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NUCLEAR REACTIONS
TKE v.s. MASS DISTRIBUTIONS OBTAINED BY INVESTIGATION OF THE COLLISION SYSTEM %Car + 2327

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will

Zentralinstitut fir Kernforschung, Rossendorf, Bereich Kf

H. Sodsn, S.M. Lukyanov, G.G. Chuberien, 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 hes 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 elsevhere /1/ has been developed. Preliminary results obtained by investigation of the
22 269cr’ 325 . 238u’ AOAr . 2}21h and °6Fe , 208
in /2-4/. These projectile-target combinations were chosen with regard to the formation of
composite systems with an identical nuclear charge number 7 = 108.

aoAr + z}zlh, studied at a projectile znergy E1 = 301 MeV, we found a Gaussian-

reactions Ne + Pb have already been published

In the case of
shaped fragment mess distribution with a value r}wHM = 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 systenm aoAr(}U1 Mev) « ijlh undergoes fast fission, fully in accordance with
calculations of the driving potential /4/. For E1 = 220 MeV and 206 MeV, respectively, the
mags distributions tend to broaden and the intensity maximum at M = (M,oMz)/Z vanishes. Rela-
tive maxima appear in the region of M=205 end of the complementary masses Ma 65. The enhanced
yield of fragments near the doubly magic nucleus ZUGPb 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

T—T ML A S A L S the dashed lines represent the expected rel :ase of total

40Ar(301MeV)+232Th

kinetic enmergy for fully relaxed events, These TKE values
1/3

7
2

are scaled by the expression kM3Ma/(M + Mz/j) 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

M2 205 and Mx65. We suppose the emerging shells near

the nucleus 208

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 systematics, which for asymmetric fragmentation
refers to highly deformed liquid-drop configurations
/6/.

TOTAL KINETIC ENERGY  TIE[MWV)
8
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Schilling, K.D. et al., to bc published .

/2/ Sodan, H. et al., JINR Rapid Comm. (Dubna) N&4-84
(1984) 15

/3/ Lukyanov, S.M. et al., Proc. Int. Worksh. on Gross
Prop. of Nuclei and Nucl. Excitations X111,

©) Hirschegg (1985) 123
0 0 0 T W 30 20 /4/ Gippner, P, et al., to be published
MASS (amu) /5/ loke, J. st al., Nucl, Phys. A440 (1985) 327

Fig, 1 /6/ Hulet. E.K. et al., Preprint UCRL 93218 (1985)



-2 -

TKE vs. MASS DISTRIBUGTIONS OBTAINED BY INVESTIGATION OF THE SYSTEMS 2ZNe + 23%Cr anp

SGFQ . 208Pb

P. Gippner, X.D. Schilling, W. Seidel, F. Stary and E. Will

Zentralinstitut for Kernforschung, Rossendorf, Bereich KF

H. Sodan, S.M. Lukyanov, G.G. Chubarian, V.5, Salamatin and Yu.E. Penionzhkevich
Joint Institute for Nuclear Research, Dubna, USSR

Energy and mass distributions of binary fragments formed in the collisjon systems zzNe +
249 40 232 32 238 56 208
cf, Ar + Th, S + U and fe +

spectrometer DEMAS /1/. Preliminary results of these investigations were already published

Pb were measured by means of the correlation

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 1= (Mt - Hp)/(Hp + "t) and the different angular momenta 1 /3/. According to these

calculations the system 22Ne + 249

Cf is the most interesting ore, 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 ? values (fusion-fission) or towards decreasing
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 238, , 16g (Z=100) and 238, , 27, (2=105%)
were studied at an icidence energy of 6 MeV/amu. The results of /4/ allow to predict the
quantity r}wH" of the mass distribution of fusion-fission fragments io 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 r‘FNFH = 90 amu obtained in our experiments /3/ we conclude that

the system 22Ne + 249cf undergors fast fission.
Fig., 1 shows the TKE vs. mass distribution of the measured
L NN | T L4 4 T v A A
“'L fragments. Th2 contour lines form a ridge, which demon-
%(174“)0ncf strates the mass drift to symmetry when the reactiocn part-

ners sre in contsct. The lashed parabols drawn in fig, 1

1 exhibits the expected TKE release for fully relaxed events,
1 @s already described in /5/. The elastic peaks could not

be observed for kinemstical reasons at the chosen experi-
mental geometry /3/.

The TKE vs. mass distribution of the correlated fragments

4 obtained in the reaction 56Fe(}54 MeV) + zoan is shown in

fig., 2. The plot reveals mainly ssymmetric ‘ragmentation

with a very low yield of symmetric fragments. More detail-
o .
] T i ) ] 208,

ed considerations show that for the system 56Fe +

the shape at the conditional saddle is more compact than

Fig. 1 two nuclear spheres in contact /6/. Hence, already for
central collisions (1 = 0) an extra-push energy Ex- 30
wf™ T T ARG MeV is needed to overcome this saddle and to form a stable
S6F (354 MeV) » 208PD neck. We suppose for higher l-values the forme ion of a
oo 71 neck to be suppressed for energetical reasons (T - Veg =
54 MeV), what prevents the mass drift, The high yield of
b 4

fragments near the elastic peaks is therefore interpreted
as due to deep inelastic collisions,
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/1/ Will, E. et al., Report JINR 13-85-754, Dubna (1985)
Schilling, K.D. et al., to be published
’ 1 /2/ Sodan, H, et al., JINR Rapid Comm, (Dubna) N4-84 (1984) 15
ﬂT /3/ Gippner, P. et al., to be published
o W™ /4/ Toke, J. et al., Nucl. Phys. A4sQ (1985) 327
/5/ Gippner, P, et al., this annual report p. 1
Fig, 2 /6/ Bock, R, et sl., Nucl. Phys. A388 (198B2) 334




-3 -

IN-BEAM INVESTIGATIONS OF TERNARY FISSION AT THE ROSSENDORF CYCLOTRON U-120

R. Kotte, H.-G. Ortlepp, H.-J. Keller, f. Stary, €. Hentschel and J. Fiedler
Zentrslinstitut fir Kernforschung, Rossendorf, Bereich KF

The in-beam investigation of charged particle induced ternary fission was probed at the Rossendorf
Cyclotron U-120. A 4 nA beam of 13.5 MeV deuterons was focused on a 1.3 mg cn-z target of
nat.UO2 electroplated on 3 1.5 -q-cn’z nickel backing. Two parali=]l plate avalanche counters
(PPAC) with an active area of 2 x 4 cm? (2 wm gap) were installed both 2 cm apart from the

target (fig. 1). These PPACs were operated such (-U = 345 V) that only fission fragments

det
(ff) generated fast signals for triple coincidences with the licht charged particle (lcp).

l A third PPAC (lcp-PPAC) with an active area of 1.5 cm in

SURFACE [—é:j_ smr.@ ) diameter (4.5 mm gap) was instslled 11 cm apart from the
&A%ETSR Y { target perpendicular to both the fission-axis and the beam
! TOF direction. It was operated at a higher reduced field

LIGHT CHARGED |PARTICLE €/p (-Udet = 530 V) allowing an effective triggering on lcp.
:_ n;m' It's fast pulses were used as START signals for a time-of-
d;;—T flight measurement (TOF). The corresponding STOP signal and

the energy (E) information were derived from a large area
surface barrier detector (@8 = 3.2 om, udet = 180 V) instal-
led at a flight distance L = 15 cm from the lcp-PPAC (solid
Voare angle 40: 12 mer). The mass resolving power m/dm~ 4 (at

E/A = 4 MeV/amu) was mBinly determined by the time resolution
At = 0.7 ns (FWHM). The three PPACs were commonly supplied

e .._) with 3 torr n-pentane by a gas flowing-through system.
1 10f -E~distributions were recorded into a twodimensional

fig.

Experimental set up analyzer with colour display. Fig. 2 shows an ungated spec-
trum, and fig. 3 a spectrum gatsd 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. mensional TOF-E-distributions (fig. 4).

{2) The contribution of random triple coincidences '.as sultracted from the gated aslpha energy
distribution by using the ratio (9 - 10'“) of ff-events in both the twodimensional plots
multiplied with the ungated alpha energy esectrum.

Despite the bad statistics the determineu large range slpha (11a) energy distribution irom

deuteron induced fission of 2}BU is in good agreement with the corresponding ones from

252Cf(sf), 235 239

U(nth,f) or Pu(nth,f) /1/, i.e. ternary fission was observed indeed.

¢ [ 0 18 32 48 CHANNEL NUMBER
. E - T T T T T
1 @2 a} UNGAIED |
A E |
Zo :
" w 2l |
[S i
: B e
! 1300t g1 ; r . |
b - random 1f 4] e 1 ST S - I -
! : comcidences b} GATED
i 2 MEASURED !
: A ' ol 7N ke
“ o] . .
| | Brilpt [
bq N e
ToF 0 / 1 i v
CNAMI‘."UIH! o 10 20 30 E/Mev
Fig. 2 ig. 3 Fig. &
Ungated TOF-E-distribution Gated TOF-E-distribution Alpha enerqgy spectra
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RESULTS OF ABSOLUTE FISSION CROSS-SECTION MEASURIMENTS OF Pu-239 AT 4.8, 8.65 AND 18.8 MeV
NEUTRON =NERGY USING THE TCAPM

C.-M. Herbach, K, Merla, G. Musiol, H.-G. Ortlepp®), G. Psusch

Technische Universitdt Dresden, Sektion Fiwysik, WB Angewandte Kernphysik
’)Zlntrulinstitut fir Kernforsch
1.0, Alkhazov, L.V.Orapchinsky, E.A. Ganzs, S.S. Kovalenko, 0.1, Kostochkin, S.M. Solovjev,

V.1. Shpakov

g R

Khlopin Rediua Institute Leningrad

dorf, Bereich KF

Absolute meesurements of the Fu-239 fast neutron fission cross-saction were finished st
three different energy spot points. By using the Time-Correlated Aesocisted Particle Mathod
(TCAPM) ot the S MV tandem sccelerstor of the CINR Rossendorf (GDR) accurscies of £ 1 %
were achieved for the neutron flux determinstion (see Tab, 1). The produced averaged flux
within the neutron cone of ~ 3600 s~ ! /1.2/ was much higher than in csrlier measurements

8t U-235 /3.4/. Fissions were detac-

and the experimental prove of the absorption

correction, which was still calculated by
assuming a range of (7.5 + 2) -glcnz of the
fragments within the fission foils.

REFERENCES

/1/ C.M. Herbsch et sl,; report 05-06-85,

TU Dresden, 1985

340

e

Meam neutron energy (MeV) 4.820.20 8.65%0.20 18.8%20.20
FURM of energy distr. (Nev) 0.25 0.45 0.60 ted by phci;s thin targets
B Error Byror | £
corr. BITOT | cory, BITOE - Sontx.| £ 300 mg/cm” inside a perallel
(%) (%) (%) (%) (%) | plate ionizstion chamber filled
Counting of coincidences with methene [1]’
- Statistics of effeot - 1,27 - 1.08 - 1.5
- Random coincidences 0.64 0.1 | 1.86 0.17 | 4.69 0.41 | New measurements of the target aresl
Fission chamber efficiency 026 0.1 densities by o -counting st the TUD
- Corre ) ] mﬂ - - - - . [
- thn::;:giorgocuro 1.%0 o.}g 1.04 0.24 3;3 g.;g confirm the used RIL dats within
;'“"':::‘““"u“ .21 0.4 1.20 0.43 * " | the error 1imits. The results st
- Background 2.30 0.36 1.62 0.32 5.34 1.00 | 8.65 MevV and 18,3 MeV neutron energy
Beutron cone represent a summary of independent
- Neut cattering 0,25 0.40 | 0.36 0.40 | 0.34 0.40
B "“:::': :ﬂuton‘::n 0.08 0.05 | 0.07 0.05 | 0.12 0.08 sessurencnts (Fig. 1).
thickness dus to o o o . . o
%:“ .”{m" oas The comparision with data svalustions
- neutrons ocutside
"‘:' w T oxta e ot not corrected indicates a significant discrepsncy
the fission foils at 8,65 MeV especially for the
Fiesile layers £ o
. donsity . 1.00 . 1.00 . 1.00 |ENDF/B-V data (Tab, 2)., Final results
- Inhomogeneity - 0.88 ~  0.85 - 0.88 |wil]l be represented after checking
s;ma deviation (%) 2,00 1,88 2.39 the isotopic composition of the tar-
2 z gets by means of mess-spectrometry
Jab, 1: Corrections and error contributions . <
0 Pt '
% e 4

- e 4
we 4
083 M - MEASUREMEATS TAE P - inSuRs ENTE
I 1 11 % |10 &3 T 1 03
”»” om - L )

/2] C.M, Herbech et al.; XV. Internat,Symp, Fig.ia and 1b: Rasults of the independent

on Nucl.Phys,"Nuclear Fission”, Gaussig,

GOR, Nov, 1985,Proc.to be publ, as @

ZfK=report

3

R, Arlt et al,; Proc.X.Internst . Symp.

on Selected Topice of the Intsraction
of Fest Neutron and Heavy Ions with
Atomic Nuclei, Gaussig, GDR, Nov,1980,

e

e

(1981), p. 27
ot al,; Proc of an Advisory

Group Mesting on Nuclear Standard
Reference Dats, Geel, Belgium, 1984
IAEA-TECDOC~335, p, 18, (1985)

G.Y. Antesipov et.al., IACGA=report INDC
(ccP)-~166/GHI (1981)

messurements at 8.65 snd 18.8 Mev

ruutron Presented TCAPM- | Discrepancies to
energy measurements data files
(MeV) esult Error | EN =V Antsipov/5/
(10724cn2y () | (%) ()
4.8 1.740 2,00 + 2,90 + 0,40
8.65 2,350 1,85 + 4,26 + 2,89
18.8 20‘31 2039 - 1.10 -

Teb, 2: Comparision of the presented rssults
with actusl dete evaluations
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ABSOLUTE MEASUREMENT OF THE U-238 FISSION CROSS-SECTION AT 18.8 MeV NEUTRON ENERGY USING
THE TCAPM

C.=M. Herbach, K. Morls, G. Musiol, H.-G. Ortlepd! G. Pausch

Technische Universitit Dresden, Sektion Physik, WB Angewandte Kernphysik
*) eince 1984 ZfK Roscendorf

L.W. Drapchingsky, E.A. Ganzs, V.I. Shpskov, S.M., Soloviev

Khlopin Radiua Institute Leningrad

The joint measuresents program of the Khlopin Radius Ihstitute' Leningrad end the Technicsl
University of Dresden /)/ was continued with 8 series of measuresents of the U-238 fission
cross-section, started by a measurement st 18.8 MeV neutron energy. The main experimental
fsatures in neutron production and monitoring correspond to those in the U-235 measuresent
Z2/. but in contrery to [2/ a selfsupporting Ti-T target without Al-lgyer (thickness

3.1 .g/cnz. inventory 62.3 GBq/cuz) was used. The absence of the Al(d,ot ) beckground com-
ponent reduced the error contribution of the background correction in the associsted
particle channel (see fig. 1) from 1.35 % to 0.60 X. Cmploying a roteting target holder
systen the use of besm-currents to sabout 500 nA wes poss ble without noticeeble T-escape
out of the tsrget,

N 1
; rror AP- trum and
F" = (18.8 '+ 0.2) MeV Corr, | CoPOC. Fan B opactrum O o
.. = Etfect Spect
unting coincidences 10°- Jlr- . — ::u
Stetistice of effect - 1.81 % vy, #OUND Spectrum
Rendom coincidences 1.07 %} 0.21 % “ota«) "\
ission chamber efficisncy
- Correlsted background 6.01 %] 0.04 % 10%-
- Extrepolation to zero 0.81 %} 0.20%
- Fragment absorption 1,99%] 0.84% Tild«)
tpP counting
- 4 of Normolization of
L‘ Background 5.65% | 0.60 % 10 n m " r.c::,‘;z
eutron cone Components
- Neutron scattering 0.54%| 0.40 % v y
- Effective fiseion foil 50 100 150 200
thickness dus to the 0.,12%} 0,08 % CHANNEL
cons sperture
iseile layers Fig. 1: AP-spectrum of the Ti-T target
- Aresl deneity o 1.00 % foil end bsckground correction
- Inhomogenity - 1,51 % Teb, 1: Summary of the corrections and
~7 S error contributione of the pre-~
Result (10 cm®) 1.337 + 0.038 sented messurement
Stendsrd deviation 2.81 %

The used 5 fiseion-foils (In' = 1,909 mg/cm”) were prepared by HF~sputtering and sepers-
tion out of an metsl-orgenic compound, The aresl densities were mesasured by 2/3% « ~coun=-
ting snd celculeted by using 1'},2 s 4,468 , 1.09 y ¢+ 0,11 % /X/. The inhomogeneity was deter-
mined by RBS /47 snd ths used fission chember configuretion optimised ss described in ref.
(% to get a minimum totsl inhomogeneity. To improve the sccurscy further efforts have to
be directed especislly to the preperstion of foils with better inhomogenseity,

Ths prelisinery result ((1.337 s 0.038), 10724 cnz) sgrees within the error limits with
the ENDF-BV-compilation (1,326 . 10~24 ce?),
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THEORETICAL STUDY OF PISSICN N:UTRON EMISSION DURING FRAGHMERT ACCELERATION

H. Mirten
Tecanische Universitat Dresden, Sektion Physik, WB Kernphysik

Based on dynamical calculations of post-scission processes /1/ we introduced the time-
dependence of fragmeat excitation energy Ex(t) aad kigetic eaergy Ek(t) into the cascade
evaporation model /2/ to estimate the influer.e of neutroas emitted during fragment
scceleration on total double-differential emission probabilities N(E,0; (£, - neutron
energy and emission angle with refereace to tae light fragmeat direction, lab. frame
coordinates). The considered emission mechanisam was assumed to be significant in different
fission reactions /3,4,5/, but earlie¢ studies iaovolved arbitrary approximations like the
reduction of the probles t0 a single intermediate emission time.
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?As._'ll’ Fig, 2 2
T at kinetik energy per The angular dist.ibution ﬁgoo-anz.sotropy of 252\,:
nucleon Ef, the average of fission neutrons for (sf) neutron emission
excitation energy E , and a fixed emission energy versus t for fixed
the average cms emission (2 uevg in de endence of ¢ emission energies (para-
egergy as a function of for 25 cr(sf) syumetric). meter in ieV), The struc-
time t after scission for ture at low energy appears
symmetric fission of 252cf dv, to kinematics.

The calculation of the cms emission distribution @ (£) of the first cascade step was
carried out as a function of t, i,e.

£o(E ¢ B (L), t)at=u(t)- J' QX P (£ st). B(E :€0at, (1)

where Po(ix:t) - excitation energy distribution, The emission probability per time unit
#(t) is deduced according to statistical assumptions /3/. The corresponding N(1,®) data
(Pig.2) show a time-dependent 0°/90°-anisotropy (Pig. 3) which can be approximated by
sinh (3 . E-Ek(t)/l' / Z(t)) (A-fragment mass number), Hence, the relative behaviour of
Ek(t) and EX(t) as well as #(t) determine N(E,Oxt). The used input data /1/ give rise to
an unexpected anisotropy maximum cloge to 10~ oa (Pig. 3) for a symmetric mass split in
25"’Cf(uf). A remarkable enhancement of neutron emission in equatorial direction can only
be deduced for unreasonably short neutron life times, i.e., simulation of won-eguilibrium
emisgion,
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ABOUT THE MEAN-SQUARE RADII OF THE 236~U NUCLEUS IN EXCITED STATES WITH DIFFERENT
FISSION WIDTHS

A. Meister, S. Mittag, ¥, Pilz, D, Seeliger, E. Seidel

Technische Universitit Dresden, Sektion Physik, WB Keruphysik

L.B. Pikeloer

Joint Institute for Buclear Research, Dubna, USSR

Experizentally deterzined mean-square charge radii of 2360 compound-pucleus states exci-
ted by neutron resonance absorption in 2350 s Ow on ave a weak dimiaution as compared
with the ground state dats, and a correlation of these (r‘) n Yith the fission widths of
the compound-pucleus states seems to appear /1,2/. In Ref, /3/ sn atterpt was made to
discuss this correlation in the frame of the double~humped fission barrier model,

This model is successfully used to describe subthreshold fission processes, wherea: in
the present case states are excited about 1 MeV above the barrier. But investiga-
tions of the fission cross section of 2 +n showed intermediate structures which could
also be interpreted with the same model thet has been used to describe structure in sub-
theshold fission /4/.

with the (r2>n -data, the fraction « il of configurations with deforsation corresponding
to the second well of the fission barrier was estimated for each excited compound-nucleus
state, Usiog the value a? of the 4.8 eV-resonance, which has a fission width of o¢nly
4 meV, as a reference (Jj) the fractions '21 of the other states are of the order of 10%
(?ig. 1). In the frame of the model the ci may be relatedl to the transition rates bet-
ween the wells, This ylelds a fissionm, -ii{h Mge = 1...5 eV 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 [j=50...120eV
obtained by the Bohr-®heeler formula. In priciple, large statistical fluctuat ons of I3 i
wre possible, but it can not be excluded that the observed correlation of the < r ) n
with ', is connected with any other pbenomena not included in the model used,

4_ ‘:i Y T T
a2 -
';
ot 1 L 1 o Fig, 13
- Differences of fractions of second well
) configurations in 236-U compound-nucleus
of 235U 4 states in dependence on their fission
o +*n widths (}+) snd estinated dependences
L L with indicated Myye (=)
[} 50 %0 |" IM
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ANGULAR CORRELATIONS AMND MASS LOSS IN 1 CeV PROTON-RUCLBUS COLLISINES

L.N. Andronenko, M.N. Anironenko, A.A. Kotov, L.A. Vaishnene

Leningrad Kuclear Physics Institute. Gatchina, U.S.5.R.

¥. Keubert

Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

The experiment was performed at the Gatchina synchrocyclotron using the 4 GeV external

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

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

(18 x 3.5 cla). A double-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 6, =« 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 fragnents 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 AT.

The corresponding mean mass loss <A A

tained from the relation CAAD> = (AT + 1) -2 (A,,).
Pigures 1, 2 and } show the mean mass-loss for targeta of uranium, bismuth and samarium in

carried away by the undetected particle- was ob-

dependence on the folding angle 91 + 62 of the fragments. The mass loss increases in for-

ward direction (01 + 02 ¢ 180°) and the r.m.s. variances <6’M) of the corresponding mass

distributions beszome broader. The same tendency was observed in backward direction. This

behaviour could not yet be understood.

In & first approximation, we used the two-body kinematics to

ward momentua p,

for several fclding angles.A least square

fit (solid line in fig. &) shows that p, increases Aapproxi-

mstely linearly with the mass loss CAR)

the data of ref. /1/. Purthermore, a comparison at given

CA A) of our lata with recent measurements /1/ shows that

P, Yaries inversely with the proton incidence energy.-
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HADRON AND PRAGNENT ENISSION IN CLUSTER EXCITATION PROCESSES AT NEDIUW ENERGIES

H. Néller and C. Schneidereit, Zentralinatitut fir Kernforechung, Rossendorf, Bereich XP
3. Xovacs, Central Research Institute for Physics, Budapest, Hungary

An extended version of the cluster excitation model /1/ is proposed to describe the inclu-
sive spectra of various particle typss in a consistent way. The emission of particles in
hadron-nucleus interactions is assumed to be caused by a sequence of quasi-free binary
collisions between the projectile and clusters of k (1t £ k £ 4A) target nucleons. These in-
teractions are connected with the conversion of kinetic energy into excitation emergy of
the colliding systems. The subsequent decay of an excited system is describded according to
the statistical model /2/, i. e. the decay probability P“(l) into a certain channel &« is
assumed to be proporticnal to the number d.l‘(l) of quantum states per energy interval

accessible at the given invarjiant mass R of the system

dA(M) ~ (U 8))"" T 2, aRI(M)
with the masses m, of the final particles. Spin- and isospin states are counted by the factor
€+ the Lorentz-invariant phase space ia denoted by dﬂ:(l), and ] means the volume from which
the particles are emitted. The decay probability is normalized according to

PO sl Z, LS.

These probabilities are employed in the model /1/ for the description of the whole interasc-—
tion process. In this way all possible decay channelc are taken into consideration. In fig.
1 the calculated spectra of protons, deuterons, tritons and pions from the interaction of
neutrons with carbon at 545 NeV /3/ are compared with model caiculations. With the para-
meters of ref. /1/ a fair description of the whole data set has been achieved.
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Pig. 1
EBnergy spectra of protons, deuterons, tritons and charged pions at different angles /3/.
Dats and curves are multiplied by the factors given in prrentheses.
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A NBASURBNRET OF THE TOTAL CROSS SECTION OF TNE CAPTURE REACTION 2I(l.t)' AT l. = 25 NeV

J. NBaner, K. N8ller, ¥W. Pilx, G. Schmidt and T. Stiekhler
Zentralinstitut fr Keraforsehung, Ressendorf{, Bereich K?

Phoetodisintegration of )l and its inverse, the radiative n-d capture,are a tool to in-

vestigate the three-body wave function in its more general aspect and can provide basic

infermation on the properties of the nuclear forces.

The present paper represents the first measurement of the total cross section of the cap-

ture reaetion 2I(n.t)'. We used an experimental set-up similar to that described in ref.

/1/. The 25 NeV neutrons are produced at a Ti-T target bombarded by the 8 NeV pulsed deu-

teron beam of the Ressendor{ tandem accelerator. After collimation the neutrons are inci-

dent on a 10 -‘Iel2 gaseous deuterium target containing two NWPC's. The capture tritons,

reeoil deuterons and break-up protons produced within the deuteriua gas volume are detected

sisultaneously by s charged-particlee spectrometer which allows to separate these kinds of

particles. Pig. 1 shows the result of about 440 hours measuring time.

The total capture cross section is determined from the ratio of the number of messured

tritons to the number of recoil deuterons with the help of a Nonte-Carlo simulation using

the known differential cross section of the elastic n-d scattering /2/. The resulting cap-

capt = (7-6 & 0.8) ub. Using detailed bdalance this value

correaponds to G"‘. = (453 + 48) pb for the photodisintegration cross section at BI -

2D Nev.

A comparison with existing photodisintegra-

tion dats and four different theoretical - S
$

ture cross section amounts to §

calculations is given in fig. 2. 2
The present value confirms the data points
measured by Skopik et al. /3/ (open circles
in fig. 2). It should be noted here that in ' l‘
the case of photodisintegration reasurements

the absclute normalisation of the cross ’J

section is & difficult experimental task .4 )

and, therefore, systematic errors can be ]q:‘[_‘ - ?f,, t-'r;l_-'-_vm.
underestinated ecasily. "‘T“T‘!’ T T“T_T'l T w-ONew e
Obviously, this also is the reason of the

diserepancies between the data of the Pig. 1: A plot of the measured events
measurenents of the different groups.

Whith this respect our measurement ecerves

as & kind of calibration of the photo- M v

, disintegration data.

A sore detailed description of the experi-
.opt and a discussion of the conclusions
w*ll be published in /&/.

CN0SS SECTION /mb

References:

on
/1/ Stiehler, T., ¢t al.; Nucl. Instrus.
Rethods A 236 (1985) 343
/2/ D311, P., et al. (Karlsruhe); private
nosmuniostion
/3/ Skopik, D.M., et al.; Phys. Rev. C 24 ‘}‘ ® ™ - B S B I
€1981) 4791 PHOTON ENERGY /M
/68/ NBaner, J., et al.; to be pudblished 71g. 2: Total cross sections for the
in Pew-Body Syetems two-body photodisintegrstion

of 1
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OPP-SHBLL SEESITIVI?TY OF THE N1-COMTRIDUTION TO THE CAPTURB REACTION n + p—» 4 + J

K. NSller
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KP

In cenmection with s measurement of the capture reactionn + p —d + J with 25 NeV neu-
trone at the Rossendorf tande. accelerator /1/ a theoretical investigation was started to
study the influerce of off-shell changes in the nucleon-nucleon potential on the capture
eroces section.

In the nemtron energy range from 0 to 50 NeVY the cross section of the n + p —» d + J

capture reaction is dominated dy N1 and E1 transitions according to the matrix elements

1y = <ACS) IManp (50)),
Tgy = <d(351) 'E” "P(sp)>-

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 /)/ off-shell changes in the E1 transitions were investigated
which are due to changes in the triplet np-potential.

Te study the influence of off-shell changes in the singlet np-interaction in the present

paper the N! transitions were investigated. Off-shell changes were generated by using
-
d
ding changes in the H1 photodisintegratior cross section are shown in Pig. 2. From thic

different wave functions u, for the singlet virtual deuteron d- (Pig- 1). The correspon-
figure one can conclude that there are practically no off-shell changes in the captur~
eress section if one passes from curve 2 to curve 3. Up to now it i3 not yet clear whether

there exists a simple argument to explain this strong cancellation.

M1
Sy
mb

-

og 1 ) ' i

. 4 6
E,/MeV
Pig. 1 VWave functions of the Pig. 2 0ff-shell changes of the total
virtual deuteron state d. J + d disintegration cross section

due to the wave functions 4% in
Fig. 1

Refarences

/1/ 8tiehler, T. et al. Phys. Lett. ﬂ (198%) 185

/2/ Piedeldey, H. Kucl. Phys. A13% (1969) 35)

/3/ NBller, K. Proc. of the X. Buropean Symp. on the Dynamics of Few-Body Systems,
Balatonfired 1985
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PHENONENOLOGY OF ANGULAR DISTRIBUTIONS OF 14~MEV-NEUTRON-INELASTIC SCATIERING:
SYSTEMATICS AND THEORETICAL APPROACHES

D. Herasdorf and H. Kalka

Technische Universitit Dresdem, Sektion Physik, WB Kernphysik

Generally, the energy and angular dependence of neutron emission - ~0s5 sections
&ou (E,B',4) is favourable represented in terms of Legendre polyumoaials according
to

. Co(E) o= 2149
G (3,50 = —BE— 57 (2t £ (50) P (cos ™ ™
2T g 2

introducing reduced coefficients £ by the normalizstion conditica

£o (B,B' ) =6 oy (B,E' )/6 o (E). (2)

The systematics of higher-order coefficients f; (12 1) carried out by Briseno et al. /1/

Fields following results:

1) Aicdependence on the target nucleus mass number in the reage 30£ A% 200;

i1) inaependence on the incidence energy ia the energy rangu SE E £26 MeV;

111) independence on the kind of incidence spnd emerging particle (at least for neutrons
and protons),

At pressnt, two differsnt approaches exist for an interpretation of this systematical
bebaviour of f;

1) the "leading-Particle-Nodel™ developed by Mauntzouraris et al, /2/ which has been
implemented into the Generaliszed Exciton Model (GEM) by A ikermauns et al. /3/.

11) the semi-empirical formslisa of Kalbach gnd Nann /4/ which has been derived from
(p,n) and (p,p’ ) experisents at high energies (E=50 MeV), Assuaing the correspoun-
dence of the transaission of a particle with angular momeniis 1 through a nucleus’
potential well and the moment f; it bas been found

£) (B') = 4/(1 + ex (M1 (B - B')) , (3)

with parameters
A¢ = (0,036 + 0,0039 1 (1 + 1))/MevV |

By » (92, =~ 90/YI(L + 1) JMev |

This formalism alsc reflects all independencies of f; stated above, But, any spplication
at 15 NeV has to be investigated carefully /5/,

for ls= 1...6 (“)

Reforences:
/1/ Brisenc-Galvesz, J., Hermsdorf, D. and Kalks, H,, Jahresbericht ZfI-559 (1985) 45
/2/ Mantsouranis, G, et al., Phys. Lett., 57B (1975) 220
/3/ Akkermans, J.M., Gruppelsar, H. and Reffo, G., Phys. Rev, C22 (1960) 73
/3/ Xalbach, C, and Maon, F.M,, Phys, Rev. C22 (1981) 112
/5/ Herusdorf, D,, Kalka, H, and Steininger, U,, this report p, 13
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PHENOMENOLOGY OF ANGULAR DISTRIBUTIONS OF 14~MEV-NEUTRON-INBLASTIC SCAITERING?
COMPARISON OF EYPERIMENTAL ARD THEORETICAL RESULTS

D. Hermsgdoret, H. Kalke and U, Steiniger
Technische Universitiit Dresden, Sektion Physik, WB Kernmphysik

In a preceding contribution two phenomenclogical models for the calculation of double-
differentisl cross sections (DDX) are described /1/. Both formslisms have been applied
to interpret experimental data for Lead obtained Ly several authors.

1)

ii)

The "Leading-Particle-Model™ is realized in the computer code AMAPRE /2/ which
supplies all Legendire moments f; inclusively f,,

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

P (R’ ) =6 G )T /6 &) )
to yield Legendre’ moments
£1(B')=6(2')-1) T(B') forlai,....6 (2)

Usually, O oy(E’ )m is spprovimated by b-nl (" OWEA,

Comparing reduced coefficients extracted from experiments snd calculated results follo-

wing
1)

ii)

conclusions can be drawn:

the theoretically predictel f); in both formalisms sgree very well within the
experimental uncertainties /3/ (and fig. 1)

the predicted sbsolute angular distributions G . (E,E’,J) are also in quite good
agreesent if the normalisation factor £,(B,E’ ) cam be correctly detersined by
theory or experiment., At high emission energies DI components have to be superis-
posed to the results of AMAPRE /3,a/,

.v.ij.

L)

Mg, 13
£y as function of energy E .
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ABOUT THE POSSIBILITY OF A BOUND '2C-'2C QUASIMOLECULAR BAND IN 2%Mg

M.u. Gersch

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
V. Goldberg snd V. Rudakov

Institute of Atomic Energy, Moscow

Recently we presented as a result of our Hoscov - Rossendorf collaboration the direct evidence of a 12(: transfer
in the '2c("®N,d)-reaction, populating the (13.450 + 0.015)MeV 6" level in 2%Mg /1/. This statement is based on

- the agreement of the (d,cto) correlation function with the squared Legendre polynom for an orbital momentum
126 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
a rather large spectroscopic factor for the cluster component 12C-12C (both in the groundstate), we suggest:

1) The level could be a member of a rotational band with an anomal large momentum of inertia. Using 20 z

10 Mev'1, as found for the quasimolecular resonances in 12(:—12(: collisions, the next members of the hand
should be situated at E (4%) T 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
Tanle 1 spectroscopic factors of the 6° level /2/ and the
energy dependence of the penetrability we get the fol-
Tl‘ £ /Mev/ r&o JeV/ ’:L1 /e¥/ lowing o -particle widths (table 1). From this point
K 1.3 1.5 meV _ of view it is worth while to investigate the 4%(?)-
+ 13.45 1.6 6.1 level at 11.30 MeV /3,4/ and the three 8" levels /5/
8 16.5 0.7 15 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 /1/, according to which following conditions must be fulfilled:
- angular momentum metching for a periphere collision
~ fragment (here the deuteron) with spin # 0 as a spectator
~ final state (here 2ONe) 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- d1-’ coincidence.

4) A rotstional band is characterized by collective intraband ’-transitions. However the known rtransition /2/
from 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 dl-coincidence experiment scems
to be hopeless. The 12C(“O,‘j)- or 2[)Ne(d.,).)-reaction has probably @& better chance.

S) The 6% level at 13.45 MeV in zaﬂg is situated about 9 Mev below the well known 6° resonances of the quesi-
molecular band. This fact suggests an interpretation of the quasimc lecular resonances in the frame of the
double resonance mechanism /6/, in which resonances with excited relative motion (nf0) are coupled to molecu-

lar configurations, containing two excited carbon clusters.

The generally used nucleus-nucleus potentials do not permit bound 12(:‘12(! states. However, the parameters of
these potentials are gained by fitting to the experimental quesimelecular band. Some Jeep potentials, in-
dependently determined /7/ have bound nucleus-nucleus states and permit the interpretation of the found
13.45 MeV 6" level as o quasimolecular state.
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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. Gersch
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Collisions of relativistic heavy ions (RH1) are the unique possibility to study nuclear matter under extreme
conditions. One of the fundemental 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 expsriment 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 oot in a
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 K’-spectra can be used
for measuring of the temperature parameter 7. The densityg of the nuclear matter in an early stage of the col-
lision can be determined from the size of the kaon source and the number of participating nucleons. The space-
time behaviour of the K’—emittinq 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 Ro. Here, the Coulomb
, repulsion between identical kaons was taken into account by
the mo called Gamow-factor G /3/. The life time of the source
"'VI and the effect of coherence between the kaons is assumed to
[

" be sufficiently small. Fig. 1a shows, tnat in a practical

300 measurement the events of 2-particle coincidences can be
cumulated in bins of the parameter q = IE: - ;Z | of
Aq$30 MeV/c (P: momentum of K* in the rest frame of the
source).

58 n(q,89-20"2") \

i+ Only very scarce rates of K*-coincidences are expected.

Therefore it is necessary to use 8 filmless detector system.

o . The proposed experiment can be realized in principle by the

without {iller ‘ ,

'rhagncf 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).

4 14
// q[’:—" J The epectrometer has to guarantee

i

o Y 100 200 300 - the identification of kaons in the background of pjons and
fig. 1 pratons

Expected correlstion function for k* pairs at - the measurement of the kaon momenta

different sizes of the emitting source (a) and
phase space factor for the proposed experimental
setup (b)

- the selection of central collisions by 8 suitable ‘rigger.

The yield of K*-coincidences has been estimated on the basis
of the following conditions:

- beam: Si or heavier, 4.2 A GeV/c(1lab), 106 particles/pulse

- target: Si or heavier, 3 g/cvr.z

- two-kaon production croes section & (2 K*, b€2 fm)210 mb (b: collision parameter)

- survival of K*-pairs in the spectrometer with the length L = 3.3 m : 50 %

phase space factor R {fig. 1b), calculated by simulation with a Monte-Carlo code, taking into account

+ the source of K* with 8 temperature 1€°140 MeV, isotrope

+ the spectrometer geometry with an acceptance of Nars msr, spectrometer axis & 15° out of the beam axis
+ the momentum acceptance p(lsb) = 0.5...2 GeV/c.

> end a yield of N Yo.m K*-pairs per accelerator

For the second bin (qCM = 30,..50 MeV/c)we got Mor3.10°
cycle. Thus, e correlation function can be gained with sufficient statistics during a few hundred hours beam
time.

The identification of keons is based on the particle momentum (from the reconstructed trajectory in the magnet-
ic dipol field) snd the time of flight (TOF). fFor the length of the spectrometer of L = 3.3 m the TOF has to be

measured with 0.2 ns accuracy. Therefore behind the last MWPC a wall of scintillation stop detectors sectionated
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in about 100 wodules has to be installad. The start detector eventually must be placed into the primary beam,
which needs a large counting capability.

Additiomly 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/.
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QUENCHING Of THE CORRELAYION FUNCTION AT THE HANBURY BROWN=-TWISS EFFECT

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

Using the HBT-effect it is pussible to get information about the space-time structure of the radiating source
/1/. If Boson pairs (e.g. K*) /2/ are emitted with a Gaussian-like merrer regarding the source distribution Ro and
the time behaviour T the correlation function has the form /3/

e atet

4 a

Rtg, )= 1+ 4@ e M

-» -
q= l Py - p2| ’ qo :lE1 - E2|, A: degree of coherence, where A: 1, if no coherence between the particles
exists /4/.

In the experiment the product of R(q,qo) and the phase space function v((q,qo) will be measured. R(q,qo) is
gained in praxis by normalization to a function without correlation behaviour, which can be determined experi-
mentally by using surely not correleted particles or by simulation, taking into account the parameters of the
source {fireball) and the geometry of the spectrometer /2/. In gereral however because of small coincidence
rates the correlation function can be measured only in dependence of q (e.g. 9,6). In this case the meesured
function R(q) is interpreted as 4” &

A 4
R(?)'-I + "qr e ¢ (2

Realy this function is gained by integration over q,

R ol ol

T T2
R@) =14 Ae - Teg) (3

with the quenching factor T %‘z‘

e T g I

! = (%)

S . 90395
r . Using the model of the source and the spectrometer geom-
1 T30 s etry in /2/ for kaons we calculated the quenching factor T
4

shown in fig. 1.

In the simple interpretation (2) the size of the source
RD will be overestimated or A can be underestimated for
lifetimes of the fireball TR 1072 s, respectively.

q[ ’3"’
0 .2
0 160 ZbO 500 In the case of kaon interferometry this quenching effect
probably may be neglected because of the short period of
Fig. | predominant kaon production (highly compressed stage).
Quenching factor faor different life times of the However, it mst be taken into account, that protons and
emitting source (fireball) pions are emitted during the expansion of the fireball,

which should  last some 1072 s.
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NAT 1402 ABD MAT 8201 -
WO REVISED VERSIONS OF EVALUATED NEUTRON NUCLEAR DATA FILES FOR
SILICON AND LEAD FOR BROND

D. Hermsdorft
Technische Universitit Dresden, Sektion Physik, WB Kermphysik

4.V, Blokhin end A.V, Ignatyuk
Fisiko - Energeticheskij Institut Obninsk, Centre po yadernim dannim (CJD)

Starting in 1985 the library BROND (Biblioteka Rekomendovanikh Otsenenikh Neutrooaikh
Dannikh) has been initiated and designed for gemeral purpose in the CMEA-region,

T™is library (formerly SOKRATOR) 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 evaluators respectively.

In this year two files most recently evaluated at TU Dresden have beeu contributed to
BEROND. Basing on earlier version (MAT 2015 for Silicon /1/ and MAT 1502 for Lead /2/

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

Silicon:

i) re-evaluation of resolved resonances parameters in Multi-Level-Breit-wigner
representation (MLBW) (MF2, NTM51)

ii) re-evaluation of capture cross sections in the fast neutron energy range

(MF3, NTM02)

leads

i) inclusion of resolved resonances parameters in MLBW representation
(MP2, MT151)

i1) re-formulation of neutron production cross sections by inclusion of neutron
pultiplicities (MF6, NT10)

i1i1) 4inclusion of y-ray production cross sections (MF13, MF14, MF15, MT3 and MT02
iv) inclusion of covariance matrices (MF33, MT’s 1,2,4,10,16,17,91,102,103,107)

All imgrovements and extensions had bsen stimulated dy 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,

Reforences
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/2/ Hermsdorf, D. et al., Jahresbericht Z£K-559 (1984) 16



~19 -

ON THE USE OF NUCLEAR DATA LIBRARIES IN GDR - UPDATING AND EXTENSION OF DATA BASES AND
NUCLEAR DATA SERVICE

S, Bckstein, D, Hermsdorf and D, Seeliger
Technische Universitét Dresden, Sektion Physik, WB Kermphysik

K. Friedrich, L. Jankowski and B. Lets

Zentralianstitut fir 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 represeantation)

ii) the Bvaluated Nuclear Data Library ENDI~84 (an ENDF/B-V formatted version of
ENDI~82)

1ii) the International Nuclear Data Library INDL/V-85

iv)  the 2% revised version of ZNDF/B-V Dosimetry Library

v) the ENDF/B-III scattering Law Library

vi) the ECN Neutroo Dosimetry Cross Section Library DOSCROS

vii) the ECN Radiation Damage Cross Section Library DAMSIG

Within 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 informotive materials,

In 1985 a computar C 1055 M could be put into operation at TU Dresden providing for
further improvementa of the technical basis for data storage, maintainance and updating
as well as for dat: aissemination by the GDR internal data network in the nearest future,

The data base "Non Neutron Nuclear Data"™ at ZfI Leipzig had to serve 35 user request ia
1985, The main progress is the installation of a modern information retrieval system
1SIS (Unesco) for the storage and retrieval of charged particle nuclear data in the
EXFOR - Format, The first experiences show, that ISIS allowes & 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 iz ready
for a use via remote terminals, First tests will start in 1986,
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NUCLEAR SPLCTROSCOPY

NEAN LIFETIMBS OF POSITIVE-PARITY STATES IN 'ZBr

R. Schwengner, G. Winter, J. DSring, L. Punke and H. Rotter
Zentralinatitut fiir Kernforschung Rossendorf, Bereich KP

The in-beam study of 793r performed at the Rossendorf cycloiron 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 (RDDS) and Doppler shift attenuation (DSA) measurements performed
in the (&,pn) reaction at a bombarding energy of 27 MeV. The target used in the RDDS mea-
surement consisted of a 0.21 mg cn'2 layer of enriched 77Se evaporated on a 0.5 mg t:m'2
backing of aluminized polyesther. The stopper was made from the sjame material as the
backing, and target-stopper distances from 0.016 to 5.0 mm were used in the experiment.
Gamme-ray spectra were recorded by a Ge(Li) detector located at 25° with respect to the
beam direction. In the DSA measurement a 5.0 mg cm™2 self-supporting foil of 775e was used
as target and the gamma-rars 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 a
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 mettod 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(B2) values indicate rather strong collectivity and
prove the rotational character of the band built on the 89/ proton excitation.

References
/1/ Schwengner, R. et al., Gemeinsamer Jahresbericht 1934, ZfK-559 (198%5) 28
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Table 1. Mean lifetimes and B2 transition probabilities

E,/keV i By /keV z/pst)  Method B(E2) /W.u.2)

797.0 1372 589.4 17(3) RDDS 34(6)

1732.4 17/2* 935.4 2.5(5) DSA 23(5)

2866.7 2172 1133.3  0.8(2) DSA 27(7)
1)'1'1'1e errors are given in units
of the last decimal in parenthe- D=16 om D=36pm
ses. They include statistical To117.4207)ps Tenss 2)31ps

errors, uncertainties of the nu- or T
clear and electronic stopping ! } 4 i 1
power and of the feeding times !
and intensities. Purthermore, ;?‘9_ : i
uncertainties of the target fa ‘
thickness and the flight S : 18k 4
distance are taken into account ﬂ i
in the RDDS method. 5 o O
2)q g,u, = 20 e?tn’ EB '
3 I -4
Pigure 1, Lineshape anelyesis of *i”i} ’ T 1
the peak at 589.4 keV in the r I r ]
RDDS method for two different e J/

> 4

flight distances. The errors

given are due to the fitting “W’ 565‘ RO SO
590 595

procedure only,
ENERGY (kev)
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NEi ps - LIFETIHES AND ELECTROMAGNETIC TRANSITIGN SROCASILITIES IN /3kr

G. Winter, R. Schwengner, L. Funke and J. D&ring
Zentrslinstitut fir Kernfarschung Rossendorf Sereich XF

The investigation of yrast states in 79 ¢ hes been the subject of seversl experimentsl
works (see the recent paper of Kajrys et sl. /1/). Nevertheless, eslectroasgnetic tren-
sition probsbilities have only been determined /2/ for three C2 transitions connacting
sesbers of the positive-parity sequence and, very recently /3/, for some high-lying
states of negetive parity. In this laboratory a new in-beam study of 7%ir was initiated in
order to extend our knowledge on band crossing phenomena in the Kr isotopes to the nucle-
us 7‘gkr. Preliminary results have been published previously /4/. An other important sim
was to study the electromegnetic transition prod2iilities betwean members of the negative-
psrity level sequences.

Lifetime measurements have been carried out using the plunger method in connection with
the (o¢,2n) resction on 775 st a bombarding energy of 27 iieV/. The experinents for the
target to plunger distances D = 0, 21 and 42 um have been performed in the ,,-coincidence
sode /5/ with the help of a new plunger chamber. Since the tara~t 3acking and the plunger
sre made from the same materisl the distance 0 = O is obtasined when the orientation of the
plunger arrengement with respect to the beam direction is reversed.

Preliainsry values for the lifetimes as deduced fros these measurezents arc presented in
tasble 1, The lifetimes were found by lineshspe snalysis of the spectra recorded at an
observation angle of 24 : 8 degrees /6/. Up to now, the csscade feeding was only approxi-
nately taken into account by assuming constant G(E2) values for the transitions wmithin
the two level sequences. An inspection of the reduced transition probabilities (table 1)
reveals 6(1i1) velues of about 40 or 10 m/.U. for the transitions within the 1/2° or

5/2° sequence, respectively, These valuecs are in accordance with the sssignment of the
p1/2 or fS/z configurstions to these sequences. The B(E2) values in the negative-parity
sequences are of similar meagnitude as found in the positive-parity sequence (=~ 40 .7,U.)
where the values in the 1/2” sequence might be slightly greater than in the 5/2° secuence.

Table 1. Lifetimes and transition probabilities for transitions in 79!(1-.

®
E evey Ej Pren- Dis- multi-  B(GA) ¥)

T T, T,
ching tance off. level T&dopnd partial polarity
eV ksV & mn ps ps ps [T ] (.3 % w.U,

402 402 52 42 57(6) 43(6) o6y 81(11) K2 47(8/5) 4
219 48 42 46(6) 40(6) 87(13) ul 39(7/5) 10

450 267 4.7 2130(350) B2 14(3/3) -3
302 67 42 120(20)  10(20) ;44054)  150(30) Nl 9(2/2) 107
320 28 42 100(15)  90(15) 360(70) El 5(1/1) 10

695 293 33 21 12(3) 9(3) 9(3) 27(9) Kl 52(24/14) 10~
512 66 13(%5) E2 88(40/16)

815 667 91 21 10(2) 8(2) 8(2) 9(2) B2 34(10/6)

42 10(2) 8(2) -3

365 9 89(13) Ml 8(2/1) 10

1063 661 82 21 /1)) 32/1) 32/1)  a2/1) B2 80(21/25)
368 18 16(11/5) Kl 44(20/18) 10

1172 722 94 21 5(1) 4(1) 4(1) 4(1) K2 52(16/11) -3
356 6 66(17) ML 12(4/3) 10

.) Lower liait estimested from DSAM. I’) Errors are given in parenthesis in units of the
last decisal. #hsn asymmetric, the notation is (upper/lower) uncertainty.
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SUSNANOSECOND ISOMERS IN S7¥
L.X. Kostov, i, Andrejtscheff, L.G. Kostovs snd P. Petkov
Institute for Nuclear Research and Nuclesr Energy Sofis Oulgaris

4. Prade, H. Rotter, L. Kiubler and F. Stary
Zentralinstitur fir Kernforschung Rossendorf Sereich XF

The level scheme of 37Y hes been studied in (p,2n) and (e ,2n) resctions /1/. The '-rlys
observed in the (« ,2n) reaction sre grouped into two distinct cascades with opposite per-
ity and different decay patterns. The ncgntive-pority states, which are interpreted /1/ as
coupling of one 2p1/2 proton to v(g9 z) aGSr core levels, decay through dipole transi-
tions. In the positive-parity cllc.dc srising from the '(99/2) u(99/2) configurltion
the E2 trensitions prevail. This fact has been expleined /1/ with & possible ssesll qued-
rupole deformation st higher excitations of the 7(99/2) w(gg/z)'2 configurstion.

we have performad lifetise messurements in the asﬂb(‘,,zn)a7Y reaction with the , - r.f.
method /2/. For the first time the half-lives of the 17/2" and 21/2% levels hwclhun
messured:

0.1 ns,
9.2 ns.

L 2(17/2', 2675.9 keV)s 0,2
71/2(21/2’. 2827.1 keV)s= 0.8

"+ i+

Further, the half-1ife of the 5~ state at 232.1 keV in sev hes been determined es

0,3
T1/2 =08 20,2 ns, in accordance with the vslue T1/2 = 0,6 :0.2 ns, obtsined by Ooppler
shift measurenents /3/.

For the 399.1 keV €2 transition, deexciting the 21/2’ level at 2827.1 keV we have derived
the reduced transition rete B(E2, 21/2%+=17/2%) = 7.1x10"> ¢%b2 (3.1 W.u.). This velue is
of the same order of megnitude es the transition probability for the 21/2%=17/2%transi-
tion in PNp (10.6x10"3 ezhz) ond in Nz¢ (11.:I.x:|.0'3 ezbz) where the 21/2* states are con-
considered as spherical configurations /4,5/. This anslogy is an indicatrion, thet the po-
sitive-parity levels in 7y at lesst up to 21/2 cen be considered as spherical shell-mo-~
dsl states.

References:
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/2/ Schilling, K.D., et al,; Nucl, Phys, A265 (1976) 59
/3/ Brenner, iH,, et 8l,; USIP Report 74~i.7, may 1974
/4/ Fields, C,A,, et al.;Nucl, Phys, A326 (1979) 55
/5/ Brown, iR.,A,, et al.; Phys, Rev, C13 (1976) 1900



- 23 -

LIFETIHE MEASUREMENTS IN 123,125y
L.G. Kostovs, 1. Andrejtscheff, L.X. Kaostov snd P, Petkov
Institute for Nuclear ssesrch snd Huclear Energy Sofis Bulgearie

L. Kiubler, H, Prade, H. Rotter and F. Stary
Zentralinetitut fir Kernforschung Rossendorf Bereich KF

In~beem ,~ray investigstions of the odd-mase I nuclei /1,2,3/ have rovesled two collective
features: AJ=2 bands, built on the 5/2%, 7/2* end 11/2” quasiproton stetes snd AJ=2
bsnds, built on the 9/2’ proton-hole states. These festures have been relsted with & dif-
ferent degree of deforsation of the proton-hole snd proton-particle configurations,

Excited states in 123,125, heve been populsted using ths «-beam of the iossendorf cyclo-

tron. Applying the generalized centroid shift method /4/ subnanosecond lifetimes have been

seasursd, We heve detersined for the first time the helf-livee of the 9/2* and 11/2” band-
heads :

123, *

11/2(11/2',943.5 keV) = 0,2 * 0.1 ns;

I: 11/2(9/2’, 935.8 keV) = 0.2 ¢ 0.1 ns,

T, /2(11/27,1084.9 kev) £ 0.2 ns.

11/2(9/2’, 641.3 keV) = 0.4 * 0.1 ns,

125

The 9/2% bendheads in the lighter iodine isotopes are known to be slso nanosecond isomers
/3:2/.
Further results from our investigstions are the half-lives of the states at 2350.6 keV and
2791,0 kev in 2231, which amount to

71/2 = 1,6 % 0,3 ns and

f1/2 = 0.4 2 0.1 ne,

respectively. Spin and parity for thesc states heve been only tentatively assignec /3/,
The isomeric character of the states under discuseion is an indication, that they are
probsbly of three-quasiparticle type,
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T™ME MOGMETIC MOMENT OF THE 10" ISOMER IN 1mt' MO TOPCRATURE DEPENDENCE OF THE PARMMGNETISH FOR Ce 1ONS
IN 80

L. Wibdler, H. Prade, W. Enghardt and F. Stary

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

P. Corle, L.O. Morlin, X.-G. Rensfelt and U. Rosengard

Resesrch Institute of Phwsics, Stockholm, Sweden

In the course of our investigestions on N=82 nuclei the megnetic moment of the J™ = 10° isomer /1/ in "ott has
besn messured with the {sy2n) resction st the Rossendorf cyclotron (.= 27.0 Me¥) snd the Stockholm 223 ce
cyclotron (E, = 32.5 MeV). Some experiments]l detsils sre given in table 1. The enperimentsl srrangesents sre
descrioed in refs, /2,)/.

Both the assumption of the calculasted persssgnetic correction 8 (7 = 300 X) = 1.42 (ref. /&4/) for Cc" ions
used in experisent 1 (ref. /5/) and the extrapolation for T to infinity for experiments 1,2,3 (ref. /6/) ~e-
sulted in uncorrect preliminery g-factors. Lesrning of the reduced persmegnetisam in cerium /7/ we
evalusted in experiments & and 5 the g-factor with sn internsl field cslibration (table 1). Thus, the g-factor
smounts to the averaged value q“’(‘lo';.'ntc) = +1.03(4) and the asgnetic moment to u(‘lo:,‘wtc) = 10.3(i)||“.

: 4

The excellent agreement of the experiments]l value with the result of our shell model calculstions /V/

L 1.01 (9:" : 0.6 g:"‘) supports strongly the interpretation of the 10° isomer ss a (gug.d,/;)-vrotm

state. On the other hand the strong E1 transition

f T T T v T T ECY 1Y) g - N 2 .
pin e i ™ 1'-:::'1-17“;1 101-0 9, suggests snell contributions of configu-

\ *"CeBo0..: @"CeBo .,'_,.,%,, 8y e rations outside the shell model approsch used.

m._t - .

\ \ w Table 1

) "T"l m‘u:n Lo Experimental results of the TOPAD-experiments

e W
b . a)

Beel L No. Target G”t(f) T(x) HL(nh) (1)

N 1 B0 | 2z.527(8) | 300 | 129(5) |1.08(6)
"\}\ Ce?* ~1 2 820 2.525{a) | 823 154(8) | 1.16(8)
=il 3 Be0 | 2.526() | 663 | 149(3) |1.20(5)
t 4 | #b) Ba0 2.236(1) | 857 | 122(%) | 1.11(6)
1.18(3)c)
_____________ b Be 2.522(a) | 300 177(3) | 1.42(8)
Cet* 1.34(a)c)
a) c . - b)
N L slculated w,th g(10") = 1.03(a), Messured
700 200 600 %0 1000 TEx]  in Stodth?”, €) Field calibrstion by means of
g(19/2~, 137Ce) = 0.420(6), ref. /8/
Fig. 1
Temperature dependence 8(T) for uocm and notcﬂ.. The messured value 0 (T = 300 K) for the system

: 8 for the nonmegnetic Ce®* ions, dashed-dotted:
8(T) calculeted /a/ for Ce3* ions. The insert shows the
relevent pert of the level scheme /V/. /4/ for Ce”" ions. However, the tespersture

dependence 3(T) for CeBal exhibits » strange be-
haviour (fig. 1). Assuming the ides of mixed valence as in ref. /7/ the Ce ions might be at room tempersture in
8 normegnetic tetrasvelent state, i.e. possibly st s Be site. for T2 650 X the B(7) velues follow the tempers-
ture dependence of Ce» ions which possibly come to rest st sn oxygen site. At 423 K a noninteger valence
V(423 X) = 3,5(3) mey be deduced giving rise to the suggestion of an interstitial.

CeBa is in exsct agreement with the calculetion
3
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HADROW YIRLDS PROM THE DECAYING QUARK GLUOM PLASNA

B. Xiimpfeor, H.¥W. Barc
Zentrelisstitut fiir Kernforschung Rossendorf, Bereich KP
B. lukfcs

Centrel Research Institute for Physics, sudepest, Hungary

One of the most intriguing prospects of .elstivistic hesvy ion collisions is the possi-
bility of exciting trensiently s quark gluon plssms. The proposale of identif ying

this novel metter state concern pecularities in the ignition process, direct probes and
finsl products of the decaying plasss. In the present note we snelyse whether the finsl
hadron yields might cerry, vis the chemical composition, some messsge being characteri-
stic for the plesma source.

The redistribution of querks into hsdrons is obviocusly a complex process. One mey expect
that the final yields depend on three kinde of dets: charecteristics of the initisl ples-
ce state, those of the final hedronic stste and the history of the phese treneition.

A relstively siuple model is the combinstoric model /™ 1_7 where the yields depend only
on initial state charscteristics (i.e. the corresponding quark-quark collisions), but
not on the phese trsmaition dynsmics. Now, we propose 8 wodified model, which takes into
account the thermodynamical properties of thes finsl state too. Thea old combinstoric mo-
del ie proportional to sll the nusber of quark constitusnts (collision probedility) and
to s channel factor too (distinguishing between e.g. meson and baryon formetion). The
quark numbers ere given, ané the channel factors cen be determined from balsnce equstions
expressing, for exemple, the sssu=ption that there is no esnihilation or splitting of
gluons into qusrk psirs. Then there sre four such equetions:

Q=K+X +20+ 3 +MSakep + Y +2T 439 m

+ conjugete egquations for sntiparticles,

where the letters stand for perticle musbers of the indiceted particles, end Y is o com-
mon neme for /A ondz- » These four equations cen be setisfied by four chsnnel fectors

in the generic case (here we choose @ C.istinction between formstion of mesons contsining
end not conteining S quarks, end the seme for baryons); becsuse of symmetries in the ori-
ginel combinatoric model the number of different chsnne. factors reduces to 2,

Now, one csn sssume that the probability of the sppesrance of a particulsr hadron se fi-
nal state is proportionsl both to the initisl probebility (given by e.g. the combinstoric
model) snd to the number of microststes helonging to the perticulsr hedronic finel stste.
These ststistical weight fectors f; csn be celculsted from thersodynsmics /~2_7, end in
lowest order one finds
- Oy

ti=e 9 (2)
whers oy stands for psrticle messes sna T denotes the finel tempersture., Results for en
isotherssl traneition sre displayed in fig., 1 for two vaslues of the tempersture T.
The raslstive yields of the dominant components are similer to the predictions of Ref,
[ 1.7, however, the rere hedrons sre now suppressed due to their lerge messes, Our
predictions for the ratios Y/Y end X/K sre in the seme order of the magnitude ss in the
puclesr firebsll model, thus these rstios ere not useful as plesme signesls, A poseible
extension of our present model should teke into sccount snother possibilities of the
freez-out regime,the redistribution of energy stored in the gluons end the vacuus by
cresting querk peirs,



ﬁﬁ' 'é'.:!ia‘%t “ ds T o hedrobic e t-pu-.-

ture of 150 MeV.
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CASCADE-NODEL STUDIES OF LAMBDA-PARTICLE PRODUCTION IN THE CARBON ON TANTALUM KEACTION
AT DUBNA :NMERGIES

H. W. Barz and H. Iwe
Zentrelinstitut fir Kernforschung Rossendorf, Bereirh KP

At the Dubna synchrophssotron the production of /\perticles wes investigeted in the reac-
tion C on Ta et e bowberding energy of E/A=3.36 GcV[II. We heve snslysed this experiment
usingour intramiclesr cescede code CASIMIR. This code models the intersction process of
hesvy ions es @& sequence of binery collisions of freely moving hadrons. The production

of A particles proceeds vie either direct nucleou-mucleon encounters or e¢lse vis secon-
dery pion-nucleon encounters. Mesn field effects ere neglected. In fig.1 we show the con-
tour lines for the inverient differentiel cross section d'f/ﬁ‘n in the repidity(y)- py
platte together with the rapidity distribution Md; end the py distribution A€/dp . 4
satifactory sgreement with the messurements is sttained, slthough the sverasge rapidity

( {3 =0.7, (!.xp) =0,5840.07) and tresnsverse momentum({p,) =0.50, <p&oxp> =0,4340.05 GeV)
sre slightly overestimeted. The enslysis re-
veals further thet the NN es well #s the XN
encounters give sn important contribution to
the A production end one third of the A’s
stem frow the J%decay.

Lo S T

({1l

All in ell, we have found thet the mechenisa
of strange perticle production in nedron-hs-
dron cescedes is equelly well applicable in

’ the energy dowain of 3-4 GeV per nucleon.
Obvious hints for e possidble occurence of s
new phenomenon could not be found.,
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zg,_h Invarisnt cross gections for A production
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POPULATION OF HYPERNUCLEAR STATES VIA NUCLEON DECAY CHANNELS

R, Wunsch
Zentrslinstitut fur Kernforschung Rossendorf, Bersich KF

L. Majling and J. Zotka
Institute for Nuclesr Resesrch Ref nesr Prague, &SsR

Using our continuum shell-model code we have cslculated the emission probsbility of

baryons (nucleons and Ahyperons) from hypernuclesr substitutionsl states produced in

(<", X") strangeness transfer reactions st sasll somentum trsnsfer, The cilculated

spprecisble probsbility for reaching 8 hyperfragsent with asss nuasber A-1 offers o

new possibility of producing hypernuclei in non-substitutionsl configurations which

are of grest interest for hypermuclear spectroscopy.

Fig. 1 shows the cslculated /1/ relstive

partisl decay widths of the 1:6 substitutionsl

stetes which dominate the 1“1.':(!(',3-) exci- .

tation spectrus, The two lower states populaste

mainly the low-lying hypernuclesr states of 1‘3(:.

The hyperon emission probability of the second

stete smounts to only 23 per cent, while the

first state lies below the corresponding thre-

shold. The state st 25 MeV populstes highelying

states of ‘j’c snd the ground state of ;B .with # !

isospin Tsi, The decay to the low-lying T=0 s :,7.54.&

hypernuclesr states of I}C and to the Ts1/2 [ »

stetes of 13(: is isoepin forbidden, The smsll eI o

decay probsbility of 0.1 per cent to the ni ‘\.

ground state of 15C demonstrates the sccuracy -

of the isospin selection rule in light hyper- 4 ‘
x

X n
me_»

3

- .

F

nuclei, Ze
All the hypernuclesr lewels populsted in

fig. 1 are not accessible in the (K~,X") h-
resction on the corresponding A=13 target,

A similer calculation has been performed for

the 1‘4'0 hyparnucleus,

X ™

Fig, 1
Celculsted level schema and partisl
decay widths (in per cent) of the

1;!: hypernucleus,

/1/ R. Uansch, L, tejling end 3, Zofks,
Proc, I1I. Int, Conf, on Hesons aend Light Nuclei,
Bechyn¥, 1985; Czech, J. Phys, B27 (1986)

/2/ R, Vibnsch, L, Hajling and J, ZOflu.
Pro¢c, Int, Conf, on Hypernuclesr snd Kson Physice,
B8rookhaven, 1985
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ELECTROMAGRETIC RADIATION OF ROVATING NUCLEI

F. Donau
Zentrslinstitut fir Xernforschung, Rossendorf, Bereich KF

Basing on the well-known concept of the rotor plus particle coupling an intrinsic representa-
tion of the radistive multipole operstors is derived /1/ which enables one to calculate di-
rectly electromsgnetic transition ssplitydes with Cranking states. In this way both the orien-
tation of the intrinsic system in spece and the structure of the quesiparticles can be prop-
ertly taken into eccount. This method is then applied to M1 and E£2 properties of e high-)
one-quasiparticle orbitel treated in Cranking spproximetion and it is compared to the results
of an equivaslent rotor plus particle model. In considering the case of multi-quasiparticle
configurations one can establish the semi-clessical vector coupling scheme which has been
successful in describing M1 enhancesent effects as observed in severel experiments (cf. ref. /2/).

— - Tig. 1
l Unet BIMNI T ome L B(M1) values for e j = 13/2 quasiparticle as
‘SL . SR | 8 function of thg transitionsl frequency w,
TN e T placing the Fermi level at K = 7/2. For com-
B N " ey perison the respective spin value 1 is given
i : j‘ u‘.,g st the abscisss. For simplicity the gyromagnet-
210~ S \\\ ic factor is chosen to be g = 1. The rotor cal-
g . ’ culation ("Coriolis") is performed using the
g ¥ rotational parsmeter A = 8.33 keV. [he Alags
=& K= value is obtained by taking K( W,) = constant
Fnel/ (7/2) and neglecting all K-mixing. The dashed
;057 ) R curve "without geometry” is calculsted with
[ P Cranking states but taking not care of the ac-
tual orientetion of the intrinsic system in
LA lab space. The branching corresponds to the
% different transitions [ -3 [-1 and 1> I+1,
02 0¢ 06 ca, - respectively.
% 53 ”S 203 282 :511_.133_*,!‘,(‘9
T — Fig. 2
~ :}zq ) Frequency w,, slignment i = ig + i, and 8(M1) values as
ii ‘ . @ function of the spin 1 for the band 9/2 /5147 in 165y
= qe? ref. /2/. The theory (full line) is compared to the ex-
5 oo perimental B(M1) values (triangles) as obtained by ss-
7 oSiev summing a constant intrinsic quadrupole moment /2/ for
g L this band.
z
-]

—

TR A Wg W W Wy

augnment 13 e taih)
trequency 3, (M)
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Critical Behaviour Of Collective Fluctuations
A. Pfitener
Zentralinstitut fur 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 rot only the mean field, but also
the impact of collective fluctuations on the intrinsic evolution [1 ]- Especially the feed-back of the coup-
1ing between collective and intrinsec motion on the collective potential, showing up in a renormalization of
the stiffness, is decisive for the asymptotic behavi~ur or the collective variances [2], in contrast to a
statement made in [3].
The master equation for the single-particle occupation numbers P [1] is approximated by a relaxation equ.[ZJ,
specified by an equilibration timergq and a (fermi-like) equilibrium distribution with diffuseness 8—1 It
forms together with the equation for the variance X(t) = (62‘2:,
HH3gE + (C+21) % + 4y 12y = LE(DIny + d), )

a coupled system which is highly non-linear because oy and 0  depend on the variances, and the transport
coefficients r, D, d as well as the renormalized stiffness !L= \ﬂz'—ll'depend on Qu (.d'is the original stiff-
ness), For 'l>0we obtain damped, for 11¢0exponentially increasing solutions of (1). In the critical point
‘!’-0 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 [2] , using smoothed step functions for the occupation numbers characterized by a small parameter

'1, and congider the dependence of 2’.' and ﬁ"on[og (geg Q’LIFI%’//( . Here, @ is the level-density para-
meter, ,F'z the coupling astrength, u the reduced mass and z = .2“:’2 (z%ts the memory time). For !z>0 we
find asymptotica.ly (fa%l) values independent of time and of the initial variances % (0) and ﬂl).{JP’)tzo,
and a dependence on the coupling strength like 'Caq“’ﬁ;. At variance to this we obtain for 71 = 0 asympto-
tically

P EchiRe) 9m _ g7, , 4 2 2 Aot :
Fw-&zgruo)-f —2-—-“,”_ ;r (-F -84 *4z(¢aﬁq,z]) +tFe”Rk v o 2)
and Tag :glﬁ (—i_‘lt) /m—t'p."ﬂ’) . Here, 45 is a degenerated hypergeometrical function, and the
vritical stiffness &y results from the condition 1(": 0, which reads

T2 e = et G-£ £ 3. €))
Equ. (3) establishes a unique relation between £ and Y., i. e. for a given system the ratic of a typical
intrinsic time 7’ to a typical collective time Tuwd = T4R determines the coupling strength 1A% Thie
changes the dependence of B~1 and ’Eq on (D essentjally:
fig. 1 showes a remarkable increase of 87" and a faster
decrease of %7 with increasing coupling strength. We conclude
that collective fluctuations may act like an equilibration

mechanism which is most operative at the critical pecint.
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TARGET-MASS DEPENDENCE OF PREEQUILIBRIUM NEUTRON YIELDS IN HEAVY ION COLLISIONS

P. Madler
Vereinigtes Institut fdr Kernforschung Dubna, Leboratorium f#r Theoretische Physik

Recently, at the JINR, Dubna, incluasive double~differential cross sections for neutron
emission have been measured for the 120 + 120. 27A1. 56?9. "4'12‘Sn, 1B1Ta, 2381! reac-
tions at 105 MeV incident energy [1] e« As in a similar series of experiments for light
charged particle em:i.ssion[Z] the target-mass dependence of fast neutron yields appears to
be wealk.

To analyze the data we have applied the two-stage model (TSM) for fast particle emission[3)
taking into account the realistic neutron binding energies Bn of the colliding-ions [1]
(instead of Bn = 8 MeV as in [3] ) that decrease monotonically in the given series of
target nuclei from 18.7 to 6.1 MeV, Without changing the standard parameters [3] » & good
degcription of the absolute double-differential cross sections could be obtained despite
the comparably low incident energy.

Pig. 1.
Total preequilibrium neutron yields for the present
geries of reactions. Por details, see text. The open
symbols belong to other reactions discussed in [1] .
In Pig. 1 the calculated total neutron preequilibri-
! um yi<lds are shown as a function of the energy/nuc-
A le-. above the Coulomb barrier ( A¢ ~reduced mess num~
oer) both for reamlistic Bn (full circles) and for Bn
1/ = 8 NeV (asterisks connected by & thin line with the
corresponding full ¢ircles). 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)
?‘Imsﬂ ) turns out to be a result of the compensation of two
Y 4 tendencies, and the conclusion off:!] that the target
! e M acis as a spectator and the process is a peripheral
one seems to be oversimplified.

b
(=]

2 MR (En>0)

b (4
0 The Bn = 8 MeV calculations({asterisks)reproduce the
01 23 4567 89 known [4] linear energy dependence for a given system
(Em,."_\!n) {(MeV/a) for which we have shown[1] that the influence of the
actual binding energyies (compared to 8 MeV) decreas-
es eaxponentially 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 reaiistic binding energy.

The present interpretaticn provides a qualitative understanding of the strong correlation
of fast o -particle yields with the « -garticle binding energy in the target nucleus
thet have been observed for the reactions 2Nc + 159Tb. 1:’7Au, 181'1‘3. 232'1'1'1 at 178 MeV in~
cident energy[5] .
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INCIDENT-ENERGY AND PROJECTILE-MASS DEPENDENCE OF PREEQUILIBRIUM NFUTRON YIELDS IN
HEAVY ION REACTIONS

M, Biedermsnn

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik

P, Médler

Vereinigtes Institut fur Kernforschung, Dubnas, Laboratorius fir Theoretische Physik

In the two-stage model for fast particle emission {TSM) /71 7 two physically distinct
spprosches have been combined: In the early stage we calculate particle emission in the
spirit of the model of “prompt emitted particles” (PEP) /72 7. In the later stags, sfter
vanishing of the single-particle potential wall between the ions, particles are assumed
to be emitted from u rapidly expanding hot zone (HZ) of spprecisbly large dimensions,
which is strongly snisotropic in momentums spsce. The initiel radius of the HZ we fix in
asccordsnce with recent results on the extraction of source radii from two-perticle corre-
lgtion messurements., The radial velocity of the effectiva temperature front of the HZ is
assumed to be 0.2 ¢ (sound velocity).

we have compared TSM calculstions /"1_7 with experimentsl results /~3_7 on neutron emiss-
ion in coincidence with evaporation residue for the 2°Ne¢165Ho reaction (Fig. 1). Obvious-
ly, at both incident energies, the model which does not contain sny free psrameter well
sccounts for shapes and sbsolute values of the high-energy tails of the neutron spectra.

In Fig. 2 the projectile-mass dependence of the TSM model predictions of the total cross
section for fast neutron emission (En> 12 MeV) is compared to s few existing experimentsl
values (taken from /"4 7). Here the target nucleus as well as the incident energy /nucleon
above the Coulomb barrier are fixed. It is seen thst the TSM quantitatively reproduces the
strong increase of fast neutron yields with the projectile mass number - opposite to pure
PEP calculations ('1_7 which are slso shown in Fig. 2, A slight underestimation of the
experimental points for 120 and 20y, projectiles is due to a certain contamination by
evaporation of neutrons st En >12 MeV which is not present in the calculations, The inve-
stigetion of neutran emission for heavy projectiles at similar energies would be a

further proof of the TSM,
Eos2MN Eu07Mev P
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COUPLING BETWEEN ENERGY- AND MASS-EQUILIBRATION IN MIC

R, Schaidt
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik

We continued gnd completed the analysis of the mass drift in heavy-ion collisions (HIC)
within » wodified diffusion model (MOM) /71 7,

Within the MOM the initisl excitation and trensfer of nucleons are calculated micros-
copically within the mesn free path limit based on TDHF-physics, During the equilibration
of the intrinsic energy nucleons are preferrentislly transferred from the light to the
hesvy fragment until a common temperature hgs been established. The nucleon exchange
during the joining transport stage is trested within s diffusion model with modified
initial conditions for the mean value of the mass-asymmetry tsking into account the net
wass exchange during the previous stages of the collision. The applicstion of this con-
cept to HIC within a broad range of iritial mess-~psymmetries (AP/AT“1/1°...1/2), totsl
masses (A +A. © 80,..250) and incident energies (E/A & 4 MeV/N ... 20 MeV/N) allows a
consistent interpretation of rather different phenomena of the mass transport observed
experisentally (see fig,). Partisl lack of mass drift (Kr + Er), total lack of mass drift
(Ar + Mo), drift against the static driving force (Ne + Cu) and vanishing praduction
cross section for elements hesvier than the projectile (Ne + Au) are explained on a
common basis in terms of 8 continuous evolution mainly generated by the (A,‘,-A\.r / ApoAa-de-
pendence of the number of exchanged particles prior to the transport stage,

The analysis of experimental data within the MOM strongly suggests thst energy--and
mass-equilibration in HIC sre coupled. Thus, in any microscopic theorv of the equilibra-
tion process of intrinsic energy in HIC the mass asymmetry degree of freedom should be

o taken into account, It is expected that the inclu-
sion of this degree of freedom may also influence
considerably the equilibration times,
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A SIMPLE MODEL TO APPROXIMATE TOHF RESULTS ON FAST PARTICLE EMISSION

M. Biedermann
TU Dresden, Sektion Phvsik, Wissenschaftsbereich Theoretische Physik
P. Midler

Versinigtes Institut fir Kernforschung, Dubna, Laboratorium fir Theoretische Physik

In £71,2_7 it has been demonstrated that TDHF cslculations in slab geometry well compare
with numericelly stable realistic TOHF evolutions for central collisions if integral
characteristies of fast nucleon emission are concerned. This is because fast particle
emission in TDHF occurs preferentially along the collision axis, while on the correspon-
ding short time scele (1...2-10'225) the transverse dynamics is of minor importance. Des-
pite this, even 1in slab geometry large numbers of numerically stable celculations for
particle emission require very large computer times /1,2 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 V =-50.4 Mev. This
value corresponds to the saturation density for the simplified Skyrme force used in
4'1,2_7. The initial conditions sre fixed as in the TDHF initi.' value problem. The tra-
jectory of the "slsbs” 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 /72 7

we have obtained surprisingly good results ['3_}:

1) The density evolution of the orbital initially representing the projectile slab in »
A;=0.2 ™2 4 A=2.0 fa~2, (E/A),,,=5 MeV collision (Fig.1) is very close to the cor-
responding TOHF evolution (Fio.1 of /72_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 /) are somewhat larger
than in TDHF but come “closer to them with increasing energy. For example, for a A=
Ay=2.0 fm'z, (E/A)Labss MeV collision our values exceed the TOHF value by a factor
of 2.1.

i1ii) Except extremely small (A£0.4 fm'z) slabs the "slab mass table” is very similar
to the HF mass table (Fig.3 in /72 7).

In the present case no numerical iteration of the one- 9. 0 % 0

perticle Schridinger equation is needed: The density ]

£(z,t) is analytically expressed in terms of the ener-
gies of bound and discrete continuum states of the
composite system,

tife)
[

Fig. 1

[

Oensity evolution of the projectile wave packet outside
(lower part) end inside (upper part) of the potential

e
well of the composite system (indicated by srrows or é é ,i
vertical thin lines). =2 s v +
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AZIMUTHAL CORRELATIONS BETWEEN TWO FAST PARTICLES WITHIN THE TWO-STAGE MODEL

M, Biedersann

TU Dresden, Sektion Phyeik, Wissenscheftsbereich Theoretische Physik

P, Midler

Versinigtes Institut far Kerforachung Oubna, Laborstorius fir Theoretische Physik

The psrameter-free two-stage model (TSM) for fast particle esission /71_7 is very succes-
ful in describing single particle inclusive cross sections. The comparison of TSM
predictions with more exclusive measuresents should be a further fact for the validity

of the model. Thersfore, for the 2°Ne * 165"0 E1 b " 402 MeV, resction, we have cslcu-
lsted szimuthsl correlstions betuaen two fast neutrons (E 2 30 Mev) at fixed sngles
relgtive to the besm sxis (9 = 50°, @_ = 70° ). Fig. 1 :l.llustrutes the cslculated ratio
of the coincidence cross section divided by the slngles cross sections & / 9, vy s

e function of the szimuthal angle Q Here @ = 0° / 100° corresponds to the e-ission of
two neutrons to equal (opposite sides of the beam sxis. The cslculstion clearly demon-
stri’.es that emission in one plane with the besm is favoured. This is in agreement with
experimental results for the 197Au (16 PP). E 1ab 400 MeV reaction with s low energy
threshold E_ X 36 MeV st similer proton sngles relative to the beam axis ( e = 40° .

ay - 70° ) ( 2 7 Although different systems and ejectiles are concerned, for qualitative
comparison, the experimental points from / 2_7 ere also shown in Fig. 1. Since ratios

of cross sections sre considered sand low-energy ejectiles (neutrons) are excluded in the
cealculations, we claim that such 8 comparison makes soms sense, A semiquantitative
comparison of our results with the experimentsl points shows a slight overestimation of
eaission of two fast particles to the same side of the beam axis (¢ = o°). Possibly this
is a consequence of the neglect of recoil effects, which (although of minor influence

for hesvy targets) strongly favour emission to opposite sides of the beam in the case

of light systems ['2_7. Celculations for proton-proton correlastions and direct quantita-
tive comparisons with corresponding experiments are in progress / 3_7,
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COMPARISON OF THE TWO-STAGE MODEL POR FAST PARTICLE BMISSION WITH HOT-SOURCE
PARAMBTRIZATIONS

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

P. Kadler
Vereinigtes Institut fir Kernforschung, Dubna, laboratorium far iheoretische Physik

Inclusive data on fast particle emission are well reproduced if assuming isotropic emis-
sion from a moving hot source (MHS)[1] . 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 dynemi-
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 MHS fit values
(slightly larger than twice the projectile mass number for asymmetric systems).

Purthermore, the (angle dependent) effective temperatures which result from the "rotating
hot spot" parametrization (RHS) [1] are grouped around the calculated TSM values,

Por example, for the 12c + 1811‘8., E = 105 MeV reaction the TSM yields an effective

temperature of 3.8 MeV compared to 4.3 MeV (MHS,[3] ) and valves ranging from 3.7 to

4.7 ¥eV (RHS,[3] ). Por the effective nucleon number, the TSM yields 27 compered to 24
(KHS, [3] ). Since in the TSM translational as well as rotationel 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 TSM 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, & 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 1201»58!‘1 =» 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 SPONTANEQUS FISSION

B. Milek and R, Reif

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik
J. Revai

Central Resesrch Institute for Physics, Budapest, Hungesry

Emission and transfer of nucleons in heavy-ion collisions may be investigated by modelling
the reaction dynamics as s particle in the field of two single-ters separable potentials
moving uniforaly along straight-line trajectories. For this case in a Fadeev-like forau-
lation the probabilities for the elastic, transfer, and breakup channel have been cslcu-
lated in dependence on the basic reaction parsmeters ('1. 2_7.

This three-body model for the dynsmics of heavy-ion collisions has been extended to
simulate spontanecus fission. As an initisl state two spherical sean fields, approximated
as one-term separable potentials, have been located at a certain sepsration distance,
with » neutron ss a third particle being bound by 8 Mev with s two-center wave function,
which joes asymptotically to two 1s-states in the separated wells., For a given trajec-~
tory for the relative motion of the fragesents during the fission process, the single
particle wave function is followed in time by solving the corresponding time-dependent
Schrodinger equation. From the asymptotic wave function the escape probability can be
calculated in dependence of the non-adiabatic feastures of the fission dynamics implied
in the chosen trajectory. First calculations for 2SZCf, s.f. indicate the following
results, rather independent from the details of the trajectory in the overlap re_ion:

(1) The total emission probability ie s few percent, increasing only very slightly with
the mass asymmetry,

(2) The average energy of the emitted particles is in the renge of s few MevV, with high-
energetic particles of about 20 Mev being decreased by a factor of 105 - 106. The
enmission spectrum is hardened with incressing mass ssyometry.

(3) The particle is emitted preferentiaslly in polar direction (fission axis), with the
emission probability in perpendicular direction diminished by about two orders of
magnitude for the case of symmetric fission,

(4) Concerning the correlation with the mass asymmetry, the particle emission along the
direction of the 1light fragment is Favoured by sbout one order of magnitude compared

to the flight direction of the heavy fragment, if high-energetic particles sre
emitted,

The general trends expressed in these results are reflected in the experimental dats on
polar particle emission in fission /3, 4_7.
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ANGULAR DISTRIBUTIONS FROM GAMOW STATES IN 170 o 169

3. Fandrich, B. Milek and R, Reif
TU Dreeden, Sektion Physik, Wissenechaftsbereich Theoretische Physik

while in mucleon induced reactions the relsxstion of the compound systes starts from an
initisl state with slready one particle in the continuua which fsvours nonstatisticsl
emission during verious stages of the resction, in hesvy-ion reactions nucleons, at the
beginning of the resction occupying bound states of the mean potentisls, hsve to be
lifved at first to decaying states by the nucleus-nucleus interaction. Therefore, it is
meaningful, to seperate the Gamow states, represented by wsve functions with purely
outgoing waves in the ssymptotic region, from the remsining single-psrticle continuum,
Supposing the two ions to move slong given clessical trsjectories, quasistationsry
states are occupied by dynamical coupling in the adigbetic bssis consisting of bound
snd Gamow states in » two-center potentisl. From the population of the basic stetes
single-particle emission spectra, inelsstic excitation, snd transfer probabilities can
be derived ['1, 2_7. The final occupation numbers sfter the interasction stage for diffe-
rent m-subststes allow for the calculation of in- and out-of plene correlations during
the sequentisl decay of gussistationary stastes.

Angle integrated spectra for neutron emission from Gamow states hsve been calculated
{"1_7 in » two center potentisl with finite depth potentisls corresponding to the 170,16¢
systea, Initislly, the 1d5/2 level is occupied by @ valence nucleon in 174 above e 169
core, The quasiststionsry part of the basisl@im?for ® given position of the center 3&
end 32 hes been lsbeled by the projection & of the angular momentum (rotationsl symme-
try), psrity A (identicsl cores), and a count number i. The required asymptotical be-
heviour is gusranted by the Green operstor /~1 7
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Expressing each potentisl in s finite rank oscillstor basis |I)> the Schriédinger equation
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lQ’) - u'ﬁ"VlQ’) can be solved in momentum representation by slgebraization. Using the

procedu-e (1) for fixed position of the two center, in spece representation a angle

dependent smplitude of the outgoing wsves for l?,—*'.o cen be derived
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The operstor € contsins known coefficients ss well es the trenslational operators for the
locslizetion of the csnters, The weve number k is determined spproximetely by the real
pert of the complex energy (M << E) of the stets under considerstion. A double-differen-
tisl spectrum arises by time integration over threes time-dependent factors: the rata of
emigsion between time t ond t + dt, the probgbility to find the perticle st an emission
energy £ between € ond €+ de (Lorentz-distribution) end finally the probability 1$12
to find the particls in s space dirsction outside of the system, Verious typss of cslcu-
lgtions for periphersl collisions sre under invsstigetion like neutron-projectile enguler
correletions for selscted trajectoriss end aversged spsctras.
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MODEL INVESTIGATIONS ON NITROGEN IMPLANTATION IN SILICON

€. Sobaslavsky and K. Wollsachliger
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The implantatstion of high doses of energetic N*-ions into silicon ("CI: 1.5% - 101. N* c-'z,

7 200 kev per ion) leads to the formstion of buried Si,N.-lnycr.. SOI structures using such
layers have been shown to be suitable for a complete dielectric insulstion of microelectronic
components, they also acts as a diffusion barrier sgainst dopents snd other unwanted impurities.

The present investigation desls with the modelling of as-implanted nitrogen concentration
curves. In this cese, if nitrogen concentration exceeds the chasracteristic stoichiometric
velue of Si,N.. the experimental curves show an spproximstely Gaussian nitrogen distribution
in the vicinity of the projected range of the stopped ion Rp. The model was originelly
developed to describe high dose 0’-i-plnnt-tion in silicon /1/. It takes into, sccount sputter-
ing, volume swelling and the change in range profiles due to the formetion of Si,NO. If the
Sx,N“ stoichiometry threshold is exceeded, the excess nitrogen is sllowed to diffuse both to
the surface and to the bulk in order to form Sx,NO. A Desl-Grove rule for such a nitridstion
is assumed. The excess nitrogen which resches the surface diffuses out.

Comparing the experimental data with the model calculations one obtsins the following results:

- Above the Sx,N° stoichiometry threshold nitrogen is not found to diffuse. Hitherto s radia-
tion enhsnced diffusion (ss known in the case of high dose oxygen implantstion in silicon)
could not fully be excluded /2,3/.

- for an energy of E = 20 keV per nitrogen atom ion mixing does not play s remarkable role.

The nitrogen concentration of Si,NA is resched, first st the profile maximum, et s dose
i -.'l.],". . i i
Ncrit of spproximately Ncrit 3 2% d l\Rp, where d is the moleculer density.

Compsred with the model distributions the experimental ones show longer tails st the bulk
side of the curves. This can be explained by an additionsl volume swelli .g effect caused by
the excess nitrogen, which is assumed to be in a solid or liquid phase.

The model describes well the formation of Si-N compounds at concentrations of nitrogen in
silicon below the stoichiowetric value of Si,NO. In this region the nitrogen distribution
can be approximated by

. BTl (F A., J—L‘—“[«((ﬁvﬁ,—}o«gﬁ, )+

\~_—

n(248)
* of (B i ()
Y
N
where z' = z - Yn » Y is the sputtering yield, Ney denotes the stomic number
Si

target density, 1 snd t are implantation current and

[

jlnp

time, respectively; NO H jinpl

1
=g (JISixNa -3 'IISi)’ where 115£3N¢ and 115‘ stands for the volume of nitride
molecule and silicon atom, respectively,
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mammmxwmmmnuwmsmz LAYERS BY RIGH
D0SE CXYCER IKPLAETATICE

H. U. Jiger

Zentralinetitut fiir Kermforschung, Rossendorf, Bereich KP

Using & model {1 7 which tekes into eccount changes in the ion renge, target widening,
surface sputtering and intermsl oxidation due to umbonded oxygen, the depth profiles ob-
tesined efter high dose oxygen implantation into silicon hsve been cslculeted for s broad
Tenge of ion energies and implanted doses (fig. 1 and ret. [ 27).

In » recent psper [ 37 the formation of buried 3i0, layers hes been monitored by the
implentation of B(:i tracer stome and subsequent anslysis by negative ion SINS. The oxygen
isotope depth profiles messured in this experiment can be well reproduced by our phenome-
nological model £ 4 J provided that s perfect exchange of migrating oxygen with metrix
oxygen in the buried layer is postulated. In fig. 2 we present model predictions for the
somewhat fictitious situation thet the two cxygen doses (%0 snd '0) implanted sre equsl
to esch other snd amount to D = 0.8 x 10'® ca™2 (upper part) or D = 1.2 x 10'® ca2
(lower part). The oxygen depth profiles shown refer to

(1) single implentation to dose D (thin line),

(ii) finel distribution of the initislly implented isotope (dashed line),

(iii) distribution of the secondly implanted isotope (dotted line), snd

(i1ii) totsl oxygen distribution sfter the two successive implantations (thick line).
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Pig. 1. Surfsce silicon layer thicknesses versus Pig. 2. The redistribution of oxygen in
implanted oxygen doses for verious im~ oilicon during twe successive
plant energies. implantations of 200 ke¥V O
ione.
References

17 diger, H. U., et al.; Thin Solid Pilms 127 (1985) 159

L 27 Jdiger, K. U,; Bucl, lnstr. end Meth. B, in print

L3 7 Kilner, J. A., et al.; Bucl. Inetr. snd Meth. B 7/8 (1985) 293
L 4] Jiger, H. U., ot sl.; to be published



- 40 -

ON THE CHOICE OF THE ELECTRONIC STOPPING FORMULA FOR RANGE PROFILE CALCULATIONS IN THE MEV REGIOM

. Posselt, M. Skorups, Zentralinstitut fur Kernforschung, Bereich KF
A. Beyer, W. Markgraf, Technische Hochschule Xarl-Marx-Stadt, Sektion Physik/Elektronische Bauelemente

It is well known that theoretical ranne profiles calculated hy Monte-farlo simidations or amalytical transport
theories are strongly influenced by the following inputs: (i) the interatomic potential or the mxclear stop-
ping and (ii) the electronic stopping. e have studied the influence of the secand input in the case of

970 eV phosphorous implantation into silicon where the slowing down of the incident ions is dominated by
electronic losses. The ion range profiles have been determined by Monte farln simulations using (i) the Varelas-
Biersack equipartition (cf./1/) of the Lindhard-Scharff and the Bethe-Blach electronic stopping formulas avd
(ii) the scaling of the electronic stopping cross-sections of protons. The first approximation interpolates
between two limits: (i) At low velocities vj«cvp~vy and relatively high atomic numbers 0,75y &y, 72/
stripping of the projectile is small and independent of vy- If Vi€ vg~vy only the valence electrons of the
target may be miud(tird'rard—‘.idnrff).vl 'Zl' vgr ¥ 30€ the velacity and the atomic number nf the projectile
the Fermi velacity of the target arg the Bohr velocity, respectively. (ii) At high velocities v, ®vy 72/ tre
projectile is fully stripped and all target electrons can be excited vPPvy Z3/7 (Bethe-Bloch). 7, is the
atomic nusber of the target. In the second model (cf. [2/) the well-known proton stopping cross-sections are
multiplied by the effective charge Zl’of the projectile. Zl- is calculated by the Brandt-Kitagawa approach
taking into account 2 certain stripping criterion. The upper limit of the Brandt-Kitagawa theory may be given
by v~ Yg 121/2 where all target electrons are excited.

In fig.1 the computed range profiles are compared with experimental values determined by pulsed fV measurements
after 990 keV phosphorous implantation. The theoretical profile obtained from the second model {(heavy lines)
sgrees 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 I.lvn.
In thet region the stripping already depends on the projectile velocity. This is well described in the second
spproach. On the other hand, this effect is nnt considered in the first model whi~h leads to a lower electronic
stopping. Both profiles in fig.1l are calculated using the Biersack interatomic pntential. Mearly the same re-
sults are obtained by applying the Moliere potential. Furthermore, in fig. 1 the ranges corresponding to the
maximm of the profiles which would be obtained from the Gibhons (a) and the Burenkov (h) tables are shown.

the

99C kv P™-Si ollo

%

DOPANTS (cmY)

0 05 _ 10 15
DEPTH/ o,
Fig. 1 Theoretical and experimentsi renge profiles for 990 keV “P' implantation into silicon

(dose: 5101 cn'z, anrealing: 1100 nC, halogen lamp, further experimental details see [3))

{\J Biersack, ). P. and Haggmark, L. G. , Mucl. Instr. and Meth, 174 (1990), 257

{2 Biersack, J. P. and Ziegler, J. F., "lon Implantation Techninues” (Ed. by M. Ryssel and H. Glawischnig,
Springer 1982), 121

[3] Skorups, W. et. al. , this report, p. 45



- 41 -

INFLUENCE OF THE ENERGY TRANSPORT BY RECDILS DM EMERGY-LNSS PROFILES

H. Posselt, Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

Two Honte Carlo sisulation schemes are applied: The T T s
first which was originally .ade up for range distribu-
tions /)] describes the slowing down of the incident
icns until their energy drops below Enin'

The subcascades initiated by the primary knock-on atoms
(PXA) are not folloved ard the deposition of the PXA
enerqy is assumed to take place at the position of the
PKA generation (local energy deposition). This approxi-
mation leads to a relatively fast computer code. In

the second scheme [27/37 vhich is also used for sputte-
rirg and ion mixing purposes recoils of all orders

are followed until Emin' Below Enin 1ocal energy deposition N N l
is assuned. €, is chosen so that the cotresponding par- o 050”“‘ IP;%JECYED RE;IGE 20
ticle range is smeller than the interval size in the LATERAL DISTANCE (A)
calculatee histograms. The disadvantane of the second g

scheme is its hinher computer time consumption. In com-
parison vith the first schepe (fifg.l-thin lines) this
rethod (heavy lines) yields depth profiles which are
shifted into the depth and hroader lateral profiles,
cie to the spatial emerny transnort by the recrils. In
general for heavy ions incident on light targets this
effect is considerable, both for electronic and mnuclear
Ioss profiles.

The following rough estimation may be useful to decide
if the computer time consuming second method must be
applied to calculate the energy-loss orofiles or not.
The muclear stopping pouer of the incident ions deter- N . .
nines the average energy transfer to the PKA per path 0 10 LATE::L DSIM:;IL ATERAL
length. Therefore, the portion of the energy dissipa- 02 STANDARD DEVIATION 10
tion into the subcascades and the energy transport by

the recoils increase uith increasing nuclear stopping.

At sufficiently high ion energies (£2>0.3 /A7) the

maximum nuclear stopping of all ion-target combinations 0r
can be character.zed by /037

8
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”1'”2'3 are the ion mass, the target mass and the target aos

censity, respectively. In fig. 2 the quantities r anc r

vhich nlobally chararterize the lonpitudinal and the

lateral crergy transport by the recnils are craun vs. f .

(cata from (2//3/). r and ry increase with increasing f. 0 0 20 30 40
f
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COMPUTER STMULATION OF THE EVOLUTION OF LOVW-ANGLE GRAIN BOUNDARY NETHORKS DURING ZONE-MELTING OF SOI-LAYERS

K.-H. Heinig, H.-J. Miller and G. Otto
Zentralinstitut fir 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,
graphit stripe beaters or lasers). By means of this recrystallization technique monocrystalline layers with
1nu-anqgle 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

or cnirel.

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 meli-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 new (111) lattice planes, a guantitative 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 L2i of a
(111) facet,i.e. a facet with an even index, is given by

d2i/dt=(v21_1-v21+1)/sin(ﬂl»ﬂz), (1)

where B, and B, are the angles between the growth direction and the (111) and (11I) facets, respectively,
and v,. is the normal growth velocity of the o’ facet, i.e.

vn:kz[n'l(xm—x)dx/cosﬂz. (2)
2i

Solidification proceeds in x-direction, where X4 and %9141 OTE the positions of the corners of the (21)th
facet and xmzvt is the actual position of the melting isotherm. The kinetic factors kl and kz of the odd
and even facets, respectively, are mainly determined by the mucleation rate, the temperature gradient at the
solidification front and the texture. Using periodical boundary conditions, the system (1),(2) of coupled, non-
linear cifferential equations for the 2+*M facets has heen solved numerically by means of 8 Runge-Kutta
procedure (N is typically 10...100). For the "birth” and "death” of facets special numerical routines have been
ceveloped.

The results of the computer simslation can be summerized as follows /4/: (i) Independent of the initial con-
ditions, the evolution of the loci of the interior corners (=subboundaries) results in a random, statiomary
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'0'5. (iv) Misalignment between
the growth direction and the (010) crystal direction leads to a rertain self-confinement of subboundaries.
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COMPUTERSIMULATION VERSUS ANALYTICAL FORMULAE :

A CRITICAL DISCUSSION OF THEORIES OF TRANSFORMATION
H.-J. Miller and K.-H. Heinig

Zentralinstitut fur Kernforschung, Rossendorf, Bereich KF

Mathematical studies of crystallization kinetics for the interpretation of experimental findings have

been carried out for about four decades. The first attempts were made independently by Johnson and Mehl /1/
and Avrami /2/ in the early fourties. Their formila have been proved to be in accordance with many experimen-
tal data but there ace also serious differences. These differences are to be expected because drastic approxi-
mations hpve 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 fail to include the grain impingement in an aporgpriate
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 critical with
experiment. As no practical theory of grain impingement is available he maintains that at present the empirical
Speich-Fisher relation is the best alternative to describe experiments. Another problem not solved so far

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

Our computer simulation /6/ allow to take into full 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 transformstion 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 if the time-lag does not
play a role, ie where it is small compared to the transformation time scale. That results from the fact
that Avrami‘'s approximation with respect to the extended volume gives by accident a pre-factor which
describes the growth stagnation by grain impingement rather good.

(i1} In contrast to discussions about transformation kinetics (see e.g./5/) we prove that if there are diffi-
culties to fit experimental data by Avrami's law, then they sre weti.2r an evidence against it nor does
they support other formulae. In reality, the time lag is the crucial quantity which determines the
first stage or even the whole process of transformation.

(i{1) Oue to the complex interplay of time lag, grain impingement and other influences on the transformstion
kinetics, investigations of time dependent transformation processes on the base of Avrami's or other
analytical formulae give no reliable information.

/1/ Johnson, W.A. and Mehl, R.F.; Trans. AIME 135 (1939) 816

/2/ Avrami, M.; J. Chem, Phys. 7 (1939) 103; 8 (1940) 212; 9 (19481) 212

/3/ Ruckenstein, €. and Ihm, S.K.; 3. Chem., Soc. Faraday I 72 (1976) 764

/4/ Speich, G.R. and Fisher, R.M.; in Recrystallization, Grain Growth and Textures, New York 1981
/5/ Price, C.W.; Scripta Met. 19 (1985) 669

/6/ Miiller, H.-). and Heinig, K.-H.; this report p.44
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COMPUTER SIMULATION OF THE PRIMARY CRYSTALLIZATION a-SI 10 poly-SI
H.-J. Miller and K.-H. Heinig
Zentralinstitut fiir 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 £S has been established /1,2,3/ for the
description of the seconc step of crystallization, the so-called grain growth, occuring upon annealing a
polycrystalline aggregate after primary crystallization is complete. Up to now analogous extensive C5 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 transformetion 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 cescription 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/.

T=1086€8 K
1,=8047 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-ci-
mensional 5i 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 been
8 fundamental problem in the derivation of anmalytical formulae for the kinetics of crystallization in the last
yesrs.

/1/ Anderson, M.P., Srolovitz, 0.J., Grest, G.5. and Sahni, P.5.; Acta Met. 32 (1984) 783
/2/ Ceppi, E.A, and Masello, 0.8.; Seripta Met. 18 (1984) 1221

/3/ vYabushita, 5., Matta, N., Kikuchi, 5. and Kokadn, 0.; Scripta Met. 19 (1984) 853

J8/ Waller, H.-J. and Heinig, X.-H.; to be published
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APPLIED METHODS OF NUCLEAR PHYSICS

HIGH ENERGY (0.99 MeV) PHOSPHORUS IMPLANTATION INTO SILICON

W, Skcrups, E. Wieser, R. Grotzschel and M. Posselt
lentralinastitut fiir Kernforschung, Rossendorf, Bereich KF
A. Armigliato und A. Garulli

CNR Istituto LAMEL, Bologna

Recently, ion implantation with energies in the MeV range has become of increasing importance
for semiconductor technology /1,2/.

In our first experiments, I’}+ ions have been sccelerated with a voltage of 330 keV tc reach

an end energy of 0.99 MeV. The beam power density was 0.8 W cm'z meintaining the target tem-
persture at sbout 300 K. The substrstes were monocrystalline silicon wafers with €107) orien-
tation coated by 100 nm thermally grown SiOz. The implanted doses ranged from 5 - 1011 cm'z

to 7.5 - 101“ cm'z. After implantetion, annealing was carried out by furnace (900 °C, 30 min,
Nz), flash lamp (~ 1350 °C, 17 ms, air) and halogen lamp (~1100 °C, 10 s, air). This contri-
bution will be concerned with radiation damage after implantation of 7.5 - 101& cm-z.

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 um. This value added with the SiDz thick-
ness of 0.1 pm corresponds well with the position of the maximum of the energy deposited into
nuclear processes as calculated by the BRICE theory (0.98 um)
and MONTE CARLO simulations (0.97 pm). No amorphisation took
place there although the deposited energy in this depth is
higher than 102" kev cm™>
at 300 K /3/. No defects were found by cross section TEM,

O ey Py

, the amorphisation threshold level

After annealing, the yield of the aligned spectra (fig. 1b)
is in 8ll cases for depths ™ 0,65 - 0.85 um slightly higher
than that one of @ virgin crystal. These higher yields are

viELD [« 000)

induced by dechanneling. Annealing with the short time meth-
ods was more effective. Only a narrow defect band was eva-
lusted by cross section TEM between 0.8B um and 1.13 um for
these cases. After furnace annealing dechanneling begins
already et 0.65 um. The TEM results confirmed that the defect
band is broader and ranges from this depth to about 1.1 um.
Generally, the residual defects are dislocation loops and
Fig. 1 stacking faults. The surface region is free of defects.

RBS spectra (1.7 MeV, aHa‘)

after 0.99 MeV phosphorus

implsntation a) random

end eligned, b) aligned with

higher megnification (for

experimental details see
text)
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FORMATION OF BURIED SILICON NITRIDE LAYERS IN SILICON BY ION IMPLANTATION-NEW RESULTS

W. Skorupa, K. Wollschliger, H. Oertel and R. Grotzschel
lZentralinstitut fir Kernforschung, Rossendorf, Berzich KF

H. Bartsch

Institut fir Festkirperphysik und Elektronenmikroskopie, Halle

The ideal SOl (silicon on insulator)-structure may be characterised by a monocrystalline
silicon layer free of defects above an ideal electrical insulstor 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 1018 cn-z) followed by furnace annealing at 1200 °C.

5 h, Nz leads to the formation of buried silicon nitride layers with steep interfaces and
rectangular nitrogen profiles /1/. This method was investigated in more detsil. Formerly, the
aligned yield within the whole silicon top layer as determined by channeling was about 20 %.
By optimisation of the snnealing scheme (see below) it wes found that it is possible to resch
aligned yields comparable to such of unimplanted silicon (see Fig. 1, spectrum a). By cross
section TEM only dislocations were found in the silicon top layers. Up to now only SOl struc-

tures with more complicated defects as grain boundaries, precipitates, twins etc. were pos-
sible to produce.

- v T r Annealing of the bare si)icon wafers with buried
Si)Nb layers at 1200 o in nitrogen atmosphere
0 7 led to a strong ergsicn of the polished surfaces.
% For this manner it was proved to use s thermal
2 1 oxide as a protective lsyer. It was found to be
% s : sufficient to drive in the wafers into the fur-
2 nace in oxygen atmosphere and changing the am-
£ 1 bient gas to nitrogen after five minutes. In this
é ‘ 7 case, the surfaces of the wafers were free of de-
g OL_L_ T . L | fects after annealing. From RBS aligned spectra
» W e, wneer ™ (Fig. 1), it is visible the surface demage peak
Fig. 1 to be comparable to that of virgin silicon.
RBS spectra after nitrogen implantation The mechsnism of minority carrier lifetime in-
:z:of:::;cl.sn:e:?::gc?;:soiggf ;i:fc:;) crease above buried silicon nitride layers /3/

was investigated in more detajl at the original
structure i.e. epitaxiel layers on the buried leyer system. Clearly, it could be shown that
SijNa precipitates lead to 8 gettering effect /a/,
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ANODIC OXIDATION AS SECTIONING TECHNIQUE FOR THE DETERMINATION OF HIGH DOSE B* AND As®™ IMPLANTATION PROFILES
IN Si

G. Mende
Zentralinstitut fur Kernforschung, Rossendorf, Bereich KF

The profile determinstion in 5i by electrical measurements or neutron activation analysis is often performed by
successive layer removal with the help of anodic oxidation in combination with dissolving of the oxide in dilute
hydrofluoric acid.

In the present work the influence of various doses of B (2 - 10" snd 2 - 10‘|6 c-'z, energy = 50 keV) implant-
ed into n-type Si (50 Ohm cm) and As* (2 - 10'%, 6 - 10" and 2 - 10" ca™Z, energy = 100 keV) implanted into
p-type Si (10 Ohm cm) on the oxidstion rate and the thickness of removed layers has been investigsted after
flash lesp ennealing (17 ms at 1350 °C).

The samples were anodised with a8 constsnt current density (7 mA/ca?) in 0.04 N solution of KNO, in ethylene
glycol contsining 1 Vol.-% HZD. The thickness of removed layers from 8 implantation profiles in Si was cslibrat-
sd by means of neutron activation analysis after annesling (30 min at 750 ° in a N2 stream) of the samples

/1/. The thickness of removed layers from Si implanted with As® was measured by @ Talystep.

After 8% implantation with @ dose of 2 - 10'2 cm 2 the thickness of remuved layers does not change in comparison
with unimplanted meterisl (Fig. 1a) and the oxidstion rate is constant (Table 1). However, efter B® implentation
with @ dose of 2 - 10'® ca™2 the thickness of removed silicon layers is reduced (Fig. 1b) and the oxidation rate
is enhanced (Table 1), provided thet the concentration of implanted boron is higher then € - 1020 ca™.

A similar effect can be

stated after As® implan-
B—-n-Si <100> <
£ « SO keV 8- n-S <00> tation with a dose of
j D=210%cm-2 € - S0kmy 16 -2 )
20 oo D=2 0®%em2 lwg 2+ 107 cm °, provided
: that the concentrastion of
implanted arsenic is lar-
_ ! ger than 2 - 102! o™,
™15 475 . .
5 — Nix) ; But in this case not only
@ _ the oxidation rate but
% -E- also the thickness of
z ! P
10- _aixkB-s ~50 removed layers is increas-
\-aix):Si ed.
Therefore the oxidstion
05: 2 rate is a good monitor
' for thickness change dur-
ing anodisation of sili-
con implanted wi'h suf-
% 0 200 0 ficiently high doses
xfnm} (2 - 10" cn"?) of boron
Fig. 1a, 1b (energy = 50 keV) or
Removed layer thickness of silicon implented with boron in comparison with unim- arsenic (energy = 100 keV).
:'l,zg:;d Si vs. depth x and the B* implantation profile N(') according to the LSS In this case the thick-
ness/voltage increments
Table 1 during anodisstion of un-
Anocoisation time t of Si implanted with boron during successive anodisation steps implanted materials are
(V=210V)

not valid and the thick-
ness of removed loyers

dose /en~%/ ti/min/ |t /min/ | ty/min/ | t,/min/ to/min/ |t /min/

must be determined step
2.10 18.9 18.56 18.68 18.60 18.46 - by step.
2. 10" 19.55 18.81 17.20 1.3 10.76 11.83

14

Reference

/1/ Wende, G., ). Electrochem. Soc. 127 (1980) 2085
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DIPFUSICR ENHANCZLUNT AND SLECTRICAL ACTIVATION DURDNG RAPID ISOTHERMAL AMNEALING (RIA) OF 84ND As IMPLANTED
5i

Re Kogler apd B, vieser

Zentrelinstitut fir Kemforschung Rossendorf, Bereich KP

Diffusion enhancement and electrical activation of B and As implanted in Si during HIi were investigated by
coaperison of experimental carrier or dopant profiles with computer simlations of diffusjonal droadening.
dxperiment: doron snd irsenic were implanted in £I00%-Silicon through 30 nm $10,. The dose was detwsen
5.10" cm 2 and 2 . 10'® a2 and the implentation emergy was 30 ke¥ mnd 100 ke¥ reapectively. KIA

wes carried out ueannn-t—p.nmr_xumusoo%-uoo"cuthammtmth between

5 and 20 seconds,

Carrier profiles of 3 were meesured by anodic cxdd stripping end incresentsl sheet resistance and Hall
effect oeasurements. Dopant profiles of As were deterwined by RES measurements.

Computer simulations: Por the computer simulations of diffusional broadening the following diffusion
coefficients were used:

D, = £.D (10 :41(,))(»6)" exp(-343/x1)

2
D, = 3.33 .109/|n/nln. 8=73

n -1
LNCE 0 Do(hﬂ ;1(1.) )(14+8) oxp(~4.1/xT)
D, = 1.37. 10",:-2/-1::. 8 = 100

The diffusion enhancement factor f wes fitted in such a way, thst calculated snd measured profiles wers in
agresment.

In the case of arsemic the computer simulation included the cluster model by Tsai /1/, Clustered irsenic
does not diffuse and is electrically inactive.

is:

B /3/ - The diffusion enhancemgnt factor f is in all csses greater then 1, It decreases with incressing
rmandth, respectively, The observed valuss lie between £ = 25 and £ = 4,

- In the tempercture range 7, 1000 % - 1100 °C our time &versged enhancement factor f is comparable
with an expression given by Pair /2/,

- Por temperatures sbove 1100 °C the date { Pig. 6 /3/)disagree with the Pair formuls.

- Pull electrical activation is resched for amealing teaperstures T ¥ 1100 %,

-~ The maxioum carTier comcentration lies above the squlibrium solubility in the investigated tex-

persture range,

AS = 2180 in the case of As enhanced diffusion has been stated, The £ values axre lower than in the case
of B (typical values between € and 2),
= Pull electrical activation was not reached in the investigated temperature regime because the forma-
tion of inactive As proceeds faster at higher concentrations and at higher temperatures rm.
= At temperatures T mg 1000 °C the dats indicates non~equilibrivm states with mexizums cerrier
concentrations above the squilibriua value.

Reference

/1/ K.Y, Pasd, P.P, liorehead, J.E.C. Daglin, A, 2. Kichel
J. Appl, Phys. 51 (1980)3230

/2/ Re B. Peir, J.Je Wortman, J, Liu
Jo Electrochem. Soc, 131 (1984)2387

/3/ 5. Guimarses, R. Kigler, E. Lendi, 5. Solmd, 2. Wieser
phys. stat. sol. (a) 93 (1986) 577
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BIZCTNICAL ACTIVATION OF IMPLANTED GaAs BY SHORT-TIME AMMEALING
D. rapknin, C. Diring, J. Riller, C. Waise, E, Wieser
Imtralinstitut fiir Xemforschung, Rossendorf, Bereich kP

Short time smetling of Si-implamted Gais in the solid-phase regime has been investigated by light-pulse

besting wsing halogen-lamps. Semi-insulating Cr-doped (100) Geis wes implanted with Si (200 ke¥) in the

dose renge of 10> to 10'% Si/cmlat ifferent temperstures (20-200 °C),

!bdmdwmettbwmwnﬂm(l.).tbnuuty(lu)utb-hutnmnvnyg.

is showm in Pig. ‘Itorn-lndiutmtltm % torScltMtﬂPmﬂ‘ Por ioplentation at

routqontnnn imuptothdu.1.‘lo Si./u dwm;;mumwlmdl’g

(3-4) 1017 ca2, valid also for Mgher doses. Por kigh teapersture implantation a similar dependence o

thdﬂohobtdmd.Mmmﬁulm&l.hlm-mmmqndl.mhw
by the smphoteric charecter of Si in Gais, which is especially
mnmm.mwmumaﬂmts

0™ on a dominating influence of the chromium content. Therefore the
= mcummuq'nmnyutcmwmmumu
P TN 4 et K.
lng W A S The normelly cbserved prevention of smorphization by 2, =200 ¢
— 2/, ~—
"E Er‘,’ "E plays no role under our conditicns. The RES spectrum proves that
S T L also "romm temperatur” ismplamtation does not results in an emor-
2 2* L phous layer. Obvicusly the tempersture is>20 °C and the amor-
10 - }’0‘ phizotion threshold depends very strongly on the real 2,
s E °
E"\““l;—;__\‘.:’ q This explains the lower saturstion value of l. at T 200 "C.
In:‘:_ * 410? mawodl’mmmmtmmmm
g 3 3 time 1s shown in Pig. 2. The dependence of N on the temperstur
& F 3 as well s on the time shows ¢ moximus, This maxizmum shifts with
. g [ — T s higher teaperatur to a shorter time and with longer time to e
%10 - — ./ -1 2
wed ol T %hel 1000107 lower tempera.ure, respectively. This means, there is 2 set of
10" 10% 10'9 kEm3— temperature-time pairs for a optimium tesperature treatment. These
pairs are mainly determined by the dissociation of the Gais sur-
face,
Pig. 1: Dose dependence of the sheet carrier concentration, mobili-
ty and sheet resistivity.
T T T T
' rhﬂ = room temperature
ol - 200
il P N Tiaps = 20 %
'E | " 4 annealing : 900 C, capless,5s
o - t=5s ﬁ
Sl
2 | *
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L L A -
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b
~
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1012 Pig. 2: hependence of the sheet carrier concentration on the
N N

= annesling temperature and the holding time.
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PORMATION OP SCHOTTXY BARRIERS AND IERP LEVELS

H. Norgenstern
Zentralinstitut fir Kernforsclung Rossendorf, Bereich KP

Netal-sexiconductor systems show rectifying behaviour at suitable material pairing. The resson for this com-
sists in the differsn~e between the metal work function l. and electron affinity By of the semiconductor, widch
builds up a resulting electric field and therefore charge displacements in the contsct region. The conductivi-
ty of the semiconductor is usually much lower than those of the metal, so that the churge displacement and the
resulting bandbendingwill occur in the seaiconductor. The width of the space charge layer can be varied by
an additional external voltage snd can be studied so. It is observed that the deposition of a metal on a sili-
con surface at enhanced temperstur will lead to & reaction between both materials resulting in the formation
of silicides. The composition will poasibly vary from a metal-rich silicide at the metal side to a silicon-rich
one st the semiconductor side /1/, /2/. During this reaction deep lsvels are formed in the metal region of the
semiconductor. i suitable material combination is the sysiem molybdemum silicon. The process for the prepers-
tiom of the structure (®ig, 1) is the following: P isplantation 50 ke¥, 10'° ca 2, activation 600 °C, 30 min,
lz; anodic oxidation for 100 nm oxide, smnealing at 500 °c, 30 mdn, lz; sfter oxide removal back contact by
evaporation of aluminium, annealing st 450 °c. 20 mir, lz; front side oxide structurization by photolithogra-
7 phy, evaporstion of Mo (30 nm) at different substrate temperatures (400,.,200 °C).
/////////; Resulis: Current-voltags asasurements show the diode behaviour of the structure.
[~ .5 It is visible (Pig. 2) that the substrate tempersture during the Ko evaporstion in-
fluences the shape of the curve. Righer temperstures (400.,.250 °C) give lower for-
‘‘‘‘‘‘‘‘‘‘ ward and reverse cwrents theu the lowest (200 °C). Barrier height messurements give
information sbout a possibtle variation of the internal structure of the barrier.
Pig. ) shows the results: A weuk decreasing of the barrier height for decrrasing

Pig.1: Cross section of texperzture is noticable. DLTS measurements presents Pig, 4. #ith decreasing tempe-
Mo -n-5i structure

rature the number of levels also decresses, Some levels seem to be typically for the

oA Wengy

2 T
"}w 02
V.
il 200——300——"C
Pig.2: Current-yoltage charscteristics in Pig.3: Variation of barrier heigh: versus
forward (s) and reverse (b) direction substrate temperature

,_m_zsn_m_:ﬁn_m__T. barTier (0.28 eV; 0,36 V; 0,62 ¢V), the other cne are

""I'c only tracesble at certain temperatures, The level at

8 8 a8 0,57 N appears only after forward awrent stress or-:lsu
- 3 structure. The capture cross sections lie between 10
2 28 A and 10°'® ca?; except the level st 0.19 eV, which has one
22 of 10717 ca®, Densities of the levels are high, from 104
ﬂ: e to 1016 cl". All levels ere of donor type.

A -

<81
M&&_ﬂ.ﬂ.aﬂ_

Pig.4: Deep levels in the No-p=-5Si structure at
different substrate temperatures
Reference

/1/ Asilova, S.P,, Budberg, P.B.; Diagrsmmy soetojanije wmetallifeskich sistem 17(1971), Vsesojuznd§ institut
nménoj 1 technilesko] infommacii, Noskva
/2/ Mdn films~ Interdiffusion and resctions, ed, J.M. Poste, K.N. Tu, J.W. Nayer, John ¥iley and Sons, New York
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MINORITY CARRIER LIFETIME IMPROVEMENT OF HIGH RESISTIVITY NID-SILICON AND IT1S APPLICATION
FOR COUNTING DETECTORS

L. Bischoff

Zentralinstitut fur Kernforschung, Rossendorf, Bereich KF

High resistivity fZ-p-Si ( op = 2...5 kQcm, 1= 0.5...1 ms) was used to produce n-5. with
v, <100 k€2cm by the Neutron Transmutation Doping technique. Lattice defects, caused by
the fast neutrons from the nuclear reactor as well 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 (MCL). Propper is
to use gettering techniques to increase the MCL again. The results of these invesgigations

are shown in Table 1.

Table 1

Results of the gettering investigations
d-sample thickness; TN‘D/1P-HCL-ratio of NID-S5i to p-Si

L4
process 3/mm/ T'”D/-rp /%/ remarks
standard annealing all 15...35
ion implantation of Ac” <1 ~ 100 technology is very ex-
and annealing at 600 °C <2 70...80 pensive
AcT-Impl. and HCl-oxidation ~2 ~ 80 technology is very ex-
at 1100°C pensive
HCl-oxidation at 1100°C ~2 ~ 65 out diffusion effects of
phosphorous

600 °C-annealing and HC1- good compatibility with
oxidation T1...2 50...70 the technology
oxidation at 1000 °C
Z-step annealing -

a) 750 °C, 2 h, N2 <1 40...80 long time process

b) 650 °C 8 h, N2

From this NTD-Si ( v, = 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

£6 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-
uring task and amounts to 5...50 - 10'2 em? 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
400 oC, Nz, 30 min. Therefore a re-use of the detectors is possible.

Another application field of NID-silicon with ¢ 210 kQcm, T > 200 us is its use as detec-
tors for backscattered electrons with £ ~ 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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THO-STEP-ANNEALING OF HIGH RESISTIVITY NTD-SILICON

t. Bischoff

lentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The standard annealing process of high resistivity NID-Si at 750 % (2 h, Nz) leads to a
decrease of the minority carrier lifetime (MCL) up to 65 %. A second long time annealing at

T = 400...650 °C allows to increase the MCL for thin slices (d £ 1 mm} again ‘1/. The depend-
ence of the ratio 1/16 ( 7vafter-, L before the 2"d annealing) on the temperature is

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 conrcentration ANp at temperatures of
about 650 °C (Fig. 1).

b} 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 temperatuces very
long annealing times are necessary, see Fig. 2. After 12...18 h a saturation of gettering
efficiency is observed. The clearer effect at Iwamatsu /1/ can be explained by the higher

P-concentration of his samples (/1/: €2-Si, Np ~9 - 10‘M cn_}; this work: N~ 1 - 10’2 cm-}h

. 1
The increased MCL and the related higher resistivity (correspondending to ANp = 1...2 - 10 2
Cﬂ_}) are stable at room temperature. During a following 400 °C-annealinq (30 min, Nz) these

parameters don't change. A 500 °C-annealing leads to a MCL-decrease to 80 %.
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Fig. 2
45

Dependence of the MCL-ratio on the annealing
time; 1 = 650 °C

Fig. 1

Dependence of the MCL-ratio and the
phosphorous concentration on the
temperature

(t =48 h /1/; t = 12 h this work)

Reference

/1/ Iwamatsu, S., Denki Kagaku 50(7) (1982) 637
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FUNDAMENTAL STUDIES TO SENSORS MADE BY SILICON-ON-INSULATOR TECHMOLOCY

D. Schubert and U. Lotenz

Zemtralinstitut fir Xernforschung, Rossendorf, Bereich KF

W, Jenachike and 1. Uhlig

Tertrum fur Forschung und Technologie Mikroslektronik Oresden

Sengitive elements of polycrystalline snd zone melt recrystsllized silicon ensble an expension of their operat-
ing tempersture range snd 8 reduction of their tesperaturs dependence. Resistor structures were used to study
the sffect of thermic and mechanic signals. The spectral photoresponse was messured st the diodes /1/.
The temperature coefficients of resistance d' of mono~, polycrystalline end recrystallized silicon is shown
in Fig. 1. The sign and the value of “R of polycrystalline silicon can be adjusted by the dopent concentration.
Resistor fllms of silicon-on-insulator can be used up to much higher tesperatyres (500 o). ™he longitudinel
strasin geuge factor KL (resistors in direction of strein) of polycrystslline silicon is by s factor 2 to 3 less
then thet of monocrystslline msterial (Fig. 2). The transverse gauge factor K' is even much less. The Kl- and
K,-factors of recrystallized silicon films with /100/-oriented surface and resistors in /110/-direction cor-
respond to thet of monocrystalline silicon (Fig. 3). Fig. 4 shows

o2 the spectral photoresponse of a diode with a ssall sensitive ares
- 1] // (0.05 _2) on a 0.5 pa thick polycrystelline silicon film (distance
r of contact strips: 20 um). By the increesing of the opersting
voltage U the derk leskage current is rsised much more then the
photoresponee.
: The experimenta] studies ensble to design temperature, rate of
i flow, pressure and radiation sensors /2/.
I
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CONSTRUCTION AND PERTORMANCE OF A LARGE AREA 4E-E SILICOM DETECTOR TELESCOPE

M. Dsutsrher, R. Forster, G. Mende, H.-G. Ortlepp and W. Seidel
Zentralinstitwt fir Kemnforacivang, Rossendorf, Bereich XF

For future experiments with the spectrometer DDWS /1/ 8 AE-E silicon detector srrengement is necessary in
order to msssure high-energetic charged perticles in sddition to the heavy fragments. A first varisnt of such s
telescope has been rialized. It consists of & 0.2 mm thick 4€ detector and 3 2 am thick Si(Li) tota] absorp-
tion detector. The dismster of the Si-slices and of the sensitive aress smount to 51 and 45 mm, respectively.

The thin detector wes prepered using 1000 Qcm n-Lype silicm.). Both surfaces were polished a3s usually in the
microelectronic techniqn“). It results in 8 microinhomogeneity within 20 nm for both plane surfaces. A
perallelity devistion of 5 % was ssesured by electron tranamission spectroscopy. The ion implantation has been
used for doping the junciion and the accumulstion layers. A 100 nm thick thermsl oxide layer serves for the
edge protection.

Tha base -tcri.l') of the Si(Li) detector consists of dislocation free p-type silicon with a resistivity of
200 Rcm ond & minority cerrier live time of 0.2 as. The cross section of a typical detector is shown in fig. Ta.
The drift proceeded under following condiciona: Temperature: 110 °t, reverse voltege: 120 V, drift time:

170 hours. Fig. 1b shows the obteired curremt wvoltsge cherscteristic. A minisum carrier life time of 1 ms hes
been estimsted from it neglecting the diffusion- and surface contributions to the junction current.

With 5.5 MeV « -perticles sn energy resolution of 120 keV wes obtasined. A first test experiment hes been per-
formed st the externsl bemm of the hesvy ion cyclotron U-300 of the JINR, Lasboratory of Nuclear Reactioms, in
Dubne. The self-supporting '° Au terget wes bomberded in the resction chesber of the spectrometer DEMAS by

12¢ ions of 83 MeV energy. The 4E-E telescope was located 21 cm spert from the target under 15° forward angle,
covering 8 s0lid angle of 36 msr. A 150 pa thick Al sbeorber was placed in front of the telescope in order to
stop elastically scattered particles. The stenderd electronics setup of the DEMAS spectrometer /2/ was used.
Dets were recorded event by event on sagnetic disk for off-line snalysis /3/. Fig. 2 shows the contour plot of
the messured energy loss AE versus energy £ for o<, t, d and p. The setup is sble to distinguish unambiguously

between o -particles and hydrogen ions.
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Fig. 1 Fig. 2
a) Cross section of the large sres Si(Li)-detector Contour plo‘ 9!‘ m‘% loss versus energy for
b) U-I reverse characteristic of the detector the system A+ at 83 MeV incident

energy
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CAPACITY MODEL OF A SILICON STRIP DETECTOR

N. TeichfuB and L. Bischeff
Zentralinstitut fiir Kernforschung Rossendarf, BRereich KP

Today silicon strip detectors are one of the most advanced electronic aspatial resolution detectors, especially

for photon and particle rac:iation. The minimum avidential energy of the position sensitive detector is deter -

mined by the energy resolution of the discreta detector elements. This talk discuss the capacity-voltage-charac-
teristic of single diodes, which are influenced by their neighbours. Therefore a new capacity model (SDC-mdelf
was developed and tested with ten strip detectors. The structure of three neighbouring diodes of such a detector
is shovndn FPig. 1. Nevertheless, the capacities are contained, which affect to the capacity-voltage-measuremgnt
at the k~ diode. Corresponding to equation (1), the capacity C, of this diode is greater than the capacity C

expected by application of the plate-capacitor-model. k k
. oP P
‘- & g % o o
% ° c, + cP L Lo T G o
k1 1 ki i

The maximum parasitical capacity (.Jr‘J of all remaining diodes was estimated with equation (2) on the under-

standing clis an Cdd .
c. » n-cdd (2)

with n — number of nearest neighbours

The capacity of one strip diode is then found to be

S
Clk’ = o+ om cdd 3)
with Cp = E-A /4 )

( A strip plane, d_ depletion layer depth )

k
C,. depends on the diode geometry. The model of
twvo parallele half-cylinders (corresponding to the
form of the depletion layers) has been used to
describe the capacity between strip diodes. By
using CAUCHY-RIEMANN's differential equations (6)
the solution of the two dimensional potential
equation AU (x,y) = 0 (5)

can be found as a result of a function-theore-
tical problem, with conjugate complex potential V.

VU U g
Y x ' ox ¥y

Pig. 1 Strip diodes structure with capacitive

Substituting C: by equation (4) the diode capacity equivalent circuit

amounts to /1/.
c, - g[Ak /& + Wia / In(K, / xx)J ')

j(1-b+22)/(1+b+2a)]

with l(k /Ki =Ty / T

2 2
1= (l-1 - rk)/b

2a = (12 + b2 - 2(ri + rf) )1/2

C (pF}

ri cylinder radius of the n#‘ghbour diode
T cylinder radius of the k diode

b distance between two cylinder axis

L strip length

~

In the case of a single diode detector structure equation (7)

1s equivalent to the plate-capacitor-model. The SDC-model enables
the description of the experimental obtained strip diode capacity 5
(see Pig. 2).Further on, the model gives informations relative to

the degree of the capacitive connection between the strip diodes,

which are standing in need of application of special readout 3
principles (capacitive charge division).

0o v > % UlV]

Reference

/1/ TeichfuB, M.; Diploma project, Technical University
Dresden (1985%5)
Pig. 2 Capacity~voltage-characteristics of
a representative strip diode
~s—experimental capacity
---plate-capacitor-model
-.«SLC - model

* spe = otrip Detector Capacity
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PERFORMANCE CP SILICOR NUCLEAR RADIATIOK DETECTORS

J. von Borany, L. Bischoff and B. Schmidt
Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

2fX's semiconductor nuclear radiation detectors are ion implanted oxide passivated silicon
p*n = type diodes, produced by a special planar process.

PARAKETERS: Active Area 2
Sensitive Depth
Reverse Current
Operating Volteges
Window Thickness
Pulse Rise Time
Time Resolution
Working Conditions H
Mounting Configurations:

10...1300 mm
up to 300 Jom; < 1000 /om

100 na/cn?/100 ,um

+50,4.4200 V

$0,2 /um

<5 ns

<200 ps for A £ 25 m2

Room Temperature, Vacuum or Air
BNC Rear Connector (P,T series)
Microdot Sice Connector (T series)

*”

L I LB 1)

PRATURES AND APPLICATIONS:

» High resolution spectroscopy of charged particles, i.e. electrons, protons, deuterons,
a - particles or heavy ions with a penetration depth $300 Joms 51000 /um"'

+ Counting measurements of charged particles with high counting efficiency

* Particle identification or any type of AE measurcments

» Spectroscopy of soft 7- and X-rays at room temperature (15«< 37< 100 keV)

e Possibility of baking in vacuum systems or annealing after high radiation exposition

PROPERTIES OF DETECTOR SERIES

Active Area | Guaranteed lax, Partially Depleted Totally Depleted
A/ mm2 Resolution / keV |Detectors, w21 OO/u.m Detectors, ws300 Jum
a** prrr Model =No, Kodel - No.
10 13 6 P-0010-100-13 T-0010-300-13
20 15 8 P~0020-100-15 T-0020=-300-15
50 17 10 P=0050~100=17 T~0050-300~17
100 20 13 P=-0100-100-20 T=0100-300=20
180 25 18 P-0180~100-25 T-0180~300~25
350 30 25 P=-0350-100-30 -
1300 unspecified<100keV]|P~1300~100 -

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

Active Area Guaranteed liax, a=- .
2 liaterial Resolution / keV** Remarks
A/ m
So HTD - 51 25 ws 005000100 min
100 NTD - Si 30 w s 005100100 mm
280 NTD - 51 50 ring structure
40,.,.590 FZ - Si 18,4440 position-sensitive
#ix ~ ring structure
2144456 FZ - Si 15 rect ar active area,
special mount

Table 2: Special detector series”

*Restricted availability "Tote% syatem resolution FWHM
for 21

Po, 5.304kieV alphas
using standard ORTEC-electronics

***Beta resolution ag
ma';tnedd by pulser w

proxi-~
dth



TWO-DIMERSICNAL POSITION-SENSITIVE PHOTODETECTORS

B. Schmidt, H. Schott
Zentrelinstitut fiir Kernforschung Rossendorf, Bereich KF

The two-dimensional position-sensitive photodetecter (xy-PSPD) is a duel exis full area
optoelectronic sensor that provides continuous analog position information (x,y) asbout 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 detectoi consists of two layers: a high resistivity
implanted p~layer with p+-imp1anted contact areas and an i-layer in high resistivity sili-
con with implanted nt-contact areas elso on the front side. This used structure is based
on the device structure proposed by NOORLAG and LIDDELHOEK [2].

As shown in Fig.1 in the equivalent circuit each position signal (photocurrents Iﬂ,Ix2

and Iy1,I 2) is only divided into two parts by the two resistive layers, end 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 1light beam position (x,y) and

the electrodes, The conversion formula is given in Fig.1, ,where Ix1, Ix2 and Iy1, 1 o, are
the photocurrents collected by the electrodes. 2L and Iph respectivily stend for the inter-
divtances between the contacts and the total photocurrent.

The meen features and applications of the x,y-PSPD are the same as noted in [4]. The sen-
sor is menmufactured and available in chip form. The mean device parameters are given in
Table 1.

Parameter x,y~-PSPD Table 1:
Recommended lode of operation Photoconductive Device parameters of the
Spectral range (10 % of peak) 400...1050 nm two-dimensional position-
Redient responsivity at peak 20.45 AeW! sensitive photodetector
Nonuniformity of radiant responsivity <2 %
Position sensitivity 5044060 uAem ™" orm™ 1 L
Position nonlinearity (from center <14 F 1
to 75 % of center-contact distance) y
Dark current (30 V bias) £ 200 nA ¥
Rise time (10 % - 90 %, 50 Q load, Tees2 Jus 1
30 V bias) / y
Active area 10,0 x 10.0 mm® 1 TR 45£ﬁ}
Chip dimensfons 14,0 x 14.0 x1 ) L
a) I I, 1 ,,* Photocurrent generator b) ]
____5_(_1’_3__ D : ideal diode Iy2
1 CJ ¢ pn=junction capacity I 1
R_.: shunt reeistor —&:—ﬂ - -:-
sh
Ro(p): p-layer resistivity Iy + Iy L
j]- Rg(n): n-layer resistivity I . g
1. =I,+1 I, +1 e /2 A A
-.-..._i TnT — ph x1 x2 y1 y2 Iy1 . Iy1 L
y1 y2

Fig.1: Equivalent circuit (a) end conversion formule (b) of the x,y=PSPD

Literature

1] Sehmidt, B.,and R. Ross, Sensors and Actuators 4 (1983) 439

2] Noorlag, D.J.,W., end S,ii, hiiddelhoek, Solid State & Electr. Dev., 3 (1979) 3, 75
3] Dinnebier, G, et al., Peingeritetechnik 30 (1981) 4, 170

4] sehmidt, B, and H, Schott, this report p-56
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ONE-DILEKSIONAL POSITION-SENSITIVE PHOTODETECTORS

B. Schmidt, H. Schott
Zentyalinstitut fiir Kernforschung Rossendorf, Bereich KP

The one-dimensionel 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 consiste of three layers: implanted
p = layer, implaented nt*- layer underneath and i - layer in a high resistivity silicon
substrat [1]. Incident light beam faliing on the SPD is photoelectricel transduced in a
photocurrent and detected by two electrodes on the p- typ resistive layer (PFig.1).. Since
the resistivity of the p - layer is uaiform, the photocurrent collected by one electrode
is inversely proportional to the distance between the incident 1ight beam position (x)
and the electrode. The conversion formule is given in Fig.1, where Ix1 and Ix2 are the
photocurrents collected by the electrodes and 2L and I h stand for the electrode inter-
distance and the totel photocurrent {proportional to the lignt beam intensity) respective-
1ly.

Predominent features and applications of this optoelectronic sensor are:

Features Applications
+ Continuous position signal + Remote optical alignment
o Position accuracy independent on + Machine tool alignment
1light spot size ¢ Vibration analysis
» Electrically variable null point * Process control

+ Simulteneous power and position signal e Guidance systems

The mean device parameters are given in Table 1., The SFD is manufactured and available
in chip form.

Parameter SPD Table 1:
Recommended Mode of operation Photoconductive Device parameters of the
Spectral range (10 % of peak) 400...1050 nm one~dimensionel position-
Rediant responsivity at peak 2 0,45 AW sensitive photodetector
Nonuniformity of radiant responsivity | <2 %
Position sensitivity 27.5 /uA-mW'1omm'1
zosition nonlinearity (from center <1 4%
0 75 % of center-contact distance)
Dark current (30.V bias) 100 nA
géss ;iﬂg)(1o % - 90 %, 50Q load, 0.5 Jus
Active area 3.0 x 3645 mm®
Chip’ dimensions 5.0 x 40,0 mm2
) T4 Iph’ photocurrent generator y)
D 3 ideal diode
I_JZT' c3 : pn=junction capacity
- Rsh’ shunt resistor 1
R, (p): p-layer resistivity x1

Ion = Ix1 + Ix2

Pig.1: Equivalent circuit (a) and conversion formula (b) of the one-dimensional position--
sensitive photodiode

Literature
(1] Sohmidt, B. and R. Ross, Sensors and Actuators 4 (1983) 439
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MBTHOIS OF PRODUCING GRAIN BOUNDARY PREE SILICON STRIFES ON INSULATING SUBSTRATES
Jo Hatthiii and M. Voelskow

Zentralinatitut fir Kermmforschung Rossendorf, Bereich XP

K. Hippaer and ¥. Schartf

Technische Hochschule Karl-larx-Stadt, Sektion Physik/Elekironische Bauslemente
De Gerisch and X.-H. Stegessmn

VB Zeatruam fur Porschung und Teclmologie Eilaroelektronik Dresden

During the last few years fabrication of orystalline silicon on insulating substrates has gained much interest,
since it promises many advantages for device applications in comparison tc bulk silicon. The zone -melting
recrystallization of large ares thin silicon layers on insulating substretes is a favourable technique for
producing S0I -structures,

In the present work, the zone-melting process was realized by prehsating the ssmsple up to 1100 K-1200 X
using a set of 12 halogen lamps and moving the light stripe of amn additionsal lsmp in an elliptical mirror
scross the wafer with velocities of 6,7 mm/s to 2,0 ma/s. This process results in an (100)-oriented
crystalline layer with the typical subgrain boundary pattern ¢feather structure"). Por circuits with high
packing density, i.e. with small active aress of elemental devices, it is necessary and sufficient to obtain
grainboundary free areas at desired positions. In the paper, three methods of producing such areas will be
presented.

Ons method to approach this goal, proposed by Geis /1/, is the transversale modulation of the tempersture by
an arrey of absorbing or refleoting stripes an the top of the encapsulated silicon layer. We used fotolitho-
grafically patternd stripes of lloSiz. The distance between stripes and the width of them were varied from

10 /un to 150 /un. Since the reflection coefficient of molten silicon is greater than the reflection coeffi-
cient of the silicide hence the coolest areves are between the silicide stripes, and the grein bdoundaries are
located under the stripes,

A trensversale modulation of the temperature cen also be obtained with patterned polycrystalling silicon
stripes embedded in the encapsulating 5102 layer. In this case the different temperztures were obtained by
additional heat production of the molten polycrystalline silicom stripes during solidification, As shown

in Pig. 1 subgrain boundaries are located under the stripes.

Fig. 1: Optioal micrograph of & recrystallized silicon
layer after Schimmel- etch
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A third method of producing defeot- free siliocon areas on insulating substrates is the recrystallisatiom of
long silicon stripes embedded in the system of the 5102/813l 4 layers, Stripes with a width below 40 .
recrystallizs to grain boundary- free monoorystalline silicom islands, It the width exceeds the typical
distmce between subgrain boundaries in largs ares recrystallized films, one obtain monocrystalline stripes
containing subgrain boundaries.

Reference

/1/ m. Geis ot al., Appl, Phys., Lett, 40, 158 (1982)
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SIECTRICAL PROPERTIES OF LOS-STRUCTURSS PABR.CATED IN LAKP RECRYSTALLIZED Si PILZ ON OXID

E. Sieber, k. Voelskow, Il. Osrtel

Zentrelinstitut fiir Kernforsclung Rossendorf, Berwich KP

The effects of process variables, such as preoxidation, HCl-oxidation and front surface damage gettering om
electrical properties of LOS-structures in silicon-on-insulator, have besn investigated.

The effect of preoxidation has been studied by growing a thermsl oxid approximetely 6Onm and 120 na thick
in dry 02 which was subsequently etched sway, Some other samvles were prepared only by chemical cleaning

of recrystallized silicon films,

In order to inwestigate the influence of front surface damsge gettering argon was implanted &t a dose of
10"% fons/ca? through the 50 nm thick 510, into the Tecrystallized films. After eumealing at 1000 °C far

60 min in nz-atmsphnn the implanted layer wes removed,

Planar [0S-capacitors were fabricated by growing a 80 om thick gate oxide in dry 02 at 1000 °C with and
without IC1 om the approximately 0.44 /\Il thick recrystallized Si films. Al-gates and Al-contacts to the
recrystallized Si were prepared by electron-bemm deposition, photolithogrephy and annealinz in forwing gas
at 450 °C for 30 min.

The electrical characteristics of M(S-structures have been investigated using high-frequency and quasistatic
capacitance-voltage (c-v)- measurement as well as by triangular voltage-sweep (TVS) at 250 °C and by
HEall effect measurements.

Generation lifetime in recrystallized Si films have also been determined by the high frequency c-v charac-
teristics derived in response to a triangular-voltage sweep /1/.

411 these measurements indicate that the recrystallized Si exhibits an n-type conductivity. The doping
concentration ND in the film is 1.4 . 1016 ul':’, as evaluated from the ratio of high frequency depletion
layer ccpacitance in inversion to axid capecitance,

This high doping level is likely due to diffusion of contaminations from the oxide cap layer during the
recrystallization.

The other electrical properties, such as the interface state density at midgap Nss' the effective charge
density ct flat bond Nefr' mobile ions density in oxid nn, effective minority corrier lifetime 72 ce
and carrier mobilities My &re summarized in Tsb, 1.

144

Tabelle 1
Process lWeff Nas “m Lg eff 'ﬂﬂ
-2 -1 =2 -2 2 -] =1

/em "/ fev cm "/ fem "/ [ ps/ /fem™ ov s/
Chemical cleaning 10
s2d 0,-oxidation 564107 44, 10" 10" /. 8. 10" 0.1 750
Preoxidation and 10 10 10 10
0,-oxidation 5.3 4 10 4,0 . 10 0 ./.8.10 0.1 760
Surface damage 10 10 10 11
gettering md 0, 2+ 100 4310 102/ 10 <041 700
oxidetion
Chemical cleaning 10 10 1
end 3 f.‘l HCl-oxida~ 4.6 « 10 3.8 10 \<10 244 860 o/' 900
tion
Precxidation and 10 10 10
3 ,}‘: “cl-oﬁdﬂtioﬂ 4:6 . 10 3.0 3 10 ‘10 2.4 o/- 206 ~900

These results cthow thet the HC1l oxidation is a very effective process for improving of electrical
characteristica of NOS=structures, especially for achiving a high 1lifetice of minority cerriers in
recryctallized Gi,

Reference

/1/ K, Taniguchi, Solid-State Dlectromics, vol, 21, pp 1057-1061
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CHARACT"RIZATTON OF PECVD NITRIDE LAYERS

C. Bauer, D, Grambole, C, Heiser, F. Herrmann and W. Rudolph
Zentralinstitut fiir Kernforschung, ossendorf, Bereich KP

Thin nitride layers (400 nm) were deposited on silicon wafers using the plasma
enhanced CVD- technology (SiH4 + NH3 gas inlet), Hydrogen concentration, stoichio-
metry, density and refractive index of the laysr material were studied by a suitable
combination of nuclear methods as well as optical and mechanical measurements:
- the 1H(15N,|(,)12C resonance reaction at Ep= 6.84 MeV for H- concen-
tration analysis and H- depth profiling / 1 /
- Rutherford backscattering / 2 / to obtain both stoichiometry NSi/NN
and area density (R—at/cmz) of the nitride layer,
« thickness measuremcnts by means of Taylor-~Hobson taly step,
togethor with
- ellipsometry to get information about the refractive index.

@ y T y T \ % w1k : .//{;/6 1
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{2, 1: Yvirosen coneentration, density and refractive index of PTCVD nitride layers
ag a finction of the substrate temperature

As e¢2n be seen from Fig. 1 , substrate heating leads to a sisnificant reduction of
the average hydrogen concentration, whereas the stoichiometry was found to remain
gstable (NN/N51= 115 and 1,32 for p= 1.85 and 1.0 Torr, respectively), With in~
creasing tomperature the hydrogen loss increases the density of the leyer material,
consequently the refractive index grows up. No other parameter variation as SiH,
flow and plasma power , respectively, led to a comparauvie drastic change of the
hydrogen concsntration, A rige of the SiH4 flow (100,..300 cm3/min) changes the
stoichiometry (NN/N51= 142¢++1.,0) and increases the refractive indea

(n= 2-0.-,201)v
References

/ 1/ Rudolph, #. et al., J. Radioanal. and sucl. Chem, 83 (1984) 99
/ 2/ Chu, W.-K., Academie Press (New York,SanFrancisco,london) 1978
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BORON DEPTH PROFILING BY THE ' 'B(d, 10)913. REACTIOR

W. Rudolph, C. Bauer, C. Heiser and P. Urwank
Zentralinstitut filr Kernfor-chung, Rossendorf, Bereich XKF

At deuteron energy E,- 1,55 MeV and detection angle J==160° we meesured 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. Por these
strong transitione the yield functions were measured in the energy region

Ey= 0.8...1.7 MeV, According to our results the 1IB(d.¢¢°)9Be reaction is best
suited for boron depth profiling using deuteron induced reactions. A small
plateau of the yield function is obtained for Ed 2 1.4...1.5 KeV and this reaction
gives the greatest yield except the very broad 10B(d, d1)2¢. peak.

The ”B(d, ¢°)9Be reaction at Ed‘ 1.50 KeV was employed to mzasure boron depth
distributions in 500 nm thick boron doped silicon oxide layers produced by plasme
enhanced chemicel vapour deposition,

CHARACTERIZATION OP BORON DOPED SILICON OXIDE LAYZRS BY HELIUM BACKSCATTZRING
AND PROMPT NUCLEAR REACTIOKNS

W. Rudolph, C. Bauer, C., Ddring, D. Grambole, R. Groetzschel, C. Heiser,
F. Herrmann and P, Urwank
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

The oxide layers were produced by low-t:mperature and low-pressure CVD at 420 °C

(deposition rate & 100 nm/min). Different (82H6 + Ar) admixtures %to the (02 + Sin)
flowing through led tc different boron concentrations within the 500 nm thick
layers deposited on thick silicon substrates.

The eilicon and oxygen areal densities (in at/cmz) and the 0/Si ratios were
determined by 1.7 eV He backscattering, whereas the boron and hydrogen contents
were measured using the ”B(p,4)24 and 1H(’SN.JI)’?C 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 detcrmined in de-
pendence upon the (BZHG + Ar) flowing through and a full characterization of the
main layer components was realized. Using special backings and optimum exp-rimen-
tal conditions the concentrations can be determined with an accuracy of 1...2 %5 ,
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PLASTIC POILS AS PRIMARY HYDROSEN STANDARDS POR NUCLEAR REACTIOR ANALYSIS

W. Rudolph, C. Bauer, K. Brankoff, D. Grambole, R. Groetzschel,
C. Heiser and F, Herrmann

Zentralinstitut fiir Kernforschung,Rossendorf, Bereich KP

Plastic materials contain large amounte 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 n rotating sample holder we realized large irradiated foil areas
(up to 10 cn ) and measured the differentieal J- ray yields y(3) of the
H(15N.¢l) C resonance reaction (Ey= 6.5C MeV) at low current densities (1...2
nA/cm ) in dependence upon the collected charge / 2 /.

Yyield per 1uC

° 0s 10 15 20 25 §f uCem?
soool ¥ d Y 0 ) l2 Pig. 1
BN“; En= 6.50MevV Differentiel J- ray
retating targets 2 yield curves measured
iredicted ve 05cm at low 15N”' fluences,
sooor . 1= g 2.5 o,
L Bade mio o o S S (CoHg ), current density 1...2
o nA/cmz. Yield ratios
‘é relative to an a-Si:H
4000} "01, sample containing 13.6
,-g; at% hydrogen.
le—s—ot—t—s—s—t By gy —0—8—g—0—5 (CuHy0;),
2000 pp—s—T—es—t—r——e—a— 00000ty Sy (Cglig0y), 4s
%"
Q/uC

In Pig. 1 the results are shown for the polypropylene (CJHG)n ¢ Polyester (C1OH8°4)
and polycarbonate (C16H14O3)n foils, respectively. As can be seen the J- ray yields
change only slightly at these measuring conditions and the initial yields ¥o= 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,

n

References
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50 kV FINE FOCUSED ION BEAM APPARATUS

A. Hoffmenn, A. Kehn, U. KreiBig and F.X. Neehring
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

To study the angular distribution of ion emission from a Gallium liquid metsl ion source sn sutomstically
driven device including a stepping motor was developed. Fig. 1 shows how the emitted sngular intensity varies
with the emission sngleef . For ion currents grester than 10 pA we ocbserved a small pesk at the edge snd sn-
other close to the axis of the distribution. The platesu becomes structursted because of growing protrusion at

the spex of the liquid metal cone. These results agree well with other experiments /1/ and theoretical calculs-
tions /2,3/.

The ion micro besm lsboratory equipment /4/ has been implemented. An ion source power supply (instability
€107%) allows to set both the extraction voltage, determining the ion current and the energy width of the besa,
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 besm across the meshes of an
sluminium grid. The collected current behind the grid is displsyed on the oscilloscope, see Fig. 2.

A so0lid state detector for target imaging by secondary electrons is prepared. An octupule ion besm deflector
has been optimized for high uniformity of the electrical field within the deflector by a simple sodel calcula-

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

T R
%3(/:»‘-' 40 pa I I N J ooy
N
5- 0
. sl 0 I
20 -
' —j '_- foren -
- ) -
ot o)
/"\
0- ! \ Fig. 3
/ i Octupole ion deflec- « )
5- JI //' \ tor geometry ™
; s A E
O‘L-A PR s t i ' Lo # ﬁ"-’ 'Z'
30 <20 -0 0 %0 20 -0 5
ot/grd . !
Fig. 1 Fig. 2 o ‘ ‘
Angular intensity distributions from Determination of the [ — p—— 1
Gallium liquid metal ion source at beam diameter at tt_ve
different ion emission currents edges of an aluminium [ ra—————
grid structure Bes g des S .

o }: fFig. &
‘ . Scanning electron micrograph of a lattice written by en ion beam
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4 ’ The ion beam was used to write lines into & layer of 30 nm Au on
EA M

% 2 v a Si substrate. Fig. 4 is @ SEM imege of @ typicel deteil ceused

’g?‘ R 4 by an ion besm of 10 nA Ga* with an energy cf 30 kev, The smal-

lest width is about 2 um.
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ON GEOMETRICAL ABEFRATIONS OF THIRD AND HIGHBR ORDER IN TUBE LEUSES
OF PINITE LENGTH

R.R.Bartl
Zentralinstitut fir Kernforschung, Rossendorf, Bereich XP

Aberrations of higher than 3rd order in rotation-l-symmetrical electrs-
static systems usually are neglected, if tnhe beam diareter irnside the le..s
is one helf or less of the diameter of the electrode boring. 3Ird order
aberrations are known for tube lenses, whose lergth L is larze in compari-
sion with the diameter D. Por practical apolication tube lenses with fini-
te L/D ratios and aberrations of higher order were investigatei /1/.

Por each lens geometry were calculated: tne potential U(x,z) (usirg
the method of Hoch et.al. /2/, a linezr superpisition of analytical ele-
mentary fields )}, the paraxial particle trajectory, the cardinal elenreuts,
the 3rd order aberrations (trajectory and value in the image plane) aud
the exact trajectory. The calculation of paraxial trajectory and 3rd order
aberrations bases on the axial potential Q(z) ar.d a power sgeries in x, for
the exact trajectory we nad to compute tne potential and its derivatives
for every point of the trajectory.

It was shown, that tnhe cardinal eiements and aba2rration coefficieants
for ratios L/D 2 2 obtain the asymptotic values. For smaller L/D the focal
length, the image distance and the magnification decrezse, while tne aber-
ration coefficients increase. In the investigzted range of starting distan-
ces from the axis x, and starting slopes x; the spherical aberration term
is dominating. I*s coefficients
at the image z; are defined by
the equation

x(zi)=33(x;)3+B5(xg)5+37(xé)7+...
The values of B5 and L, were A/°/ i
extracted from the difference o
between exact calculated and 3rd
order trajectories. 80.
The figurefillustrates the ratic
A of tne aberrations of 5th and
higher order to the aberrations of
3rd order at the image for various 60
values of x; and L/D (curve parame-
ter), x, = 0. All points represent
trajectories, whoce maximal distan-
ce from the axis is smaller then one

05

half of the lens radius, 40.
fig.1

Retioc A ef the sderrations depan~

dent op the starting slope xo’ ’ 20

curve parasseter L/D
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THE MAGNETIC FORM FACTOR OF IRON IN AMORPHOUS Ft75325

¥. Matz
Zentralinstitut fir Xernforschung, Rossendorf, Bereich KF

The neutraon diffraction intensity of an smorphous slloy in the ferromagnetic state contains
nucleasr and magnetic contributions. For amorphous r.75'25 the latter contribution is given
by:
g 3('—21‘- 22 2 ()] ()
o magn. -3 z.cz Yfe 'Fe Fe-Fe
Here Ve is the magnetic moment, fr.(O) the magnetic fore factor snd Sr._r.(ﬂ) the partisl
structure factor for the iron-iron atomic pairs, respectively.
The magnetic neutrun scettering contribution for ssorphous Fc75825 wes determined as the
intensity difference from measurements without and with s ssturating magnetic field parallel
to the scattering vector a. The partisl structure factor Sr._'.(O) wss estimated from the re-
sults of neutron and X-rsy diffraction experiments on this materisl /1/. The magnetic moment
of iron at room tempersture csn be deduced from Massbauer spectroscopy and was tsken to be
Bre = 1-79 ug [2].
According to /3] the magnetic form factor of iron can be given in s parametrized form. Intro-
ducing 8 width parameter W [4/, which accounts for the broadening of f(Q) in the amorphous

material, one gets:
rre(n) = 0.385%-exp(-0.08517 HOZ) + 0.6326-exp(-0.3209 IQZ) - 0.0173 (2)

The magnetic cross section of equ. (1) was fitted to the experimental magnetic intensity
(points in fig. 1) in order to estimate the parameter W in the magnetic form factor (2). The
best fit (full line) was achieved for W = 0.9 + 0.03. In fig. 2 the corresponding magnetic
form factor of iron in smorphous fe7582s is compsred with the magnetic form factor of pure
iron. The width parameter W < 1 indicates a tendency of 3d-electron localisstion for iron in
smorphous Fb75825. This result is consistent with observations for other amorphous alloys

{6,5].

4Fig. 1
Experimental magnetic
Ek. neutron diffrection
intensity (points) snd

J? calculated intensity
'91- using equations (1) and
(2) (full line)

Fig. 2 »

Comparison of the magnetic

form factor of iron in Ol—i T ey W
metallic iron (full line) na o WM:_"N »

and iron in smorphous
FejsBzs (dashed line)
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METHODICAL INVESTIGATIONS VIA TEXTURE OF ROCK SALT

N. Betzl snd ¥. Voitus
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A. Ertel

Karl-Marx-Universitit Leipzig, Sektion Cheeie, W8 Kristallographie

In a former paper /1/ the importsnce of neutronographic texture anslysis of rock salt wes
slready underlined. It was referred to the cosrse-graining of these rocks whereby in the case
of usual ssmple dimensions the grain stétistics is not sufficient.

As it could be demonstrated by methodical investigstions the msjority of samples cui show »
g1ain size distribution with a2 maximum near 2 - 4 mam in dismeter independent of the mineral
deposit. About 22 % of grains are bigger than 5 ma and about 1 % is bigger than 10 em. Taking
as » basis for neutronographic texture investigations 3 einisum number of 1000 grains the
ainimum sample dimensions vor the sphere-technique (approximated by s cube) should not fall
below 30 x 30 x 30 -’. Oue to the integral meesurement of neutrons scattered in zohkl. the
needed incressing of cross-section of the incident besm and the changes of cross-section of
the scesttered beam during the sample rotations for the pole figure scanning a3 larger detector
sperture must be required. Fig. 1s shows the (200)-Hslit-pole figure of the sample B4 measured
with a BF,-dolcclor of 38 am in dismeter. In Fig. 1 th; same pole figure measured by means
of s “"He-detector of 90 me in diameter is
given. The asversging of intensities due to
the brosdening of the detector slit can be
clearly seen.

Additionsl improvements w.. possible by
measuring of neighbouring semple ranges and
the superposition of their results in com-

posite pole figures. In general their is no

significant improvement of superposition of

more than two single messurements. Fig.

";"_N,,V :&3,’5'3 2a-c show two single (200)-pole figures asnd
Hatdt (200) Frobe B4 the composite pole figure obtained from
Fig. 1a Fig. 1b the former ones.

Héheniinien: 10,15,20 Hohenlinien: 10,15,2.0 . L
Mef)-Ne.: 595071152 Mef\-Nr: 585091152 Hohenlinien: 10,15, 2.0
Emzeimessung zur Compositpolfigur Enzeime 2ur Compositpolfigur Mef)-Nr: 565821152
Halt (200) Probe 12A(1) Hatit (200 ) Probe 12.A(3) Composntpolfigur  Probe 1.2A
Fig. 2a Fig. 2b Halit (200)

Fig. 2¢

An additionsl incressing of the influence of cosrse-graining can be expected by an oscills-
tory movement of sample performed during the measurement.
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MEUTRONOGRAPHIC TEXTURE INVESTIGATIONS OF MALIT

N. Betzi and ¥N. Voilus
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The CDR has available large Halit-Sylvin-mineral deposits representing an important basc of resources for chemi-
cal industry and agriculture. Behind the USSR and Canade the GDR holds the third place of the world hauling.
Siaultsnecusly during the last 10 years plans of secondery storage containments fcr various meterisls have
become more and more important. In both cases the interest in texture analysis for investigating of salt tec-
tonics and s3lt properties has increased. The Werra-Kali-Area, the Region of Northern and Southern Harz and Lhe
Clod of Calvirde are the mein minersl deposits of the GOR.

First neutronographic texture investigations were performed at samples of the called regions with special con-
sideration of the faulting pertubation zone of the mineral deposit of the Clod of Calvirde.

fig. 1 and 3 show the (200)-Halit pole figure of the sample B2 of the Region of Southern Harz and of the sample
3.1 of the Clod of Calybrde, resp. In Fig. 2 the (220)-pole fiqure of the sample B6 of the Werra-Kali-Area is
given. For all samples investigated a (10C)-fibre texture can be observed (Fig. 1,3). Only the tectonically
strongly deformed ssmple B6 of the Werra-Kali-Area additionally shows a (110)-fibre texture (fig. 2). Especially
considering the examples of fig. 1 and 3 it must be concluded that a transformation of the corrected pole fig-
ures from the coordinate system of measuring into those of the place where the sample was cut (topographical
system) must be carried out before amalysing the data by calculation of the three-dimensional orientatio-
distribution function. Only when this step is done the results obtained for the different regions can be compared
emong one another. The hitherto existing investigations of the mineral texture of Halit give rise to the follow-
ing conclusions:

1. For all of the three regions a (100)-fibre texturc can be universally observed. Therefore a planar detnrma-
tion texture should exist.

2. The texture do not turn with the layered material (salt fault of the Clod of Calvorde) but it is comparable
with a cleavage texture superimposed with the faulting structure and in general possessinj about the same

orientation.

3. Likely the obtained Hglit-mineral textures are caused by recrystallization because the investigations of
salt-dome samples /1/ show a (100)-fibre texture too. Therefore the recrystallization behaviour of rock-salt
should have a comprehensive importance being not supposed until now and existing independent of the primary

structure.

Hohenlinien: 1,0,15, 2.0 Hohenlinien: 10,15 Hohenlinen 10, 15,20
Meft-Nr: 584181152 Mef3-Nr: 58416115) Men-Nr 785101152
Halit (200) Probe B2 Halit (220) Probe B6 Halit (200)  Probe 31
i Fig. 2

Fig. 1 1g Fig. 3
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TEXTURE DEVELOPMENT IN PASS-ROLLING OF FCC METALS

P. Xlimanek and X. Cyrener
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A. Micklich and U. Scholz

Zentralinatitut fir Kernforschung, Rossendorf, Bereich KF

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 SQUARE - OVAL were measured by neutron diffraction. The plastic
deformation was performed in one step (total strain f ™ 0.9...1.0) with strain rates &1 3-1 at 293 K
‘cold-rolling; V's< 0.5) or at T(Al) = 673 K and T(Cu) = 923 K, resp. (hot-rolling; l’/Ts z 0.7). For quanti-
tative analysis of the rod textures pole figqures §111]), §2003, £220) and 311} of the sample material were
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. e texture of the pass-rolled rods is very inhomogeneous (see aleo
/1,2/). In the regions near the surface . .rreqular orientation distribution is observed, but in the midsec-
tion of the rods well-defined texture components can be found. As it follows from messurements of complete
(i.e. four quadrants) pole figures as well as from orientation distribution functions, which were calculsted
without restricting suppositions concerning the sample-related coordinate system, these midsection textures
can clearly be interpreted in terms of orthorhombic sample symmetry.

- In both groove sequences the midsection textures formed by cold-rolling at room temperature can be described
by the main components
f110) <om), f110}iny ... 1103112, 1121¢111D and §1123<110).
Just these orientations were also observed after hot-rolling of austenitic stainless steel XBCrNiTi1£.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 l/Ts = 0.7 the textures of both sample materials and groove sequences include the cube
component £0013 C1007. 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
L described by components {hk1} Cuvw> partly

occuring in connection with flat rolling too,

E 3” they have to be considered as a special type
2 of deformation textures (compare /2/).
3' A Together with /1,2/ the present paper gives
3’ 3' a first contribution to a more systematic
analysis of these textures, the practicel
31 importance of which becomes clearly increasing
!! in connection with the development of modern
rolling techniques.
g
Fig. 1

Rod rolling geometry snd sample coordinste system for groove
sequences ROUND - OVAL
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TEXTURE DEVELOPMENT DURING COLD ROLLING OF (s + 8)-BRASS
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The orientation chenges occuring in cold rolling of (x + B)-brsss CuZn39Pb with different microstructures
(Teble 1) were messured by mesns of the neutron diffraction technique described in /7/ and quantitstively sne-
lysed by use of orientation distribution functions, which were calculsted from cosplete pole figures £200},
£220 and §311] of the f.c.c. & -phase and §200], §211} and £3213 of the b.c.c. B-phese by series expsnsion
/2/. 1n all microstructures token under investigation the spatisl arrangement of the phsses corresponded to
that of a so-celled dual phase structure. The plastic deformetion of the meterial was carried out at room
temperature with thickness reductions 4 & = 5 % up to a maximum deformetion € = 50 %.

The results of the texture analysis cen be susmerized s follows:

- According to tne prehistory of the slloy (Table 1) in 811 unstressed semples relatively sharp initisl textures
were found which can essentially be expleined by recrystallization { « -phase) snd texture inheritance (B-phase)
occuring in the & -G transition during the annesling procedures. The connection between the textures of the
phases is besed on the KURDAMOV - SACHS relationship {111], || §110]g; {110 D{[€ 111, and the sharpness of
the O-texture indicates significant varient selection. The main texture components of the phases sre summe-
rized in Table 2.

Table 1 - As it cen be expected
Structure characteristics of the sample material for solid solutions
- with low SFE, in the
:?::::::2 2 = é;xtc;:}i:t?'t; obtained —e m:::g 1_. :l.::uclure plasticelly deformed
w-phase a typical bress-
893 K/1.5 h rolling: RT/50 % 733 K/1 h rolling: RT/40 % type texture is formed.
quench.ing annealing: 893 K/8 h quenching arnealing: 573 K/72 h In sddition orienta-
slow-cooling quenching tions of the copper-
vg = 42.5 % vg = 8.1 % vg=135% Vg = 30.7 % tube can be found,

whose orientation den-

TMT - thermomechanical treatment; v, - volume fraction of the 8-phase
sities are higher than

Table 2 in single-phase brass
Texture components of the ( + B)-brass and more significent in

« -phase B-phase the annesling struc-

anne. ! ing structure TMT structure annealing structure  TMT structure tures 1’? then in the
ar = 011} <733 A fine-grained TMT struc-

ZA* = 011 344 L fa03)( 338D ture. The maximum
B* - {338} 443) B sharpness of the q-tex-
118- = ‘011}<211> ar(: fZZS)(HO) ture is alresdy observ-
ed after thickness re-
e = ‘011](100’ 5= [12”(“3> (© = [001‘<110> ductions of about 20 %.
2,00 = f112)¢2n> d* = f011)<100) (w) % = {001} C 100D

Z1 - first twinning generation

- As in the case of the -phase the texture components of the B-crystallites also correspond to the rolling
texture of singe-phase b.c.c. meterials. But contrary to the « -phase, the orientation changes during the
deformation are closely related to the microstructure of the semple material.

In comparison with the texture development in two-phase steels with micro-duplex structures /3,4/ the intz2rrela--
tiona between the deformatior, textures of the phases in («+ 0)-brees seem to be very wesk. Such @ behaviour is
in agreement with the ideas concerning the plasticity of dual-phase structures.
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SMALL-ANGLE NEUTRON SCATTERING ON HYDRATING CEMENT PASTE
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Hardened cement paste is the hydration prodvct of cement powder. It consists of hydrated phases of clinker mir.-
erals, pores of different size, water ad 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 pm 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

2 m

2
Ioms ~(Qp - @ .'FP(“)

J - scattering length density of particles and
P.M
matrix, respectively, FP - particle form factor.

§
>

..

1 Scattering curves of the cement paste for differ-
ent time after the beginning of hydration are

1 shown in Fig. 1. Their half-widths decrease during
the first hydration day. Assuming spherical parti-

’u.s.\~
-'...o- »

k)

:;'h 1 cles this corresponds %o an ;.- rease of the parti-
wr g

wodhh cle diameter from 2.4 pm (3 h) to 3.6 pm (25 h).
400 19Sh 1 At the used water-to-cement ratio no capillary
pores may grow up /1/. Therefore the observed
1 effect in the early hydration state is caused by

'-‘_' L)
-
e
.
-
-
.
.o
2t v w
.

intsnsitit {n/4003)
2 e

particles of clinker minerals. The generation of

T T Y MY R RV T TR hydration products on the surface of the original

Plurad) clinker mineral grains is equivalent to an effcc-
Fig. 1 tive increase of the particle size. Moreover the

Intensity of SA!'S from hydrating cement paste for differ- integral SANS intensity decreases (Fig' 2), be-
ent time after the beginning of hydration versus the rause the value of factor (g, -9 ,)° deter-
scattering angle P M
mining the intensity is reduced during the hydra-
tion. Immedjately at beginning of the hydration
28

T r this factor amounts to 20.6 - 108 2 taking
" into account water and the mean value of all
cement phases. It reaches 6.1 * 1028 7 in the
completely hydrated state,
alt KLEINWINKELSTREVUNG
. Literature
's
< /1/ Wesche, K.: Baustoffe fiir tragende Bau-
Lo teile. Band 2. Wiestaden
ot
10 0
2eit nech Hydratationsbeginn (N
rig. 2

Coefficient of SANS from hydra<ing cement paste versus the
hydration time
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DEPTH DISTRIBUTION OF F, Na, AND P TN TOOTH ENAMEL MEASURED Y MEAMS OF NUCLEAR REACTIONS

H,«E. Zschau, J. Vogt, and G. Otto
Kerl-Marx~Universitdt Leipzig, Sektion Physik, V3 Angewandte Kernphysik

Nowadays the application of nuclear methods for the determination of elemental concentra-
tions is a growing field of research [1]. High resolution spectrometry of x-rays, y-raye,
and backscattered particles produced by ior beem bombardment of very different materials
is uveed to measure lateral and depth concentration profiles of main and trace elements

in the near surface region.

e continued our measurements [2] of the fluorine distribution in tooth enamel after
application of fluorine containing drugs to prevent the teeth against caries. Also the
knowlegde of P and N» depth distributions in a surface layer up to some hundred nanome-
ters is helpful for a better understanding of demineralization proceases during forma-
tion of caries cavities and the caries preventing activity of the drugs. In the in-
teresting region up to 0.5 s the fluorine depth profile was obtained by means of the
narrow resonance (/"= 2,5 keaV) of the reaction 1gF(p.-q'-)lE’O at a proton energy of

Ep = 340 keV, The emitted ¥y -rays with energies of Eys 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 resonsnce at E_= 1148 kev (/= 4 kev)
of tha reaction >lp {(poy) 323 (E y = 2237 keV) with & depth resolution of 65 na and
simultaneous the resonance reaction Ma (p,ux- )2°r.'o (Ep = 1163 kev, /"= 5 kev,

Ey = 1634 kev) was used for the detarmination o* the sodiun depth profile with » reso-
lution of about 80 nnm,

The obtained depth distributions of fluorine,

Y v ' ' phosphorus, and sodium (Fig. 1) in the outer
6 FLUORINE 1 surface of tooth enamel are helpful for
3 dsntists for the dsvelopment and the opti-
bt mization of the application of prophylactic
2t 4 treatmsnts against caries,
‘{ o 1‘-9-0-:’--4':---0--;--4--_'—0 d
= SODIUM [1] 3" rixe tonference, Heidelberg 1983
E L ) Nucl, Instr, and Meth, in Phys, Res,
gf | 3 3 (1984).
% 107 [2] Wolf, U, st, al.; Jahresbericht 1984,
X} Zf< -~ 559 (1985) 64
o5t TR 1
0
’ PHOSPHORUS
o 4
Esiioo et o o 2
:2m P ’/I—/ 1
23100_ 4 Fig. 1 F, Na, end P depth dietributions
of preparsd tooth ( full line) and
10'0 260 360 ‘60 an unprepared tooth (dsehed line)

DEPTH {nm)



- 73 -

INVESTIGATION OF EPITAXIAL (Ca,SF)lecaAs HETEROSTRUCTURES BY R3S/CIANNELINC TECHNIQUEC

R. Flagmayer, and O, Schumann,®
Karl-Marx-Universitit Leipzig, Sektion Physik und Sektion Chemie*

Group II fluorides have received considerable attention ss epitaxisl insolators on semi-
conductore beceuse of their properties like cubic structure, the good lattice match and
the ease of eveporeting stoichiometric films. The interest originates from a potential
use for a three dimensional device stepeling. M3E growth of CaF,, SrF2 and BaF, and their
mixed crystals on Si or CaAs substrates / e.g. 1,2/ has already been reported. !'e pre-
sented first R3S/Chenneling investigations of Cao.435r0‘57F2 films on GeAs (100) which
were deposited by a simpie flash evaporation technique /3 7 /47 . Films with thicknesses
from 10 to 250 nm were deposited in a high vacuum equipment (p =~ 2 - 10'3Pa) on chemo-
mechanically polished GaAe substrates. Epitaxial growth was found in the substrat tempe-
rature range from 725 to 850 K,

Typical aligned and random backscatturing spectra are shown in Fig. 1 a. The standard
scattering angle of @ = 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
then 5 nm, In this way, surface minimum
yields Xpin Were determined exactly be-
hind the surface pesk. Beet values of
4,57 and 10 * are found, Generally, the
crystalline perfection increases with
decreasing film thickness, SEM and TEM
investigations yielded that cracking ta-
kes place at layer thicknesses exceeding
about 100 nm, Cracks arise from strains

P Standard geometry by Grazing
Lo 16 MeV He* 3 exit

- 12 MeV He"
rorcions 7 |B0AS

[

N

Laopfl e 2
GaAsH 30
" (Ca,SoF, 160nm

back_.attering yield {10’ counts)

i . e e \~‘ F
caused by large differences in thermsl dligned 10> .. v

exponsion coefficients, e ﬂ
Grazing exit channeling is very seneiti- 0 uﬂ“1‘~¢:$—,i__ . 'i7 L
ve to surface films on an epitaxial layer. 08 10 12 14EMe) 06 08 10 12
we found erea densities of om0 0 by i’ 10 K

2:5 - 3.5.101° at.cm'z(Sr) vwhich point out Fig., 1 RBS/Channeling epectra of an 160 nm
disordered surface regions of 2 - 3-5 mo- thick (Ca,5r)Fy film on GaAs (100)
nolayers, resulting from oxidation and/or reconstruction, Furthermore, accordant with AES
profiles R3S spectre (cp. Fig., 1 a) show a sharp transition from GaAs subetrate to fluori-
de film within en interfacs region of 15 - 20 nm. Investigating depth and energy depen-
dence of normaelized minimum yield X{(d), a strong increase of X(d) with increasing ion
energy as wsll as a distinct decrease behind the interface has been observed, Dechanne-
ling by edge dislocations or loops (R»20 nm) and direct ecattering from curved atomic
rows / 5 7 has been found to be proportionel to £¥'2 and e?, respectively, Thus we assums
that relative high dislocation densities in present films lead to etrong dechanneling as
well as direct backscattering of ione, From increase of X(d) - xp.rf(d) with depth we con-
clude dislocation densitiee up to 1011.cm'2

S

.
)
oligned ~

e
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MICROHARDNESS OF PROTON BOMBARDED GAP SINGLE CRYSTALS
C. Ascheron, H. Neumann, G, Dlubek"', R. Krause*

Sektion Physik, Karl-Marx-Univeraitdt Leipzig
*Sektion Physik, Martin-Luther-Universitidt 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)+10'7cm™ 1 MeV H* (Ryas13 um) at 300 K
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
r ' T fluence the microhardness 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 damege
density /4/ the relation o. 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-
0“017‘,“-2) linearly with fluence and exhibit a tendency
to saturation behaviour at higher fluences,
The correlation between hardness changes
AH and lattice straein Ad/d can roughly be
0.2+ described by aH~Yad/J, On He* bombarded
steel /5/ an according dependence of aAH on
the dislocation loop density has been

H(GPol

LA 1 Y

£ observed, Within the error of our
S - messurements the given relation holds elso
N for tne annealing behaviour,
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HYDROGE! DEPTH PROFILING IN IMPLANTID GaP USING ZLASTIC RECOIL DETECTION

D. Lehmann and C, Ascheron
Karl-Marx-'niversitidt Leinzig, Sertion Physik, '3 Angewandte Kernohvsik

Hvdrogen isotones, espyecially 11!, are very difficult to detec: in nondestructive elemen-
tal analvsis, With the uasual R3I3 method it is rather complicated to measure H distribtu-
tions bacause of the low mass. Nuclear reactions, commonly used to profile N isotoves,
require heavv-ion heans of several IMe7 kinetic energy in the case of 'H. In the lest de-
cade a new method has been developed, experimentally based on the ordinarv 3BS equioment.
mhe so-called slastic recoil detection (ERD) [1] uses the recoil of low-mass atoms from
the samhle afta> an impact with heavsier energetic proijectiles,

ve mensured the depth distribution of hydrogen in proton implanted Ga? by means of ERD
using 1,5 eV fie” ions. The experimental arrangenent is shown in fig, 1a, Since only
depths up to 250 nm can be orofiled under these conditions, the implanted sumple was be-
velled by sputtering with 1 keV Ar ions., In this way the measurable depth interval was
increased (from 250 nm to 3 /um) at the exovense of the depth resolution (ireduced from
about 25 nm to 160 nm). Fig. 1b shows ERD spectra obtained at different positions or the
bevelled sample. Behind the sharp surface peak, which is mainly attributed %o hydrocerbon
and water contmminations, the spactra of recoiled protons increase with rising H content.
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! g ——s resolutron mi
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x z
0 —dtited
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™he hvdrogen concentration vrofile was extracted from the measured spectra with an itera-

tive modelling procedure, which concists of the following routines:

- commuiation o“ the conceniration dependent energv-depth conversion in the H spectrs;

- modelling of a theoretical apectrum with an initiel H distribution and a recoil croess-
section, deviating from the pure Coulomb case [2] ;

- convolution of the iheoretical 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 deginning,

7 t0 4 iteration loopsc are enough to obtain ressonable agreement between experimental and

fitted apectra (fig, 1c). lnder the chosen conditions the sensitivity of the method is

about 1015 H atoms/ cu’ within a deoth interval of 20 nm,

The combination of all soectra from the bevelled sample gives the implantation profile,

which is shown in fig, 1d. The hydrogen distribution measured with the nuclear reaction

technique on the same sample [3] is also included in fig, 14, The good agreement betweer

the two methods enablaos ZERD to be used as s standard-free method for hydrogen profiling,
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DEPTH RESOLUTION IN DIFPERENTIAL HALL-BFFECT MEASUREMENTS FOR SHALLOW IMPLARTATION
PROPILES

B, Lukasch
Humboldt-Universitét zu Berlin, Sektion Physik - Bereich Atometofprozesse der
Pestkbrperphysik

Por the differential Hall measurement of low energy ion implantation profiles in silicon
below for example 10 keV implantation energy a stepwise removement of about 2 nm is
nscessary. In this paper poseible depth resolution, even after a lot of stripping pro-
cedures by anodic oxidation is examined.

It is well known /41/ that layers, fully amorphized by implantation, recrystallize epi-
taxially with an atomically sharp interface, Por the profile shown in Pig,., 1 the inter-
face of recrystallization has etoped at a crit-ical concentration of foreign atoms of
sbout 1021 As/cm3 /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 appears and chemical profile is well
known from RBS-measurement. The thickness of removed silicon after anodic oxidation

and HP-stripping is given within an error of about 20 % by

t [nq] = 1+ 0,25 UP [V] ,

where UP is the voltage drop between the bulk silicon and the electrolyte in the moment
of oxidation stop. As elecirolyte a solution of KNO3 in ethylene glycol with 10 %
water has been used, Within the given error the thickness of the layer seens to be un-
dependent on structure of the silicon tarzet
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 ’_qﬂ2’~ 23232:;.
is deactivated by atmospheric oxidation within qé \ tian
a few minutes, Por all points in Pig. 1 shown ‘i? I TL
in one row, no change in the integral Hall-
Effect was vieible, After the 20tk vt2n a de- r ‘
viation is visible but no differential eva- -
I
I
|
i
|
i

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. 100

s sl

Pigs 1; Carrier concentration and Hall mobi-
1lity profile of a ‘5x1015cm—2 Ag=-im=-
plantation, 50 keV, annealed at L_ 1 1 1 i
520 °C, 15 min, Pull line represents 0 20 40 60 80 100
RBS-measurement, t[pm] —

18 steps

10
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THE USE OPF SECONDARY ION MASS SPECTROMETRY FOR STEEL ANALYSIS

S. lMechahougui, G, Lehmann, end U, Miller-Jahreis

Sektion Physik der Humboldt-Universitdt zu Berlin, Bereich "AtomstoBSprozesse der
Pestksrperphysik”

The secondary ion mass spectrometry (SIKS) is one of the most effective methods in micro-
analysic. The sensitivity for trace alemenis is normally in the range of ppm and in the

order of ppb in the most favorable cases., Secondary ion sirnals depend not only on prima-
ry ion density, sputter rate of the targe® and concentration of the investigated elements

in the sample but also on chemical effects in the matrix material caused by its composi-
tion ané modified by primary ion implantation. Generally, the so called matrix effect is
not favorable in quantitative analysis but it can be used in microanaliysis for the in-
vestigation of both cencentration and chemical state,

Vanadium secondary ion signals were used to charcterize different crystallographic phases

of a low-alloyd steel (C: 0,12 %, ¥n

1.3 %, V: 0,05 %, Nb: 0,08 %, Al: 0.005 %).

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 (statea Y ) The states of solid solution were obtained by austenitic
transformation by heating (1200°Cc, 10 min, air) followed by quenching in water, The Y -
states were produced by a low~rate cooling (dT/dt<0,5 Ks~ ).

As it can be seen in Pig, 1, the vanadium concentration (measured by emission spectrosco-
Py) has not been changed by the thermal treatment, whereas the carbon concentration de-
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creases, The SIMS-signals of vanadium are found to be con--
stant, too, but different in the two states (the P957-aignaL
has been used as reference). The vanadium secondary ion emis-
sion from the X-states (solid solution) was about 30 % smal-
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-
croanalysia 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
amission I(Vz)/I(V). This ratio has been found to be more de~
pendent on the matrix effect than the vanadium emissicn, Here
the Yevalues exceeded the X-values by a factor of about 5
(Pig, 2), The great straggling of the experimental values in
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 informatione (V/Fe and V,/V) seems 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 aspplied in other problems of SIMS-micro-
analysis because of the noneexistence of standards for inho-
mogeneous samples.

Vanadium and carbon concentration in dependence on the

thermal treatment
Pig,. 2t Vzlv-ratio in dependence on the thermal ‘reatment

EJ R, Namdar, D, Loison, and R, Texier, J. de Physique,
Colloque G2, Suppl. 45, 673 (1984).
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A METHOD OF QUANTIPICATION OF MASS SPECTRA IN SECONDARY ION MASS SPECTROMETRY (SIMS)

H. Disterhdft and A, Liiders
Sektion Physik der Humboldt-Universitét zu Berlin, Bereich AtomstoSprozesse der
Pestkbrperphysik

One of the most serious problems of SIMS is its quantificstion without standards. To con-
fine the large rnumber 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 SVI CaB: 50 Si0, + 16,7 A1203 + 33,3 Ca0 (mol %)

type CaSP-92: 50 Si0, + 6 Al,03 + 38 Ca0 + 6 Pezo3 (mol %).

The samples were polished (untreated samples) ore deposited after 2160 h at room tempera-
ture in a special solution on 0,9 g Ca0/1 + 42 g KOH/1 + 8 g NaOH/1 (treated samples).
The preparation was carried out in ZIAC of AdW,

The energy window of the energy analyser corresponded with the maximum energy (Emax/ev)
of the Si*-ion. In comparision with treated and untreated samples the mess spectra

showed a linear connection between the ratio of the relative secondary ion yield of the
elements and tae ratio of the mol % in the samples (table 1), This table shows a mean
deviation 8 of the ratio on the counts (a/b) to the ratio on the mol % (A/B).

Table 1 (B = 2,22} rel, SI yield (counts/s) g = AB
a: S VI Ca8 b: CaSP~92 a/b A/B a
Si 1127 2731 0,42 1 2,38
Al 3038 2434 1,25 2,78 2,23
Ca 13743 31294 0,44 0,88 2,00

By means of normalisation of the mass spectra of the sample CaSP-92 with 5 we got a com-
parable mass spectra to the sample SVI Ca8, Same results we obiained from 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 tetween (a/b) and (A/B) on the
maes spectra of treated samples we obtained a quantitative survey about surface condi-
tions, The obtained formula 50 5§10, + 6,8 A1203 + 36,6 Ca0 + 6,9 Fe203 (mol %) nearl;
described the surface conditions of treated sample CaSP-9?, The results were reprodu-
cible, If the surface was covered by oxygen the ratio 8 changed its magnitude but the
ariged mass spectra were very similar to *hese without oxygen coverage.

Pig, 1: Relative Secondary Ion Yields
o j sw=me--- CaSP-92, untreated,
r , 8=2,22 normalised on S VI Ca8
| . fg X ~ = « = (CaSF=~92, treated, nor=-
o ﬂ?’ X et malised on Pe of untreated

- sample (primary ions 10 keV Ar*)
[ Engelbardt, G,, Phys.Chem,Glasses,
vk @ " 26, 157 (1985)

| Blaise, G,, Slodzian, G,, Surface

rel Si-austeute | Imps' — e
5,

" HIJ. D] Dusterhtft, H, et,al,, Exp,Tech,
M Phye, 32, 131 (1984)

’ E] Dusterhtft, H,, liiders, A,, to be
.* published
0 o 1 i
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DEEY LEVELS IN n-Si CAUSED BY LOW ENERGY ION IMFLANTATION

J., Bollmenn, H, A, Klose, and A, Mertens
HU Berlin, Sektion Yhysik, Bereich “Atomstofiprozesse der PFestkdrperphysik”™

The low-energy ion implantation can be used to produce surface-near shallow profiles
with projected ranges between 10 nm and some 100 nm for the shrinkage of feature
sizes in VLSI, but implantation defects are simultaneously created in depths of some Rp.
Becsus. it is possible to perform Schottky junctions by a low-energy high-dose implan—
tation of heavy metal ions [J] 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, E3, E4) and two levels (E2, B5) incapen-
dent of implanted ion gspecies, 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 [i] depth profiling of diffe-—
rent deep levels was carried out (see Pig., 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 Rp and depend on crystal orienta-

tion,
e, = A ™ exp(- AE/KT) T 0’
level| aE/eV| A T°/s~' | features of levels - AG L= n-type 51
T - S . T=77K
B 0.42 | 2.,7x10 T, V,” acceptor WK '
D
> TV P F] 4 018kem e
E2 | 0.32 |4.3x10'Y |2 g v oo
E3 | 0.25 |5.8x10"" | v,”" acceptor i o t5lcmet > as mplanted
10 - - lOJQcm(m
E s 0.1% | 5.7x10 VO (A-centre) ¥ x BRemel> 775+ [0min
ES | 0.4 |4.9x10" |2 . o BRemath
o
1E 0.44 2.'7x1012 assumed Ag corr, 775K [0min
12 O e ) e et ) 0
2 E 0.37 1.0x10
12 o°L
3E 0.3% | 2.3x10 after 775K/30min
4B |0.,32 |1.2x10"% || heat irestment o 57K /[30min
SE | 0.7 |1.7x10" ol
EI |o0.56 |3.8x10'2 |Ag- acceptor 1
\]
EII |0.09 |1.4x10'0 {0~ donor (after 575K/ o L . .
0,06 '7.0x108 30 min annealing) 0 500 1000 500
depth [ nm —=
Pig.1s Depth profiling of some typical
implantation defects determined
by DDLTS
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STRUCTURE DEPENDENCE OF QUADRUPOLE COUPLING CONSTANTS IN Anal"c2 CHALCOPYRITE COMPOUNDS

S, Unterricker, Bergakademie Freiberg, Sektion Physik

Some of the so called probe methode (NQR, ME,TOPAC,...) determine the quadrupole coupling
cononnt‘l?q - cQsz/h snd with it the electric field gradient (efg) V.. 8t the nuclear
probe. sz reflects the charge distribution in the probe environment. To obtain all the
inforaations which contains V,, one needs a good theory of efg. In priciple such a theory
must start from the electronic charge distribution@(¥). Normally, €(T) is not exactly
known and @ calculation of the efg with & fine structured €(¥) is very time consuaming.
Therefore, by far the most cases, only spproximstive solutions of the problem are possible.
Very hopsful is a theoreticel investigetion of the lsttice structure dependence of efg.
Here simplifying models proved entirely successful [1,2] .

In o first step geo-otr:l.c efg are calculsted with the definition

o q-= a3v (1- 8.) 41( 5 e which are numbers independent on the cell voluse. (1~ r.

is the STERNHEIMER corroct:l.on. Tho o q show a simple dependence from the sxis ratio for in-
stance in the cases of substances with wurtzite lattice [2] . with CdCl, lattice or for
ternary AnBIvCé semiconductors with chalcopyrite structure. In Table 1 the TOPAC measured
VQ for AnBIvC compounds are listed.

Table 1 Though the substances cover a wide range
Quadrupols coupling constants for AnBIsz of tetragonal compressions the a3q(A)
semiconductors. Probe nuclei ulcd;'t'- 2=-c/8 ., show a8 striking linear T dependence.
subetance AP Mz .Sq(k) T This is surprising because the chalco-
'Cmﬁz 110,1(9) 23.9(2) 0.164 pyrite structure is charecterized not
CdGeP, 88.1(17) 19.8(4) 0.123 only by T = 2-c/a but also by the diffe-
CdGoAsz 75.7(20) 18.8(5) 0.113 rent cations A end B and by the anion
ZnS!.Pz 53(2) 9.9(4) 0.067 displacement &= x-Y4,
Cdsne, 37.3(7) 9.1(2) 0.048 WO have calculated the geometrix efg
CdSnAsz 31.6(6) 8.4(2) 0.044 ] q(A) by a lattice summation of a point
ion lattice using the d(T) relation of

ABRAHAMS-BERNSTEIN for idesl
sp3-configurated BIvaton. The result asq(A) - 3’152(2/\ - ZB) + (25.8 ZA + 30,6 ZB)‘t’,
with charge numbers ZA' zB and Z, ot the lattice points,depends linearly on T ,

The following statements are poesible if we compare theory and expariment:

- If the Z N ZB end Z. are explained as effective charge numbers it follows Z,>Z3.

= The spread of the ZA' ZB and Zc for the different substances should be relatively small.

- The caseT = O is comparatively simple (exact tetrahedral srrangement of the nearest
neighbour charges), With the free ion STERNHEIMER correction of (1- a%) = 30 we got
ZA - Z - 0.69n

= The offsctiva charge state of the Cd probes is { 2, This can be considered by a valence
electron correction factor F¥®1> 1 beside (1- ¥o) .

- The velue of FY®1 14 unknown. with F¥®la 3 the effective charges of HUBNER [3] egree
with our experiaents,

~ Between the epherical ion cores thers ere extended bond charge distributions, which in
s po;nt charge spproximetion y:l.oid efg proportional toT end of the same ordar and sign
es 07q(A),
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MUSSBAUER STUDY OF FE - FEB. ORDERING IN NATURAL CHROMITES

C. Pietzsch, Bergakademie Freiberg, Sektion Physik

Natursl chromite spirels sre chemically coamplex and therefore offer the possibility of a
variety of hypothetical cation ordering schemes. In the literature there are different
opinions on this problem, Osborne et al. [1] sssumed an “ordered” spinel structure with
divalent cations on the tetrshedrsl (T) sites and trivalent cstions on the octehedral (O)
sites, Ds Silve et al. [2] have interpreted the Missbauer spectra of chromite as a dis-
ordered distribution of Fe2' and Fe>' on both T and O sites. In some cases electron hop-
ping occurs if Fez' and Fe3’ both are situated on octahedral sites.

This paper reports a Mossbsuer investigation of three chromites froa different locations,
the Méssbauer parameters of which are given in Table 1,

Table 21
Mbesbauer parameters of chromites
T = 295 K T =77 K

chromite| I rel. QS‘/--.Q'lA/n--e'1 r'/n-s'1 I r«l.c"/-m-s’1 A/nu-s'1 lﬁ/mos'1
140(6) 0.497(5) 0,585(5) 0.25(1) 210(11) 0.61(1) 0.470(9) 0,47(4)
1 335(23) 21.023(5) 1.086(9) 0,47(2) 170(22) 1.12(2) 2.02(3) 0.51(9)
293(22) 1.023(6) 1.95(1) 0.50(3) 457(12) 1.173(4) 2.935(6) 0.41(5)
162(8) 0.481(9) 0,578(7) 0.33(2) 205(10) 0.54(2) 0.61(2) 0.54(4)
b3 285(33) 1,046(7) 1.13(2) 0,48(4) 109(13) 1.1.(3) 2,06(3) 0.53(8)
258(13) 1.018(8) 1.89(1) 0,47(3) 476(9) 1,169(4) 2.923(6) 0.43(2)
432(13) 0.370(5) 0.931(6) 0,51(2) 509(21) 0,52(2) 0.84(1) 0.57(5)
111 - - - - 59(15) 0,91(3) 2,17(3) 0.34(9)
394(17) 1.05(1) 1.478(9) 0,74(3) 339(17) 1.178(7) 2,920(7) 0.42(2)

I - intensity, d‘- isomer shift (rel, X~Fe), A~ quadrupole eplitting, [™- line width.

The best fit of the room temperature spectra allows the following interpretation.
Chromite I and chromite II show nearly the ssme parameters, One doublet is characteristic
of Fe3* occupying T sites with a8 relstively large quadrupole splitting owing to a random
cation distribution on the O sites (perturbed spinel) and the other one corresponds to
Fez’ 0 sites, For the third doublets two distinct possibilities of coordination exiet.
Either Fe2* occupies T sites or due to electron hopping between Fe>* and Fe>* on the same
crystallographic sites e doublet with the average valency of Fe o5+ appears. The spectra
of chromite III were fitted with two doublets, one to Fe3+ and the other one to Fez' both
on octahedrsl sites. The line width of the Fe>* doublet is very broad in this cese,

To clarify the problem of electron hopping Missbauer spsctre at 77 K were recorded, The
77 K run of tha three chromites shows three distinct doublets in any case., Remsarkebly is
the decrease of the intensity of the Fe2e5* doublet in favour of the other two doublets
compared with the room temperature spectra., This result lesde to the conclusion that
electron hopping exists in inverse natursl chromites,

References

(1] osborne, M, D,,et al,; Contrib, Mineral. Petrol, 77 (1961) 251
[2] Da silva, E, G.,et al,; Appl, Phys, 22 (1980) 389



- 82 -

RARE EARTH ELEMENT AND YTTRIUM CONTENTS IN FLUORITE SAMPLES

D, Degering, S. Unterricker and 5/, Stolz
3ergaskadenie Freiberg, Sektion Physik

0. Leeder and G, .lendebaum

3ergekadenie Freiberg, Sektion Geowissenschaften

The small concentrations of the rare earth elements (REE) ir geological samples play an
important role for investigations of the geochemical source aspects. Becasuse of the ssell
differences in their electronic configurations they behave like s coherent group with litt-
le variations. Yttrium which is not @ lanthanide may shoiw rarn-earth-like characteristics
originating in its similar electronic configuration. On the other hand, the absence of one
electronic shell in comparison to the REE must have some effect on its behaviour. There-
fore, yttrium is possibly @ mora sensitive indicator for the history of formation of the
sam3le as the variations between the REE., Unfortunately, contrary to the most REE Y is
not detectable by the instrumental neutron activation analysis (INAA), So, Y is often not
considered in geochemical works,
Hare we report investigations on a fluorite deposit in Ilmenau-Gehren, The contents of La,
Ce, Sm, Eu, Tb, Dy and Yb were determined by the INAA method, The Y-determination was per-
foraed as presented in [1] by maans of the 89y (d,2n) 8%, reaction, Pulverized specimen-
from the Ilmenau deposit, @ fluorite standard (x>«) and 2 limestone standard (KH) were
activated with deuterons (Ed-13.5 Mev, 1/uA for 1h). The peak area of the 892r¥-11ne was
determined by 3 special fitting proceduro with Gaussian curves on an energy-dependent
background, The chondrite-normalized contents of the REE vs, the ionic radii for the fluo-
rite standardX)kand a sample from Ilmensu are shown in Fig.1. The abundances of the stan-
dard except the Y-value were taken from [2] , the ionic radii from [3] and the chondrite
contents are the same as in paper [4] . All ssmples showsad a REE distribution pattern
with a continous growth for increasing radii., Eu has an anomalous behsviour based on its
two possible oxidation states. For the standards)>xand KH the measured /-concentretions
were (61 + 4) ppm and (14 + 2) ppm, respectivsly, These results are in agreement with the
values (59 + 6) ppm and (13 + 0.6) ppm from [2] obtained by an interpolation between the
neighbou.'ing elements, Nevertheless, along the vein of Ilmensu the Y-sbundances wsre in
the range from 20 to 50 ppm snd thus apparently larger as expected by an interpolation
(2 to 20 ppm), This fact is illustrated in Fig.1 where the REE- and Y-concentrations are
presented for a characteristic sample, These. results demonstrate that the interpolation
provides not always right yttrium contents. Thus tha introduction of yttrium in the fluo=-
rite lattice for geological samples

E Ajk r11 Il I T [ T T depends obviously on the growing
LuYb DyTo EuSm NdCe Lo conditions and is only under cer-
1021 Y tain circuastances similar to that
{ a/,é,o—”J ~1 1 of the REE,
) s oo/T
O : ' . Fig, 1
t ' 2 \
101 oo 4 é a B Plot of the REE abundances related
i 3 to chondrite contents (C.) vs,
E 33 ) 1 ionic radii (R), Curve 1 connects
1 : e f ] the relative contents of the fluo-
F ,/// i rite standard XX (open circles) and
n (LN ¥ R SO WU B L - curve 2 that of a typical sample
0,08 008 01 Om 012 013 from Ilmensu (open triangles), Also

R/nm shown are the Y-values of these

specimens (filled signs).
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DEFECTS IN LASER ANNEALED ICN IMPLANTED GaAs LAYERS
w. Wesch, P. Ressel, E. wendler
Friedrich-Schiller-Universitdt Jena, Sektion Physik

Ion implanted GaAs layers capless annealed with nanosecond laser pulses exhibit a pronounced
tail of the absorption coefficient near the fundamental absorption edge with an exponential
dependence on the photon energy characterized by an energy Efxo.l «.. 0.5 eV depending on
the laser energy density and almost no refractive index change. Laser irradiation of virgin
GeAs created the same near edge optical behaviour /17, and on identical behaviour is also
observed in weakly ion implanted GaAs layers /27. It was shown recently [1-37, that the
measured optical properties can be ur jerstood assuming hiqh 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.
Because the experiments with the commonly used csp layers yiclded poor reproductibility of
the electrical perameters laser annealing in a highpressure ambient atmosphere was proposed
J47. First investigations of samples irradiated at 125 bar in an Ar atmosphere carried out
in our laboratory show a reduction of the ncar edge absorption exponent Kd (Fig. 1a). The
characteristic enerqgy has a constant value E, = 0.22 eV indcpendent of the laser cnergy den -
sity (Fig. 1b) indicating 8 reduced average defect concentretion in the resolidified lavers

(under normal pressure E, increases with the laser encrqgy density). Thc high pressure annc-

aling significantly lncr:ases the degree of clectrical activation, but the clecctron mobi~
lity is yet too low /57. Thus, the prevention of materioal degradotion is not sufficient to
produce optimum electrical paramcters. Obviously defects creatcd as a consequence of the
high regrowth velocity play an important role in the binary 111 - V compounds. This problem
may be overcome by reducing the resolidification front velacity, e.g. by cleveting the

sample temperature during irradiation.

Fig. 1: AQsorptlon exponent Kd and characte-
ristic enerqy £, versus the laser
enerqgy density EL for virgin SI- GaAs
irradiated with 40 ns pulscs of a
Nd-glass loser ( A = 0.53 pm) at
normal pressure (0) and at a pressure
of 125 bar ( 8 ) in an argon
atwosphere.

Si-GoAs
O3 Laser wrodiation:
Nd-glass, A+Q53am
08 L Y™
[ = peibor,Ar
1 M e prSwar, A

2 on

Sl
03

ozb O o ¥

N .

I T R T ]

£
—_
Jow?

N7 w. wesch, E. Wendler, G. Gétz, K. Unger, H. Roppischer. Chr. Resagk,
phys. stat.sol. (b) 130, 539 (1985)

[%] €. Wwendler, W. Wesch, G. Gdtz, phys. stat, sol. (a) 93, 543 (1986)

[37 E. Wwendler, W. Wesch, K. Unger; Proc. Int, Conf. Energy Puise Modification of Semi-
conductors and relatcd Materials, ed. K. Hennig, Dresden 1984, p. 535

/47 F. Sato, T. Sunada, 3. Chikawa, Mater. Lett. 1. 111 (1983)

/%7 W. Wesch, G. Gbtz; phvs. stat. sol. (a) 1986, in the press
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RBS INVESTIGATIONS OF CEFECTS IN WEAKLY DAMAGED GaAs
®. Wesch, K. Gértner, E. W=ndler
Friedrich~Schiller~Universitdt Jena, Sektion Physik

Weakly damaged jon implanted GaAs layers show 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 /1, 2, 3/, these results of the optical
Measurements can be understood by the assumption of a high relative concentration (2 50X)
of matrix specific point defects (anti-site defects, vacancies) characteristic for compound
semiconductors.

Recently in /47 it was shown that the temperature dependence of the RBS ainimum yield Ffor
a crystal with point defe:ts is characteristic for the position ra Of displaced atoms from
the string of atoms. Therefore it is possible to determine the defect concentration npd(z)
as well as the position ra from the depth dependence of the minimum yield measured for
different temperatures. In Fig. 1a the difference of the minimum yield of implanted and
virgin GaAsAx;“#z)is depicted for two temperatures. from the smoothed experimental curve
A'X.in(z) at 293 K we have calculated the relative concentration of point defects, n d (z),
assuming different fixed valves of the distance ra from the string and for randomly distri-
buted r (no preferred position) (see Fig. 1b). For these defect distributions with the
cerresponding ra Values the differences in the minimum yield Ax-in(z)at. 60 K were calcu-
lated (dashed curves in Fig. 1a). In spite of the large experimental errors of the RBS data
the temperature dependence ofgs}(-in(z)is negative and can be confirmed only for r, » 0.025nm
and r_ = 0.03nm. Teking further into account that for ra = 0.05nm and randomly distributed
ra negative defect concentrations are obtained for depth z> G.8pm (omitted in Fig. 1b), we
concluede 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 ... 0.03nm from the atomic string exist in weskly damaged GamAs layers. The
results distinctly exclude interstitials and confirm the suggestions indicated by the resuks
of the optical measurements.

Z17 €. %endler, W. Wesch and G. Gotz; phys. stat. sol. (a) 93, 543 (198b)

/27 W. Wwesch, K. Gértner, E. Wendler and G. Gotz; Int. Conf. Radiaticn Effects in Insulators,
Guildford 1985, to be published in Rad. Effects.

M/ E. Wendler, W. Wesch and K. Unger; Proc. Int. Conf. Energy Pulse Modification of Semi-
conductors and Related Materials, ed. K. Hennig, Dresden 1984, p. 535,

{47 K. Gbrtner, K. Hehl and G. Schlotzhauer; Nucl. Instr. and Meth B4 (1984) 55

Fig. 1 Depth dependence of the difference of minimum
yield‘A];in(z) for 1.4Mev He® lons incident on perfect
€100) GaAs and ton implanted GaAs (5x10)5N*cm~2 ot

293 X), measured at 293 K and 60 K (part a). The
relative concentrations of point defects npd (2)

were calculated for different distances Fa from

the string using AX-m(z) at 293 K (part b, negative
part of n , (z) omitted). The theoretical curves

in part a (dashed lines) were received with the
corresponding distributions npd(z) given in part b.
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ACCELERATORS

OPERATION OF THE CYCLOTRON U-120

B. Anders and H. Guratssch

Zentralinstitut fir Kernforschung R dorf, Bereich G

In the past year the total operation time of the cyclotron has been 4794 hours. The beam has been used
mainly for basic nuclear research (1366 hours) and isotope production (1466 hours). Table 1 shows the
complete time distribution. Table 2 gives the survey of accelerated particles with their percentages of
bean time.

In the course of cyclotron improvement new ion sources have been tested and the acceleration at higher
harmonics has been studied. Ions of 2ONe>* (12 MeV) and 2%Ne®* (21 MeV) have been accelerated at the
third harmonic and extracted into the beam line. To improve the beam handling system, the quadrupol
doublet has been extended to a triplet.

Table 1 Table 2
Beam time distribution for 1985 Acceleratad ions and their
sercentages of beam time
Cyclotron operational 5817 h o 52 %
u, 5%
Turning on and off; 4. 2+
Maintenance 591 h He ho %
6;7,.3+
Scheduled revision 432 h L 3%
Total beam time: 4794 h
Nuslear physics 1366 h
Isotope production 1466 h
Neutron therapy 197 h
Thin-layer activation 196 h
Cyclotron improvement 1038 h
LOthcr users 531 h




OPERATION OF THE ELECTROSTATIC ACCELERATORS IK 1985
W. Burger and S. Turuc

Zentralinstitut fur Kernforschung R dorf, Bereich G

Tandem—Accelerator

The accelerator was operated in a 3-shift mode. It was used for experiments of nuclearphysics,
solid-state-physics, thin-layer-activation with respect to abrasion investigation, irradiation
of polymer-foils for filter production and for accelerator-experiments and development.

Characterizing parameters are given in table 1 und 2.

Table 4 Table 2

| hours _species of ions rel. op. time
Available time 5970 P 5,5 %
Accelerator under voltage 4048 d 22,7 %
d (pulsed) 16,7 %
Experiments with beam 3743 5% 17 %
Development 861 19? 4,5 %
Maintenance and planned stand 848 By 27,7 %
0, Cu, Br, Ge, Si, Se 5,9 %

The 1ife-time of the charging belt (Greengate) is now 8200 hours. The acceleerator-tubes (atainless
steel electrodes, ceramic insulators, inclined field) have been used up to now about 48000 hours.

The injector-platform supporting the two ionsources (duoplasmatron, sputter-ionsource) was elevated
1000 mn. This was necessary to get place at the entrance of the accelerator for beamdiagnostic
elements.

The equipment for foil irradiation was tested under different conditions. In a pilot production a quantity
of 2000 mz 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-MV-vdG-Accelerator was used 2675 hours mainly for nuclear analyeis protons, deuterons and
heliumions.
The activities for improving the beam quality, started in the last y2ar have been continued.
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NUCLEAR ELECTRONICS AND ME THODS

FIRST INVESTIGATIONS WYTH A STATIONARY POSITRON CAMERA
P. ManfraB, W.0. Fromm, M. Sobiella and D. ¥Wohlfarth

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

Investigations of the properties of a stationary positron camera with gas-filled detectors /1/
were started in 1985. As detectors two 20720 cm’ MWPC are combined with four 5 mm thick multi-

hole converters in order to absorb the ,—radiation from the annihilation. The converters are
operated in the normal drift regime with a field strength of ~} kV/cm. The effectivity for
E,:Sll keV was R X. The time window of 120 ns was selected from the FWTM-width of the coinci-
dence spectrum.

The slgorithm 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 3 distance of
32 cm between the MWPC'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 mm? (6A4°6A4 channels).

The measured resolution for a 22Na line-source (diameter 2 mm, length 50 mm) was 5 mm FWHM.
This relastively 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 defocused intensities were damped by a
factor of 1/8 compared to the backprojected distributions. For measured data-sets using the
22": 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 planre. ’
Another test with a spatial activity distribution was performed using a white rat with IBF
enriched in the sceleton after injection of Na}AIF6 (Fig.l). The mean coincidence rate was
150 c.p.s. Only 30 % of the total coincidences (Nt°t=6A2000) were :3ed for the picture gene-
ration according to the aperture condition. Therefore, every picture plane contains about
26000 events with 18000 true coincidences.

References
/1/ P. Manfral et al.; Gemeinsamer Jshresbericht 1984, ZfK-559(19085)148
/2/ D, Townsend et al.; Phys.Med.Biol. 23(1978)325

fip.1 Positron emission tomograms of the sceleton of a rat: raw data and reconstruction (below)



THE CONVERTER-MNPC IN THE MULTI-STEP AVALANCHE MODE
P. ManfraB, W.0. Fromm, M. Sobiella and D. Nohlfarth
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The investigations for the improvement of the properties of the detectors used fcr the posi-
tron camera were continued. With the application of the multi-step avalanche amplification
principles /1/ for MHPC'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 MMFC 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 s total thickness of

8 mm :as fabricated from ten 0.2 mm thick PbSb3Sn2.5 foils with electrically isolating lay-
ers ¢f 0.2 mm Prebeg. The diameter of the holes and the distance between hole centers were
0.2 and 1.0 mm respectively. The best time-resolution of 15 ns FWHM wes achieved with Ne «

5 X Hexan and a homogenous field strength of 8.0 kV/cm at the converter and 1.1 kV asnode
vyltage. The use of CU2 as faster quenching gas did not improve the time-resolution.

The measurement of the detection effectivity for ,-radlation of 511 keV with respect to con-
verter and anode voltages has showa, that the practically reachable effectivity is limited
by the large dynamic range of the signal amplitudes. This follows from the exponential depen-

dence of the muitipiication factor # = e *x

irom the patiienygth x in the homogenous elecitic
figld. The dynamic range of the signal amplitudes is reduced if the field strength applied to
the first 5 Pb-foils is diminished in such 3 way that only in the second half of the conver-
ter electron multiplication can occur. In accordance to /3/ for the homogenous field a maxi-
mal effectivity of 2.4 % (1.2 % per mm Pb) was measured. In the second case the effectivity
growed to 3.3 % (1.65 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 re further improved.

References

/1/ A. Breskin et al.; Nucl.Instr.Meth. 161(1979)19
/2/ A. Jeavons et al.; Nucl.Instr.Meth. 176(1980)89
/3/ A. Jeavaons et al.; CERN-EP/82-201, Dec. 1982
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A RICROPROCESSOR CONTROLLED MUSSBAUER SPECTRONETER

P. Reichel, M. Matz and ¥. boede
Zentralinstitut fir Kernforichung, Rossendorf, Bereich KF

The Nissbauer spectrometer 45 1D wes reconstructed uvasing the microprocessor system MPS 4944.

For this purpose the coil o\ the velocity tr ducer was re d to sllow for s low resistent
feeding (+ 13 V). The microprocesscr has 1024 snslyser channels and two M3ssbauer spectra were
indepandantly recorded in the experiment. Quartz-stabilized ' ms time pulses were given to an
up-down-counter (-511...0...511...0...-%11) and sre used as the binary input signal of s DAC.
The output signal is a trisngle function. It is integrated to give a double psrsbole snd
drives the transducer vis a power asplifier. Linearity control is performed by comparison of
the trisngle function with the signsl of s reference coil in the transducer. The 1 ms pulses
initiste interrupts in the microprocessor. The address of the sultiscasler is computed from the
binery informastion of the up-down-counter. The detector counting rete within the ' ms time
interval is than edded to the sppropriste channel.

The software of the microprocessor allows for the output of the spectrs on a printer and s
paper tepe puncher. The width of the multisceler is 24 bits, but for output orly 16 hits cen
be used. The measuring time can be prese-ted between i snd 255 hours. In the output regime it
is possible to sum up 2, 4 or B succesive channels.

Test experiments were performed with a stsndard sbsorber of ot -iron (25 pm thickness) and »
s7Co-l|6lsb.uor source in rhodium host. tor different maximum Doppler velocities, ranging from

=2 6.9 ma/s to v =+ 11.6 mm/s, the Hissbsuer spectrs were analysed. Each of the two

v
s:::tr. and the sum sp:::tul were .rested sepsratly. The sum spectrum was determ.ned by cal-
culsting st first the velocity zero of the two perts and than the shift between them. In order
to estimate the linesrity of the velocity scale, the velocity-channel-relation was computed
by & lesst square fit. The cslculeted crror of the slope of the linesr relation don’t exceed
+ 0.2 % in the mentioned velocity range. The single asbsorption line positions differ from the
calculated positions in the most ceses by less than 0.1 channel. The shift between the two
spectra depends on the maximum velocity. It is between 0.25 and 1 channel, if each spectrum
is measured with 512 channels. The line width (FWHM) of the absorption lines was measured for
Vesx 6.9 mm/s with two different discriminator windows for the 14.4 keV I-line of ison. With
high discrimination (window width equsl to hslf-width of ,-line) the inner cwo absorption
lines of the Missbsuer spectrum have @ line width of /7= (0.263 + 0.003) mm/s. This is essen-
tially the same as the value of 0.26 mm/s given by the producer for the source used. for
relaxed discrisinstion (window covers the whole ,-line) the compsrsble line width is
= (0.286 + 0.005) mm/s. For higher maximum
velocities the mesn width of the sbsorption lines
lmm ..ua_A{m. L dMEOr SY is sbout 0.3 mm/s, The summation of the two spec-
e | T tre with proger shift between them do not broaden

; the line width of the absorption lines.
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Fip.1 Scheme of the Mossbauer-spectrometer



A NUCLEAR MICRO-BEAM PRGBE FOR THE INVESTIGATION OF SURFACES
W.0. Fromm, D. Grsmbole, F. Herrmsnn and F. Schwarzenberg
lentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The nuclear microprobe is an analytical instrument to get information about the latersl ssmple
composition in the surface region in the micrometer range. For this prompt radiations (X-rays,
backscattecred particles, secondary electrons or ,—rays) are peasured which are emjitted when
the target is irradiated with chargeu particles of high energiss (@2 MeV) focussed by an
electromagnetic quadrupole triplet to 3 diameter of about 5 pm /1/. A two-dimensional elemen-
tal map will de got if the beam is scanned over an area of about 500°500 pm’ by means of »
computer-controlled electromagnetic deflection system placed before the lens /2/.

The microprobe is connected to an intelligen. CAMAC-System (fig.1).The apparatus is controlled
by the sutoncmous crate controller AMCA-80 constructed on the base of the 8 bit microprocessor
UB60. All the used CAMAC-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 twofolad

10 bit Digital-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 measuresent 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 appiied. The radiation emitted in the interaction of the
sample and the neam is recorded by a j-ray or X-ray detecior. 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. 1he %2tal capacity of one
tape cassette of 512 Kbyte s sufficient for measurements of a3 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 cisplayed 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 writien in assembly language.
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INVESTIGATION OF SCINTILLATION MATERIALS
J.Ridiger
Zentrelinstitut fur Kernforschung Rossendorf, Bereich KF

In the beginning of the 70-s the most convenient J-rey scintillstion detector - NsI(Tl) -
did not setisfy users snymore, in psrticular becsuse of its hygroscopy snd its relstively
poor timing properties, compsred to organic scintillstors. Therefore, » great effort was
done to find out new scintillstion detectors. At present, the most promising “new” aste-
risls for efficient scintillstion detectors seem to be 814603012(00 called 'H:O‘)['I and
BaF, /27. Some success wes slso scchieved with CdS(Te), CAWO, /17 snd the “old”
CeI(T1) /37,
viith regerd to future experiments at the cyclotron tandem U 400 -U 400 M st the JINR

Laboratory of Nuclesr Reactions in Dubnae, USSR, we checked our possibilities for the pre-

psration of scintillstion detectors for J-rays and for light charged particles of high

energy. The following msterisls were investigastad 1): CsI(T1), Con, c.Fz(Eu), C.Fz(C.),
8aF,. wz(u). 814603012("). "3‘15"12(‘:‘)- T18rI ( "KRS-5"), and » plastic scintille-
tor from TESLA (CSSR): SPB 31, We considered their most important persmeters, like rels-
tive pulse height, energy resolution, e/8-ratio, snd the pulse shsoe obtsined from the
snode of the photomultiplier tube (PMT) and observed on an oscilloscope. Several types
of PMT were uvsed: M 12 FS 100, M 12 FYC 51, K14 FQS 51, XP 1020. To incresse the light output
the scintillators were surrounded with various reflectors (sluminium, sluminized mylsr or
teflon foils, MgO or “‘203 powders), snd wers coupled to the front-end of the PMT with

silicon gresse NP12 or with silicon oil NM 1 - 100000,

Here, only pralisinery results can be given.

1. For the detection of light charged perticles of high energy the most promising scintil-
lators seem to be COFz(CO) end CsI(Tl). Fluorite (c.Fz) hss & low J-ray sensitivity,
ond its sctivetion with Ce lesds probably to the highest scintillation efficiency for
ot ~-perticles (see also rof.ﬂ_?). Also, the O¢/B-rastio for c.Fz(Ce) hes the largest
velue after CsI(Tl). The second scintillastor has the highest &/B-rstio of 21l mete-~
risls investigsted (see table), but there are large fluctustions between different
pieces. The resson for this is not yet clesr.

» F he detection of J-reys we -
2. For ¢ I-reys inve Table 1: Preliminery results for some meteriels

stigsted verious ssmples of BaF, 1n Scintillstor  Energy resolution, % o¢/B-ratio

order to test the possibility for J-reys O-particles for 6 Mev
its use ss enticoapton shielding. (662kev) (6.0Mev)  or-particles
In part, we found that the best of 8GO 22 7.5 0.21
f - BeF 15 8.5 0.20
ol]l tested reflectors for the ULV c""z 2 — 9.0 0.32
scintillsting BsF, is Mgo, in con- c.sz(su) -— 8.5 0.42
CeF5(Ce) - 7.0 0.52
tradiction to ref./5/. Teflon tepe CeIfT1)-1 0 <0 058
seeas to be an overell good reflec- CeI(T1)-2 16 5.6 0.74
tor for sll scintillstors. §P8 31 - ~11 ~0.08

3. In teble 1 some values of spproximete 0¢/R-retios sre listsd. These values correspond
to the ratio between the J-ray energy and the (-particle energy et the same pulse
height.

Refarences: /17 Ferukhi M.R.; IEEE Trens.Nucl.Sci. NS=29 (1982) 1237,
27 wisshek K. et ol.: Nucl.Instr .Meth.Phys.Res. 227 (1984) 91,
37 Grassmenn H. et el.; Nucl.Instr.Meth.Phys.Res, 228 (1985) 323,
L[47 Czirr 2.8, ot ol.; Nucl.Instr .Heth, 143 (1977) 487,
57 Wong W.-H. et 8l.; IEEE Trens.Nucl.Sci. NS-31 (1964) 381,
1the constent support of the VEB Csrl ZeiB Jene, WOBL, mhere most of these semples heve

been preparsd, 19 gretefully acknowledged. We thenk elso Dr.Schulze (20S Berlin) for
providing us with the BGO eemple.
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DEVELOPMENT AND TEST OF A JE - E ANNULAR DETECTOR TELESCOPE

P. Kleirwichter, J. Rudiger, J. Doring, L. Funke, M. Freitag, H. Rotter, Th. Scholz,
w, Schulze, R. Schwengner, E. Will and G. Winter

Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

A special JE - E annular detector telescope was developed to identify light charged par-
ticles emitted in heavy ion induced reactions under forward and backward angles. The

2 € detector was made from a 200 ,um thick n-S5i slice ( SO mn @ ) and consists of six
concentric snnulsr diodes ranging from 0.4 ... 5.9 c-z sensitive aress. The width of
each ring amounts to 2.3 ms. The ion beam passes through a3 hole of 9 ma dismeter. Thus,
it is possible to get informstion on the angular distribution of the emitted resction
products in an elficient way. More detailed informations on the snnular Si-detector and
the electonic signal processing is published elsewhere[1]. If sll rings are connected
together an energy resolution of 3, for 6 MevV « -perticles is ottained.

As E detector serves a plastic scintillator ( SPW 31, TESLA ) coupled by s light pipe

( piscryl ) to the photomultiplier tube of the type XP 1020. The plastic scintillator
has 2 hole of 10 as disseter for the beam passage and a thickness of 8 aa that sllows

» stop of 27 MeV protons completely. The energy resolution.for 6 MeV x -particles is
found to be 12 3.

Some properties of the detector systes such es

the noise and the timing behaviour as well ss the
energy resolution were tested st the Rossendorf
cyclotron by bombarding 2751 with beass of protons,
deuterons and «-particles of different energies.,
The time resolution of the telescope was determined
227Ac source ( providing X- and '
radiation in coincidence)to be 5 ns, In 8 first
experinent the telescope was installed 1n » resc-
tion chambtar at the U=-200 cyclotron of the JINR in
Oubna utilizing the reaction 15 + 2741 at on in-
cident energy of 140 Mev, The deta were recorded on-
line on magnetic tape by a SM~3 cosputer, Th: result
of this test expsriment is plotted in fig. l.where
no r<ing selection of the At detector was made. It
shows a rather good separation of the p, d, t and
A=psrticles, The relatively hijh yield of accidental
coincidences is due to the large coincidence time

by using a

AE[ARBITRARY UNITSI

(1 o ) used in th: preliminary experiment.

References:
(1] schmidt, B. et al. Annual Report ZfK-559 (1984},
pe 152

E[A.U.]

Fig. 1

4€ ~ E plot showing the p, d, t and

o ~particles emitted in the reaction
160 27.
+ HL
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CONSTRUCTION OF A PLUNGER FOR COINCIOENCE EXFPERIMENTS

G. ‘Hinter, M. Freitag end ¥, Schulze
Zentralinstitut fir Kernforschung Rossendorf Gereich KF

The relisbility of plunger ssssurements can bs considersbly isproved when the ,-ray tran-
sitions sre mgssured in coincidence with other signals which are either characteristic
for the desired reaction chsnnel or for a certain csscade in *he final nucleus. Such
signale csn be derived from additionsl detectors that mus: be arrenged nesr the beam spot
on the tsrget. The totsl efficiency of such coincidence messurements depends guite strong-
ly on the geometry of the plunger chamber and on the absorption properties for all radia-
tions to be detected. Thus, a plunger of small voluase and high tronsparency for the rscis-
tions 1s necessary. However, these properties must be considered in connection with tte
demand for high mechanical stsdility and precise sdjustments. For the first test experi-~
ments a2 saall and siaple srrangenent was constructed (ses figure 1) that ellows us to
resch 8 ainimus distence betwgen target and plunger of 20 mm. The target of thickness
0.2C =g cn”2 wes evaporated on 0.5 mg ca~? aluminized polyssther foil., The same polyesther
material wes also used for the plunger. Examples of linesh.upe snalyses for measureaents
carried out in the ll-coincidcncc msode /1/ are shown in figure 2.

o n 1  PLUNGER MEASUREMENT
1-FOLD COINCIDENCES

75e (o, 2n) T°Kr

~
T

dJem

ELASTIC P ATES

NUMBER OF COUNTS (x1000)

Figqure 1. Schematic view on the nen 7
plunger arrengesient in @ plsstic veacuus L A . \ ; :
chasber for Il-coim:idcncc experiments, 399 02 405 719 722 725 728

¥-RAY ENERGY (keV)

Figure 2. Lineshsps snelyses for the 402 kev
trensition end for the doublet ot 722 -~ 726
keV in e /2/. The observetion sngle was
24 * 8 degrees.
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DOUBLE GRID AVALANCHE COUNTER WITH LARGE DYNAMIC RANGE

W. Seioel, H.-G. Ortlepp snd J. fiedler
Zentralinstitut fur Xernforschung, Rossendorf, Bereich KF

Parallel plste avalanche counters (PPAC) have been shown to be well suited as large ares timing detectors for
hesvily ionizing perticles. We present here the prototype of a double gr:d avalanche counter (DGAC) /1,2/ with
sn active srem of 13 x 13 cnz designed for the inner detector layer of the 4ii spectrometer PHOBOS /3/. The de-
tector consists of s 50 nq/cnz thick Formvar foil with 40 ug/clz gold layers on both sides as a common cathode
snd two orthogonal anode wire grids. The wire planes are located st 3 mm distance on either side of the catiwde
and consist of 5C pm Cu-Be wires, equally spaced by 1 mm soldered on printed circuit boards. Each wire is con-
nected to ground through s 500 k$2 resistor. For detecting the X and Y positions of the avalanches, delay line
read out is used /4/. All electrode frames were made of epoxy res.n plai:s. The electronics employed has been
described elsewhere /4/. The detector was operated in 2 vacuum chamber filled with n-pentsne gas in the pressure
range of 1 - 10 Torr. The DGAC counting efficiency was measured relative to an ion implanted silicon detector
(SD). For different gas pressures the ratio between the OGAC-SD coinciderce and the SD singles count rates was
nessured as function of the CLAC applied reduced voltage. With 5.5 Mev z”h o -particles the detection ef-
ficiency of 100 % can be obtained only st » pressure of p23 Torr. For fission fragments of a 252Cf source a
wide platesu of 100 % detection efficiency is obtained down to p = 1 Torr. At lower pressure values it is dif-
ficult to apply voltages high enough for 100 % efficiency without parasitic discharges between the electrodes.
Test measurements for the time resolution were performed with a conventional PPAC (5 c-z area, 2 mm gap width)
and a DGAC in coincidence. For di-particles of an 2''Am source the intrinsic time resolution of the DGAC was
290 ps at U = 615 V and p = 4 Torr. Fiq. 1 shows tise-of-flight (TOF) spectra for different flight paths,
measured with s 252&?!‘ source. The TOF 4spectnn for fission fragments and « -particles at a catosd= voltage of
U=-570 V and p = & Torr, is shown in part a. For the ol -particles the intrinsic time resoclution smounted only
to 4t = 570 ps. The detection efficiency wes determined to be 100 % for the fission fragments and the ol -par-
ticles. The PPAC timing signal was derived from a preamplifier with logsrithmic amplitude response /5/. Fig. 1b
shows the TOF spectrum of the light and heavy fission fragments with an o -particle pulse height below the
trigger threshold. The light fragments show FWHM = 320 ps which corresponds to an intrinsic time 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 gE-resolution of 20 % and @ position resolution of

AX = AY41.5 mm was obtained for & 100 % of -perticle as well as fission fragment efficiency. A further opti-
mizetion of the position resolution is under work.

ANL A auntiths Ahavn sl r‘T‘ T T T ' T T T T T T T Lo T | L
6 {: s 300} .
@ 252C1 -SOURCE ® 252C1-SOURCE

x50
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2 | o
iy § T
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]
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Fig. 1
Time-of -flight spectra for 12.5 cm (a) and 2 cm (b) Flight paths
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TIMING WITH FAST PARTICLE DETECTORS

H.-G. Ortlepp
Tentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

1f ususl constant fraction triggers (CFT) are operated with the short timing signals of fast particle detectors
as micro channel plate detectors (MCP) or parallel plate avalanche counters (PPAC) several difficulties may
occur. With shaping delays in the order of 1 ns a proper operation of the zero-crossing detection circuit becomes
problemetic. Furthermore, intolerable output pulse shifts mey occur near threshold /1/ due to s wrong logical
combination of the informations from the threshold discrimirstor and the zero crossing detector in the following
circuit, e.g. @ D-type flip-flop. During the last two years some new solutions for CFT circuits were tested by us.

If the conventional "fraction" attenuator is replaced by the RLC filter shown in fig. 1 the free time,before the
time-defining low-high transition (full circle) at the output of the comparator becomes long encugh to guarantee
a proper operation of the following logics.

In order to avoid the time shifts for near-threshold pulses /1/ caused by too short signalr of the lower level
discriminator output leading to an insufficient covering of the "clock® trensition by the "D" input signal of
the sbove mentioned flip-flop (FF1 in fig. 2) a second one (FF2) was introduced. The ocutput signal of the "zero
crossing™ comparator is delayed by del. 2 (~5 ns) until the Q-response of FF1 has reached an unambiguous state.

Several investigations were perforned

m FFY FF2 concerning the timing electronics for
:[>-—D 0 plo = parallel plate (PPAC) or parallel
. Ci Il gri! (PGAC) avalanche counters. The
ﬁoecaﬁm typical current pulse shape of a
del.2 PPAC shown in fig. 3 suggests that
the best timing information should be
derived from the fast trailing edge.
fig. 1 Fig. 2 A current amplifier with ~ 0.5 ns
RLC filter Modification of the CFT trangition time and an amplification
+ delsy - crossover formation logics

factor selectable bntween 100 and 800
was applied. In the CFT the "fraction” attenuator was removed (f=1.0),

i T i v T L T and the delay time between the two ipputs of the "zero-crossing" com-
s Il etimyghe parator was chccan as At = 2 ns (see fig. 3).
10 r E Thus the comparato. fires in that instant when the second of two equal
values of the curve iit) separated by 4t is reached. An advantage of
osk J this method is not only the timing at the fastest part of the signel,
but also the possibilitiy to extend the dynamic range replacing the
N — R . fast linear current amplifier /2/ between the PPAC and the CFT by &
2 ) ‘ '”’ logarithmic one. The logarithmic response was achieved with the help
Fig. 3 of a forward biased Schottky type diode KD 514 (USSR) as feedback
Current pulse of o PPAC resistance of the first stage. If comparator chips of the type
t : drift time through the whole gep KR 5975A1 (USSR) were used ® walk less than + 100 ps was achieved for
T :‘i’zasg::tant of the electron CFT input pulses between 150 mV and 3 V. The corresponding dynamic
At: ﬁr_v?pjnq delay of the CFT with range of the signals at the input of tne logarithmic amplifier amount-

ed, however, to 300 : 1.

With a PGAC the logarithmic principle yielded very bad timing results, probably caused by pulse shape variations
at different impact points. In this cese a "classicel” CFT scheme with f = 0.3 and at = 1.5 ns built around @
SP 9687 chip (PLESSEY) yielded better results /3/.
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A BRAGG CURVE IONIZATION CHAMBER

R. Kotte

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Bragg curve spectroscopy (BCS), first proposed by Gruhn et al. /1-5/, is a new methnd for particle idertifica-
tion in heavy ion reactions. It is based on the generation of an ioniza.ion 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 volumeof 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 an ionization chamber with the electrical field lines parallel to the particle
trajectory (Bragg ionization chamber BIC). The chamber is mounted on a piscryle 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 polypropylenc foil of thickness cr= 100 pg-c:m-2 supported by an etched brass grid (180 um broad strips, 2 mm
mesh width, 8% % transmiasion) which serves as cathade 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 crosen as L =

5,3 cm. It is possible to extend this distance to L = 10 cm or even more. £quidistant 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 MRL/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 cupper/ber;llium 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 & threefold destillation /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 £ /p = 3.8 V/cmetorr corresponding to a drift velocity v ~ 3 cm/us

delivering a maximum pulse length of 1.8 us. In order to guarantee an effective collection of all tge electrons
drifting to the snode a ratio of the anode-to-¥G field to
SUPPORTING FLANGE the cathode-to-FG field |E¢/E_|= 3.5...4.0 was chosen.

- The signal from the preamplifier was fed into two dif-

ferent shaping amplifiers. ihe first one was a stancard

VOLTAGE DIVINER spectroscopic amplifier with 2 us shaping time for the

) ///// energy determination. The second one was a special new
§Q\~ developed BCS-amplifier+peak stretcher unit /7/ with a
> / ——— TEFLON ROD short shaping time (adjustable in three steps: 47, 100,

220 ns) which is comparable to the electron transit time

ENTRANCE WINDOW ___

through the anode-to-FG gap. This signal when viewed on
CATHODE ANODE

an oscilloscope should be representative of the Bragy
" ~~FRISCH GRID 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 fir 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 dEe = 18 keV and the straggling in the entrance window
A[w = 19 keY, determined with 8 high resolution surface barrier detector, the intrinsic B1C energy resolution
for alpha particles amounts to ‘EBIC = 22 keV (FWHM). The BIC properties for heavy ions were proved at the
Rossendorf 5 MV tandem accelerator. The following ions were used for the measurement of the energy and Bragg
pesk resolutions as well as for the determination of the response functions of these parameters: 22.75 Mev
12ck¢' 26.0 HeV 16050 35..7+ 28, .6+ 28..7+

, 36.0 Mev C17*, 32.2 Mev 28518, 36.8 Mev 285i™*, 41.4 mev 8538, 31.5 mey 3256*,
36.0 Mev 798;’.‘ These particles were elastically scattered from a 10 ug-::m'2 197Au target evaporated on a
10 ug-cn'z carbon backing fixed on an aluminium target holder. The scatter products were observed at an lab.
angle = 30° and a distance 1 = 70 cm between the target and the entrance window with a solid angle 4Q: 1 msr.
In order to produce a continuous energy distribution of the scattered particles in some cases a celiulose ab-
sorber was set behind the target. In table 1 resolution parameters (FWHM) 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 BIC 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

1eble 1 heaviest particles (798r, 197I\u) the energy response function is na more
BIC resolution parameters linear due to an increasing contribution of recombination effects in the gas.
(FWiM) In first approximation tne response of the Bragg peak which is a measure of
the element number Z is also a linear function. A typical two-dimensional plot
MEEEE .
z kev v | 4 ne of BP over £ is given in fig, 1. The charge resolving power of the detector
’il-h | s3 :', ;% is obvious from the corresponding BP single spectrum (fig. 2). The BP resolu-
':C w0 |2 | a7 |00 tion may be improved by increasing the BCS amplifier shaping time constant %
(teble 1), but, the energy point at which the BP becomes indepe-dent of the
"
60 | w0 | D9 | 42 | 100 energy will rise, too. We found a compromise of 2= 100 ns corresponding to
B5i | w0 | 34 é; ;'{;.: half the transit time of the electron through the Frisch grid-anode-gap.
28 | &7
ol Bl el B A B

BP T ~r T qu. 1
r 1 Bragg peak vs. energy distribution of elastical scat-
L p=80 torr ] tered 41.4 MeV 49Si ions and recoils from target
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" Te220m 1 .t
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Bragg peak spectrum for a given energy
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SHAPING AMPLIFIEr FOR BRAGG CURVE SPECTROSCOPY

H.=G. Ortlepp
Zentralinstitut fiir 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 consta't comparable with the electron drift time between the grid and the snode 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 times of 0.25 or 0.5 microseconds. Therafore, a new
sheping amplifier was developed meeting the requirements of Bragg curve spectroscopy. The amplifier together with
a peak stretcher is housed in @ 40 mm wide EGS module. The simplified circuit ciegram of the amplifier part is
shown in fig. 1. The three operational amplifiers are built up from discrete components. 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 normelization) of 47; 100 and 220 ns, respectively.

Fig, 1
Simplified circuit diagrsm of the Bragg curve spectroscopy amplifier

The amplification factor defined as the step response smplitude divided by step height, mey be adjusted in the
second stage by the 4.7 k) potentiometer rrom 50 to 150 (st 100 ns shaping time). Both the input and output
polaritics are positive. Baseline stsbilizaetion is performed by a feedback loop including a8 B 110 voltage com-
parator (pA 710) and en RC low pass. Different from usual amplifisrs the change of the differentiation time
constant is performed by changing the resistsnce 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,
remsins nearly independent of the shaping time. Therefore, the emplification needs not be changed when the shaping
time is changed. The Bragg peak amplitude decreases only slightly with increasing siaping time because the peak
becomes broader and more flat. The shaping times were chosen shorter than usually utilized in order to extend

the Bragg curve spectroscopy to lower heavy ion energies.
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AN AXIAL IONIZATION CHAMBER FOR FRAGNENT DETECTION

L.H. Andronenkc V.V. Janofsky, A.A. Kotov, L.A. Vaishnene
Leningrad Nuclear Physics Institute, Gatchina, U.S.S.R.
W. Heubert

Zentralinstitut fiir Kernforschung Rossendor?, Bereich KP

Fig. 1 shows a cross section of the ionization chamber provided for Bragg curve spectros-
copy of fragments emitted in oroton-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 ..m distance. In order to achieve an electrical field
parallel to the incoming particles between the cathode and the anode, ten equidistant guard
rings are nounted. The inner dismeter of these field shaping rings increases like a cone to
have regard to the different diamcters of the meshes of the cathode (20 mm) and of the
Frisch grid (80 mn). “'he guard rings are spaced and insulated by glass cylinders fixed on
hrass holders. & Aivider rhain anppliss the vnitages for these electrodes. In order to keep
the pollution of the gas as low as poasible the case of the jonization chamber is made from
steel covered by nickel. The particles to be detected enters the chamber through a thin foil

% transparency. An additional electrode is

of Fornvar cupported by a nickel mesh wire of 97
placed at 2 n distance in face of the cathode mesh. Both electrodes are made from a nickel
nesh of G strips per mm 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 werc deep-frozen by means of liquid nitrogen, then the rest
gases were pumped out from the reservoir and pentane (or heptane) were distilled intoc the
ionization chamber volume. Usually, this proccdure was reﬁeated once more before the voltage
to the electrodes was switched on.

First test experiments were carried out with a 252

Cf source. The gas pressure was adjusted
such that the maximum range of fission fragments corresponds to the effective length of the
chamber. The anode pulses were fed into a charge sensitive preamplifier and processed by =a
CAIIAC data acquisition systen.

The pulse height distribution measured with heptane had a shape typical an encr_,y spectrum
of fragments slowed down by an absorber. This effect, which is due toc the increased recom-
kination probability of heptane, was also observed for n-butane /4/. Finally, purified pen-
tane was found to be a suitable gas. The energy spectrum (fig. 2) gives a peak-to-valley
ratio p/v a2 2.b + 0.4 which agrees with the result in ref. /1/ obtained with a constant

cas flouw of isobutane.
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Zertralinstitut {iir {ernforschung Rossendorfl, Bereich KF

Jast preanplifiers connected to parallel plate avalanche counters (PPAC) provide pulse
heigihts uhich nay vary from several tens up to some hundreds of milliveolts. In timing
neasurenenss with such detectors it is advantageously to use a Tas. diserininate> which
allous to adjusi a low threshold. Here we present a sinmple fast discecriminator on the baaic

.

of electronic componenta available at present tine. The circuit diagram is shoun in fig. 1.
Two diceriminators are assembled on a double-sided printed circuit board in CANAC standard.
Starting with physical evenis thia diseriminator allows an adjusting the low-level thres-
hold at adout 30 mV. An univibrator for the stretching of the output siznal and a dalay
adjuvtnent are provided for further improvements. Special applications require the corres-
ponuing ontion of the entrance part of the discriminator.

Yining neasureuents (fig. 2) were made with generatur and detecter pulses both fe¢ through
a rast preanplifier with a rise time of about 3 ns. For generator pulses an aitenuator was
uged fo vary ibe signal level at the discriminator input. The trancit time wuts measured

uyizh a TAC counecied between the discriminator output and the pulse generator gyuchron out-

put (left part of fig. 2). Ve achieved a walk of & 550 ps in the dynanical range fron

40 ¥ up to Aabout 4 V. The discriminator was also tested o
vith a 0 arrangenent of two PPiC's. The voltage of the . .
> 100
start detesior was changed vhereas the voltage of the atop i
detecior was kept constant. The points of the right jpart of énn
fig. ? reler to the pealr position of the light fragmenis »f 2”9
2520? separated from ithe heavy ones by a flight path of 3
7?7 en. If ihe start PPiC iz operated at low voltage a lull §“’
Py
resoiution of both groups is prevented and sone uncertain- 503
e ian A - v o . easusr “h the cemrsIon oeTECTON
ties are introduced. Ye repeaied the neasurements wizh the s bt poLses
fagt discrininetor 5D 5034 nanufactured in series a¢ the MOVIV,,, 1400V
IfK. I% ts obviously, that this diseriminator cannot oe 700 3 ops/eh
applied to precise timing neasuveuentis, " :
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PREAMPLIFIER FOR SILICON PARTICLE DETECTORS

H.-G. Ortlepp and E. Schuster
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

For seversl years an incressing number of silicon particle detectars has been produced at the
CINR nuclesr snd saolid stete nhysics depsrtement /1/. Devices with rether different geometri-
csl end electrical psrameters sre used e.g. for slphs-spectroscopy snd in-beam charged pearticle
detection including fast timing.

Therefore, s presmplifier for brosd renge applicstions wes developed (fig. 1). Since detector
capacities of more than 1000 pF have to be expected s high trsnsconductance FET was used.
Selscted devices of the power type KP 903 (U.5,5.R.) with g = 50...80 mS at ld = 20 wmA yielded
velues of the noise line width in the order of & keV + 10 eV/pF st 2 ps sheping time. In order

-0 + LV

1ok | 10PH

Udet
™l 10,

SF 127
&7

det.

test

Co—0 -V

Fig. 1
Circuit disgram of the presmplifier

to get o linesr response up to ~ 1000 MeV, necessary for heevy ion experiments, the sensi-
tivity hed to bs kept low. On the other hend, at s too low sensitivity the input noise of the
shaping emplifier influences the resolution. The chosen value of 8 mV/MeV seems to be s reason-
able compromise. The 1000 MeV dynsmic range is resched only if the detector biss is positive.
With the help of the 100 k.l Potentiometer the potentiel of the E-ocutput is edjusted to zero.
The timing signal ie coupled from the high impedance point of the cherge sensitive loop via

® 10 pF capacitor to e current to voltege converter. The risetime of the timing output (T)
signal smounta to 0.8 ns if s pulse of 0.2 ne risetime is fed into the test input.

The presmplifier was used in s time of flight-energy spectrometer for low mass charged partic-
les. A amell perslle] plate avelanche counter (PPAC) with about 150 ps (FWHM) time resolution
for elphs perticles ected ss start detector. The PPAC timing system is described in ref. /2/.
For Si detectors of 13; 50; 800 snd 1250 mm’
meter of 200; 260; 450 end 700 ps (FWHM), respectively, were schieved.

sctive ares time resolutions of the whole spectro-
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SUPPRESSION OF LOW=-MULTIPLICITY ngg._.uoz IN PLUNGER EXPERIMENTS BY MEANS OF
COINCIDENCE TECHNIQUE

G. Winter, W, Schulze and £, Will
Zentralinstitut fir Kernforschung Rossendorf 3ereich KF

In-bean ~uq¢< spectra can be seriously contaminated by \oso<¢ srising from the B-decay of
isotopes produced during the irradiation of the target, from inelastic neutron scettering
on the surrounding materisl or from long-lived radioisotopes. In plunger experiments the
beam of bombarding particles strikes not only the very thin target but also the plunger
and the target backing. Nuclear reactions of the 27 HeV Cl-psrticle beam with these mste-
risls lead to an sdditional source of background radistion. Using a low-Z materisl for the
plunger and the target backing (polyesther foil) all these background radistions sre of low
multiplicity compared to the multiplicity of the prospt radistion arising from (ot ,2n)
reactions on nuclei of the A = 80 mass region where average multiplicities of about 5 are
expected. Therefore, the background componsnt in the Maqo< spectrum recorded by a Ge(Li)
detector can 3e suppressed when multiple Nuuoo»:n»ao:nou with additional detectors are
measured. In order to obtain the coincidence spectrun of the Ge(Li) detector with good
statisticsl accuracy it is necessary to detect the Mnﬂo<¢ from the target with high effi-
ciency. This condition was fullfilled by using a new plunger of small volume /i/ and high
transparency for \cwnu»on»o: and by recording the emitted Nuso<¢ in two NaI(T1l) detectors
(7.5 cm diameter, 7.5 cm length) which both are arranged a2t a distance of 4 c¢mn from the
bean spot. The Ge(Li) detector was positioned at a distence of 12 cm from the target and
recorded the emitted ~|q0<u at an angle of 24 n 8 degrres with respect to the beam direc-
tion (see the insert of figure 1), In a computer simulation /2/ this arrangement has been
found to give the desired properties.

Signals from the Ge(Li) detector are stored in different parts of the memory when they are
found in coincidence with signals from either no, one ore two NeI(Tl) detectors -esr¥zing
in spectra of 0-fold, 1=fold and 2-fold coincidences, respectively. The resolving time of
the nultinle coincidence circuit was 36 ns, The influence of the coincidence selection is
illustrated in figure 1., The dominating peaks in the O-fold spectrum are caused by reac-
tions of the o =particles with the polyesther foils (each 0.49 ag oaomv and successive 8*
decays. In the 1-fold spectrum these peaks ars suppressed by & factor of sbout 10 whereas
the intensity of the desired pesks arising from the (o€ ,2n) or (¢ ,pn) resction on dmo
is not reduced, loreover, due to the reduction of the genersl continuum the statisticsl
uncertainties are about 3 times smaller in the 1-fold than in the O~fold spectrum, Life=~

times of excited states in vmxﬂ as deduced from these measurements are presented sepsrate-
ly /3/.
e g References:
Getty Mol | aacxing /1/ winter,G.,Freitag,
i (| 27Mev ALPHA ON T7Se M.,and Schulze,w.;
PLUNGER MEASUREMENT
DISTANCE = (2pm vhis report p. 93
/2/ iinter, G.; Nucl,
instr, —.._.ﬂ—._. A243

(1986) 192

/3/ viinter, G., Schwen-
gner, R., Funke, L.
and Ddring, J.:
this report p. 21
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r -RAY ENERGY
Figure 1, Exemple for the suppression of low=-multiplicity ~.13a»on»o:. The insert shovs

the geometry of the coincidence arrangement.
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MAJORITY COINCIDENCE WNIT

E. i1l
Zentralinstitut fur Kernforschung Rossendorf, Bereich XF

Multidetector coincidezse arrangements are frequently used in nuclesar resarch. In such ex-

periments coincidence events will only be recorded, if a desired number of detectors or a

distinguished combination of detectors (pattern) have fired. For the interprstatiom of a

coinoidence event the numbder of detectors or the detector pettern have to be recorded. In

order to process a high data rate special coincidence modules are used for this zim. There-

fore, a mejority coincidepce with the following properties was constructed:

-~ The number of detectors (majority) and/or the deteotors which have to see an event (mes-—
ter) oan be specified.

~ The coinoclaence time can be chosen between 30 ns and 20 Aas.

— A separate strobe input is possidle for reaslising a fast-slow coincidence. The strobe
time can be adjusted between 0.5 and 5 ,us.

- The coincidence allows 12 coincidence imput signals.

= A separate ooincidence input can be used that is mot included in the majority logio.

- Esch input signal mey be either im the TTL or in the NIM standard.

= Ths number of input signals snd the input pattern 1s aveiladle in the SI 1.2 standard.

In figure 1 the soheme of an experiment /17 is shown with one Ge(L1) detector (mester) and
two Nal detectors. The lesding edges of the shaped pulses start the time and selection
logic. An ECL logic adds the input signals snd gives the result to the output and the mul-
tiplexsr, which comspares the sum with the demsanded number of detectors (fold). In case of
agreessnt an3y 1f also the signals of both the master logic (in this case only fros the
Ge(L1) detector) snd the ADC cooe within the strobe time (3 /us) an output signal 1s gener-
ated, that starts the conversion in the ADC snd ¢ives a LAH to the computer. The computer
reads the data from the ADC and from the coincidence unit with the help or a multiplexer
[3/+ After the dats transfer a general rsset of the module 1s carried out.

MAJORITY COINCIDENCE
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Nal &
o ) 3§ : MOL
A Y
n o N |12-e1 5
2 8 H"\— o 8
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g1 118 g 1
Fal a < a ~
2] ¢ . g g
& 3\ & & a >
p =] ) » g
[ & ~ 2 3
D
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Ge - H_(. 1 E
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%
CoINC.
AMPLIFIER ADC

Pigurs 1: Scheme of an expsriment with one Ge(Li) and two Nal detectors.
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ELECTRONIC DEVELOPMENTS OF THE XFM GROUP
R. Angermann, W.0. Fromm and F. Schwarzenberg
Zentrsalinstitut fir Xernforschung, Rossendorf,6 Bereich XF

Magnetic Tape Cassette Controller 9958-20

On the base of the single board computer UPC 880 an intelligent interface unit for the Robo-
tron K 5200 magnetic taspe cassette drive was developed /1/. The controcller provides the com-
monly used SIF 1000 Interface. The first batch was ssnufactured using wire-wrsp technology to
build the specific part ol the interface-logic (IL). Later on this part was optimized and pro-
duced as & smal] printed circuit (PC) board adapted to the single board computer (SB8C). With
the version 9958-20 both perts (SB8C + IL) are combined on a 170 * 205 mm® PC board in order

to facilitate production. A description of the magnetic tape cassette interface is published
in ref. /2/.

Sasll Tv-Monitor

For the compact myltichannel analyzer (MCA) s small display monitor had to be developed 3s s
built-in unit. High resolution alphanumeric and graphic output is desirable. Display drivers
supporting an addressable field of 256 ® 512 pixels are available (VIS2A, GDD 5216) and gene-
rate signals according to the TV stundard. Therefore, the Tv-tube M17-111 (Tungsram, Hungary)
with a screen diagonale of 155 mm has been used. The deflection electronic is realized on two
PC boards with the dimensions of 95 * 150 sm? each. The power consumption is 10 W. The cir-
cuits were optirized for good linearity ( < 1%) which is essential for graphic output. The
unit is constructed as EGS-module of 160 mm width.

Small Functional Keyboard 9902

For the control of the compact MCA a keyboard with full alphanumeric capability is not the
optimal choice. In addition to such drawbacks as large dimensions 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 rconductive rubber with 32
keys arranged in B rows and A columns was developed. As interface a PIC -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 LED's of different color in the top row are used als visual feedback.
The geometrical dimensions of the keyboard are 6u * 140 mm’. A flat ribbon cable is used as
connection to the interface module.

PROM-Programmer 9900

For the microcomputer development system MPS 4944 a PROM-programming module was developed for
EPROM's of the types 2708, 2716 and 2732. The PC board 9900 (95 * 170 mm?)/3/ generates the
programming voltage of 26 V. The data-, address- and control-signals are provided by two PIO
and transistor switches. The programming regimes are implemented by softwire. 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 EPROM. A test for programma-
bility before and correctness after the programming is performed automatically.

Hardware Multiplication Unit 4058
The 16 bit minicomputer KRS 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 mu'tiplication unit for the KRS

4201 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 ps. A software
package containing subroutines for floating-point multiplication and division (by successive
multiplicatinn) was implemented. The calculational speed improves by a factor of about ten.
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HARD- AND SOPYVARE SUPPLENENTS FOR THE CONPUTER 2 9001
P. Schwarsenberg
Zentralinstitut fuer Kernforschung, Ross:ilorf, Bereich KP

The standard version of the ROBOTRON homecomputer Z 9001 comes with 16K Dynamic RAN, 4K RON

for the operating system and 1K Static RAN for the video refresh memory. A &-slot external

UBB0-processor bus is implemented for memory expansions. ROBOTRON offers for memory expan-—

sions a 16K-DRAN and a 10K-PO! plug-in module. Standard software tools are a 10K-Basic-

Interpreter and a 10K-Editor /Assembler.

Here some 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 szolutions

- Honitor/Debugger ZH-9001
This program supports powerfully the implementation of machinecode programs. For this aim
25 commands can be used. Among them are commands for starting user programs with two
breakpoints, for displaying and changing msemory contents and processor registers, for
moving, verifying or testing memory areas, -~ searching binary strings and for working
with 1/0-ports. Horeover, the program delivers a lot of 1/0-routines to handle data trans-
fer with peripheral devices. Por this purpose the user-port (one PIO—-port ard one CTC-
channel) has been taken to connect peripheral devices with the standard interface SIP-
1000. Purthermore, an output-routine exists to apply a RS23)2-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 CONSOLE,
READ, PUNCH and LIST to different I/0-routines (physical 1/0-devices).
Another powerful feature of the ZH-2001 is its ability to switch the computer into a CP/R-
compatible mode. A lot of well-known CP/NM-programs (e.g.2SID, KBASIC) can be used in this
mode .

- Screen Editor BITEX-29001
The CP/N-version of the screen editor BITEX-88/3 developed in *the ZfK Rossendorf for the
microprocessor system MPC 4744 has been adapi:»d@ to the Z 9001. If no printer is available
in the system configuration, the off-line outrut of the text files is carried out by data
transfer to the magneli: caszsette tape.

- 7 2001 "ape DProtocol Interface
On the NPS 4944-based CP/li-system a program was implemented that allows the Input/Output
of Z 9001-magnetic tapes. Thus an off-line communication between the CP/R-system and the
Z 9001-systems is possible.

2. Hardware solutions

~ 10K-RO!{-Module with bank switching
To realize BASIC- and word processing applications without changing plug-in modules the
standard ROM-Module was modified. This module occupies the address range COOOH-B7PPH. 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 same time. The actual module is
selected by software. The above mentioned ZM-9001 also includes the switching technique
for such modules. The system developed in the Z{fK works with two of such modified modules
and permits to operate 20K-ROM and 48K-RAM 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 S10- and a CTC-device and
includes one R5232- 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 BITEBX
-~ two RAH-Hodules (=s> 48K-PAM configuration)
- typewriter S 6010 with R5-232-interface
The text input and output proceeds directly from/to the S 6010 using BITEX-29001.
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SOFT- AND RARDCOPY FOR HOMECOMPUTERS
H.-J. Miller, F. Schwsrzenberg and ¥.D. Fromm
Zentralinstitut fiir Xernforschung, Rossendorf, Bereich KF

Hosecomputers has been proved to be » useful tool for the effective solution of small snd intermediste numericsl
problems in theoretical and experimental plwsics. To enlarge its field of application a COMMODORE ¢4 com-

puter (C-64) was connected to other computers and periphersl devices. Thus it has become possible to receive
snd to send prograe- or textfiles and t~ mele herdcopies of computer generated high-resolution graphics

using dot matrix graphic printers (DMGt . .

The C-64 provides an implemented softwere for using a RS 232-chennel to commumnicate with other computers

snd peripheral devices. Thus it is possible to control such options as beud rate and parity as well as che
rnusber of start and stop bits with BASIC or machine language kernel routines, but no physicsl RS 232-chennel
exists in the standard configuration of the C-64. Therefore it is necessary to convert the TTL-level of the
C-64 I/0-signals either to the standard level of RS 232 (+/~ 3...25 V) or to s 20 mA-crrent loop. Because
of the inexpensive hardware realization (two optocouplers; two transistors) and the compizte gelvanic sepe-
ration of the coupled devices the current loop was preferred. The C-64 was comected with 3 MPS 4944-besed
CP/M-development system. The communication softwsre of the CP/M-system permits the received C-64 data to be
transmij tted to the console, to the print device (line- or type-wheel printer) or to a digital cassette drive /1/.
At present time the C-64 hardcopy data will be sent to the DMGP (SD 1154) off-line by using the megnetic tspe
cassette drive /2/. It is planed to install a one board microcomputer /3/ inside the OMGP to realize an
on-line contact with the C-64.

The hardcopy of high-resolution graphics (320 by 200 dots) takes some care becsuse the bytes of the screen
memocy of the C-64 are arranged horizontally, while the bytes selecting the needles of the DMGP are organized
vertically. A further complication arises from the demend of enlsrging the x- and y- axis of the graphics twice
to minimize the printing inaccuracies of the DMGP with respect to the graphic size. One short mechine language
program for the C-64 serves as a byte-generator of the bit-mepping memory acting horizontally, while sn aodi-
tionsl mechine language program working in the receiving system transforms the by'es verticslly snd doubles

the size of the graphics. This wey hes been shown to provide the most effective data transfer of the different
versions proved. The transmission of one hig-resolution graphics lasts about 40 sec. at a beud rate of 2400.
The printing time is limited by the velocity of the OMGF only. On the other hend, the deta transfer by megretic
cassette tape serves as an easy way to safe these graphics for later sccess.

T=0700 K
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Hsrdcopy of 9 high-resolution graphics genersted by the C-64
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/2/ Fromm, U., Fromm, W.0., Meinig, K.-H. snd Otto, G.; this report p. 137
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Bratisleve 1983, D13-84-53, p.204, Dubne 1984
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THE DATA-LINK- AND PHYSICAL-LAYER IN THE LAN GDP-NET
¥.<J. Linnesann:

Zentralimstitet fur Nernforschung, Ressendorf, Bereich &

The softwere of a comput r network may be considered as a set of cooperating distributed prosesses
organised a8 a hisrarchical strecture of layers. They are charscterized by the services offered to
the entities located in the next upper layer.

In the sortware package implemented in the distributed process—control systeam at tandem and cyclotror
aceelerater (1] the Application Layer is the highest one. It is offering the service for user tasks.
The lewest level consits of the Dets Link Layer and Physical Layer (Pig. 1). Por each layer main data
waits are the Interface-Data-Units IDW and the Protocol-Data—Units PDU.

Sender Receilver
from/to Applicstion layer to/from Applicaticn layer
(via Network Layer) (via Be.work Layer)
D-1DU 1 ' DLL-Service }
Data Link lLayer [ —-BbcBrofecel o) iy 14k Layer
(L) D-PDU
r~IU PL-Service
PL~-Protocol
Physical Layer "—"j’;——— ~®1 Physical Layer
LPL).

Pig. 1 Correspordence between layers, services and protocols

In our net we uae a CANAC system for Data transfer. Therefore, the logicai perameters of the CANAC medium
sccess wnit (Link-Nodul 1471) determines the Protocol Data Units ¢f the Physical Layer P-PDU.
The P-PDU (Pig. 2) 10 a set of LAR (look at me) signals and a transparent information.

Sender Receiver
16 b1t dataword 16 b1t dataword

LA (TLAG) LANS ( , ehake) (Rrror)
l | T b
“Physical transfer sediws (twisted two pair lines) )
Pig. 2 Protoeol Data Units of the Physical Layer (P-PDU)

The tasks of Uata Link Layer realises the logical control, frmms sssesbling and medium management. The
Interface-Date-Units of the Dats Link Layer (D-IDU) are: RECNBR (receiver number), CTRL (for response

handling) and WPPIR (user dates). The result of frame sssembling is the Data Link Layer-PDU (D-PDU).

There are two types of the D-PDU.

- Control frmss: E;P—l meom | o | cwrmis—cm 7 T res | ras)

- Inform. frame: [FLAG | WECWR | CTNL | DATABYTES (2-a092) | FCS | MLAG
PCS: Prame checking sequens, CNTRLS-CNTRL 7: Protocol Comtrol Unit (PCU).

(1] Rickmam, S. and Pulle, B.;mer 25 (1962)621
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A Verient for On-Line Repid Extraction in Nuclesr-Chemical Experiments with Crown Ethere

E. J. Langrock
Technische Hochschule Leipzig, SNW 2

K. Eichhorn
Zentralinstitut fir Kernforschung Roesendorf, Bereich G

K. Gloe und P, Mihl
Zentrelinstitut fir Festkdrperphysik und Werkstofforschung Oresden

For e number of nuclesr-chemical investigetions, sn on-line rapid extrsction systea ought
to be epplied. In litersture, systems have been described, in perticuler, where the recoil
nuclei froa ¢ solid thin terget sre trsnsported sway by means of @ He-jet and conveyed into
¢ solution /1-4/.

Skarnemsrk et-al. have described o system where Tab, 1

Hcl/N2 cerries out the trensport in to the so= nuclide energy Ty
lution /5/. Pb=197M 239.5 keVv 42 win
The verisnt of irrsdisting 8 solution, where @ 608.5 kev
(n.,g)-reaction teking plecs, spplied by Arons- Pb-199 ggg:; ::z 1.5h
son et sl. in 1973 was no longer presented in Pbe202M 422.1 ksV 3.62 h
the literature publicshed later on. 960.7 keV

In the present cese, it was inteniad to test Pb-204M 374.7 keV 1.15 h
the chemicel fundasmentals of the extrsction ggg:z ::z

under dynssic conditions desc-ibed in /7/,

For this purpose, the resction ""’Hg s ol

wes chosen snd an squesus target solution, Fig. 1 s
irradiated with He-nuclei of an energy of 17
26 HeV in the Cyclotron U-120 in Rossendorf, 4 3 3

For irradiating the squeous target solution,
a flow chember was developsd. The ion bess
(veacuumj entered the irradistion chaaber 4 &
(normal pressure) through thin foil window
(6 pm T1). A schematic sketch of the ex-
perinentsl setup is shown in Fig. 1. In
order to sepsrate the phases, s centrifu-
g2l extractor was used. A HgCl,-solution :;:c;::-2;5:;;.::::29r;-zzxziz:uf:;

st a pH-value of 4.6, was used as aqueous oxtglct;r: G-mixer; ;-storago 9

phase and 2 solution of 18-crown-6 in

benzene, as orgsnic phsse. The concentra-

tions corresponded to the conditions described in /7/. Alreedy few seconds sftsr the be-
ginning of the experiment, aliquots were taken out of both phases end evalusted by y -spec-
troscopy. The Pbeisotopes found are shown in Tab. 1.

The distribution ceefficient of 24 found for Pb, for the extrection into the orgenic phese,
did not change durirg the experiment, which four hours. Thus crown ethers may bs considered
suitable for the repid extraction. The flow chamber for irradisting liquid tsrgets hes pro-
ved servicesble. Applying this 1ethod, first steps have been reslized to extend the possibi-~
lities of nuclesr-chemicel methods for on-line investigetions in the liquid phese.
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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. Herbach, G. Musiol, G. Pausch
Technische Universitéit Oresden, Sektion Physik, W8 Angewandte Kernphysik

£, A, Ganzs
Khlopin Radium Institute Leningrad

The AP detection system, used in our TCAPM fission cross-section messurements at ~ 4.5 and

~ 8.5 MeV neutron energies /1,27, was optimizerd. Mean AP counting rates of 3600...3700/s

(&AP.-.:(' 4800/s3) st @ solid angle AQAP ~ 1.4 msr for AP detection end corresponding

background corrections of (1.5...2.5)% » (0.3...0.4)% were reached /17

- by chenging the resction kinematics st En v 4.5 MeV to get higher AP energies /1/,

= by utilizing A € detectors with optimum thickness, diameter snd homogeneity, and

- by applying a two-parsmeter unit with colour display /37 to optimize the eight electro-
nic thresholds and the coefficients for perticle identificetion /2/.

Fig. 1 shows @ AE-Er representation in the AP chsnnel st En = 4.8 MeV; in fig. 2 scette-

red deuterons are suppressed by sn optimus AE timing threshold /2/. Fig. 3 shows the

selected £E_window (E_= AE + Er) which includes the SH.-AP-p.lk. Becsuse of the over-

lepping totsi snergy. a complete separation of 3"0 from the ‘He bsckground is only possib-

le by selscting sn A window (Ap- 8 AE + b Er) (fig. 4).

At E_ = 8.65 MeV, four slona groups have to bs suppressed (fig. 5).

Figures:
1 5
2134

RZFLRLNCES

/1] C.M, Herbach et al., report 05-06-85, TU Dresden, 1985
2/ C.M, Herbach et al,, report 05-07-85, TU Dreeden, 1985
/37 .0, Fromm, M, Kshlanbach, ZfK-530 (1984), p. 131
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ANALYSIS OF ASSOCIATED PARTICLE SPECTRA IN TCAPM FiISSION CROSS-SECTION MEASUREMENTS
AT ~19 MeV NEUTRON ENERGY

C.-M. Herbsch, K. Merle, G. Musiol, G. Psusch
TechnischeUniversitat Dresden, Sektion Physik, WB Angewsndte Kernphysik

L.V. Drapchinsky
Khlopin Redium Institute Leningrad

In our TCAPM tission crose-section measursments at E_ A119 MeVv, selfsupporting Ti-T targets
(2...3 lg/CI ) covered by thin Al leyers (~0.2 -g/c- ) are used for neutron production,
Unfortunately, (d,o.) reactions occur at the Ti, the Al layer, end at the oxygen which is
bound st the target surface and in the whole target volumse /1,2/., 'he energy spectra of
such alphas and "true™ accocieted particles (AP) overlsp, and s background correction
becones necessary, In general, various Ti-T and Ti target foils are available during the
cross-section measurement, but no pair of foils with identical Al layers and oxygen depth
profiles. Therefore, the background correction must be based on a separate enalysis of all
beckground components, considering the true target composition (fig.):

1) An “Al" spectrum (A) ie obtained from s pair of
Bocleground correction procedurs Ti foils of comparable thicknesses with and
%‘ T toret vwm w’"\,\,‘,@, without Al layer, considering & spectra norma-
THforoet without Al lgyer - lization relative to the number of registered
scattered deuterons,

‘ﬁil;ﬂ—fjff 9‘W§¢HK> 2) A "Ti” spectrum (T) is obtaineo from a Ti foil
3 “~f7DHA¥qwﬂAL¢" without Al layer and of a thickness compsreble
; e n_uw.-mw y Sl e to that of the used Ti-T target.
/'&\ Mm&hﬁm 3) The "Al” and "Ti"” spectra are normalized to the
3 A fon "effect” spectrum (C) of the Ti-T target, The
{ %‘“'Tmmﬂ with Al layer normalization factors a, b are derived from the
2 ) R &xhﬁimdﬂmvmmm: Al normalization range, where no oxygen compo-~
| Ah::: nent is present and the Al component consists of
0d.d) separated peaks. By calculating the difference

(D) = (E) - a+(A) - b+(T), @ 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.

4) Considering the level scheme of 16, and the
reaction kinematics, the conclusion was derived
that the 16o(d,u) component consists of {wo
separated peaks, Secause of the energy loss of alphas within the target, the peaks are
broadsned and the shapes correspond to the oxygen profiles, Using the peak distance and
pesk ratio determined from measured spectra (Ti foil; high oxygen component), the resi-
dual oxygen componsnt within the AP peak is calculated from ths oxygen component in (D)
outside the AP peak, By calculating thie "residusl oxygen” spectrum (0), the energy
threshold for alpha detection (caused by AL detector thickness) is taken into sccount,

5) The complete background spsctrum (B) » a(A) + b(T) + (0) is used to calculate the back-
ground portion within the AP window,

This procedurs wae implemented at an SM-4 computer,
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EXPERIMENTAL DETERMINATION OF THE SHe(d,p)*He BACKGROUND PORTION IN TCAPM<MEASUREMENTS
OF ABOUT 19 MeV NEUTRON ENERGY

C.=M. Herbach, K, Merla, G, Musiol, G. Pausch
Technische Universitét Dresden, Sektion Physik, WB Angewandte Kernphysik

L.V. Drapchinsky, E.A. Ganza
Khlopin Radium Institute Leningrad

The production of 18.8 MeV neutrons in absolute fission cross-section measurements by using
the Time-Correlated Associated Particle Method (TCAPM) was performed based on the
T(d.n)‘He-reaction by 6 MeV deuterons /1,2/.

decause of the T-decay, the 3He(d.p)‘ue-reaction can generate background of -events which
are registered by the associated particls (AP) detector., For deuteron energies > 0.5 MeV the
reaction cross-section is in the order of the T(d,n)‘He cross-section /3/, and background
portions of ~1 % seem to be possible also for new Ti-T-targets (ege ~ 30 days). The reaction
kinematics are nearly the same, therefors the 3He(d,p)‘He backg.-ound events cen not be dis-
crimineted from the AP's by means of pulse height analysis.

By performing the background correction only based on measured spectra at non-tritiated
foils /2,47, certainly, this portion is not taken into account and would lead to a systema-
tic error of the neutron flux measurement, In order to consider this additional background
exactly, the correlated protons (P) were counted by a AE-ER-samiconductor telescope which
was placed inside the vakuum chamber (Fig. 1). An abso-ber foil was used to screen the de-
tectors from the scattered deuterons, The application of the telescope-technique was fa-
vourable in order to discriminate the detector pulses caused by x%ray.

In contrary to the figure, by employing a smaller AP detector diaphragm (@ 3 am) it was
guaranteed, that the correlated P-cone was fully glaced within the solid angle of the
P-detector (diaphragm @ 9 mm). The 3He(d,p)AHe background portion was determined by counting
the coincidences between AP- and P-svents in relation to the number of the registered AP's,
All electronic levels were set 8s in the cross-section meesurement. To check up all con-
ditions and to identify the P’s, single and two-dimensional pulse height spectras of the
P-detectors were registered.

The meesurements at three different Ti-T-
targets ~30 days after their preparation
resulted in values of (0.25+0.10)% for the
Vet g1 wopm P/AP=-ratio. This confirmes the measurement

Mg 94T dom which was performed after the cross-section
measurements /5,6/ by using a comparable
system with the result of (0.35+0,30)% (/2.77.
The difference to the theoretical estimation
should be caused by the escape of 3He-gas
out of the foil,
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Fig, 1: Block diegram of the P/AP-ratio mea-
surement (geometry as in the proton
cone measurement discribed in ref./8/)
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CONE BROADENING IN TCAPM FISSION CROSS-SECTION HMEASUREMENTS

C.=M. Herbach, 3. Musiol, G. Pausch
Technische Universitit Dresden, Sektion Physik, W8 Angewandte Kernphysik

The only possible source of undetected systematic errors in fissjon cross-section measure-
ments by mesns 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 oauterons or sssocis-
ted particles (AP) can produce errors if it leads to a considersble part of correlated neu-
trons which do not hit the fission foils. Therefore, much care was taken to an exact expe~
rimentsl determination of the neutron cone profile /1-37.

In various cone profile measuresents carried out during TCAPM fission cross-section measu-~
rements /2-47 and using a8 scintillation detector placed outside the reaction chamber, a
“tail” was observed st a level of about 10°3 of the cone maximum. Theoreticsl estimates and
an additionsl cone profile messurement with a scatter which simulates a thicker vacuum
chamber wall /37 suggested that this is an affect of neutron scattering at the fission
chamber material and the vacuum chamber wall. This suggestion was proved by s direct measu-
rement, making use of the nearly identical kinematics of the T(d,n)AHe and the 3He(d,p)AHe
resctions: Because of the tritium decay, the Ti-T targets used for neutron production in
our 18.8 MeV messurements contain noticuble amounts of 3He, and 4He particles from 3He(d,p)
contribute to the total AP counting rate /2/. By measuring the profile of the correspon-
ding cone of correlated protons, the influence of deuteron and AP scattering within the
target foil on the cone shape is 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
8 measurement of the neutron cone profile inside the reaction chamber should allow to discri-
minate neutrons scattered at the chamber well because of the additional flight path and the
snlarged 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 57 . The
messured profile (fig,) shows that the "tail" observed in a corresponding neutron cone
messurement is caused only by neutron scattering, and the shape of the initial neutron

cons outside the fission samples down to 1076 of the maximum value can be described by an
sxponent ., This fact was used to estimate upper limits of the error Ecb caused by cone
broadening in TCAPM fission cross-section measurements. A calculation for the geometry of

the 235U measurement et 4.45 MeV, based on cone _
profiles determined experimentally, resulted in g HORIZONTAL CON :?:$ m:nmimnruﬁ
Ecp €01 % (67, £ e e
3 At eekins b Tidni
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CONSIDERATION OF THE 12C(n.n')3oc -REACTION AS A BACKGROUND SOURCE WITHIN A METHAN FILLED
FISSION CHAMBER FOR NEUTRONS OF ~19 MeV

C.=-M. Herbech, K. Marla, G. Musiol, G. Psuach

Technische Universitidt Oresden, Sektion Physik, WB Angewendte Kernphysik

In order to detect the neutron induced fissions in cross-section ssasuresents ususlly en
ionization fission chamber (FC) is employed. Decause of its high electron drift velocity

( ~ 10 ns/mm), the application of methen as the chamber filling gas is advantsgeously to
get very short current pulses and therefore to minimize the pile-up probsbility of o -pul-
ses from the neturel acivity of the fission foils.

But in absolute cross-section measurements, the 12c(n,n')scl. ~resction within the methen
ges must be taken into account as s background source. For 18.8 MeV neutrons this reaction
(G»370 mb [i’ , Q= 7,27 MeV) generstes events with s rate in the order of the induced

fission rate. For specisl trajectories of the

L2 H 75 Energy | MoV

Sy £ ot * ; three gL-psrticles, energy losses up towi1l

E; 23M-U FISSION CHAMBER MeV cen be realized within the FC To identify

g INA RS NEUTRON FI§LD

28 the resction, sn expsrimentsl test was perfaor-

© {SHOWN |N THE LOW ENERSY RANGE |

104 med by ueing a methen chamber without fission
"i‘ foils. When the chamber was put into the neu-

" tron flux, pulses could be observed sbove the
m# .;:7___ A -pulses from natural electronic noiee (Fig. 1). The correlation of

these pulses with neutrons was proved by @
time-of-flight measurement.

In our TCAPM crosse-section measurements at
18.8 MeV on U-235 /27 , Pu-239 /3/ and U-238
/47 1t was not possible to discriminete the

\( “ target oty
wiect.onie L K
noise \ N
2 s ~
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Fig. 1: Comparision of spectra with and
without fission foils within the FC
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12C(n,n')3nl.-bockground events by means of the
CFT-threshold, because it would leesd to coun-
ting loesee within the platesu region of the
FC spectrum and therefore to a higher uncer-
teinty of the threshold correction to zero, To consi-
der the neutron correlated background in the FC
channel, the following procedure was applicated

(Fig. 2): A lower limit Ko was introduced which
characterizes the lower end of the linear plateau
region. The number of correlated events (Nu-n‘ )
below ko was determined as the difference of the to-
tal number of events below ko (Nu) and the number of
random (-AP coincidencee (N, ) which wee calculated
from the direct FC spectrum and the CFT efficiency
curve (Fig, 2). The correlsted events were subtracted
from the number of coincident fiesions N:. Fission
fragment pulses below ko were detsrmined by s linesr
extrapolation of the plateau region from ko (N‘“).
Though the ratio (Nu- “)/N: can reech velues up to
~6 % the additional uncertainty of the correction

is very small and is only caused by the error of N,
calculation, if all coincident fissions were collected
in the spoctrum during the whole messuring time.
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A CORRELATION BETWEEN FISSION FRAGMENT ABSORPTION LOSSES AND THE PLATEAU HEIGHT IN
FISSION CHAMBER SPECTRA

C.M. Harbach snd G. Psusch
Technische Universitdt Dresden, Sektion Physik, WB Angewsandte Kernphysik

In most of the progressive fission cross-ssction messurements, the detection of fission
events is bssed on the registration of fission fragments using parallel plate ionization
fission chsmbers. In general, the absolute detection efficiency is determined by linesr
extrapolation of the "pletesu” region in ths fission chamber spectrua from the detection
threshold to zero at the pulse height scale, and by calculsting the counting losses due to
sbsorption of both fragments within the target foil using a parsmeter Ro which describes
the fission fragment renge in the target materisl,

The relation
feE) - x(E) = R = R(F) (1)

between the energy spectrum Y (E) of the fission fragments which leave tha terget layer
end the absorption correction K(t,Ro) (t: terget thickness) ellows to derive s corrslation
between ebsorption losses and the pletesu height in the fission chasber spectrum [1] .
if the renge-energy function R(E) for fission fragments in the terget material is known,
For thermsl neutron energies the absorption correction becomes simple [2_/ ., and (1)
results in

OK(t,x(E

1
Y (E) -% . mz . %ﬂ for x = Ro - R(E) & ¢ (plateau region):
P (E) = = CEE) for xar -R(E)CE (2).

The ratio yp/Ko of the plateau height to the asbsorption losses then does not depend on
the target thicknssu and on absolute R(E) values, but only on the shape of the range-
energy function, 1if Ro is determined from R(E) and the known fission fragment kinetic
energy.

A first estimate of the absorption losses for the fission foil configurstion used in our
235y f1seion cross-section messurements at 4.45 and 18.8 MeV [3] was performed [1] '
based on measured fission chember spectrs and a simple calculation of ['4 /Ko applying new
stopping power dats [4/ (fig.). The calculated lower edge of the fission fragment peak
for the experimental fission chamber geometry wes employed to calibrate the energy scale
in the plateau region [5] » This estimata results in sn experimental range parameter
"exp . 4,7 ng/cnz; an sdditional correction of 0.85 % wes found due to the non-linear
plateau shaps at lower energies,

The described method allowe to determine en individuel range parameter for each fission
foil which coneiders chemicsl composition and surface roughness. Further theoretical and
sxperimental invastigatione are necessary to gat detailed information on the seneitivity
to stopping power dats and on the uncertainty of the energy scale in measured fission
chamber spectra.
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DETTRMINATION OF TH. AREAL DENSITY OF THE PU-239 FISSION-FOILS

K. terla, C.-M, Herbach, R, Perez

Technische Universitat Dresden, Sektion Fhysik, W8 Angewandte Kernphysik
0.1, Kostochkin, S.M. Solovjev

Khlopin Redium Instituts Leningrad

In hitherto zarried out Pu-239 fission cross-section mesasurements 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- mein nuclid). The determination of the aresl densi-
ties were carried out at the KRI by low geometry 8- counting. All published results are bes-
sed on these values with totsl errors of about 1 5. At the TUD a low geometry counter /4,57
was built up to ensble independent messurements. At first sll Pu-foils used in the messure-
ments at 4.6, 8.65 and 18.8 MeV were investigeted, Cach foil was measured by 2 different de-
tectors © chek independence of datector properties., BSut 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 /6] using results of geometrical measuraaents at . 3-dimensional set-up. 3esides
these calculations with 3 independent systems of nearly the same aperture-g at the target

8 comparison test with an targat of excelbnt homogeneity was performed to check the cslcu-
lations result, All the results of this test corfrespond within the error limits and the
small divergences were used as corrections to the geometry factors (0.21 to 0.46 7;) (fig.1).
A typicslgt-spectrum is shown in fig. 2. At the spectre the following corrections had to be
considered (in brackets typical values in the Pu-239 messurements);

- background correction determined by independent measurements before and after the runs
(0.01 t0o0.47% - increasing becasuse of insignificant contemination o. detector and
spertures during the runs)

- correction of o -pulses originating in the dacay of Pu-238 within the layer (this emount
was only determined out of the spectra to sbout 1.80 %)

- extrapolation of the spectrum from the discr. level to pulse height zero (2.1 to 0.2 })

- pile-up correction (< 0.1 %)

Gesides the error components by the corrections a: the spectra and the geometry factor the
following were congidered: - half-life period (employing Tza- 2.411.10‘y) {77 0.12 3}
VY4

- backscattering out of the deteftor 0.10 3
ke ANRTUNIS COMPRSON Fig.1 - large angle scattering B/ 0.2 %
e
790 1 L In the tsble the results are given, The
i Tab.1 —s—
Foil=No, ms(ug/cu ) total error was estimated to about 0.61 4.
[~ “1’ o T 55675 + 1.7 The total areasl density of sll the foils
2 163, 1.0 ,
5 T3 3 138.3 :: 0.8 differ from the KRI valus (1145.2) 0.30 9.
—ar h“,:,’;'r',"‘;‘,‘;, 1? :gg.g + ig A revise of the ascertained cross-section
' " — 13 1081 T 1.2 values using thesa new areal density re-
» l » - .
% T 1 I sults of better precision is planned,
ten |00 o Fig. 2 1148.6 + 6.9
.Ill.lllll.;..lll.'.
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OETERMINATION OF THE INHOMOGENEITY OF U-238 FISSION-FOILS 3Y RDS-MCASURIMENTS

K. Merls

Technische Universitit Dresden, Sektion Physik, \V8 Angewsndte Kernphysik
R. Groetzschel

Zentralinstitut fur Kernforschung, Rossendorf, Bereich KF

In the TCAPM fission cross-section measurements the inhomogeneity of tha fissile layers is
of interest because it makes a direct contribution to the total error of the G}-onsuro-
ment. In case of materials of high enough own ol-activity as Pu-239 and U-235 this parsse-
ter was determined by a scsnning messurement as described in ref. /1,27 but at U-238 with
8 lower Ot -activity messuring times of about 10 month would be necessary. Therefore at
U-238 this parameter wss determined by Rutherford-Backscattering messureaments et the Van-
de-Graaff-sccelerator of the CINR Rossendorf with the fallowing msin exp. features:

- 1.7 ngv ‘Ho-ion beam of about 10 to 17 nA besm-current

-~ 15 mm© S1(SB)-~detector, placed in an distance of 130 mm to the target (angle relative to
the beam axis 190°)

- the normslization of the spectra was reslised by an current-integator to an absclute
value of 30 (statistical uncertainty £ 0.2 )

- measuring ints of 3 mm diemster were located in the centre of the foil (J 21 ma) snd
8 on a circle (§ 12 mm) in steps of 45°

The fig. shows the RBS-spectra of 2 fission-foils, which were prepsred by different tech-
nologies (HF-sputtering, separation out of an aetal-orgsnic compound). The spentra show a
main peak originsting in the foil material Uraniusm. Its high energy edge arises from ot-
particles backscattered at the target surface, its low energy rdge from o -particles back-
scattered at U-nuclei on the backing surface. Lighter elements from the backing give over-
lapping pesks at lower energies. The used ORTEC-7040 MCA disposes of software possibllities
for a linesr background subtraction using only the contents of the border channels for
interpolation, so that the result shows a strong dependence on these both statistical
varying numbers, Therefore the brutto area of the effect peak was used as a measure of the
Uranium contents, It is possitle because

- the bascking of constant thickness gives a constant pile-up background
- the dependence of the Rutherford-scattering cross-section on the depth of tne scattering
position is negligible because of the nearly constant layer thickness.

Because the peak-width is 8 measure for the layers total thickness the ratio peak-area:
peak-width should give additional informations about the layers real structure (perhaps
ballast substences).
The stability of all the experimental componants was controlled by the position of the high
encrgy edge of the Uranium pesk., All obtained results were repraduceable within the total
error limits of 0,25 4. B fission-foils with the following parameters were investigated:
- areal density 289...521 {ug/cmz

n

— - gstand, deviation of the podints outside the
N1} AR pesespmo ot centre 0.51...2.94 .,
ey Y ey Fesion- - averaged difference to the central point
f’r . 1 U Fawen iy 0.16...3.57 .,
4 H et lors  “we - total inhomog., 0.53.,.4.03 _,,
; , ,:4.‘_: foergy 17 Mg .
i ! T Duwtector orgie 190 By an optimization beetween the error contribu-
o —>border of suwmor - . . -
) ~> /%ggkgp \ 1w poo e tion by the total inhomogeneity of the optimi
* ! sed fission-chamber (calc,.mounting pos.of each
Tﬁﬁg I‘ \ foil so, that the stand.dev.,of the round points
im 13500 - fot
LI B e | /12088 pgtent) will be a minimum)/2/ and the reachable stati-
% k stical uncertainty in the fixed measuring time
' i | gave the best vaelue for the uss of the 5 best
% 1 f foils, This arrangement was used in the 18.8
it
l A | MeV measurement (%7,
100 - R — RCFLRENCHS
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SEPARATION OF OUTER-SHELL SATELLITE X-RAY LINES AT 30URCES OF HIGHLY IONIZED ATOMS
W. Wegner

Joint Institute of Nuclesr Resesrch, Dubns

G. Zschornack

Tachnicel University Dresden, Oepartaent of Physics

Calculstions for the evolution of ionic charge states by multistep electron impsct ioni-
zation in sources of highly ionized atoms have been published earlier in ref, [1/. It hss
been shown, that the width of the charge distribution keeps values of seversl charge units
over the whole ionizing process up to high charge states.

Ve investigated the possibilities of » wavelength dispersive X-rsy spectrometer to sepers-
te satellite lines of neighbouring ionic charge stetss,

1
0l
°r — Fig. 1
o Resolved outer-shell satellite lines
0 M Lir 1200 for the K a1 and Laa transitions
08 % siopnio (hatched aress) by the Dubns
ol JOHANSSON spectrometer, using
sl $i0,(1330) and LiF (200) crystsls.
I - stage of ionizetion,
20}
w0 *g
A -k W S G . 1 Iy

The outer-shesll satellite lines of the K- and L-series are shifted relative to the diagram-
me lines by 1071 ev to 102 ev /2/. Due o the nstural line widths of radiation one can
expect that high resolving crystal diffraction spectrometers are not able to seperate
X-ray lines over the whole charge spectrum,

Estisstions have been csrried out for the Dubne JOHANSSON-spectrometer /37 assuming nearly
resl measurement geometry. Vie have examined the K‘,L1
red by use of a S10, (1330) and 8 LiF (200) crystal.
The resolving power of a crystsl diffraction spectrometer depends on the BRAGG-angle
snd the reslized angulsr divergence A Y :

and L-L:l lines which could be measu-

_1_‘_-_ N E . tean o I
A\ AE AY

where AY consists of the components AU, - the width of the crystsl mossic distribution
and Aﬂ's = the geometrical width,

Beceuse of the dominating influence of AS'G over a wide range of 3‘ . assuning real measu-
rement conditions, we took into considerstion the netural line widths gg“:\ and Aj'c,
neglecting the qualitative parameter 53"(. Therefora our estimations are to be understood
88 a lower limit of possible resolution. The geometricel aberrations have been simulated
statistically by the computer code VERDI 1 /%4,

Under the condition, that the resolution of the spectrometer has to be equel 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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TIMPERATURE CONTROL CF AMALYZER CRYSTALS IN CRYSTAL DIFFRACTICON SPECTROMETERS WITH
DISCONTINUOUS OPTIMIZED CONTROLLERS

D. Kreiseler
Joint Institute for Nuclesr Research Dubna, Division of New Acceleration Mathods
3. Zschornack

Technical University of Dresden, Depsrtment of Physics, Division of Applied Nuclesr
Physics

To realize a working regime with high stabilized temperature on the sneslyzer crystal of
crystal diffraction spectrometers, to use in precision measurements the high accurscy of
the best known x-ray stendards, s parameter optimized discontinuous controller was spplied.
The base for it was an available CAMAC-equipment for the tempersture mesurement and con-
trol /17 with a precission of 0,02 K and a deliver unit, gensrating adjusting values of
1024 heating st2ps for the current supply of 8 heating coil on the crystal holder.
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After a choosen scanning time To an interrupt of the running measurement programme by the
computer f1ZRA 60-30 takes place and a discontinious control algorithm is started, which
has the form of a difference equation

U(k) = u(k-1) +» g, ea(k) + qq e(k-1) + 9, e(k-2)

with

U : value of adjusted parameter

o : control value deviation from reference input

a; control parameter

k : repetition step

The identification of the controlled system and design of discontinuous PID-scting control-
ler aro computer-aided and provided in dialogue with a system of connected computer MECRA
60-30 and microcomputer INTEL 8080, "ssential support for the design of the controller
arises from graphicsl representation of results on a colour display. This possibility was
usad for a qualitative report of control and adjusting processes,

3asing on the developed program system for digital simulation the design of the controller
was provided, For the disturbed process a maximum temperature deviation AT of 0,04 K was
found, Gn Fig, 1 the course of the control and adjusting values for optimized control
parameters is shown. The sampling time was 4 min,

RUFLRINCES
[1/ Dunin W,B, et al,; Preprint JINR, P 13-83-287, Dubna, 1983
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A TWO-BEAM LASSR ANGLE INTERFEROMETER FOR BRAGG CRYSTAL DIFFRACTION SPECTROMETERS
G. 2schornack
Technicel University Oresden, Depertment of Physics

G. Miller
Technicel University Dresden, Depertment of Information Processing

G. Karrasch, W, Schulzs, W. Wegner
Joint Institute for Nuclear Ressarch, Oubns
For s precise definition of the crystsl angle position in diffraction spectroseters s laser
sngle interferoreter was developed snd applied at tho JINR Dubns. The diffraction spectro-
sster works basing on » master drive with a transaission ratio i_= 37228 and foras from the
1.5°-onglo increment of the stepping motor sn angle atep of 0.145 arcsec. This value has
stochestic character and deviations from idesl values may be verry isportant (reasons: quali-
ty of keying, sssembly conditions). Using the increments from the laser interferometer for
the angle messureaent, it is slwsys possible to drive into the lock-in range of a slow-no-
tion control device (4762°), realized with piezoelectric crystals. This device allows in
connection with the laser interferometer a fine adjustment in the range 4 =0,2 arcsec.
Fig. 1 shows the opto-mechanical assembly of the

m i
K 3 _‘#_ /ﬂ’( interferometer. It is build up as » two-beam inter-

ferometer, that allows to snalyze a maximum anguler

range of + 26°, The leser besm L5, emitted with smsll

‘ £P1 EP2 wa bl divergence by the laser L, i3 splitted on tie beam-

iu1i3 Hu\*a splitting cube TW in two components L31,2, The single

H beam components asre reflected on pentagonel prismes

} 1 2 L8 L PP1,2,3 in direction to the triple prismss TP1,2

L n 5 which are mounted on the shoulder 5, rotating around
- 81

the crystal axis KA, Here they are reflecved to the
Fig.1 Opto-mechanical ass:mbly of the final prism [P1,2 and from EP1,2 vertically adjusted
inter ferometer, back to TVJ.

Owing to the rotation of 5 in both branches of the interferoneter different Doopler shifts

of the beam frequency fL are genarated, In TV both components superiapose to a best fre-

quency fs, where fs<K fL. After the receivers 5.1,2 the signals are processed in the inter-

ferometer electronics /2/. In the signsl processing device onc signal is delayed and a fre-

quency multiplication (8 times) for both channels take place. The anguler increment A/32R

has » maximum value of 0.012 arcsec for a given distance R of both triple prismas, All re-

gistrated values are counted in a bidirectional counter and topicel datermination of the

angle 1n interfe->.: tur irits ccecurs for an average of 300 counts,

In Fig. 2 the counter content without average

is shown, This reprasentation demonstrates the

uncartainities of the angle determination due

¢4 to influsances outside of the opticel branch.
This uncertainities are in an average region

of about 30 interferometer units, that

corresponds to an angle interval of less

than 0.4 srcsec. The two-armed construction provides the independence of the angle enslyse

from lateral position varistions of the crystal, which can occur due to support conditions

of crystal table snd bottom drive in the order of some micromete-s /3/.

First meassurements demonstrate the operating function of the interferometer in en angle range

of 15°, .
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Fig, 2 Uncertainitieeofangle determinstion due
to influence outside of the optical branch.
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INVESTIGATIONS JITH THE ATM OF INSTALLATION A LOG-LEVEL xasmen

3. H. Kia® S, Unterricker, W1, Stolz, D, Degering and D. Hebert

3ergekadeaie Freiberg, Sektion Physik

0. Simon

Z1IPE - AuBlenstelle im Kelibetried “Vierre®

+ Aspirant, Xim I1 Sung Universitit Phjongjang, KVOR

Components contributing to the beckground of » Y-opoctroutor are the netural sctivities
of the U- and Th-cheins end of 40-K decay in the environment of the detector, the shiel-
ding snd the detector meterisls snd evenms which ere induced by cosaic rays. These back-
ground sources sust be carefully investigated by esteblishing & low-level )Y-spectrometer,

Beside shielding of the detectors by messive walls of low activity ssterisls the beck-
ground can be reduced very effectively by sn additional geologicsl shielding [1.2]. e
deternined with en overlay of 200 mwe an sttenuetion of the suon induced background to
10°2, which s nearly energy independent in the energy range of S MeV to 200 MeV. In the
energy range below 5 HeV this effect i3 not so obviously if natursl r-ocuviuu doainate.

Jie heve messured r-bockground spectrs in the energy range up to 4 MeV by 8 NaI(Tl)- and

® Ge{Li)-detector in the mining district of Freiberg (Reiche Zache, overlay 140 a gneiss
~ 380 mwe) and 8 salt mine of the Jerra district {overlay 500 a lower buntssndstein and
s8lt ~1100 swe), The cavity in the salt mine has an envirorment of more than 10 s of rock
salt. Teble 1 susmsrizes charscteristic figures of the Y-background spectrs mesasured by @
10 ca® Ge(Li)-detector and & 256 chennel enelyzer,

Teble 1

Selected photopesk and integrsl rates (up to 4 MeV) in counn/lo‘t

location Ep= 1,46 =1,76 =2.61 MoV | Ep>0.2 >1.5 >2,7 MeV
surface lab. 539(9) 48(4) 76(4) 113000 29680 97(4)
R.Z., 1.Sohle ~380 mwe [1240(10) 65(5) 105(4) 133000 3540 0.9(4)
selt mine

Merkers(Rhén)~1100mwe | 180(20) 1(1) 1 10500 26 -

Up to the 208-T1 line et 2.61 MeV the values of the gneiss cavity are lerger than corree-
ponding surface values. This is e consequence of the high U, Th and K contents in this
field. Coupled with this is s relstively high Rn concentration which strongly incresses by
the interruption of ventiletion [2] . Of course the background sbove 2.7 Mev is strongly
reduced,

In the salt mine the beckground results are much better. This environment has very low U
snd Th contents, which sre below the detection limits of our natursl sctivity and neutron
sctivetion analyses messuresents ( <0.07 ppm of U and < 0.01 ppa of Th). Rn wes slso not
detsctable. The only problen is the K concentrstion, which results in @ pronounced K-pesk
ond the corrssponding Compton beckground, '7e determined a Kzo equivelent of 0.21 % in the
rock salt, Thie reletively high (0.1 ... 0.2 §) K contant is charscteristic for the rock
sslt of the \Werrs region, Much better results one cen sxpect in the SteBfurt rock sslt of
the Bernburg district. In this case & sinimus K,0 equivelent of 0.02 5 in ths environment
of & Jocetion is possible, which must result in @ very low natursl r-ocuvny. In connec-
tion with @ shislding by selected nateriels end also low activity conatruction saterisls
for the detactor complex » very low Y-bcckground con be expected. Neturslly euch & loca-
tion for o[-.poctronur bringe probleme with ths ssintensnce, the ssmple exchenge end
slso the selt duet,
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FasST TRIGGER FOR FEUTROY TINE-CPF-FLIGHT EZTASURENEN?

P. Eckstein, A. Meister and U, Gobs
Techunische Universitit Dresdea, Sekticam Physik, ¥B Xerunphysik

The experimental imvestigation of chemical imduced shifts of neutrom resomances /1/,

Doppler-broadening of neutrom rescvances /2/ as well as other effects /3/ requires a
registration of ainute differences betwe+a the positions and shapes of neutron resonances
observed with differsut samples. Neutroa transaission megsureaents with the time-of-flight
techaigue at the Dubna pulsed resctor INR-30 operated in boaster mode with the linac
LUE-A0 guarentee for low-energy rescuances the necessary energy resolution as well as 2
high counting-pulse rate needad for statistical accur--y. The neutron detector used for
such measuresents comprises a lithius-glass scintillator and a photomultiplier,

Por a precise processing of detector pulses, the rate of which changes very strong and
fast, a trigger was developed with ECL-technique /a/,

The trigger possesses the following parsaeters:
- input pulses: positive or negative polarity, pulse length 2 4 ms
= threshold: adjustable in digital msnner (& bit)
from ¥ 10 BV %0 2 150 av with steps of 10 aV
meximum pulse rate: 2 107 ¢!
output pulses: = 0,7 ¥V at 505, adjustable pulse length>25 ns
dead time: adjustadle = 45 ns
current supply: + 6 V (150 mA), - 6 V (600 ma)
case dimension: 55 x 100 x 140 =md

The detector pulses are fed by an emitter follower to a fast operational asplifier working
as a comparator, The trigger has a logic devices guaranteelng a constant dead tine after
each registrated event, this is realiged by charging and discharging a capscitor by con-
stant current,

The presented trigger was used in transsission measureaents and was working reliasbly up
to a maximum pulse rate only determioced by the scintillation time constant of lithium-

glass scintillator (about 75 ns). Without dead time device the trigger was also success-
fully tested for input pulses having lengths of 1,..2 ns.
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Pig, 1
View on the trigger device described here,
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GRADUALLY EVAPORATED FOILS FOR ARBERRATION CORRECTION OF FISSION FRAGHENT TINE-OP-FLIGHT
1IN A DIRRCTION-SENSITIVE ARRANGENENT

K. Birten, D. Echter
Techaische Universitit Dresden, Sektion Physik,WB Xernphyeik

¥, Beubert, I. Probdst
Zeatrel institut fiir Keruforschung Bosseudort, Bereich kP

Poils with a gradually changing thickness have been prepared by a stepwise evaporation of
PORMVAR (~ 90 ,udaz) with eluminium (210 ,udelz siogle-layer thickness) to correct for
different fission fragment time of flights due to the geometrical aberration in a direc-
tion-seusitive detector arrangesent. Fragment direction and time of fligh: are measured
by the use of special set-up counsiasting of a siagle parallel-plate avalanche counter PPAC
(transmission detector located beside tue fission ssmple) and a position-sensitive one
(PPAC(PS)) /1,2/. The PPAC(PS) is mounted in a straight frame. Heuce, the fragment flight
path and, cousequently, tbe fragmeat time of flight for a given kinetic epergy per nucleon
depend on fragment direction. If this “aberration” is small, it can be corrected for by
the use of a foil with gradually changing thickness to retard the fragments defianitely.
The preparation of such a foil requires an accurate evaluation considering the stopping
power of the PPAC foils and the workiog gas (heptane at about 1300 Pa pressure) and
varying the thickness of the stoppiog foil to obtain an unigue fragmeat time of flight
for all directions. The stopping foil position was chosen in the middle of the distance
between both PPAC. This arrangesent was assumed to be optimum, The evaluation procedure is
carried out by the use of a FORTRAN code enabling the calculation of the total time of
flight of a fragmeut charscterized by mass pumber and initial kinetic energy.

A1l vecessary stopping power datea are introduced /3/. Obviously the fragment welocity is
& local function. Hence, the whole fragment time of flight is obtained by iategration.
The deduced stopping foil thickness, which is a continuous local function, cao be
approximated by a stepwise function. This is the pattern for the evaporation procedure.

The described method of aberration correction is only rea;snable if the maximum flight
path distinction is lower than about 10 %.

It was testet with fragments from spoantaneous fission of -’5zcr. Ia this case, the
symmetric fragments had a unique time of flight to distinguish between the light and the
heavy fragment group in a simple msaner. An alternative method is a multi-paraaeter
neasuresent including fragment time of flight and position and a corresponding off-line
sualysis (ct. /2/).
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BXPERIMENTAY. ARRANGEWENT FOR THE MEASUREM:NT OF CORREILATICES BETWERN FISSION
PRODUCTS AMD MNEUTRONS

H. Birten, D. Richter, D. Seeliger
Technische CUniversitdt Dresdea, Sektion Physik, #B Kernphysik

¥.D, Fromm, W, Neubert
Zentralinstitut fiir Kemnforschung Rossendorf, Bereich kP

The application of a direction-sensitive method of fragment spectroscopy ensbles the
messurement of the whole neutron emission distributiom N(E,9), i.e. in dependeace of
lab, frame euergy and emission angle with reference to light-fragment direction,
sisultaneously. Hence, several systematic errors are avoided /1,2,3/.

An extended spectrometer based on a fragment detector srrangement consisting of a single
parallel-plate avalanche counter (PPAC) and a position sensitive one is used in connec-
tion with two fast neutron detectors. Fragmeat direction, fregment time of flight
(FP-TOF) end neutroa time of flight (n TOP) for both neutron detectors (D1, D2) are
measured three-dimensionally (Fig. 1). The single PPAC located beside the fission sanple
(5 ma normal distance) provides the timing signal T-PPAC for the FF-TOF as well as the
a TOF messuremeat. The time difference between T-PPAC and the anode signal T-A of the
position-sensitive PPAC is a measure of FF TOF (about 100 mm flight path).

Pig. 1

Scheme of si processing and data

acquisition (see text). Dashed lines

represent logical signals.

(TAC - time~-to-amplitude coaverter,

COINC - coincidence unit, ADC ~ analogue-

to-digital converter, MI - multiplexer
interface. DMA - direct memory access).

5

S Ly

R = — 23! The cathode of the position detectc: (180 mm
————— =3 length) is subdivided into 36 segments, whose
—~— — signals are coupled into a delay line inductively

(220 ns maximum delay) 7ielding the time signal
T-D1. Measuring tune time difference between T-A and T-DL ome obtains the position (FF
direction) signal., Fig. 1 represents the scheme of data processing. T-D and D~D are the
neutvon detector timing signal and the discriminator signal (amplitude and particle dis-
crimination) respectively. The corresponding amplitude spectra (AMPI~D) are stored for a
continious check up of stalility.
The computer KRS 4201 connected with a microcomputer-aided system for 2D-spectrum haodling
with coulor display is used for on-line data acquisition (including represeatation of
single spectra and an eligible 2D-spectrum), complex off-line data sorting (assembler
codes), and the final data analysis (PORTRAN programme system).
The deduced position spectra for selccted 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 FP direction (augle @ ) and a chosen E interval divided
by the geometrical PPAC(PS) segment efficiency (to be measured) is proporticnal to N(E,8).
The described experimental arrangement is employed to measure N(E,0) of neutrons from
2‘52(:1?(32) which is "standard" subject for the study of the mechanism of fission neutron
enission, The measured angular distributions are characterized by a rather high poiant
density (up to 120 in 180 deg) /2,3/.
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IMPLENBNTATION OF S»RIAL WULTI-MASTER BUS CONTROLLER USING SINGLE-CHIP MICROCOMPUTER

4. leiliong and R, Krause
Technische Universitidt Dresden, 3ektion Paysik,WB Kernphysik

In scientific instruments increasing amount of Jecentralized data processing executed by
internal microcomputers reduces required data transfer rate between coupled devices of a
complex measuring system to about 10 or 100 Kiyte/s. In tanese cases, serial data transfer
node can be racommeaded, expanded by multimaster capability if more tunaa one device is
able to control data transfer oa the bus,

In last years some serial multimaster bus standards wers defined, The local area computexr
network ousses are characterized by nigh transfer rates and by expersive interface con-
trollers which exclude application iu scientific iostrumeats, Oo the other aamd, the
inter-IC bus IZC /1/ represeats a s2rial multimaster couponent bus, which is desigued to
connect integratedl circuits on a printed board or to couple printed boards in a frame with
data rate up to 100 Kbit/s. Ori_ inally, the interface controllers are implemeated on tne
chips of the 8400 microcontroller family and adapted peripheral circuits /2/. Perameters
of I°C and possible realizction of interface controllers by use of a single-chip-micro-
computer suggest application of IZC to couple scientific instruments within distances
which are typical in laboratory rooms.

In fig, 1 block diagram of the 1% interface controller is shown. Serial data transfer
protocol is program-controlled reducing the exvense of the coatroller to one-caip-micro-
computer U 882, 2 KByte &PROM circuit and 5 standard logical circuits which perform some
logical and timing conditions. If one ot the connected instruments waants to act as bus
naster, it gives the start condition which prevents all other instruments from bus control
until master has finished its transfer mode. Wired-AllD function by pull-up resistors at
the bus lines SpA (gerial data) and SCL (serial clock) secures clock synchronization of
master and slave. ilore details of data transfer protocol, of arbitration procedure and of
other paraneters are ygiven ia /1/.

"'sing the interface comtroller of rig. 1, two K 1520 microcomputers aad two 1%¢ peripheral
circuits (PCD 8571 128 byte CiiO3 RAi, °CF 8573 clock/calendar) are coupled with a total
bus length of about 5 m, The maximum transter rate is about 25 Kbit/s. From the first
investigations can be concluded that the 120 bus controllers using U882 single-chip micro-
computers are suitable to realize low-expensive serial bus coupliag of "intelligeat"
sclentific instrumects /3/.

="

: 12C controller | :PROM (2716) : transfer to
' T 3} ' host computer
| Micro L‘-\: 8 '
2 e
I"Cs : Computer [& | 3 bit parallel
- L Hondshake
SDA Receiver/ 18 ol yguo In 1>
SCL o Transuitter [V 3 ',L'. =1 Fig, 1
| | Bus=Busy S 2 | 12¢ interface con-
I Logic '1 e Hl | troller
| [ Arbitration 3 I
I Logic 4 I
e e e
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MASS SPRCTROMETRY OF LIQUID METAL ION SOURCES
R. Muhle, F. Nachalett
Friedrich-Schiller-Universitit 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 dimensiona [?, a’: 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 ensrgy 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 ions can be in-
fluenced for example by the source feed composition, the source ion emmision current and the
operation temperature [3, &]. In order to optimize the working conditions for the different
applications it 1s 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-
gramm is shown in Fig. 1. The emitted ions are accelerated to an energy of q . VE (q is the
charge of the ion and VB 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,

¢-41°. The slits 5, and s, can be varied continously. The ions are :olleited 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 1<quid metal ion source of an atomic
composition Au9“816. The observed mass spectrum at 43 .a source current and 8.23 kV accele-
ration voltage is shown in Fig. 2. Primarily, Si+*, di+, 312+, Au++, Au+, Au2+ and Au3+ ion
species are emitted. Additionelly, AunSim * clusters can be observed connected with the
Aunm+ ions. Since AuZSi++ ions are present in the spectrum it can be supposed that the line
designated as Aut 1s in reality & mixture of Au’t and Au2++ 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 2851+, ?9 Si and 3051 can easily be

separated even at a s8lit width of 2 mm.

Table I. The observed jion flux fraction of the Au 516 alloy liquid metal ion source

94
ion species ion flux fraction (%)
51** 1.98
s1* 0.99 SUT 54 TRIPLE mm
81t 0.70 ,_"__l |i
b 515 - e o ot
At 73.81 EATTER
huy*t 0.17 "
hy? 9.79
Au3’ h.43
Auss™ 0.02
Mu,y81* 0.81
Auss” 1.08
AuBSi" 0.06 Pig. 1 Schematic diagramm of the mass spectrometer
51 0.14
Au 51 0.83
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BASIC CHARACTBRISTICS OF AN AY-SI-LIQUID MBTAL ION SOURCE
R. Hihle, F. Nachalett
Friedrich-Schiller-Universitlit Jena, Sektion Physik

Liquid metal field ion sources (LNIS) offer a high brightness (h'106A en 2 o LYJ) and

also a variety of metal ion species 127 80 that there has been increasing interest in recent
years in their application for maskless ion implantation and microfabrication D, &7. 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 LMIS is not possible and an eutectic alloy with Au 1is generally employed
because of his good wetting properties. The melting of thie alloy starte at the eutectic
temperature of T = 636 K.

The following measurements were carried out by means of the ion source described in /%7 and

an Au-Si-alloy with an atomiec ccmposition of A“QASIS' A typical current-voltage characteristic
of the ion source is shown in Pig. 4. The emitter tip was mounted about 0.5 mm behind a
concentric extractor electrode of 3 mm diameter. The ion source is turned on at a threshold
voltage of 6.9 kV and the ion current IB rises up to 100 pA corresponding to an angular inten-
sity of 57 pAsr-1. The heater current was set about 5% above the value necessary for com-
plete melting. There is a hysteresis in the I?"B charcteristic which is also observed by
Komuro and Kawakatsu [E]. A typiocal angular distribution (dI/dfk vs ¢) with the source

current as a parameter is shown in Pig. 2. Fer small emission angles ¢ the angular intensity
{s nearly constant. The observed mass spectrum is published in [77.
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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 Theoretische Physik

with help of the programme EWBER the stationary Schridinger equation can be solved in a
three dimensionsl finite depth two-canter potential epplying the separable-potentiasl
technique. For thest purpose spherical potentials of a Woods-Saxon shape with spin-orbit
forces, localized by trenslationsl operators at certain distsnce, are represented in »
finite-rank oscillator bssis, In this way the Schrodinger equation csn be solved by
algebraizstion in momentus representation ['1_7. The solvebility condition for s corres-
ponding system of equations is a vanishing complex determinsnt, which depends on the
eigenvelue, The search for zeros of the determinant is performed with help of the Newton
procedure, All solutions can be characterized in s complex k-plane:

solutions on the positive imaginary axis - bound stiates,

solutions on the negative imaginary sxis - virtusl states,

solutions in the lower half plane - Gamow Oor quasistasti.nary states ('2_7.

A further labeling follows by introducing symmetries of the problem (quantua numbers).
The output of EWBER are single-particle energies and sfter solving the system of equstions
with vanishing determinant by s GauB procedure the wave functions, too. For s givan rank
of the oscillator basis (in the present version 21) the accuracy of the eigenveslues
(energies) can be choosen freely. The normalizstion of the wave functions is determined
with an accuracy of about 5 %.

In the programme COUPLE radial couplings in the sdiabatic basis sre cslculated of the
typ <¢,l-§;-ldy_> for two levels v ,f&('Z_?. These couplings reflect nonadisbatic
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 baeis calculated
by EWBER are the output of the programme LANZEN, At first, s celculstion of classical
trajectories is performed governed by conservative nucleus-nucleus snd Couloab forces
sccording 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 populstion of the levels is governed by the decay widths
snd by the coupling matrix elements calculated in COUPLE,

Physicel spplications of the progremmes have been performed for the single-particle
inslastic excitation and transfer in the system 170 + 130 (Landsu-Zener effect) ('4-7
and by the coupling of bound and quasistationary ststes in the system 17 & 160, which
leads to sn emission of tha vslence neutron in 170 727,

References

["1_7 Gareev, F.A,, Gizzatkulow, M.Ch,,snd Revai, J,; Nucl, Phys, A 286 (1978) 512

["2_7 Milek, 8, and Reif, R,; TU-Information 05-9-85, 05-10-85, 05-11-85 (1985) and
submitted Nucl, Phys, A

737 schmidt, R., Teichert, J,; JINR-report E4-80-527, E4-80-735 (1980)

("4 Milek, 8., Reif, R,; Phys. Letters 1578 (1985) 134



- 129 -

PEP - A FORTRAN PROGRAM FOR CALCULATION OF FAST NUCLEON EMISSION IN HEAVY-ION REACTIONS

M, Biedermann

TU Dresdnn, Sektion Physik, Wissenschaftsbereich Theoretische Physik

P. Midler

Vereinigtes Institut fur Kernforschung Dubna, Laborstorium fir Theoretische Physik

The model for "promptly emitted particles” (PEP) proposed in ref.('1.7 and its modifica-
tions sre based on the assumption that at any time of the reaction the actual momentus
distribution of the nucleons can be described by two Fermi spheres (T=C} <hi{ted by the
relative velocity. Adding the relative and the intrinsic velocity apart of the nucleons
from the projectile (target) moving through the contact zone into the target (projectile)
have sufficient energy to escape. The deflection at the nucleus surface is taken into
account in a classical manner. The partial absorption of fast nucleons is taken into ac-
count according to the imaginary part of the optical potential for the nucleon- nuclieus-
scattering. A mac-ascopical, TOHF motivated model for the description of the trajectory
as well as the evolution of the neck between the colliding nuclei /"2 7 is used in the
program PEP. In this way the friction force and the intensity of the flux of emitted par-
ticles could be treated in a consistent manner /"3 7.
The present version of the PEP- model shows nearly identical shapes of the angular distri-
butions and spectra in comparison with ['1_7. However, the absolute cross sections are
smaller by a factor up to 1.5 due to the consistent description of the trajectory and
particle emission and the neglecting of two body PEP /73 7. Generally, the PEP- model
shows too strongly forward peaked angular distributions and too small cross sections for
the emission of very fast particles in comparison with the experiment. Due to the possi-
bility to introduce a finite temperature for the nucleonic momentum distribution the
emission probabilities of very iast nucleons may be enhanced formally.
The calculation of PEPs is stopped when either the momentary flux of emitted particles
is zero or the turning point is reached in the trajectory. Moreover, the calculation can
be stopped at the time ty when a compact neck occurs. The results obtained in this regime
correspond to the emission in the first stags of the two- stage model proposed in /73 7.
The program calculates double- differential as well as energy- or angle- integrated
cross sections (integrated over impact parameter) and prints separately the corre-sponding
contributions of nucleors from the projectile/ target. Differential multiplicities for
certain impact parameters can be calculated and the time evolution of the flux of emitted
particles can be analysed. The results are printed in the labor or c.m.-system.
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HCT - A FORTRAN PROGRAM FOR CALCULATICN OF FAST NUCLEUN EMISSION FROM A HOT ZONE

M. Biedermann

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik

P. Midler

Vereinigtes Institut fir Kernforschung Dubna, Laboratorium fir Theoretische Physik

The two- stage- model for the description of the preequilibrium 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 comprcssed hot zone forms in the contact zone of thc ions
vith an effective temperature front expanding radielly with velocity of sound (C.2c). In
particular at the beginning of the collision the momentum distribution of the nuclcons in
this zone is very anisotropic. This can be described by introducing & mean velocity field,
directed alonc 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. /72 7 is used. The evolution of the
hot zone starts, when in the trajectory model a compact neck occurs. The hot zone cools
down as a consequence of the fast expansion inspite of simulteneous exitation (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” ('1_7. In addition to double- differential
cross sections (or mean multiplizities) and angle- or energy- integrai2d values the pro-
grem 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 c.m.- 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(tu,
t'), t"w) ( t - interaction time; t - time for which the temnerature front reaches

the outside surface of the havier reaction partner; t - turning point).

The input data include gquantities characterizing the specific reaction as well as the step
sizes for integrations over time, impact parameter, angle, and energy, which determine

the necessary calculation time. A sufficiently precise calculation for one reaction needs
nearly 15-25 minutes calculation time at the CUC-5500 of the Joint Institute (JINR) Oubna,
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FORTRAN CODE FOR THE CAICULATION OF "REALISTIC™ DISTRIBUTIONS OF NEUTRONS PRODUCED IN
HYDROGENE-ISOTOPE REACTIONS

H, Mirten, A. Ruben
Technische Universitét Dresden, Sektion Physik, WB 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 emergy and intensity distributions and those calculs-
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 neutrouns

produced by the use of a gas target /1/ via the reactions D(d,n)3ue, T(p,n)3He, and
T(d,n)“ﬂe. 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-
nogenity the bean paraneters 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 om x,
We assume a rectangularly shaped energy loss in the gas for the step i, 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 1 is deduced according to the kiaematics /3/ of the
reaction, Furtnsron, an eligible angular spread of the field point is introduced in the
calculation to account for the size of the reutron detector or the sample,

The total distribution in emergy and intensity (per time unit and per beam current unit)
is obtained by integration over x,

The formulae for the calculation of the energy loss, energy and angular straggling as well
as 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 streggling for field points close to the target at
oblique sngles. In this case, a large step number ipay is necessary.

i1i) The width of the energy distribution composed of two main contributionms, 1.e,
projectile energy spread and angular straggling, exhibits a remarkable behaviour
as a function of angle due to the influence of the angular straggling of the beanm,
For realistic entrance foil thicknesses, one obtaines a maximum at obligque angles
(cf. Ref, 2).
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THE IMPLEMENTATION OF AR URIVERSAL STOPPING POWER CODE TO THS ES 1055 COMPUTER

W. Enghardt
Zentralinstitut fiir Kernforschung Rossendorf, Bereich KF

J. Henniger

Technische Universitdt Dresden, Sektion Physik, WB Strahlenschutzphysik

Usually, in experimental setups that are aimed at studying the mechanism of heavy ion reac-
tions (see e.g. [1]) 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 STOPCW [2 ,3] meets these requirements, It is capable of calculating the
stopping powers S and the ranges R 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 usced
to compute further properties of the impinging ions, e.g. their effective charge (zeff),
the time of flight (TOF) in a sufficiently thick target, the restricted energy loss (RiL)
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
daeta. The stopping powers S can be transformed into mass stopping powers £/¢ (§ - mass den-
sity of the target) or into stopping cross sections S/n (n - density of atoms or molecules
in the target material). Solid and gaseous taryets 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 isoto~.c 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 (types
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 PORTRAN compiler [5]. The storage requirements of
the load set does not exceed 300 kBytes, it takes about 10 s to calculate S, R and TOF of
one ion at 183 different energies.

For illustration, we show in figs. 1 and 2 a comparison of calculated and measured stopping
powers ot some solids and gases for o¢-particles [6].
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Pig. 1: Mass stcopping powers of Ni and Ag Pige. 2: Mass stopping powers of gaseous le
for «~particles, the experimental and Ar for a~particles, the experi-
data have been taken from [7]. mental data have been taken from [2].
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THE FORTRAKR FROGRAMS KASSAKBA AXD STRIDEM

H.-J. Keller
Zentralinstitut fiir Xeraforschung Rossendorf, Bercich KF

The program KASSAIBA sexrves for data analysis of 2564256 channels matrices stored on
digital casseties or tapes. At the EC 1055 computer the following manipulations are
carried out: (1) data transfer, (2) construction of selected singles specira and (3) plot
and print of singles as well as two-dimensional spectra. Pig. 1 shows an example of a
256x256 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“, 1€n%10.

Por measured natrices of 64X64 channels the program STRIDEM calculates to each measured
intensity value 8 further valu:s by bicubic interpolation /1/ resulting in a 192x192
matrix giving in this way a more instructive pictur2, 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%, 1s ns14 (fig. 2a) or any other arbitrary sequence (fig. 2t).
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Pig. 1. MOP-E distribution of ternary
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Fig. 2. TKE-A distribution of binary events of a heavy icn reaction /3/ in binary
intensity code (a) and the arbitrary sequence (b) 4, 7, 10, 40, 70, 100, 309, 613,
900, 1200, 1800, 2400, 3000, 3600.
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1SOPLOT 2 -~ A PROGRAM FOR GRAPHIC REPRESENTATION OF FUNCTIONS Z = F(X,Y)

H. Bottger
Zentralinstitut fir Kernforschung, Raossendorf, Bereich G
P. Gippner
Zentralinstitut fir Kernforschung, Rossendorf, Bereich Xf

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 DEMAS /1-3/. The ususl way to illustrate the obtained results is the graphic representa-
tion of three-dimensionsl structures or functions Z = F(X,Y) as isoline plots. The program
ISOPLOT 2 allows to evaluate the isolines and to draw them »n a digital plotter (type
CALCOMP 565) by means of the software packsge ZFKPLOT /4/.
The functions F(X,Y) csn 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-cubie 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 8 logarithmic transformation Fho- 1n(1+F) can be performed to improve the quality of
the interpolation. If F(X,Y) exhibits & 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

20 L A A fig. 1 shows the binary events obtained by the
Opr 1E =220 MaV )+ 72T investigation of the reaction “CAr(220 Mev) +
) G@? ] z}zlh. The results are presented as a function of
1 1 the perameters M} (mass of fragments measured in
210 4 the ionization chamber 1 of the spectrometer
L J DEMAS) and @3 + Ga (the sum of angles of both
- | fragments in the center-of-mass system). The
g peaks are due to elastic scattering. The frag-
1 p
?’“ ments in the mass region between 40 and 232 amu
¢ t 71 represent fission products. Only those events
2 1 were accepted for further data proggssinq, which
ob ] satisfy the colinearity condition B, + Ga =
i | 180° 4+ 3° s2/.
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THE EVALUATION OF ,rCOINCIDENCE MATRICES

W. BEnghardt
Zentralinstitut fir Kernfoischung Rossendorf, Bereich KP

After transforming experimental rcoincidence data stored event by event on magnetic
tapes to a 2048 x 2048 matrix [1!. one has to deduce physically interesting information
from these data. The FORTRAN program COSY 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):
Past 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 be plotted by means of the CAICOMP 565
device [2]. The scale of the abscissa nas been fixed at 0.2 mm per channel, the ordinate
has been limited to 10 cm at maximums, 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 given on the picture.

4, Summation of background corrected spectra (optional):
In order to prove the existence of weak y-ray transitions, sometimes it may 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 ES 4055 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.
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NN-LINE PROGRAMS FOR MULTI-PARAMETER MEASUREMENTS
H.0. Fromm
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Hith the inclusion of particle identilfication 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 selectable number of parameters are supplied. Fast data-taking and
sorting are handled by programs written in assembler language. The detailed physical analysis
of the recorded data set is performed with FORTRAM-programs developed by the users.

#ith respect to the existing harduare (multinlex-interface /1/ and DMA-channel) two programs
fnr reenrdinn and sortine melti-paramcter events nf un tn seven naraneters have heen installed
at the KRS 4201.

Pragran XPAR organizes the data-taking. The events are transferred by the multiplex-interface
over the DMA-channel into the conmputer memory. Two alternating buffers of 252 words each are
filled with raw data of 16 bit words. The 8 msb are uscd for labelling the start of an event
and the number nf the input channel. Therefore, the resclution of the measured parameters is
4096 channels. After inspection four control words are 3dded and the data blaock is written ta
the magnetic disk which can store 4800 blocks. Sinples spectra 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-cefined subprograms for initiali-
sation (CIiiL), start (CSTA) and stop (CSTP) of the data-taking can be linked.

For the interpretatinn of multi-dimensional measurements a flexihble sorting progrem 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- or two-dimensinnal) is produced and displayed. The user can improve the
result in another pass changing the sorting conditions. Up to eight conditions can be inposed
{logical AHD). fNonditions for one patameter (lower and upper limit) and .uo correlated ones
(reference address to a table and scaling factor) can be formulated. The table is organized as
linear array ordered after the first value with lower and upper limit of the second scaled
value combined in 14 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
stringent conditinn should he the first cntry in the sorting list.

The result can be presented as one- or two-dimensional spectrum. One-dimensional spectra are
stored in main memory 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 (sce
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 patameters is
verified. Changrs of the experiment number and the number of the last block sorted are proto-
colled.

Table 1: Presentation of two-dimensional results

mod= 1 2 3 4 5

storage i nt e r n a1 external

dimension 32*32 64*64 128*126 256*256 64%64

lquth(K) 1 4 16 64 4

tlevice KRS 4201 wmain storage color- 4K-MCA
display
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BIT-MAP GRAPHICS WITH EC 1055 PROGRAMS
U. Fromm, W.D. Frommn, K.-H. Heinig and G. DOtto
lentralinstitut fir Kernforschung, Rossendorf, Bereiche G und KF

At Rossendorf's main cumputing facility EC 1055 graphical ocutput 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 "plctting 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 /1/. 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.
Buring 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 /2/. For the generation of the image in the EC 1055 computer main memory must be
reserved for an one-dimensional INTEGER*2 array NDIT of a length of at least 768*N elcments,
where 10*MN is the number of pixels to be printed in y-direction. Every dot of the image is
represented by ore 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 do. at conrdinates x=1 and
y=J of the image produced later by the matrix-printer (Imax=768’3max=lo'N)' The ASSEMBLER
routines SBIT(IMT,NR), RBITCINT,NR), UBIT(INT,NR) and TBIT(INT,NR) set, resct, invert and test
the nRtP bit of the INTEGER*2 array element IMT, respectively. The result of the bit-test is
of the type LOGICAL. The bit functions BITOM and BITOFF available by the FORTRAN-OE-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 ncedles of the printer is stored in
binary form in the array HBIT. In many applicatinns large areas of the picture remain empty,
i.e. no needle has to be activated. Therefore, bcfore the output on cassette, consecutive
zeroes are counted and written as negative number to the cassette. In this manoer about 2
fourfold reduction of the data volume was achieved saving tape and time.

b P -

Exemple of an image created by computer sxmulatlon with the
EC 1055 (see also /5/)
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