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FOREWORD

As in previous years, this report has been prepared to promote exchange of nuclear date research
information between the Federa! Republic of Germany and other member states of OFCIYNEA
and IAEA. It covers progress reports from the resgarch ceatres at Karlsruhe and Jilick, the uni-
versities of Dresden, Hannover, Kéln, Mainz, Minchen s well as from the PTB Braunschweig,
The emphasis in the work reported here is on measurement, calculation, compilation and evalu-
ation of nuclear data for applied science programmes, such as those relevant to reactor tech-
nology, iransmutation concepts, accelerator shiclding and development, astrophysics research,
cosmogenic and meteonitic mvestigations, radiation therapy, production of medically important
radinisolopes, et

The coordination of nuclear duta activities at the international level is done by two commitises:
the NEA-Nuclear Science Committee (NEA-NSCY and the 1AEA-International Nuclear Data
Committes (INDC). The present Editor has the privilege and the responsibility of representing
Germany in both the committess. This report should therefore also serve as a background in-
formation o some areas of work of those committees,

Each contribution is presented under the laboratory heading from where the work is reported. The
names of other participating laboratories are glso mentioned. When the work is relevant 1o the
World Request List for Nuclear Data, WRENDA 23/84 (INDC(SEC)-104/U+G), the comrespond-
ing dentification numbers are given.

Jilich, June 1999 S.M. Qaim
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This document contains information of a preliminary nature. Its contents should be
used with discretion.
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FORSCHUNGSZENTRUM KARLSRUHE
INSTITUT FOR KERNPHYSIK

1. The (ny) Cross Section of L
M. Heil, F. Kappeler, M. W/ jescher', A. Mengoni®

The "Li{n,v)°Li reaction is of relevance for primordial nucleosynthesis m mhomoge-
neous bighang models as well as in connection with the solar neuirine problers where
the mirror reaction 'Be(p,y)'Be is responsible for the production of high energy solar
neutrinos. The cross section was measured at neutron energies of B, = S meV and B =
54 keV. With the present results and the reanalysis of a previous measurement the dis-
crepancy among existing data could be resolved and the cross section be detenmned
with improved accuracy.

* Ap. 1. 807 (1998) 997

2. Meuntron Capture of *Mg at Thermonuclear Energies®
p. Mohr®, H. Beer, H. Oberhummer®, G. Staud?’

The neutron capture cross section of ®nig was measured relative to the known gold
cross section at thermonuclear energies using the fast cyclic activation technique. The
experiment was performed at the 3.75 MeV Van de Graaff accelerator, Forschungs-
sentrum Karlsrube, The experimental capture cross section is the sum of resonant and
direct contributions. For the resonance at Eqge = 220 keV our new results are in dis-
agreement with the data from Weigmann, Macklin, and Harvey [Phys. Rev. T 14,
1328 (1976)]. An improved Maxwellian averaged capture cross section is derived from
the new experimental data taking inte account s- and p-wave capture and resonant
contributions. The properties of so-called potential resonances which influence the
p-wave neutron caplure Mg are discussed in detail.

% Phys. Rev. C 58 (1998 932.

T {University of Notre Dame, Notre Dame, IN 46556, USA
* ENEA, 1-40128 Bologns, Italy

3 Technical University Darmstady, D-64289 Darmstadt, Germany
4 Technical University Vienma, A-1040 Vienna, Austria

5 University of Tibingen, D-72076 Tibingen, Germany




3. Neutron Capture of “Mg at T = 52 keV and the Resonance at E, = 68.7 keV*
P. Mohr', H. Beer, H. Oberhummer’, W. Rochow”, P.V. Sedyshev?, . Volz’,
A. Zilges'
The peutron capture cross section of 26Mg was measured relative to the known gold
cross section at AT = 52 ke'V using the fast cyclic activation technique. The experiment
was performed at the Van de Graaff accelerator, Universitit Tibingen. From the new
experimental result we deduce the resonance strex;gth.far the resomance at E, = 68.7
keV which is in good agreement with a direct measurement by Weigmann et o
Finally, we calculate the Maxwellian averaged capture cross section < o > in the
astrophysically relevant energy region from the available experimental data, and we
discuss the discrepancies of < o > between our work and a previous calculation by

Weigmann ef al.

* Phys. Rev. C, in press.

4. Neutron Capture of “Ca at Thermonuclear Energies*

P. Mohr', P.V. Sedyshev’, H. Beer, W. Stadler’, H. Oberhummer’, Yu. P, Popov’,

W. Rochow”
A study of the reaction “Ca(n,y)’'Ca is of astrophysical interest, because “Ca is by-
passed by charged-particle reactions. The nucleus “Ca is produced and destroyed by
neutron-induced nucleosynthesis in hydrostatic hebum, carbon and neon burning
through the reaction chain *’Ca(ny)*Ca(n,y)’Ca. At the Karlsruhe and Tibingen
3.75MV Van de Graaff accelerators the thermonuclear **Ca(n,y) ' Ca(4.54 d} cross
section was measured by the activation technigque via the 1297.09 keV v-ray line of the
*Ca decay. Samples of CaC0; enriched in *Ca to § % were irradiated between two

gold foils which served as capture standards using neutrons from the 'Li(p,n) and

! Technical University Darmstadt, D-64289 Darmstadt, Germany

* Frank Laborstory of Neutron Physics, JINR, 141980 Dubna, Moscow Region, Russia
* Technical University Vienna, A-1040 Vienna, Austria

* University of Titbingen, D-72076 Tubingen, Germany




T(p,n) reactions. The capture cross section was measured at the mean neutron energies
30, 104, 149, 180, and 215 keV, respectively. Maxwellian averaged capture Cross
sections were measured at the guasi-thermal neutron energies kT = 25 keV and 32
keV, respectively. It was found that the ¥Caln,y)Ca cross section in the
thermonuclear energy region and at thermal energy is dominated by an s-wave reso-
nance at 28.4 keV with a neutron width I, = (17.4135) keV and 2 radiation width T, =
(2.4+0.3) eV. The stellar reaction rate is determined in the temperature range from KT
=1 to 250 keV and is compared with previous investigations using Hauser-Feshbach
calculations or experimental cross section data. The astrophysical consequences of the
new stellar reaction rate with respect to the nucleosynthetic abundance of ®Ca are

discussed.

* Phys. Rev. C, in press.

5. Proten Capture Cross Sections of the Ruthenium Isotopes™
J. Bork, H. Schatz’, F. Kappeler, T. Rauscher’

The proton capture cross sections of the stable ruthenium isotopes 96, 98, 99, and 104
have been measwred by means of the activation method in the proton energy range
between 1.5 and 3 MeV. Thin layers of natural ruthemium were prradiated at the
Karlsrohe 3.75 MV Van de Graaff accelerator with proton beams of 20 to 50 uA. The
activity induced by (p.y) reactions was measured with a calibrated HPGe detector. In
this way, 6 (p,y) cross sections for populating ground states and isomers i ¢ different
Rh isotopes could be determined simultanecusly with systematic uncertainties of
typically 4 to 5%. The fact that experimental data are slmost completely missing in the
A > 70 region illustrates the need of checking and complementing the statistical model

calculations which are so far the only data used m p process studies.

* Phys. Rev. C 58 (1998) 524.

S University of Notre Dame, Notre Dame, USA; now at GSI Darmstadt, D-64291 Darmstadt,

Germany
¢ University of Basel, CH-4056 Basel, Switzerland




6. O the Puzzling Origin of the Rare In and Sn Isotopes®
Ch. Theis, F. Kappeler, K. Wisshak, ¥. Voss

The neutron capture cross sections of the stable isotopes ey, 8cq, Med, Moed
have been measured relative to gold by means of the activation method using the
quasistellar neutron spectrum for kT =23 keV that can be produced via the "Li{p,n) Be
ceaction near threshold These data are given with uncertainties between 3 and 6%,
five times smaller than those quoted for most of the few previous experiments. The
present results complement recent measurements on isotopes of tin and a discussion of
the stellar B-decay rates in the A = 113/115 region, and allow an update of the
nucleosynthetic origin of the Cd/In/Sn isotopes which is conplicated by the s-process
branchings at 'Cd, *°Cd and *"*In as well as by the many isomers in this mass region.
The s-process vields obtained with the classical s-process and with an AGB model
exihibit a significant difference with respect to the cadmivm and tin abundances with
interesting consequences for the r~process residuals in this mass region. Nevertheless,
the origin of the rare, odd isotopes 'In and '*Sn remains unclear. The cross sections
for the two light Cd isotopes, 106 and 108, are of interest for testing Hauser-Feshbach

extrapolations to the p-process region.

* Ap. J. 500 (1998) 1039,

7. WNeutron Capture Resonances in **Nd and "'Nd*
K. Wisshak, F. Voss, F. Kappeler

The neutron capture cross sections of '*Nd and '*Nd which were determined recently
with the Karlsruhe 47BaF; detector have been reanalyzed at low energies. The
parameters of 52 resonances 3Nd and of 78 resonances in " Nd were extracted by
means of a shape analysis program, yielding a more reliable determination of the
averaged cross sections below 20 keV. This study confirms the previously reported
stellar cross sections, so that the s-process study based on these data remains

unchanged.

* Phys. Rev. C 87 (1998} 3452




8. Stellar Neutron Capture Cross Sections of the Pr and Dy Isotopes™

F. Voss, K. Wisshak, F. Voss, C. Arlandini, F. Kappeler, L. Kazakov',
T. Rauscher ~

The neutron capture cross sections of **'Pr, "Dy, ¥iny 1y ny and "Dy have
been measured in the energy range from 3 to 225 keV at the Karlsruhe 3.75 MV Van
de Graaff accelerator. Neutrons were produced via the "Li{p,n)' Be reaction by
bombarding metallic Li targets with 2 pulsed proton beam. Capture events were
registered with the Karlsnuhe 4z Barium Fluoride Detector. The cross sections were
determined relative to the gold standard. For the first time the correction for undetected
capture events was completely obtained from experimental information, using capture
cascades derived from measurements with an ADC systern. The cross section ratios
could be determined with an overall uneertainty of 1 ~ 1.5%, an average moaprovement
compared 1o previous measgrements by a factor of 4.

Maxwellian averaged neuiron capture cross sections were calculated for thermal
energies between kT = 8§ keV and 100 keV. For most of the isotopes there is
reasonable agreement with recent evaluations, but diserepancies of ~ 20% were
observed for °Dy and ‘®Dy. The experimental data were complemented by statistical
model calculations in order to describe the cross section enhancements m the stellar
environment.

The astrophysical implications of the present data include the quest for the origin of
50y the decomposition of the Dy abundances in the respective s- and r-process
contributions, branchings of the s-process chain at the terresirially stable isotopes

157G and Dy, and the isotopically anomalous dysprosium in meteoritic inclusions.

* Phys. Rev. C 59 (1999) 1134,

! Institute of Physics and Power Engineering, 242090 Obninsk, Kaluga Region, Russia
2 University of Basel, CH-4056 Basel, Switzerland




9. Lifetime Measurement in * *Lu and its Astrophysical Conseguences*

C. Doll'? , H.G. Bamer’, §. Jaag’, F. Kappeler, W. Andrejtscheff

Ly vepresents an important

Becanse of its temperatwe-dependent half-life,
thermometer for the slow neutron capture process (5 process) which accounts for the
origin of about half of the abundances between Fe and Bi. This interpretation of the
observed 1"°Lu abundance has been improved by a new lifetime measurement of the I
= § state at 838 keV in "°Lu. The present limit of vgs 2 10 ps provides a more
stringent constraint for the thermal equilibration between the long-lived ground state
{t;» = 41 Gyr) and the short-lived K-isomer at 123 keV (hz =3.7 b}, and, hence, for the

resulting estimate of the temperature during shell helium burning in red giant stars.

* Phys. Rev. C 59 (1999) 492.

10, Coulomb Excitation of ***Ta*
M. Schumann, F. Kappeler, R. Botiger’, H. Scholermann’

The existence of a low energetic intermediate state in > Ta which provides a coupling
of the stable isomer and the radivactive groumd state was investigated by means of
Coulomb excitation. Natural tantalum foils were irradiated by protons with meident
energies between 3.0 and 3.7 MeV, and with a-particles in the energy range 12 - 20
MeV. Subsequently, the foils were counted for the induced ground state actvity of
s From the thick target vields an 1S between 0.6 and 2.2 MeV excitation energy
was inferred. The population of the IS in the stellar environment of the s process de-
pends critically on the prevailing temperatures. Current stellar models suggest s-pro-
cess temperatures below 3.1 - 10* K which lead to a negligible population of intenme-
diate states above 1.2 MeV. Thus, the present data do not allow stringent conclusions

! Technical Usiversity Munich, D-85748 Garching, Germany

? Institut Lave-Langevin, F-38042 Grenoble Cedex 8, France

3 Forschungszentrum Karlsruhe, Institute for Neutron and Reactor Physics,
D-76021 Karlsruhe, Germany

# Bulgarian Academy of Sciences, Institute for Nuclear Research and Nuclear Energy,
1784 Sofia, Bulgaria

*PTR Braunschweig, D3-38118 Braunschweig, Germany




about the destruction of 12075 under these conditions, but an § process ongin seems
still possible. Furthermore, the experiments support the existence of a new isomer in

Bipe

Phys. Rev. C 58 (1998) 1790

11, Current Quests in Nuclear Astrophysics and Experimental Approaches®
¥. Kappeler, M. Wiescher', F.-K. Thielemann®

This review summarizes to date’s problems and questions i experimental Nuclear
Astrophysics. It focuses on the present needs for experimental data emphasising novel
methods and approaches. Starting with an introdustory overview on puclear energy
generation and nucleosynthesis m an astrophysical plasma, the discussion concentrates
on crucial problems related to the various aspects of stellar evolution, from the
hydrostatic stage over the advanced burning scenarios up to and including the
supernova explosion mechanism. Innovative experimental approaches are needed to
pursue the associated questions in stellar nucleosynthesis. Particular emphasis 15 given
to the potential use of radicactive ion beams and their importance for charactenizing

explosive nucleosynthesis in X-ray bursts and supemovae.

Ao, Rev. Nucl. Part. Sci. 48 {1998) 175,

Y University of Notre Dame, Notre Dame, IN 46556, USA
2 University of Basel, CH-4056 Basel, Switzerland
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Integral Data Testing and Sensitivity/Uncertainty Analysis of the EFF-3 Beryllium
Data Evaluation

U. Fischer, R. Perel’, V. Wy?

In the framework of the Ewopean Fusion File (EFF} Project, integral data tests and
sensitivity/ uncertainfy analyses are being performed as part of the QA {quality
assurance) procedure for new and updated EFF data evaluations. According to the EFF
priorities, the main focus over the reporting period was on the new EFF-3.0 *Be
evaluation by IRK Vienna.

The applied data testing methodology includes three-dimensional Monte Carlo
calculations with the MOUNP code to calculate the neutron leakage spectra as measured
in the integral experiments considered. Graphical comparisons are being performed for
neutron flux spectra and pumerical comparisons are done for nentron flux integrals to
provide C/E data tables. Sensitivity and uncertainty analyses mclude three-dunensional
Monte Carlo calculations with a local update to MUNP4A for calculating sensitivilies
of point detector tallies [1]. With the resulting sensitivity profiles and the covaniance
matrices generated with the NJQY processing code from the EFF data files,
uncertainties of the calculated point detector responses {nentron fluxes) due to

uncertainties of the cross-section dats (excitation functions) are being calculated.

For testing and qualifying the Beryllium data, the Karlsruhe Neutron Transmission
Fxperiment (KANT) on a 17 om thick Be spherical shell [2,3] and the FNS/JAERI
time-of-flight (TOF) experiment on a 15.24 cm thick Be ¢cylindrical slab [4] have been
considered. Sensitivity/unceriainty calculations using the Monte Carlo technique for
point detectors have been performed for the KANT spherical shell experiment. The
neuntron (leakage) multiplication factor is well reproduced with all the considered *Be
data evaluations (Table 1) due to the fact that, at this thickness, it is rather msensitive

' Permanent address: Racah Institute of Physics, Hebrew University of Jerusalers, #1904
Jerusalem, Israel

? permanent address: Institute of Plasma Physics, Academiz Sinica,
PO Box 1126, Hefel, PR. China
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INSTITUT FUR NUKLEARCHEMIE
FORSCHUNGSZENTRUM JULICH

1. Isomeric Cross Sections
5. Sudar*, A. Hohn, A, Fessler!, §.M. Jaim

Some of the on-going expevimental and theorstical studies on this topic were
completed [of. 1], Measurements on the high spin states “"Fe (I= 19/2 ), ™ Hg (1=

13/2 ) and ¥"™Hg (I = 13/2 7 ) in neutron, "He- and a-particle induced reactions,
mentioned in the last Progress Report, were alse completed MNuclear model cal-

culations are i progress, partly in collaboration with the IRK Vienna (B, Swohmaier).

Of special interest during the last vear was a study of the isomeric pair "1 The
ground state {I = 2 7 } 1s potentially interesting for Positron Emission Tomography. In
order to estimate the level of the mterfering 120m1  we determined the excitation

functions for the formation of the two states as well as their isomernic cross sechion

. om . . 3 A20mgy 120 s -
ratios (zoo—) in three reactions, namely, el 30y 8, FOTe(pn) ™ and

207 e(d, 20y ™51, The ratio was found to be the highest in the (p,3n) reaction and the

lowest in the (p.n) resction. In order to mierpret the experimental data, nuclear model
calculations were performed using the code STAPRE. Whereas the ground state cross
section could be reproduced rather well by the calculation, there was considerable
difficulty in describing the metastable state. The major reason for the latter was the
uncertainty in the spin and parity. A series of calculations with spins between 4 and §,
and for both even and odd panity, was performed. The results showed strong
variations. Assuming a spin of 4 7 for the metastable state, the isomeric cross section
ratic could be described in all the above mentioned reactions. Experimental and
theoretical studics on isomeric ¢ross section ratios thus help in the charactenization of

nuclear level struciure.

*  Institute of Experimental Physics, Kossuth University, Debrecen, Hungary
T IRMM, Geel, Belgium
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2 Neuntron Activstion Cross Sections

C. Nesaraja, A. Fessler”, P. Reimer', S. Sudar®, F. Cserpak*, M. Ibn Majah'”,
§.M. Qaim

(Relevamt to request identification numbers: 86 11 82 F, 92 10 04 F, 92 10 09 M,
92 JI0S6 R 921057 R, 921068 R)

In continuation of our radicchemical studies on neutron induced reactions, especially
over the encrgy range of 5 to 12 MeV [ef. 2], we completed cross section measure-
ments on several isotopes of Cr, Ni, Zn, Ga and Ge. The reactions *Ni(n,a) Fe and
Cr{n,n'p)®V were investigated in co-operation with the IRMM Geel. They had a
common feature: the products decay by pure EC and thus had to be characterized by
soft x-ray spectrometry. Of particular interest were the results for the *Ni{n, o) Fe
reaction since there existed a longstanding discrepancy between the activation and o-
detection data. A suramary of the resulis is given in Fig. 1. In the left hand diagram the
discrepancy is evident. In the right hand disgram the older activation results were
renormalized, the present data were added, and the region between 4 and 13 MeV was
expanded. The discrepancy appears 10 be resalved since now most of the data agree
within the Hmits of errors. The results of nmuclear model calculations are also m

agreement with the experimental data (for a detailed study on these reactions cf. {31

Investigations on Zn, Ga and Ge involved experimental and theoretical studies of
excitation functions of "Ge(np) Ga, "Ge(m,p) Ga, *Ge(n,p) **Ga, "' Gafn.p) " "Zn,
7§Ga(n,2n}7eﬁm S?Zﬁ(n,p)mﬁu and 53211{3,@(}65?\35 reactions. For most of the reactions,
our measurements provide the first consistent sets of data near their thresholds. In most
of the cases, the results of nuclear model calculations agreed fairly well with the
experimental data. The results for several isotopes of Ge {obtained 1 this work and
reported in the Hierature) led to an analysis of some systematic trends in (n,p) excita-

vion functions. The resalts are reproduced in Fig. 2. Obviously, with the increasing

¥ Mainly at IRVM, Geel, Belgium
 CNESTEN, Rabat, Morocco
*  Institute of Experimental Physics, Kossuth University, Debrecen, Hungary
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target mass nmumber, the thresheld of the (n,p) reaction increases and the cross section
at a given neutron encrgy decreases. It can be understood in terms of the increasing
tendency of neutron emission as the target nucleus becomes more neutron excess. As
far as the results of model calculations are concerned, the preequilibrium component
increases with the mncreasing neutron energy (for a more detailed description of these
reactions of 4]}

Among other measurements, data on the reactions ‘UAg(no)"™Rh and
% Ap(n,a) "™ Rh are being refined and radiochemical work on "Zinp)'Y and
271(n.0)*Sr reactions is continuing, Furthermore, a project on the formation of long-
lived activities, e.g. via “Mo(npY*Nb (T = 2 x 10* a) and **Phin,p™711 (T, =
3.78 a) reactions, has been inifiated in collaboration with the IRMM Geel (A

Plompen). Very clean radiochemical separations and low-level {7 or v-counting will be

mandatory.
; T } 5 ! k3 3 < E ? H 'n s ! > ; ) } k1
100 ¥ 70Ge(n,py0Ga 08 S
SN
: /"
ﬁ‘&it’a=s’s'3’§‘t*s’;’z=
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Fig. 2  Systematic trends in experimental and calculated excitation curves for {n,p)
reactions on > (e, Broken lines indicate preequilibrium contributions and
solid lines the sum of preequilibrium and equilibriuum components.
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3. Charged Particle Induced Reaction Cross Sections

A. Hohn, 8. Kastleiner, E. HeBl, B. Scholten, F.M. Nortier®, LW, Schroeder®, T.N.
van der Walt¥, H.H. Coenen, S.M. Qaim

In continuation of our systematic studies on charged particle mduced reaction cross

section data for medical applications [cf. § - 8], during the present report following

activities were pursued:

a) Measurement of excitarion functions relevant o the production of the positron

~ 2p B3g, 12 124
emitters F Py, 18] gnd Yy

In connection with the *F (T, = 110 min) production via the BO(p.n)'°F reaction
{see last Progress Report) we performed some more measurements in the proton
energy range of 8 to 14 MeV. Further measwements are planned near the
threshold of the reaction (3 — 4 MeV) in collaboration with the ATOMKIL,
Diebrecen, Hungary.

The radicisotope ©Sr (T, = 32.4 h) is s positron emitting analogue of the
commonly used therapy radicisctope 5. ¥Sr appears to be especially suited for
dosimetry and therapy planning via PET. It is produced in small amounts via the
2K r®He,2ny"5r reaction. For optimising the production via the SRu(p, 3y S
reaction, work was initiated on the determination of the excitaion function up 1o
70 MeV. Thin samples of highly eariched ¥RbCl were prepared via a
sedimentation technique and irradiations were done at the two cyclotrons m Jihich
{CV 28 and Injector of COSY) as well as at the Accelerator in PSI (Villigen,
Switzerland). Detailed data analysis is in progress. First results show that 8¢ can

be produced in sufficient quantities at a medium-sized cyclotron.

As described in the last Progress Report, the radioisotope 2025 (T, = 81 min) can

%

National Accelerator Centre (NAC), Faure, South Africa
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be produced via the middle-energy "zzYc{pjz}}»r@asﬁm as well as via the low-
energy  Te(p,n)-reaction. Now we investigated the 207e(d, 2n)-process. From the
viewpoint of production vield and isotopic purity this reaction is unsuitable.
However, considering the isomeric purity, this process lies between the above
mentioned two reactions. A comparison of the three routes is given in Table 1.
Evidently, the “*Te(p,n)-process is most suitable for the production of "L the

purity of the product is highest and a small cyclotron (E, £ 20 MeV) is adequate.

The longer-lived B° emitting radioisotope 124y (1, = 418 d) is both a diagnostic
and a therapeutic radionuclide. It is produced at a small-sized cyclotron via the
1347¢(p.n)-reaction and at a medium-sized cyclotron via the “**Te(d,2n)-process.
During the period of this Report we measured excitation functions of
25T o(p, 20y ] reaction using 98.3% enriched 1257 as target material. Thin target
samples were prepared via electrolytic depostiion of 1e on Ti-backing foils.
Irradiations up to E, = 45 MeV were done at Jilich and the higher encrgy region
was investigated at Faure. From the measured data the yield and purity of 21 were
calculated. A comparison of the three production routes of 4 viz. (pa), {(d.2n)
and {p,2n) processes, 1S given in Table 2. Because of its much higher yield, the
15T e(p,2n)-process appears o be very promising. Further optimising studies are

under way.

Table 1. Comparison of production routes of 1278
Nuclear Optimum  Thick target vield Caleulated impurity [%]
reaction  emergy range of I {GBy/uAh] 136 . 1
1 i i
[MeV]
T e(p,30) 37 > 32 3.6 25 22 6
2 Yelp.n) 159 2.0 48 - .

Hreid 2n) 13> 9 037 75 o3 -
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Table 2.  Comparison of production routes of ']
Nuclear Optimum  Thick target yield Calculated impurity { %]
reaction  emergy range of ‘71 [GBq/pAk] - 25y
[MeV] ‘
Y e(p,n) 13~ 9 20 <{.1 <01
WTe(d,2n) 16> 6 24 a) a)
Brep2ny 22> 14 11} Q.89 -

a} not determined

by Cross sections and yields of theropy related radioisotopes YCu and Nd
Cross section measurements relevant to the production of the radioisotope TCu
(T, = 61.9h) via the Znip,o)-process at a small-sized cyclotron (cf. last Progress
Report) were completed. Although the yield is rather low, the product is of highest
radionuclidic purity achieved so far (for more details cf. [9]).

The radioisotope Ng (T, = 3.4 d) can be produced via several ways. Yield
measurements were done for the Ce(*He,3n)-process in collaboration with the
nstitute of Muclear Chemistry of the University of Mamz (F. Rosch). Further

work is in progress.

¢) Compilation and evaluation of data for the production of short-lived positron

emitiers

Under the auspices of the IAEA, a Co-ordinated Research Programme (CRF} on
the Standardisation of Nuclear Data for the Production of Medically Important
Radicisotopes has been underway for some time and has now been completed. As
a participating Institute we compiled the data on the major reactions relevant to the
production of the commonly used short-lived positron emitters { Mo By PO, By
and performed a qualitative evaluation of the available information. On the basis
of fhe selected dats a quantitative evaluation is being done by several theory

groups participating in the CRP.
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1. Neutron and Photon Flux Spectra in an ITER Streaming Experiment’

1], Fischer®, H. Freiesleben, W. Hansen®, D. Richter, K. Seidel, 8. Unholzer

The peutronics performance of the shielding system of the International Thermonu-
clear Experimental Reactor (ITER) has been experimentally fvestigated by a compact
mock-up sionlating first wall, shielding blanket, vacuum vessel and toroidal field coils
[1, 2]. However, the shielding capability is significantly reduced by penetrations and
channels. One of the critical issues is a channel through first wall and blanket for the
mechanical attachment of the blanket modules to the back-plate. To provide experi-
mental validation of the design parameters for such a streaming path with direct sight
of the d-t plasma the compact mock-up was modified by an open chanmel on the

central axis and by a cavity at the end of the channel.

The mock-up assembled at the Frascati Neutron Generator is shown in Fig. 1. ¥t con-
sists of a shielding block made of alternate plates of stainless steel §8316 and the
water-eguivalent material PERSPEX. It is backed by a block of alternate S5316 and
copper plates simulating the TF-coils, Polythene is used for shielding from room back-
ground. One series of measurements was carried out with the 14-MeV neulron souICe
on the channel axis, and 2 second one with the source shifted out of the axis. Addition-

ally, the detectors were shifted. The measurement positions are marked in Fig. 1.

A NE213 scintillation spectrometer was ased for neutron spectra measurements in the
energy range between gbout 1 MeV and 15 MeV and for flux spectra of y-rays with
energies E > 0.2 MeV. A set of gas-filled proportional counters was applied for the
lower neutron energies, down 10 about E = 30 keV. Details of the spectrometers and

the evaloation of the pulse-height spectra measured are described elsewhere 3L

* Work supported by the Furopean Fusion Technology Programme

* Forschungszendrom Karlsruhe, Institut i Neutronenphysik und Reakiortechnik
b Teohnische Universitat Dresden, Institut fir Energietechnik
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For comparison with the measured flux specira calculations with ITER design tools,
the three-dimensional Monte Carlo code MCNP-4A {4] and the Fusion Evaluvated
Nuclear Data Library FENDL, versions 1 and 2[5, 8], were performed. Measured

fluxes in energy ranges and the ratios of calculated-to-experimental values (C/E) are

presented in Table 1.

NN
ES’} ‘E i ,Z:‘
——
7
Seswee of ¢
S 1 B

Fig. 1. Horizontal cut of the ITER mock-up assembly with streaming channel and
measurement positions

The measured total neutron flux spectra in general are underestimated in the order of
10% at the back of the shielding blanket (positions A...) and in the order of 30% at the
back of the vacuum vessel (positions B...). The same is wrue for the high energy (E>10
MeV) neutron flux, although this component is well reproduced in the compact bulk
shield experiment at the shallow measuring position A. In the streaming experiment,
however, there is one peculiarity for the newiron spectra obtained at the bottor of the
streaming channel (Table 12 "AD - source on axis") where the high energy (E>10 MeV)
neutron flux is underestimated by as much as 20%. This behaviour requires further
investigations in view of its significance to properly describe the neutron streaming
through design relevant void channels and ducts.

The measured photon flux spectra can be well reproduced by the calculations. With

regard to FENDL-1 and -2 data, there is no large difference 1 the spectra calculated




for the two locations in the ITER streaming experiment, although there 15 a clear trend

for a better reproduction of the photon spectra with FENDL-2 at deep locations.

Table 1: Neutron and photon fluence integrals (m cm®) measwred in the ITER
streaming experiment and normalized to one source neutron and caleula-
tion-to-experiment (C/E) ratios for FENDL-1 and -2 data.

Meutron spergy range Photon energy rangs

1. 1 MeV | 1. 38eV S .. HMeY > 10 MeV 44 ... 1MV > 1 MeV
AG-source on axis
Experiment (3. 74443 3RIE-6 [(3.6440. 200861 (1.0420.30E-5 {{3.98=0.103E-5 | (D.8140.02)8-5} (1.4340.043E-5
FENIHAI CE 154944314 31.3240.08 1.834018 03784003 0.8560.03 0.79+0.03
FERDL~2 T/E 1.3%940.14 1374308 3. 780,17 £.78:0.02 $.850.03 3,824,403
Af-source shifted
Experiment (2.25%0. 23086 {1,710 101E-6] (0.4230.043E-6 1 {1.6520.04JE-6 | {4.2720.1238-6{ (6.9120.19)E-6
FENDL-1 CE 1151 0.8630.06 3.08x{ 12 0.8440.03 0.9840.03 3.58443.03
FEMNDL-2 CF 1.134G.13 3.9540.03 101010 {1.89x0.03 1.0140.03 8.975:0.03
Al-souree on 2%is
Experiment - {2.1040.123E-61 (4.7950.86 187 { (. 2620.00)E-6 | {43280 12084 (7. 1680200845
FERDL-1 CE - O %344.05 (3.9940,10 {.8520.03 1.03:0.03 1024003
FENDL-2 C/E ~ 0.852:0.08 0.99:4.10 887 33 1.06x0.03 3.0230.03
Sd-souros on axiy
Enperiment - (1.23:0.07)E6] (2752026087 {(5.97:0.100E-7 | (3. 130.0ME6] (5162014156
FENDLA O - $.8840.03 087009 $.9240.03 1.00:0.03 £.9740.03
FENDIL-2 CE - (.8740.08 $.883.0% (.85:0 .03 1012003 $.8450 03
Bi-souvce on axic
Experiment (32630338 i} 45(L08)E-8] (0.2650.03)E-R {{2.1920.061E-3 (2524007 E-8 {3.65+0.10)E-8
FENDL-1 CE 0.7240.07 (812008 107811 0625002 0. 772003 03.8040.03
FENDIL-2 CE {.7740.08 85403 (18 1.0748.11 §.6623.03 {1.8643,03 0.85:0.013
Bé-source shifted '
Experiment {8,324 89 9E-9 (29540, 16785 (0434 053E-9 {{1.2620.03)E-9 | (0.68:0.0230-8} (1 L2A0.03)E-8
FENDL-1 CE 07324307 $3.7940.03 {150,085 4.67+0.03 38543 03 08320038
FEMNDLAZ £4 0.774G.08 0814003 $.9540.10 3.7940.03 §.91%0.03 1.26x41.34
Bi-source on axis
Experiment - {1.1920.07 -8 {1.8420.18)8-8 { {6 710170 | (L.97:0.060E-8) (2.9120.08 K-8
FENDL-1 CE - $3.63403.04 0,.88+0.0% G &IHLOT 0.7440.02 3. 754002
FENDL-2 C/8 - $.7140.04 0,880 0% §.6740.02 1.844:0.03 0.9440.14
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3. Radioactivities induced in Fusion Reactor Structural Materials by
14 MeV Meutrons

R A. Forrest’, H. Freiesleben, V. D. Kovalchuk®, D. V. Markovskij®, D. Richter,
% Seidel, V. I Tereshiin®, 8. Unholzer

Safety and envirotmuental assessments are essential parts of fusion reactor development
to epsure the atfractiveness of fusion powcr.' Safety-related mvestigations Tequire
among other things 8 reliable data base for seutron-induced radivactivity. The Ewro-
pean Activation Systern {recent version EASY-97) consisting of the inveatory code
FISPACT and the European Activation File (EAF), is a complete tool for the calcula-
tion of activation in materials gxposed to nentrons. It has been adopted for the TTER
design. The aim of the present work is the experimental validation of EASY-97 for
structural materials irradiated with 14 MeV neutrons. Samples of the Stamless Steel
316 {AISI 316LN( 1(3)), which is the structural material of ITER, of the low-activation
steels MANET and F82H and of the vanadium alloys VaTi18i, V4TI4Cr and VIT120r
were used for benchmarks.

* Work supported by the European Fasion Techoology Programme and by the German Federa! Muustry
of Fducation, Scignee, Ressarch and Technology

s {TIKAEA Fusion, Culham Seience Cemter, Abingdon, United Kngdom
b Coordination Center “Atomsafety” Sergiov Posad, Russia
¢ Russian Research Center “Kurchatov Institute”, Moscow, Russia
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Pieces having mass of = 1 g were irradiated at the high-intensity neutron generator
SNEG-13 at Sergiev Posad with neutrons of 14.93 and 14.37 MeV mean energy.
Fluences applied were of the order of 10" e, Gamma-specira of the samples were
measured several times during decay up o about 1 year. The activities of 27 different
radionuclides, identified by gamma-energies and half-life, were determined. Their

nalf-lives range from a few hours op 0 5.3 years.

For sach of the measured values the activity was calculated with EASY-97, and

calculated-to-experimental values (C/Ey were determined.

¥ the uncertainty of the C/E i estimated with both the experimental errors and the
calculational one, including Cross section as well as half-life uncertainties, validation
of EASY-97 can be stated for most of the activities. The pathways of production are
analysed for all activities. Activation by protons generated in {n.p)-reactions is found
to be significant.

The results were compiled in a summary report {11 As a next step, the EAF cross
sections of reactions producing activities with larger deviations of C/E from 1.0 will be

compared with those of other libraries and with recent experimental data.

Reference

{11 K. Seidel et al, Measurement and analysis of radioactivity induced by 14 MeV
neutrons in steels and vanadium alloys, Report TU Dresden, Tastitat firr Kern- und
Teilchenphysik, TUD-IKTP/99-02, April 1999.
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ABTEILUNG NUKLEARCHEMIE, UNIVERSITAT ZU KOLN,
AND
ZENTRUM F‘i*ﬁ STRAHLENSCHUTZ UND RADIOOKOLOGIE,
UNIVERSITAT HANNOVER

L. Cross Section Measurements for the Production of Residual Nucleli by
Medium-Energy Nucleons

i ?mtoschﬂil M. Gis:ms 5. Neumaxm R. Mw}mi} I Kuhnhenn U, He?ms 0.
Jonssor®, B. Malmborg’, PW. Kubik®, L Leya'” , E. Gilabert”, B. Lavielle

High-precision oross sections for the production of residual puchdes by medium-~
energy proton- and neutron-induced reactions are needed for a wide vanety of
applications. These applications range from astrophysics over space and
environmental sciences, medicine (radionuclide production, dosunetry in mixed
nucleon fields, radiation therapy), accelerator technology (activation of detectors,
radiation protection, on lme mass separation), space and sviation technology to

accelerator based nuclear waste transmutation and energy amplification.

Since it is still not possible to predict cross sections for the production of residual
auclides in nucleon-induced reactions with a precision necessary for applications {1},
one has to rely on measurements. During recent years systematic investigations were
performed under our collaboration to provide the data necessary for the interpretation
of cosmmic ray interactions with extraterrestrial matter and to satisfy some of the data
needs of accelerator-driven technologies; see [2] and references therein. These efforts
were continued during the reporting period and we present short summaries of our

work during the last year.

7 antrum fur Strablenschutz und Radiotkologie, Universitit Hannover, Germany
* Abteilung Nuklearchemie, Universitat zn Koln, Germany
3 The Svedberg Laboratory, University of Uppsala, Sweden

4 pad Scherrer Institute o/o Institut fur Teillchenphysik, ETH Honggerberg, Zirich,
Switzerland

* Ynstitut fiir Isotopengeclogie und mineratische Rohstoffe, ETH Zurich, Zirich, Switzerland

§ Centre dEtudes Nucleaires de Bordeaux-Gradignan, France
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1.1 Neutron-Induced Reactions

Neutron-induced reactions at medium energies are of particular importance in thick
targets where secondary particles, in particular nentrons, domunate the production of
residual nuclei. The assumption, which is frequently used at medrum energies, that
proton and neutron cross sectioms are equal may lead to severe errors in model
calculations [3] But, in contrast to thelr smporntance, nemfnm' cross sections above 14
MeV are scarce. Unfortunately, there exast just a few facilites which are capable of
delivering quasi-monoenergetic medium-energy neutron beams with sufficient flux

densities for activation experiments.

In the past, we therefore tried to derive neutron cross sections by deconvolution
techniques from residual nuclide production rates m a total of five stony and iron
thick-targets which were nradiated by 600 MeV and 1.6 GeV protons i order to
simulate the interactions of galactic protons with stony and iron meteoroids [4-8].
Using an energy-dependent least squares adjustment procedure [9] a set of neutron
excitation functions for about 500 target-product combinations from their thresholds
up to 900 MeV was derived [10,11]. On the basis of our cross section data base for
proton- and neutron-induced reactions and of Monte Carlo simulations of the galactic
cosmic ray primary and secondary spectra inside meteorcids, we were able to establish
model calculations for cosmogenic nuclide production rates in extraterrestrial matter,
such as stony and iron meteoroids and lunar surface matenials, with an accuracy better

than 10 % for production rates and better than 3 % for production rate ratios [12-14].

The target element coverage and the respective cross section data base for the cosmo-
chemical applications does just partially satisfy the data needs of accelerator-driven
technologies. Therefore, we extended our investigations 1o activation experiments with
guasi-monoenergetic medinm-energy neutron beams. Expeniments were first per-
formed at the neutron beam line [15] of the The Svedberg Laboratory (TSL) at
Uppsala (Sweden). A special facility was installed [16] which allows for parasitic urra-
diation experiments with neutron energies between 70 MeV and 180 MeV. Ina seres
of ongoing irradiations, the target elements C, O, Al, Mg, Si, Fe, Co, N, Cu, Ag, Te,
Pb are investigated. Direct measurements of the neutron peak fluence were carried out

by means of thin-film breakdown counters [17] in collaboration with the V.G. Khlopin
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Radium Institute/St. Petersburg (Russia).

In addition, irradiation experiments were performed in reference nemiron fields {18} at
the neutron beam line of the Universite Catholique de Louvam (UCL) at Louvain-la-
Neuve (Belgium), Three experiments with quasi-monoenergetic neutron beams were
carried out with peak energies of 33.7 MeV, 46.0 MeV, and 60.6 MeV. Absolute data
for the newtron flux density spectrum in the energy range from 3 MeV up to the peak
energics were taken by using different measurement techmques [18] from the
collaborating group of the Physikalisch-Technische Bundesanstalt/Braunschweig

{Germany).

In all these experiments, residual nuclides are measured by off-line y-spectrometry.
Data were obtained for nuclides with half-lives between 20 minutes (('C) and five
vears (¥Co). Later on, measurements of long-lived products are planned via
accelerator mass spectrometry using the ETH/PSI AMS faclity i Zimch
{Switzerland). Up to now only spectrum-weighted production cross sections can be
given [19] since the evaluation of point-wise cross section, which also in this case can
only be performed by deconvolution techniques, will be done after a whole series of

irradiation experiment with energies between 30 and 180 MeV.

1.2  Proton-Induced Reaciions

Investigations of residual nuclide production by proton-induced reactions were
systematically continued. The actual work in the reporting period was related to
further improvement of the data base for cosmogenic nuclide production and to the

data needs of accelerator-driven technologies.

With respect to cosmogenic nuclides, new cross sections were measured for the
production of Kr-isotopes from Rb, S, Y, and Zr in the energy range from some tens
of MeV up to 1.6 GeV [20] as well as thick-target production rates from the sbove
mentioned simulation experiments [6-9]. Thus, a comprehensive and consistent data
base of proton and neutron cross sections was established which allows for the first
time reliable model calculations of cosmogenic krypton in extraterrestrial matter {21}

Moreover, as a by-product excitation functions for the production of 31 short-lived
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nuclides were measured by y-spectrometry prior {0 mass spectromenry {20].

Also with respect to cosmogenic nuclides, new cross section MEasurements were per-
formed for the proton-induced production of stable helium and neon isotopes from
magnestum, aluminum and silicon {22} The new data provide the basis for improved

model calculations of Hef

"Ne and “°Ne/'Ne production rate ratios in meteoroids
which are widely used in meteoritics as indicators of the size of an irradiated body and
of the depth of 2 sample in it [14]. Ongong work is dedicated to improve the cross
7

cection data base for the cosmogenic nuchides “'Ca (Tiz = 104 ka), “Mn (T1 = 3.
Ma), PFe (Tin = 1.49 Ma), and "1 (Ty =15.7 Ma).

With respect to accelerator-driven technologies, measurements of targets and
evaluation of thin-target experiments performed at Laboratoire National Satarne at
Saclay (France) and at TSL for proton encrgies between 70 MeV and 2.6 GeV were
continued. These elements covered the target elements Mo, Ag, In, Te, Ta, W, Re, Ir,
Ph, and Bi in addition to those investigated earlier {2]. In order 1o investigate the same
target elements for proton energies below 70 MeV, experiments at the Paul Scherrer
Institute (PSI) at Villigen {Switzerland) are going on.

For the target clement lead, now final data are being published covering about 2000
individual cross sections for 127 reactions for proton-energies between 64.8 MeV and
2.6 GeV [23,24]. The excitation functions exhibit clearly distinguishable reaction
modes like multi-fragmentation, three different types of asymmetric and symmetric
fission, and deep spallation. Together with the new data, a comprehensive comparson
with theoretical predictions by the LAHET code system are presented. Together with
eatlier model exercises, ¢.g. [1], this comparison demonstrates the necessity for further
improvements of models and codes if medinm-energy activation cross sections for
applications shall be rehably predicted by theory. A comparison of different
intranuclear cascade/evaporation models and a detailed parameter study will be
published together with the final resalts obtained for the target element bismuth (n
preparation).

Here, we report on new resulis for the target element tungsten. Excitation functions
were measured for the production of 61 radionuclides in the energy range from 70

MeV 1o 2.6 GeV comprising about 950 mew cross sections. Fig. 1 gives some
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examples. The dependence of cross sections on product mass numbers also allows 1o
distinguish between reaction modes such as spallation, fission and fragmentation for
the target clement tungsten {Fig. 2). But, in conirast 1o lead, just one fission mode can
be ohserved. Neither asymmetric fission nor a fission mode leading to neutron-tich
products with thresholds well below 100 MeV and plateau-like excitation functions are
to be seen. Among all fission products, the excitation fumction for the production of
®Rb (Fig. 1) has the lowest slope of the excitation function with increasing proton
energy. For many reactions the excitation functions are already complete. But, for
products near the target, the experiments at PSI will be needed to get complete

excitation functions.
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Fig. 1 Examples of excitation functions measured for the production of residual
nuclides by proton-induced reactions on tungsten. There is just one garlier work
below 10 GeV [25] dealing with proton-induced radionuclide production from
tungsien.
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INSTITUT FUR KERNCHEMIE
UNIVERSITAT MAINZ

Shell Effects in the Very Asymmetric Fission of #im o m by Thermal Neutrons

1. Tsekhanovitch', H. O. Denschlag, M. Davi, Z. Biyitkmumen®, M. Wéstheinrich’,

F. Gonnenwein’, S. Oberstedt’

Measurements of fission product vields were carried out for the compound nucleus
243 A m* at the mass separator for unslowed fission fragments Lohengrin in Grenoble m
the region of very light masses. The mass separated fission products were detected m
an ionisation chamber with split anode. The specific energy loss of the fragments
measured in the first part of the ionisation chamber allows to identify the nuclear
charge of the fission products. The absolute yields obtained in the mass region studied

are shown m Fig. 1.
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Fig. 1: Absclute vields (%) of smgle nuclides {atomic nuwmbers (Z) in the insert).
The drawn-out line represents the chain vields.
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Fission products with even Z are shown as full data points and drawn-out lines; those
with odd Z are given by open symbols and dashed lines. The maxima of the drawn out
lines approach more closely the line of chain vields, demonstrating again an odd-even
effect in the odd-Z nucleus Am {Z = 95) that has been discussed m more detail in last
year's contribution of this laboratory [1] on the basis of a more limited data base.

A point of specific interest is the fine structure at mass A = 70 that has been observed
also in the thermal neutron induced fission reactions of 2’1 (by Sida et al. [2]), and of
%P 131, as well as *5C£14] (by our group). The present case of Am, however, shows
the first occurrence of this fine structure in the fission of an 0dd-Z nucleus. In all cases
observed, the fission products of mass 70 consist practically only of nickel (> 50%;.
Nickel has the atomic number Z = 28 that represents a shell closure. Therefore the fine
structure is interpreted as a shell effect. Also here it appears that the existence of an
unpaired proton in the ground state of Am does not induce an increased excitation &t
scission.

A detailed inspection of Fig. 1 reveals a weak kink in the mass yield curve at A = 80,
Since the change of the yield values by several orders of magnitude brings about a
compression of the Y-axis, Fig. 2 shows the mass region from A = 74 to 84 m more
detail. Tn addition, Fig. 2 shows mass vields of other fission reactions, as far as

available in this mass region.

It appears that all the mass yield curves measured show a kink at mass 80, (For Cf the
kink is a bit weaker, presumably due to the higher fissility and seems to hie rather at
A = 79}, We interpret this observation as a confirmation of the theoretical results of
Brosa et al. [6], indicating that, at the variation of the mass of the cormapound nucles,
both light and heavy sphere of the dumbbell-shaped scission configuration remam
unchanged and that the difference in mass appears predominantly in the peck. On these
grounds the probability for fragments smaller than 80 should be clearly dimimished ~
in agreement with the corresponding findings for mass 132 among the heavy
fragments.

The resuling constant mass of the light sphere of A = 80 is in agreement with the

observation that ternary fragments {originating from the neck), show a systematic

increase of heavier particles with increasing mass of the compound nucleus [71.
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Fig. 2:Section of the mass vield curves of various nuclides afier fission by thermal

-

neutrons (55U 2], PPPu [31, 2'Pu [5], *"Am [this work], #5Cm 5] and TFCE
[41). In order to enhance the visibility of the change in slope the data in the
mass range A = 80 to 84 have been fitted by straight lines (in this logarithmic
display}. For reasons of clarity the single curves shown are displaced relative o
each other by a factor of 10,

The observation at A = 80 has to be seen in connection with the fine structure at A=70
(Z = 28). It seems reasonable that the double shell closure in the light fragment, which
would ocour at N (A =78, 2 =28 M = 50}, cannot be realised because s charge
density is too far off the charge density of the compound muclei (Zoep). Therefore the
double shell closure is accomplished in rwo steps: A fragment of mass 80 (according
to the present measurements for 245 A m*) contains on the average 32 protons and, in
consequence, 48 neutrons (Le. N =~ 49 prior to prompt peutron emission). One can
imagine the light sphere to be built like an avocado: a hard inner core with Z = 28/
N = 47 is surrounded by further nucleons that establish N = 50. The structures of both
heavy and light spheres have a remarkable stability, so that they remain gssentially

unchanged for a mass range of the compound nuclei from Ay=234 10 250
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PHYSIK DEPARTMENT DER
TECHNISCHEN UNIVERSITAT MUNCHEN
FRM-REAKTORSTATION GARCHING

Theoretical Evaluation of Neutron-nucleus Scattering Parameters from Experimental
Data in the 6 £ A < 60 Mass Region

A. Aleksejevs®, S. Barkanove*, J. Tambergs*, T. Krasta®, W. Waschkowski, K. Knopf

Systematic calculations of the newtron-nucleus scatteziég parameters at several neutron
energies F; < 2 keV have been performed for 37 1sotopes (°Li, ... *Co) in the mass region of
& < A < 60, using the large compilation of experimental neutron-nucleus scattering data
obtained in Garching, In the first stage of these calculations, the s-wave potential scattering
radius B, the scattering lengths be, be, and the bound state parameters (Es, Ty, g.°) have
heen calculated for each isotope, emploving the general least squares fit {(GLSQF) for the
experimental and the corresponding theoretical values of the iotal neutron-pucleus oross
sections oo (E;) at several energies E; absorption cross sections ous{Eo) and of the
coherent scattering lemgths beg. The theoretical expressions for these parameters were
deduced on the basis of the usual S-matrix formalism with no assumption about the
particular shape of the optical model potential. In the second stage of our calculations, the
spherical Fiedeldey-Frahn optical potential was employed for the pure theoretical
description ot the above mentioned nentron-nucleus scattering characteristics. The resuits
obtained have been analyzed and compared with the values deduced from measurements.

{For detailed results of. Z. Naturforsch. $3a (1998) 835 - 862)

*  Nuclear Research Center, 31 Miera Str., LV-2189, Salaspils, Latvia
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PHYSIKALISCH-TECHNISCHE BUNDESANSTALT
BRAUNSCHWEIG

1. Evaluation of a ‘Best Set’ of Average Cross Section Measurements in the
5 (0, f) Neutron Field

W. Mannhart

Compared with the neutron spectrum of spontanecus fission of 20f(sh), for which a
detailed evaluation exists {see Tape 106 of ENDF/B-VI), present knowledge of the
technically important fission neutron spectrum of U g, D) is less well established.
Recent attempts to recalculats the spectral shape of the * J{ng,f) fission nevtron
spectrum on the basis of refined theoretical models [1] have motvated the present

work.

The last systematic evaluation of average cross sections measured in the thermal-
neutron induced fission neutron field of ©°U dates back to 1976 [2]. As details are
missing, the evaluation was considered unsuitable for a simple updating. The whole
database available has therefore been reanalysed for & new cvaluation with the atm of
using the integral data in future steps for the verification and a possible adjusiment of
the spectral shape of the Y (g, £} nentron field.

The present evaluation is based on 38 experiments, mainly taken from the EXFOR
database, which have remained after a preselection process excluding experiments with
an improper documentation or performed without sufficiently clean experimental
conditions. The number of available experiments includes 15 experiments performed
after 1976. The present evaluation is based on a total of 200 data and comprises the
measurement of 30 different neutron reactions. Only 4 of the 200 data were obtained
in absolute measurements. Two of these absolute measurements were based on &
transfer between the ~2Cf and the ©°U neutron field. The large remainder were ratio
measurements performed relative to various neutron monitor reactions. The dominating
ratic measurements define a strongly dependent system of data which requires a

simultaneous evaluation procedure.
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Before the evaluation process, for each experiment the radicactive decay data used in
the measurement of the individual neutron reactions were checked and updated to the
most recent values {current issues of the Nuclear Data Sheets). Then the guoted values
were restored to the onginal ratios. Obviously wrong and mconsistent values of 25 of
the experimental data were rejected, In a few cases the quoted uncertainties were
modified according to the documentation on hand. After these steps the evaluation was
preformed using a generalized least-squares code which linked the ratio measurements
to the absolute ones. The evaluation resulted in a value of chi-square per degree of
freedom of 0.71 and indicated no serious inconsistencies among the available data of
the 30 different neutron reactions. The result is given in Table 1 and compared with
two previous evaluations {2,3] The sequence of the reactions is arranged according to
mereasing energy response ranges in the neutron field. All reactions together cover an

energy range between 0.2 and 18 MeV.

As an additional check of the internal consistency of the presemt result, the data
obtained are compared with those which resulied from a sumilar evaluation of tutegral
measurements performed in the ““CH{sf) neutron field [4]. The ratio of the evaluated
average cross sections in the - CHs) neutron feld relative 1o that obtained for the
B I(ng, ) neutron field was formed for each individual nentron reaction and plotted as
a fanction of the mean energy E(50%;) of the energy response valid in the neutron field
of spontancous fission of “Cf. The result is shown in Fig. 1, including the combined
uncertainties (one standard deviation). A polynomial of the 2* order has been fitted to
the data. The increase of the ratw to higher neutron energies reflects the somewhat
harder neutron spectrum of “Cf{sf). Within the given uncertainties none of the
formed ratios deviates substantially from the fitted curve with the exception of the
value of the “Cu(n,2n) reaction which has been excluded from the fitting procedure.
This perfect agreement 15 a soundd confirmation that the present evaluation is free of.
unknown inconsistencies between the integral responses of the various neutron
reactions. The value of the ratic of the ®Cu(n2n) reaction requires further
mvestigation. At present it 1s not understood if the mnconsistency results from the

2065y or the P Um0 data.
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Table 1: Evaluated experimental data of < o> in the “°Ulng, ) neutron field
Prasent work Fabry {1876) Calamand {1874}
Reaction <> in mb <> i mb <o> i mb
U-235{n5 1218 = 14 1203 = 30 1250 * 70
Pu-23%{n.5 48358 z 30 1841 + 88
Mp-237{n,0} 1383 + 24 1312 & 8B
in-118{nn'ln-115m 188.2 + 2.3 188 £ 8 188 = 11
13.238{n,5 3088 + 3.5 308 £ 40 328 * 18
Ti-47{n,p)Sc-47 1790 + 0.36 190 * 14 200 * 2.3
$-32(n,p}P-32 £8.30 + 1.35 86.8 = 3.7 63 * 4
Ni-58{n,p)Co-58meg 1085 + 1.4 1085 + 54 143 z 7
Zn-64{n, pilu-64 38.80 + 107 288 £ 1.8 30 = 23
Fe-54(n,p}Mn-54 79.96 + 110 79.7 + 4.9 82.5 * 5.0
Co-58{n,p)Fe-5% 1401 & 0.033 1.42 * 0.14
A1-27{n,p)Mg-27 3.914 & 0.070 386 + 0.25 400 = 0.45
Ti-46(n,piSc-46m+g 11.55 + 0.20 11.80 * 0.75 12.5 = 0.8
V-51{n,pyTi-51 {4.980 + 0,430) E-1 87 = 1.1} E4
B3N, 0088 {4.938 + 0.242} E-} {500 = .58} E-1 5.0 = 0.8) E-1
Fe-58{n.p)Mn-86 1.083 » 0.017 1.838 = 44878 1.87 = 0.08
Mg-24{n,piNa-24 1.45%5 + §.823 1.480 = 4,082 1.83 = 0.0%
C0-59(n,x}Mn-56 (1568 + 0.035) E-3 | {143 £ 0.90) B4 [{1.56 * 0.09) B
Ti-48(n,p)Sc-48 (3.007 & 0.054) E-1 | {3.00 = G.18) E-1 [{3.15 £ 0.27) E-
Al27{n,aNa-24 {7.031 » 0.0%0} E-1 | {7.06 > 848} E-t ({(7.28 * 048} E
V-51{n,u}Bc-48 {2438 4 0.D58) B2 {22 * 83} E-2
Au-197{n, 2n}Au-188me+g 3403 4 0.080 3.8 £ 8.3
Mb-33{n 2njkb-82m {4.66¢ 4 0117} E-1 478 * 032} B¢ 4.8 * §.4} £
+127{n,2n4-128 1.288 + 0.042 4.050 * 0.065 88 £ 4.1
Mn-85{n,2n}Mn-54 {2.388 + 0.087) E-1 {244 * §145) E-1 ({288 * 013} E-1
Co-8%{n,2nCo-58me+g {2036 + 0.051) E- (4.8 * §.4) E-1
Cu-83{n, 2nilu-83 {1,186 + 0.873) E-i 1.2 = 042} B4 1{1.24 * 01%) B
F-19{n,2njF-18 {8,883 + 0.484) E-3 7.3 * 8.7} E-3
Zr-80{n 2n}Zr-89meg {1.83%1 = 0.028 E-¥ {247 * §.47} E-1 {{8.76 * 883} E-1
Ni-58(n,2m)Ni-57 (4.272 + 0.124) E-3 | (547 * 031) E4 | (48 * 1.4) E3
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2. X-Ray and y-Ray Emission Probabilities and Half-Life of *“Sm

U. Schétzig, E. Schonfeld, E. Guinther, R. Klein, H. Schrader

X-ray and gamma-ray emission probabilities have been derived from emission rates of
several sources measured with calibrated high-purity Ge and Si(L1) detectors, and from
the activity which was determined by 4xPy-coincidence measurements and by liquid
scintillation counting. The half-life has been determined by following the decay with 2
high-pressure 4wy iomization chamber. Results are summarized in Tables 2 and 3.
Standard uncertainties are given in parentheses in terms of the last digit. For details see

reference [5].

Table 2: Halfdife (Tys) of *°Sm

Timinh| Tizind
46.274(7) 1.9281(3)

3. X-Ray and y-Ray Emission Probabilities of *Yb

E. Schonfeld, U. Schotzig, R. Klein

X-ray and gamma-ray emission probabilities have been determined by mEASUring
emission rates with calibrated high-purity Ge and Si(Li) detectors using sources of
known activity which was determined using 4nEC-y-comncidence measurements and
4ny high efficiency counting. Results are summarized Table 4. Standard

uncertainties are given in parentheses in terms of the last digit.
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Table 3: X-ray and y-ray emission probabilities P (quanta per disintegration) of '~ Sm

Energy | Radiation P Energy | Radiation P
in ke in ke
515 Y 0.00218(11) 508.15 ¥ {.0000183(18}
582 e {.0484{11} 521.3 ¥ 0.0000876(11)
6.53 Lo {.0426(9) 531.40 ¥ 0.000537(8)
7.57 L, 0.00815(10} 533.2 v 0.0002930(27)
5.2 Lot | 0.1003(14) 5381 o 0.0002058(25)
40.9 K |0.1827(18) 542.7 v |0.0000218(17)
41.5 Ko 1.294(4) 545,75 ¥ 0.000012(5)
41.3 K, |0.457{(5) 554.94 v |0.0000473(10)
47.0 Keo  |0.0926(12) 578.75 ¥ 0.0000341(10)
483 Koo {3.02444(27} 584.55 ¥ 0.0000103(8)
473 K, |0.1170(13) 587.60 v |0.0000047(8)
£9.67 . 01.0465(5) 590.98 ” 0.0000123(8)
75.42 ¥ 0.00233{(19) 586.7 ¥ 0.000104(3)
83.37 v 0.00211(11) 598.3 v 0.0000208(10)
89.49 y 0.00156(7) 803.80 y  |D.0000438(9)
97 .43 y 0.00755(7) 609.5 y  |0.000118(4)
103.18 ¥ {1.2623(18} 6158 ¥ 0.0000068(7)
151.62 y 0.000115(8) 617.9 y £.0000089(7)
172.85 ¥ £.000716(7} £34.8 ¥ 0.0000045(10)
492.05 ¥ 0.0000183(13) £368.5 ¥ 0.0000174(8)
424 4 ¥ 0.0000182(12) 857.55 ¥ 0.0000041{7}
436.9 ¥ 0.0000167(8) 886.0 ¥ {.0000021{8)
483.6 ¥ 0.0001268(18) 713.9 ¥ 0.0000027(11)
485.0 ¥ 0.0000036(9)




Table 4: Measured relative (P} and ab
evaluated absolute emission pro
ahsolute transition probabilities Pyece
values are based on the evaluated relative gmission pr
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solute (P) emission probabilities of 9y,
bahilities P (quanta per disintegration) and
(including conversion electrons). Price
obabilities, the

normalization factor 0.3591 and evaluated conversion coefficients.
£ in keV | Radiation Pres Pret p P Prrce
measured evaluated® | measured evaluatad pvaluated
6.34 Trrels 3714 0.013(5}
“;6,8-'?6 Trrbayz [ B8(5) 0.237(18}
8.1 Troclpise | 500 0.178(14)
8.4 y+ oLy | 13.8(18) 0.050{8}
9.4 Tl 7.4(13} 0.027(5)
a.8 Tr-bs (27010 0.0085(30}
48.77 Tm-Kee | 149.1{(26) 0.835(10}
50.74 Tme | 283(5) 0.847(18)
57 .44 Tm-Kpy | 86(4) 0.310(15)
59.07 Tm-Kg, 12280171 0.082(4)
B.410 ¥ ~ 0.066(45) 0.00347(18) 0.8503(10)
20.744 ¥ 0.538(29; {0.535(28) 0.00182(10) 8.112(7)
£63.120 ¥ 1227014y 1122.9(8) 0.441{4) 0.93120
93.614 ¥ 7.42(10} 7.14(8} 0.02564(23) 0.128{4)
108.779 ¥ 48.0(5} 48 42(34) 0.1738(11 $.600(8)
117.57 7 ¥ - 0.118(8} 0.000417(23)  {0.00088(7)
118.189 ¥ 5.18(8) 520227 0.01868{(12) 0.0487(10}
130.523 ¥ 31.57(25) 131.59(13) 03.1134(8) 0.244(5}
1566.735 Y 0.028(7} 0.0275(7} 0.0000888(28) |{0.000108(3)
177.213 ¥ 61.9(5) §2.07(26) (.2228(12) 0.3544{28)
187.857 ¥ 100 100 0.3551(13) 0.520(8)
240.333 ¥ 0.282(18) 10.312(10 0.00112{4) 0.00117{(4}
261.077 ¥ 4.84{4} 469119} 0.01684(10) 0.01732(1%)
294 590 ¥ - 0.0027{7} 0.0000087(25) |0.0000112(29)
307.736 ¥ 27.96(18) 127.94(10) $3.1003(5} 0.1070(8)
333.948 ¥ 0.0051(10) | 0.00493{13} 0.0000177(8) | 0.0000180(6)
338.821 ¥ (0.025(3} 0.0248(4} 0.0000880{14) | 0.0000904(15}
370.858 ¥ 0.0019(6) 1 0.00287{10) $.0000086(4) | D.0000125(5)

Y Rased on PTR values from 1983 and 1998 and values of six other suthors

determined in 1

976 - 1998; for details see reference {5].
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01062 Dresden

Zentrom Sir Steahlenschutz und Radiobkologie
Head and reporter: Prof. Dr. R. Michel
Universitit Hannover

Am Kleinen Felde 30

30167 Hannover
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