALISTIC" DISTRIBUTIONS OF HEUTRONS PRODUCED IN 
HYDROGEHE-ISOTOPE REACTIONS 
H. Märten, A. Ruben 
Technische Universität Dresden, Sektion Physik, IB Kernphysik 

Predictions on neutron production distributions for any given field point are required 

for several applications (specifically for the measurement of microscopic nuclear data). 

The differences between realistic energy and intensity distributions and those calcula

ted for a point source are expected to be large for rather extensive target arrangements 

and for short distances between the neutron-producing target and the given field point. 

The computer code to be described is suitable to calculate the distribution of neutrons 

produced by the use of a gas target /1/ via the reactions D(d,n)3He, T(p,n)3He, and 

T(d,n)4He. Compared to Ref. 2, this work is extended concerning the numerical treatment 

of the beam stopping in the gas volume and the corresponding neutron production rates 

with reference to the considered field point. 

The primary beam exhibits an energy width and divergence to be taken into account. Consi

dering the energy and angle straggling in the entrance foil(s) as well as the foil inho-

mogenity the beam parameters are deduced for the target entrance point by a non-correlated 

superposition. The gas target length is subdivided into an eligible number i of single in

tervals numerically. In this way, it is possible to account for the energy width, the 

angle straggling, and the production cross-section as functions of the target length co

ordinate x. Specifically the average neutron energy, the neutron energy spread, and the 

differential cross-section are calculated for the actual lab. frame angle depending on x. 

We assume a rectangularly shaped energy loss In the gas for the step 1. It has to be fol

ded with the total projectile energy distribution of the preceding step. In a similar way, 

the angle straggling is taken into account. 

The neutron distribution of each step i is deduced according to the kinematics /3/ of the 

reaction. Furtneron, an eligible angular spread of the field point is introduced in the 

calculation to account for the size of the ceutron detector or the sample. 

The total distribution in energy and intensity (per time unit and per beam current unit) 

is obtained by integration over x. 

The formulae for the calculation of the energy lose, energy and angular straggling as well 

aa the cross-section data were taken from the Refs. 4 and 5, respectively. 

The following conclusions have been drawn from the calculations: 

i) The calculated distribution is mostly influenced by the target geometry and 

projectile energy loss and straggling for field points close to the target at 

oblique angles. In this case, a large step number imax is necessary, 

ii) The width of the energy distribution composed of two main contributions, i.e. 

projectile energy spread and angular straggling, exhibits a remarkable behaviour 

aa a function of angle due to the influence of the angular straggling of the beam. 

For realistic entrance foil thicknesses, one obtaines a maximum at oblique angles 

(cf. Ref. 2). 
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THE IMPLEMENTATION OF AN UNIYEHSAI. STOPPING POIER CODS TO THE ES 1 0 5 5 COMPUTER 

W. Bnghardt 
Zentralinstitut für Kernforschung Bossendorf, Bereich EP 
J. Henniger 
Technische Universität Dresden, Sektion Physik, IB Strahlenschutzphysik 

Usually, in experimental setups that are aimed at studying the mechanism of heavy ion reac

tions (see e.g. [l]) the fragments emerging in the exit channel have to pass through some 

target material and possibly several thin foils before reaching the sensitive region of the 

detectors. For a precise data evaluation the knowledge of the stopping power values for a 

broad variety of ions in the substances penetrated is necessary. 

The computer code STOPOW £2,3] meets these requirements. It is capable of calculating the 

stopping powers S and the ranges В of ions from hydrogen up to uranium having energies 
between 1 keV/amu and 1 GeV/amu. The calculations are also possible for mesons, however, 
radiation corrections have not been taken into account. Optionally the program can be used 
to compute further properties of the impinging ions, e.g. their effective charge (Z e f f), 
the time of flight (TOP) in a sufficiently thick target, the restricted energy loss (F;JX) 
and linear energy transfers (LET). It is rather simple to include some more user-written 
routines which need stopping powers, ranges or the quantities mentioned above as input 
data. The stopping powers S can be transformed into mass stopping powers S/y (J - macs den
sity of the target) or into stopping cross sections S/n (n - density of atoms or molecule;; 
in the target material). Solid and gaseous targets consisting of a pure chemical element, 
a compound or mixtures can be handled. The user has to provide only input data on the ions 
and the constituents of the target, since the program contains all other data necessary, 
e.g. the isotope composition of all elements, the atomic masses and the ionization 
potentials. 
Originally the FORTRAN program STOPOW has been intended to run on the CDC computers (tyjes 
6000 - 8000) of the JINR Dubna. We transferred it to the Rossendorf ES 1055- Minor modifi
cations of the source had to be made due to the different FORTRAN versions implemented to 
CDC and ESER (or IBM) computers [4]. In order to obtain correct results on ESER computers 
the real variables have to be set to double precision. This can be simply done by switching 
on the AUTODBL option of the optimizing FORTRAN compiler [5] • The storage requirements of 
the load set does not exceed 30O kBytes, it takes about 10 s to calculate S, R and TOP of 
one ion at 183 different energies. 
For illustration, we show in figs, 1 and 2 a comparison of calculated and measured stopping 
powers oi some solids and gases for oc-particles [6], 
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F i g . 2 : Mass s topping powers of gaseous He 
and AT f o r e c - p a r t i c l e s , the expe r i 
mental data have been taken fron [ 3 ] . 

1: Mass s tepping powers of Ni and Ag 
f o r «c-par t ic les» the experimental 
d a t a have been taken from [ 7 ] . 
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THE FORTRAN PROGRAMS KA?SAKBA AND STRIDES! 

H.-J. Keller 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

The program KASSAtlBA serves for data analysis of 256<<256 channels matrices stored on 

digital cassettes or tapes. At the ВС 1055 computer the following manipulations are 
carried out: (1) data transfer, (2) construction of selected singles spectra and (3) plot 
and print of singles as well as two-dimensional spectra. Pig. 1 shows an example of a 
256<256 channels spectrum. For intensity representation lines are drawn of 1 channel 
length in x-direction and 0.1 channel distance in y-direction which enable 10 intensity 
graduations of e. g. 2 n, 1*n*10. 
For measured matrices of 64*64 channels the program STRIDEJJ calculates to each measured 
intensity value 8 further values by bicubic interpolation /1/ resulting in a 192*192 
matrix giving in this way a more instructive picture, as shown in fig. 2. For intensity 
representation 14 lines are drawn of 1 channel (x) length and 0.071' channel (y) distance 
in graduations of 2 n, 1 * n * 1 * (fig. 2a) or any other arbitrary sequence (fig. 2Ъ). 

Pig. 1« TOF-E distribution of ternary 
fission events /2/. 
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Fig. 2. TKE-A distribution of binary events of a htfavy ior> reaction /3/ in binary 
intensity code (a) and the arbitrary sequence (b) 4, 7, 10, 40, 70, 100, 300, GOO, 
900, 1200, 1800, 2400, 3000, 3600. 
R e f e r e n c e s 
/1/ H. Böttger, ZfK Rossendorf, ZfK-394- (1979) 32 
/2/ R. Kotte et al., this annual report p. 3 
/3/ P. Gippner et al., this annual report p.2 
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1S0PL0T 2 - A PROGRAM FOR GRAPHIC REPRESENTATION OF FUNCTIONS Z : F(X,V) 

H. Böttger 

Zentralinstitut für Kernforschung, Rossendorf, Bereich G 

P. Gippner 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Energy and mass distributions of binary fragments formed in collision systems with different 

projectile-target combinations were investigated using the double-arm time-of-flight spectro

meter DEHAS /1-3/. The usual way to illustrate the obtained results is the graphic representa

tion of three-diaensional structures or functions Z = F(X,Y) as isoline plots. The progra« 

ISOPLOT 2 allows to evaluate the isolines and to draw then on a digital plotter (type 

CALCOHP 565) by means of the software package ZFKPLOT /4/. 

The functions F(X,Y) can be defined analytically or as points over a regular rectangular lat

tice. In the second case two Methods of interpolation are available: the bi-linear and the 

bi-cubic interpolation, which use sliding HERMITE polynomials. The values to be represented 

can be given individually or by a set of DO-loops, each of which consisting of starting value, 

step and closing value. The isolines are calculated in discrete steps by the method of track 

tracing. This includes an automatic control of the step lengths in dependence on the local 

surface conditions like curvature and density of lines as well as the gradient values. The 

generated sets of points are collected in a file. Before the graphic output starts these sets 

are put in order with the aim to minimize the sum of raised-pen-motions of the plotter. 

The programm may generate scales, frames and line-numbers. If the function F(X,Y) shows high 
* 

peaks a logarithmic transformation F = ln(1+F) can be performed to improve the quality of 

the interpolation. If F(X,Y) exhibits a strong statistical dispersion the measured values can 

be smoothed before processing. The different subroutines of the program are controlled by a 

set of functional parameters whose values have to be chosen by the user. These parameters 

allow an adaption to the special problem by the choice of the density of contour lines, bound

aries of the step lengths, number of the values to be plotted, dimension of the graphic, re

solving power of the line-recognizing algorithm and others. 

As an example for a smoothed isoline plot the 

fig. 1 shows the binary events obtained by the 

investigation of the reaction Ar(220 MeV) + 
232 

Th. The results are presented as a function of 

the parameters M, (mass of fragments measured in 

the ionization chember 1 of the spectrometer 

DEMAS) and Q , + Q 4 (the sum of angles of both 

fragments in the center-of-mass system). The 

peaks are due to elastic scattering. The frag

ments in the mass region between 40 and 232 amu 

represent fission products. Only those events 

were accepted for further data processing, which 

satisfy the colinearity condition 0 - + Q. -

180° + 3° III. 

R e f e r e n c e s 

IM Hill, E. et al., Report JINR-13-85-754, 
Dubna 1985 
Schilling, K.O. et al., to be published 

111 Sodsn, H. et al., J1NR Rapid Communications, 
Oubna, N4-84 (1984) 15 
lukyanov, S.M. et al., Proc. Int. Worksh. on 
Groes Prop, of Nuclei and Nucl. Exc. XIII, 
Hirschegg (1985) 123 

/3/ Gippner, P. et al., this report, p. 1 

IUI Böttger, H., ZfK-394 (1979) 
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Fig. 1 
Binary events observed in the reaction 
4°Аг(220 MeV) + 232in drawn as contour 
line plot in dependence of the parame
ters M. and Э, * Эл • 
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так EVALUATION OF JJ-COINCIDENCE MATRICES 

f. Bnghardt 
Zentralinstitut für Kernforschung Kossendorf, Bereich KF 

After transforming experimental .^-coincidence data stored event by event on magnetic 

tapes to a 2048 x 2043 matrix [1J, one has to deduce physically interesting information 

from these data. The FORTRAN program COST is intended to meet the requirements that 

commonly arise during establishing a nuclear level scheme by evaluating »^-coincidences. 

1. Background correction: 

The background of an effect gate can be calculated from up to eight background gates by 

interpolation or extrapolation. 

2. Peak search (optional): 
Fast peak search and peak-area estimation can be performed for the background corrected 
spectra, a coincidence table containing the photopeak energies and relative intensities 
is printed. 

3. Plotting (optional): 
The background corrected coincidence spectra can he plotted by means of the CALCOMP 565 
device [2j. The scale of the abscissa has been fixed at 0.2 mm per channel, the ordinate 
has been limited to 10 cm at maximum. Therefore, the appropriate scale of the ordinate 
has to be calculated for each spectrum. However, the user is allowed to choose this scale. 
In this case the drawing of a spectrum will be cut off, if its height exceeds 10 cm. The 
scaling factors are ijiven on the picture. 

4. Summation of background corrected spectra (optional): 

In order to prove the existence of weak »-ray transitions, sometimes it mafir be useful to 

enhance statistics by summing up all those gates where these lines appear or where they 

are expected. The spectra obtained can be handled in the same way as background corrected 

ones. 

5» Dumping of background corrected spectra to magnetic tapes (optional): 

The program described runs rather fast on the IS 1055 computer, e.g. it is capable of 

performing the construction, the background correction and the peak search for about ten 

coincidence spectra per minute of CPU-time. Therefore, the dumping option should only be 

applied to those spectra, for which a further processing, e.g. precise calculation of peak-

areas or special drawings (for publications) are required. 

R e f e r e n c e s 

[l] Enghardt, W. and ü. Fromm; Gemeinsamer Jahresbericht 1984, ZfK Rossendorf, 

ZfK-559 (1985) 174 

[2} 3öttger, H.; Anwenderinfornation ES 1055, 1. Fortsetzung, Rossendorf, 1983, p. 1 
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O N - L I N E P R O G R A M S F O R M U L T I - P A R A M E T E R M E A S U R E M E N T S 

H . D . Fromm 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

With the inclusion of particle identification the complexity of measurements at the Rossendorf 

accelerators rises continuously. In order to support such measurements in a more general man

ner programs for a user «electable number of parameters are supplied. Fast data-taking and 

sorting arc handled by programs written in assembler language. The detailed physical analysis 

of the recorded data set is performed with FORTRAH-programs developed by the users. 

Uith respect to the existing hardware (multiplex-interface /1/ and OMA-channel) two programs 

fnr recording and sorting multi-pnranctcr events nf up tn neven naraneters have been installed 

at the KRS 4201. 

Program XPAR organizes the data-taking. The events are transferred by the nultiplex-interface 

nver the DMA-channel into the conputer memory. Two alternating buffers of 752 words each are 

filled with raw data of 16 bit words. The 4 msb are used for labelling the start of an event 

and the number nf the input channel. Therefore, the resolution of the measured parameters is 

4096 channels. After inspection four control words are iddcd and the data block is written to 

the magnetic disk which can store 4üP0 hlncks. Singles jpectra of the parameters are stored in 

main memory. A two-dimensional spectrum can be generated by means of an attached color display 

unit /2/. For the control of the CAMAC apparatus three user-defined subprograms for initiali

sation (CINl), start (CSTA) and stop (CSTP) of the data-taking can be linked. 

For the interpretation of nulti-dimensional measurements a flexible sorting program is essen

tial. Its main purpose is a convenient reduction of the parameter space to facilitate human 

reception. The program XSOR is one attempt to solve this problem interactively. Using the mag

netic disk as input device the sorting time can be kept small. Therefore, in one pass only one 

result spectrum (one- nr two-dimensional) is produced and displayed. The user can improve the 

result in another pass changing the sorting conditions. Up to eight conditions can be imposed 

(logical AMD). Conditions for one parameter (lower and upper limit) and iuo correlated ones 

(reference address to a table and scaling factor) can be formulated. The tahle is organized as 

linear array ordered after the first value with lower and upper limit of the second scaled 

value combined in 16 bit as content. In general such a table is the result of a preceding 

rtiirng and should be supplied by the user. In order to minimize the sorting time the most 

ntringent ronrütinr. should he the first entry in the sorting list. 

The result can be presented as one- or two-dimensional spectrum. One-dinensional spectra are 

stored in main nemory starting at a user-supplied address. Two-dimensional spectra depending on 

their size can be stored in main memory or are transmitted to external storage devices (see 

Table). The size of the matrix can be reduced by a user-supplied number of shifts. During the 

sorting process the correspondence of the data-set to the selected number of parameters is 

verified. Changrs of the experiment number and the number of the last block sorted are proto

coled. 

Table 1: Presentation of two-dimensional results 

mod= 1 2 3 4 5 

storage i n t e r n a l external 
dimension 32*32 64*64 128*126 256*256 64*64 

lennth(K) 1 4 16 64 4 

device KRS 4201 main storage color- 4K-HCA 
display 

R e f e r e n c e s 

/1/ K. Heidel and E. Will; Geneinsamer Jahresbericht 19B1, ZfK-44B(1982)p.202 

/2/ l/.D. Fromm and M. Kahlenbach; Gemeinsamer Jahresbericht 1983, ZfK-530(19B4)p.131 
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BIT-HAP GRAPHICS MITH EC 1055 PROGRAMS 

U. Fronm, H.D. Frown, K.-H. Heinig and G. Otto 

Zentralinstitut für Kernforschung, Rossendorf, Bereiche G und KF 

At Rossendorf's main computing facility EC 1055 graphical output can be performed only by 

means of a slow drum-plotter. However, for a large variety of problems pattern generation 

does not mean "drawing lines" but rather "plotting single dots", possibly even plotting of 

consecutive dots in quite different regions of the image array. The dot-by-dot output of such 

an image with a plotter is very impractical, difficult and time-consuming. Devices like 

raster-scan displays or matrix-printers provide adequate means for the visualisation of these 

images, and due to their high resolution they can be used for drawings too. 

At the measuring center of our department matrix-printers with graphic capability are avail

able 111. The maximum number of about half a million printed points per standard page is given 

by ca. 700 lines with 768 points each, which corresponds to a resolution of 24 points/cm. 

During one sweep of the carriage 10 rows of dots are printed in parallel. 

Bit manipulations within the display array are very useful for computer simulations of physi

cal processes 121. For the feneration of the image in the EC 1055 computer main memory must be 

reserved for an one-dimensional IHTEGER*2 array tIDIT of a length of at least 760*11 elements, 

where 10MI is the number of pixels to be printed in y-direction. Every dot of the image is 

represented by one bit of this array. A set of FORTRAN and ASSEMBLER routines have been deve

loped which perform address calculation and bit manipulations. For instance, the subroutine 

SET(I.J) sets a bit within the NBIT array which corresponds to a doi at coordinates x = I and 

y=J of the image produced later by the matrix-printer (I =76B,J =10»N). The ASSEMBLER 
max max 

routines SBITCIHT.HR), RBITCINT,MR), UBIT(INT,NR) and TBIT(INT,NR) set, reset, invert and test 

the NR bit of the INTEGER*2 array element IHT, respectively. The result of the bit-test is 

of the type LOGICAL. The bit functions BIT0M and BITOFF available by the F0RTRAN-0E-compiler 

/3/ are unsuited for this purpose because the number of the bit must be a constant. 

The transfer of the huge amount of data from the EC 1055 to the microcomputer is accomplished 

by magnetic tape cassette /4/. The information for the 10 needles of the printer is stored in 

binary form in the array MBIT, In many applications large areas nf the picture remain empty, 

i.e. no needle has to be activated. Therefore, before the output on cassette, consecutive 

zeroes are counted and written as negative number to the cassette. In this manner about a 

fourfold reduction of the data volume was achieved saving tape and time. 

'C ^ ^ ̂  

X- -<--

S.--' :^k2^ 
Fig. 1 

Example of an image created by computer simulation with the 
EC 1055 (see also /5/) 

R e f e r e n c e s 

/1/ W. Enghardt, W.O. Fromm; Gemeinsamer Jahresbericht 1984, 7fK-559(85)p 160 
121 H.-J. Müller, K.-H. Heinifj; this report p. 44 
IV VEB Robotron; Optimierungscompiler FORTRAN ПЕ, С 5463-0201-1, p lie 
ill *' u r oT\' 'LD-JT°^' F-, Schwarzenberj; Arbeitsbericht KFM-7/B5, ZfK Rossendnrf /5/ K.-H. Heinig, G. Otto, H.-J. Müller; this report p. 42 
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