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I. I^TIi'UT FOR ANGEWANDTE KERNPHYSIK 

KERNFORSCHUNGSZENTRUM KARLSRUHE (GERMANY) 

1. 3 MV Van-de-Graaff-Accelerator 

1.1 A Measurement of the Neutron Fission Cross Section of 
2 3 5U Between 0.5 and 1.2 MeV. 

F. KMppeler 

(966, During 1972 the analysis of the absolute fission cross section 

970> measurement of U was finished / —1 /. A new proton recoil de-
971, L - v 

972, 
tector was used which allowed the neutron flux determination 

973, with an accuracy of 2 % /_ 2 /. In the energy range from 0.5 to 
974, 

n_c 1.2 MeV 7 absolute and 12 relative values of a. have been 
9 to, i 
976, determined,(see Table I ) . The total uncertainty of the absolute 
^ * values lies between 2.6 and 3.4 %. Fig. 1 shows the present re-
978, * ^ 
979? suits together with measurements published until summer 72. 
980, However, this situation improved in the meantime by several other 
981, 
Q82 measurements. Especially by the renormalization of the low Poe-
983) nitz values the discrepancies in Fig. 1 are reduced considerably. 

1.2 The Capture Cross Sections of 5 4' 5 7Fe, 5 0 > 5 2 > 5 3
C r a n d

 6 2' 6 4
N i 

H. Beer, R.R. Spencer 

(249, In the course of a systematic investigation of total and capture 
251 

* cross sections on 12 separated isotopes of structural materials 
323, as Ti, Fe, Cr and Ni the capture cross sections were completed 
369, by the measurement of o for 5 4 , 5 7 F e , 50'52'53

Cr a nd
 6 2' 6 4Ni in 

373, y 
374* the neutrcn energy range between 5 and 200 keV. The experiment 

' 197 
390, was performed relative to Au by a 800 £ liquid scintillator 392) tank with a time resolution of 2 nsec/m (_ 3_7. 



In a first analysis of the data the total radiation widths 

of the s-wave resonances were determined. For corresponding 

resonances in the total and the capture cross section a correla

tion coefficient p between the reduced neutron width r and the 
n 

total radiation width r was calculated. From the behaviour of 
o p (T , T )nonstatistical effects in the neutron capture mecha-
n Y 

nism can be investigated. Table II shows the results for the 

analyzed 73 resonances. The quantity P in the last column gives 

the probability that the correlation coefficient may be caused 

by statistics only. As can be seen from Table II most isotopes 

show positive correlations between F° and r indicating a rather 
r n Y 

strong contribution of nonstatistical neutron capture. 

1.3 The Measurement of the Capture-to-Fission Cross Section 
235 239 Ratio for 3U and Pu 

R.-E. Bandl 

(989, A first measurement of a, the capture to fission cross section 

99 0, ratio, between 8 and 60 keV was concluded / 4 /. Now an improved 
991, ""--,. 
o92 measurement with a new technique is planned [_ 5_/ which allows 
1184, an extension of the energy range up to 400 keV as well as a re-
,, ' duction of the experimental uncertainty to about 10 %. This 
118b, e J 

1187, measurement will be scarted in 1973. 
1188, 
1190) _ 235 239 

1.4 The Energy Dependence of v for U and Pu Below 1 • 3 MeV 
R.-E. Bandl, F. Kappeler 

(99 ̂  
The existing discrepancies in the shape of v, the average number 

995, of fission neutrons, motivated an experiment which is expected to 

996, yield relative values of v for U and Pu with an uncertainty 
998, _ 
\]C)\ of about 1 % /_ 5_/. The measurement is performed in the energy 

119̂ , range between 100 and 1300 keV point by point with monoenergetic 
1 1 Q ̂  0 'X^Ï 

1]0-' neutrons in steps of 50 keV. Very preliminary results for U seem 

1196, to confirm a structure in v but the final analysis is not yet fi

nished . 
1197) 
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Relative Values 

En (keV) 

513 ± 32 
580 ± 20 
678 ± 21 
767 ± 20 
795 ± 20 
872 ± 20 

920 ± 22 
930 ± 20 
945 ± 24 
966 ± 21 
1013 ± 20 
1060 ± 22 

crfu(barn) 

1,210 
1,193 
1,208 
1,165 
1,178 
1,120 

1,141 
1,172 
1,206 
1,213 
1,293 
1,227 

Absolute Values 

En (keV) 

546 ± 22 
662 ± 23 
758 ± 23 
908 ± 22 
1057 ± 26 
1125 ± 25 
1175 ± 25 

afu(barn) 

1,207 
1,215 
1,164 
1,193 
1,248 
1,256 
1,221 

Uncertainty 

0,9 
1,8 
1,2 
0,9 
1,2 
2,1 

1-5 
1,9 
1,1 
1,2 
1,9 
1,2 

Uncertainty 
% 

3,4 
2,6 
2,6 
2,9 
3,0 
3,4 
3,4 

Table I Numerical results of the present fission cross 
section measurement of 23'u. 
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Element 

47Ti 

50Cr 

52Cr 

53Cr 

53Cr 

53Cr 

54Fe 

56Fe 

57Pe 

58Ni 

60Ni 

61 
Ni 

62Ni 

64Ni 

J 

2 
3 

1 
2 

1 
2 

1 
2 

2 

1,2 

1 
5 

1 
2 
1 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Sum:Even All 

Sum:Even 
? 9 , 5 2 C r 

SO, 62, 6 t N i 

Sum:Odd All 

Sum:All 

-

-

-

-

Number of 
Resonances 

5 
4 

4 

3 

3 
7 

8 

13 

6 

4 

4 

5 

9 

7 
7 

3 

2 

P < V rn> 

+ 0.58 ± 0.70 
- 0.20 ± 0.83 

+ 0.92 ± 0.61 

+ 0.98 ± 0.95 

+ 0.95 ± 0.82 
+ 0.77 ± 0.35 

+ 0.76 ± 0.30 

+ 0.74 ± 0.23 

- 0.36 ± 0.44 

- 0.32 ± 0.47 

+ 0.89 ± 0.73 

- 0.46 ± 0.81 

+ 0.80 ± 0.28 

- 0.18 ± 0.35 
- 0.09 ± 0.42 

+ 0.94 ± 0.87 

+ 1.00 ± 1.18 

36 

21 

37 

73 

+ 0.53 ± 0.11 

+ 0.78 i 0.16 

+ 0.36 ± 0.13 

+ 0.46 ± 0.08 

P 
% 

76 
99 

26 

32 

41 
12 

9.2 

3.2 

66 

61 

35 

90 

5.7 

71 
75 

28 

100 

0.8 

7.6 

0.1 

Table II Correlation coefficients between reduced neutron 
widths rg and total radiation widths r of the 
observed s-wave resonances. Y 
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2. Isochronous Cyclotron^ 

2.1 Development of the Fast Neutron Speedometer 

G . Schmalz, S. Cierjacks 

Reconstruction of the cyclotron r.f. system and of the "deflection bunching" system for 

the time-of-f l ight apparatus resulted in considerable improvements of the KlC-neutron-

spectrometer. Internal deuteron beam currents of up to 1 mA can now be achieved. 

With this improvement it was possible to run experiments on fission cross sections with 

more than 10 ,uA average beam current at 100 KHz repetition rate with sustained 

operation over two long term periods of four weeks. Augmentation of the remote 

controlled neutron target syster.i to a capability of 25 ,uA is expected to result in a 

considerable increase in the source strength. A review of the present status of the fast 

neutron spectrometer was given at the Budapest conference [13 . 

The increase in intensity has made it possible to start construction of an improved 

faci l i ty for the investigation of [n,x]-reactions which wil l be set up at a second f l ight 

path of 15 m length. The experience gained in the exploratory experiment carried out 
9 

on the BeCn,»] read 

new n,x-spectrometer. 

9 
on the Be[n ,a ] reaction cross section [ 2 ] has provided the design parameters for the 

o o c . c- • r c *• r 2 3 5 i i 2 3 8 i . A 2 4 0 D 2.2 Fast Fission Cross Section of U, U and Pu 

S. Cierjacks, P. Brotz, D. Groschel, I. Schouky, C M . Newstead, 
G . Schmalz, R.Tôpke, F. Vo8 

235 
(1075, Additional measurements for the determination of the fission cross sections of U and 
1079 238 
\(\o\ U between 0.8 and 30 MeV were carried out by detecting the fission products of 

1239, eight thin uranium oxide foils in nine gas scintil lation chambers in series. Using the 
1 ^ ' * 1 ' 238 235 

1242, recommended value at 14 MeV preliminary results for the ratio o f [ U ] / o . [ U ] 

' were determined and compared to the results of other authors [ f i g . 1 ] [ 3 ] , A neutron 

energy resolution ranging from 20 keV at 1 MeV to 600 keV at 30 MeV was achieved. 

By means of a special type of proton recoil detector the shape of the neutron flux was 

measured so that the fission cross sections normalized at 14 MeV could be determined 
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(275) 

235 238 

for U and U separately. The evaluation for uranium will be finished in the be

ginning of 1973. 
r240 

An additional experiment was made to determine the fission cross section 0fV Pu] 
,240 ,235 

and the ratio OrL Pu]/OfL U]. The evaluation is in progress. 

2.3 Total Cross Section Measurements 

R. Tbpke, G . Schmalz, S. Cierjacks, P. Brotz, 
D. GrBschel, C M . Newstaad, I . Schouky, F. VoG 

The transmission measurements for the determination of high resolution total cross 

sections of structural materials between 0.5 and 30 keV have been continued at the 

neutron time-of-flight spectrometer with a flight path of 190 m. Special attention was 

given to the determination of the deep minima in the total cross sections. Measurements 

were carried out for the elements O , Mg, AI and Fe. The evaluation of the data is in 

progress. 

2 . 4 Neutron Elastic and Inelastic Scattering Cross Sections 

F. VoG, S. Cier|acks, R. Topke, J. Nebe 

(180) ^n e evaluation and R-matrix analysis o f the differential elastic scattering cross sections 
40 

of Co between 0.5 and 2 MeV has been completed by the publication of the final 
41 

results [4], Resonance parameters of about 70 levels in Ca have been assigned. 

Average level distances and strength functions for s-, p- and d-waves were calculated. 

The previously used experimental set up has been improved so that the measurements 

can be extended beyond the threshold for inelastic scattering. In a three parameter 

experiment the excitation functions wiM be measured at ten angles simuitaneousiy. 

Elastic and inelastic scattered neutrons will be discriminated by the pulse height of 

the recoil protons in the scintillation detectors. First measurements are planned for the 

beginning of 1973. 
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07 *̂ A 
(159 , The results of a fluctuation analysis of the [n, nVJ~cross sections of AI and Fe are 
291 , Y 

292, now available [5,6] . The average level width of aluminum proved to be significantly 

, ' dependent on the exit channel. In the exc.tation functions of both nuclei intermediate 
1075, y 

10 58, structure was found which was in several cases correlated for the elastic and different 
10 59 238 
1060* inelastic channels. The measurement of [n/n'-yl-cross sections of U is being pre-
ÏO 6 1 - pared for 1973. 
1062, 
1063, 
1064, 
1065, 2.5 Study of the Optical Potential from Neutron Strength Function Systematics 
1066, 
1067) C M . Newstead 

Previous studies of the neutron strength function [7] carried out at Saclay have been 

continued in Karlsruhe. The body of data measured at Karlsruhe and Saclay provides 

convincing evidence for the spin dependence of the s-wave strength function in the 

energy range investigated and has been interpreted in terms of a spin-spin term in 

the optical potential [8 ] , The magnitude of this term is in qualitative agreement with 

that found from measurements of the spin-spin effect in the total cross section and the 

dcpolarisation parameter. 

The anomalously deep minima of the s- and p-wave strength functions [seefig. 2 and 3] 

were found to be described in a natural way by rather small values of the imaginary 

part of the optical potential W. This reduction in absorbtion was interpreted as resul

ting from the low density of states in the region of closed shells [9] , The calculation 

is summarized in table 1. 

It has also been shown that the considerable fluctuations in the strength function which 

occur e .g . for such technologically important materials as the isotopes of Fe and Cr 

can be related with simple excitations [doorway states] of the compound nucleus. The 

fluctuations are well described by a doorway state dependent imaginary optical poten

tial W [10]. 
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Table 1 Comparison of theoretical and experimental results for the s- and 
p-wave strength functions 
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3. Reactor FR 2 

3.1 Measurement of Gamma-Ray Spectra from Thermal Neutron In-

teraction with 235U 

P. Matussek, H. Ottmar, I. Piper, C. Weitkamp, H. Woda 

Because of the extreme complexity of gamma spectra following 

neutron interaction of fissionable nuclides two experimental 

devices were set up and used for the elucidation of the y spec-
235 

tra from a U target. The first consists of a 4 IT fission 

neutron detector which, in coincidence with a y-ray spectrometer, 

serves for the detection of prompt fission y rays, whereas in 

anticoincidence both neutron capture and fission product y rays 

are detected. For the separation of these latter, the neutron beam 

from the reactor FR 2 is mechanically chopped and the off-beam 

spectrum considered as mainly delayed, the on-beam spectrum as 

mainly due to capture events. To ensure optimum energy compati

bility, all spectra are recorded simultaneously. Delayed y rays 

with half lives between the coincidence resolving time T = 25 ns 

and the period T = 20 ns of the chopper appear in the prompt anti

coincidence ("capture") spectrum. This difficulty is solved partly 

by careful comparison of corresponding spectra from different 

isotopes, partly by using another device based on a totally different 

experimental approach. This second device consists of a thin ura

nium foil as the target of a continuous thermal neutron beam, surroun

ded by a nitrogen-argon gas scintillator which serves to detect 

and stop the fission products. An adjacent thin plastic scintilla

tor is used as a detector for B particles from fission products, 

and a large Ge(Li) diode serves as y spectrometer. Because the 

efficiencies (except of the Ge(Li)) are close to 100 %, gas-Ge(Li) 

coincidences indicate prompt fission y rays and plastic-Ge(Li) 

coincidences delayed fission gammas. Ge(Li) counts in anticoinci

dence to both other detectors are likely to be capture events. 

More experimental details have been /~1_7» or will soon be published 

Z"2_7. 

As capture measurements are most difficult and few other experi

ments have been done with thermal /~3,4 7 and resonance neutrons 
2 35 ~ 

/_ 5-8_7 on U, only capture Y rays are reported that are promi-
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nent and clearly due to capture events. Table I contains a concise 

list of high (E > 4.6 MeV) and low-energy (E = 0.6 to 1.4 MeV) 

capture y rays. Relative intensities were obtained by means of 

a Co decay and N (n,y) « calibration and converted to ab

solute values using the 6395 keV intensity of 3.2 +0.5 trans

itions per 1000 captures from a mixed uranium-tetrazole target 

/~9_7. This intensity compares favourably with the value of 4.0 

for the same line /~3_7; all of the low-energy intensities are with

in the error limits quoted by Weigmann and Winter /~5_7 from a mea-
235 sûrement in the 6.4 eV resonance of U. 

236 The construction of a consistent level scheme of U has so far 

not been successful, partly because of the unusual softness of the 
-3 

capture y spectrum (most intense primary transition 3 x 10 per 

capture). It is our opinion that a precise measurement of very low-

energy (< 500 keV) capture Y rays is a prerequisite for the correct 

assignment of the transitions found. Data in this energy region are 

under évaluâti^a. 

240 3,2 Study of Pu by Thermal and Average Resonance Capture of 
239 Neutrons in Pu 

H. Ottmar, P. Matussek, C. Weitkamp, H. Woda 

240 In order to study the level structure of Pu Y~ray spectroscopy 

' following capture of both thermal and resonance neutrons in Fu 

was applied. For the thermal measurements the fission neutron coin

cidence-anticoincidence Y~rêty spectrometer in combination with the 

slow chopper as described in paragraph 3.1 was used. Average resonance 

capture was studied with 2 keV neutrons from the scandium-filtered 

beam £~10_7 of the reactor FR 2. 

As s-wave capture leads to compound states with spin and parity 

0 or 1 and decay studies seemed to indicate even parity for a 

number of levels around 1 MeV, prominent primary transitions had 

hitherto been assigned Ml character /~11_7- This anomalous Ml strength 

was interpreted as a magnetic dipole giant resonance. Calculations 

of the Ml Y-ray strength function for some strongly deformed heavy 
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nuclei on the basis of the Nilsson model with pairing force 

and residual spin-spin interaction £~ 12_7 show indeed a broad 

bump of the Ml strength function for y rays around 6 MeV due to 

two-quasiparticle excitations shifted upward in energy by a resi

dual interaction. 

239 As the average spacing of s-wave resonances in Pu is 2.3 eV, 

the half-width of 850 eV of the 2 keV beam provides a means of 

averaging over about 400 resonances, giving a statistical fluctu

ation of only 8 % for the Y-ray intensities. As shown in Fig. 1, 

intensities of primary y rays fall indeed into two well separated 

groups, and most of the previously observed strong capture y rays 

turn out to be of El character. The El's follow nicely the predicted 

E dependence. Ml transitions do not deviate from the E low either; 

in particular, no bump can be detected around 6 MeV. 

The results of both the thermal and the 2 keV measurements are 

summarized in Table II and the level diagram of Fig. 2. 

In addition to the K = 0 octupole band with 1~ and 3 members at 

597 and 649 keV (the 5~ state at 742 keV could not be seen in 

the present experiments), states at 938 keV (1~) and 959 keV (2~) 

were observed that belong probably to another octupole band with 

K = 1 ; the rotational constant of 5.25 keV compares well with the 

value of 5.15 keV for the Kv = 0~ band. 

The spins of levels at 1410 and 1438 keV were directly measured by 

Schmorak et al. /~11_7 to be 0 and 2. With the assumption of even 

parity these states were interpreted as the first two members of a 

two-phonon octupole vibrational band. The negative parities from our 

measurement clearly exclude this assignment. A possible interpretation 

tor the 0 state is a two quaslproton state; the Niisson arrangement 

5/2~/~523̂ 75/2"*" ̂ ~642+7 is in good agreement with the interpretation 
2Î0 of the 1 isomer of Np and the log ft values for fl decay to these 

two states. 
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(1269) 

242 3.3 Octupole Bands in Pu from Thermal Neutron Capture in 
24lPu 

P. Matussek, H. Ottmar, C. Weitkamp, H. Woda 

241 GaiTmia-ray spectra from the capture of thermal neutrons m *" Pu 

have been isolated from the prompt and delayed fission y compo

nents by use of the fission neutron detector with mechanical 

chopper as briefly iescribed in paragraph 3.1 of this report. 

Many y rays have been observed, both high-energy (E > 3.8 MeV) 

and low-energy (0.6 MeV < E < 1.4 MeV). All prominent high-ener

gy lines, but less than 30 % of the low-energy y rays have been 

included in the level scheme as shown in Fig.3. 

Possible compound state spins in thermal neutron capture are 2 

and 3 . Assuming that the strongest primary y ray leads to the 

level at 823 keV which, from the deexcitation to the 2 and 4 

members of the ground state band, must have spin 3, the binding 

energy of the last neutron is calculated to 6309.5 + 0.7 keV, 

in fair agreement with Wapstra's value / 13_7 of 6301.4 +3.5 

keV. 

The absence of a primary transition to the 1 level indicates that 

thermal capture occurs mainly into a J =3 compound state. 

Taking into account the absence of a transition to the 1064 and 

1152 keV states in a (d,d') study just completed /._14_7# this 

allows only J =2 or 4 for these levels. The unique spin assign

ment is then possible from the observed deexcitation. Thus the 

780 keV 1~, 882 keV 3~, 1019 keV 3~ and 1064 keV 4~ states fit 

well with the 5~ levels at 927 and 1122 keV from (d,d') work 
2 

to form two octupole bands with h /2G = 5.2 and 5.7 keV. The 

former is assigned K = 0 from y transition branching ratios. 

For the latter K = 3 agrees well with the very small Coriolis 

perturbation; on the other hand, although no primary transition 

to a 2 band head was observed, the intense 941 keV y ray could 

be interpreted as deexcitation of a 2~ state to the 45 keV level, 

so K = 2 cannot be excluded. The position of the two bands fit 

well into the systematics and agree with predictions of RPA calcu

lations properly corrected for particle-phonon coupling /~15 7. 
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87 99 190 
3.4 Investigation of the level structure of Sr, Zr, Os 

233 
and Th using the radiative neutron capture reaction 

U. Fanger, D. Heck, R. Pepelnik and H. Schmidt 

87 9 2 190 23 7 
The level structures of Sr, Zr, Os and Th have been 

studied by means of thermal . °utron capture y~ray spectroscopy. 

The targets used were enriched to 85 % in Sr, to 70 % in Zr 
189 

and to 87 % in Os, respectively. High resolution measurements 

of singles spectra have been performed with Ge(Li) spectrometers 

operated in Corr.pton-reduction mode at low y-ray energies. 
92 233 

Coincidence relationships of y-transitions in Zr and Th have 

been determined using two-parameter coincidence techniques with 

Ge(Li) detectors. As a result of these measurements considerably 
87 92 

extended transition schemes have been constructed for Sr, Zr, 

Os and Th (ref. 16,17). Several new levels have been firmly 

established in these nuclei. Angular correlation measurements have 
92 

lead to unambiguous assignment of new level spins in Zr and 
190 

in Os. Some previously determined spin values have been con
firmed. Spin and parity assignments to several other levels have 
been inferred from their deexcitation modes. 

87 92 233 
The neutron separation energies of Sr, Zr, and Th were found 
to be 8428.3 + 1 keV, 8635.1 + 1 keV, and 4786.6 + 1 keV, respective 
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Table I. Energies Ey and intensities I (in photons per 
capture) or the most intense T rays from the 
reaction 235u(n,Y) 236u with thermal neutrons. 
The intensity errors do not contain a common 
16 % uncertainty from the conversion of relative 
to absolute values. 

E I, E„ I 
Y Y Y 

keV 10"3 keV 10 

6395.5 
5544.6 
5493.4 
5373.4 
5323.2 
5213.7 
5196.8 
4973.0 
4902.7 
4883.9 
4648.3 

p.d. = 

• 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.3 
1.3 
1.0 
2.0 
1.8 
1.0 p.d. 
2.5 
0.5 
1.9 
1.0 p.d. 
0.6 

3.2 
0.4 
0.2 
0.4 
0.5 
0.5 
0.3 
0.9 
0.4 
0.9 
0.4 

possible doublet 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

641.8 
655.6 
687.5 
720.2 
814.5 
880.0 
910.2 
921.1 
942.5 
956.5 
966.7 
1005.7 
1023.7 
1116.0 
1363.2 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

0.1 
0.4 
1.0 
1.0 
0.5 
0.5 
0.3 
0.5 
0.3 
0.2 
0.3 
0.3 
0.5 
0.8 
0.3 

58 ± 2 
6 ± 1 
19 ± 5 
3 ± 2 
8 ± 1 
6 ± 1 
11 ± 1 
6 ± 1 
15 ± 2 
15 ± 2 
8 ± 1 
5 ± 1 
5 + 1 
2 ± 1 
4 ± 1 
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Table II. High energy y rays from 2 keV neutron capture in Pu 

E Iy El/Ml E x J 

keV 10~3 keV 

6534.8 
6492.4 
5938.2 
5676.2 
5636.2 
5597.7 
5592.2a 

5576.7 
5445.3 
5399.1 
5313.7 
5294.4 
5200.8 
5124.5 
5097.0 
5047.6 
5009.8 
4996.0 
4976.5 
4947.2 
4927.8 
4909.0 
4904.lb 
4898.9 
4888.la 

4826.8b 

4760.5 

0.37 
0.51 
2.02 
0.27 
0.26 
1.61 
0.20 
1.72 
0.24 
0.26 
0.19 
0.82 
0.25 
0.91 
1.18 
0.90 
0.22 
0.79 
0.17 
0.64 
0.90 
0.83 
0.76 
0.24 
0.24 
0.25 
0.G8 

Ml 
Ml 
El 
Ml 
Ml 
El 

El 
Ml 
Ml 
Ml 
El 
Ml 
El 
El 
El 
Ml 
El 
Ml 
El 
El 
El 

Ml 

El 

0 
43.1 
597.3 
859.3 
899.0 
937.8 
(943.3) 
958.8 
1090.2 
1136.8 
1221.8 
1241.1 
1334.7 
1410.0 
1438.5 
1487.9 
1525.7 
1539.5 
1559.0 
1588.3 
1607.7 
1626.5 
(1631.4) 
1637.4 
(1648.2) 
(1708.7) 
1775.0 

o; 
2+ 

Ê 
(1)" 

"i" 
ot 
+ 
+ 

(0)" 
(2)" 
(1) + 

! x ) + 
(2)1 

+ 

a) identification as capture line uncertain. 

b) possible interference from fission y rays. 
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II. INSTITUT FtJR NEUTRONENPHYSIK UND REAKTORTECHNIK 

KERNFORSCHUNGSZENTRUM KARLSRUHE (GERMANY) 

1. Exper imenta l Neutron Physics 

235 239 252 
1.1 Prompt fission neutron spectra of U, Pu and Cf 

H. Werle, H. Bluhm 

235 
(1002' Recent integral studies of the thermal-neutron induced fission of U and 

. ' Pu with activation detectors £ \ J indicate that 1) the average energy 
1004, 25K 
100 5, of the prompt U fission neutrons is about 10 % higher and 2) the average 
1006, energy of Pu fission neutrons is remarkable closer to that of the U 
1201, 
1202 fission neutrons than previously deduced from differential spectrum measure-

1203, ments /~2_7« Therefore the fission neutron spectra of U and Pu have 
1399) 

been remeasured at the thermal column of the reactor FR2 using two indepen-

dent methods, proton recoil proportional counters and a He-semicondu-tor-

sandwich-spectrometer with Y-n-discrimination. In addition the neutron 
252 1- -, 

spectrum of a Cf spontaneous fission source was measured {_ 3_/. 

Above 600 keV the spectra measured with both techniques agree rather well 

(Pig. 1) and below about 6 MeV they are quite well represented by Kaxwellian 

distributions. In table I the present values of Maxwellian energies E„ and 

their ratios are compared with averages over a series of differential measure

ments / 2 _ / and with activation detector results /~1_7. The present E„ values 

for both isotopes agree within 2 % with the differential averages, whereas the 
235 

high activation detector value of E ( U) is in definite disagreement. The 
239 >235 3 

present Pu/ U ratios of Maxwellian energies are not conclusive. The He-

ratio favours the activation detector value, whereas the proton recoil results 

confirms the differential average. 

235 2^8 7^ 
1.2 Delayed fission neutron spectra of ^ U, -^U and v^Pu 

G. Pieg 

235 
( 999, 14 MeV neutrons and for U also thermal neutrons were used to induce fission. 

1000) Tftg periodic irradiation was done with a 400 kV(d,t)-neutron generator and 

proton recoil proportional counters were used to determine the neutron spectra. 
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The spectra of the various half-live groups were extracted from measure

ments with different irradiations and counting times. 

The group spectra for J U (thermal fission) are shown in Pig. 2. They agree 

within the error limits with the Batchelor-Hyder data / " \ 7 . T n e various 

group spectra are quite similar for the isotopes investigated and are also 

scarcely dependent on the energy of the neutrons inducing the fission. This 

can be seen from table II where the average neutron energies of the group 

and steady-state spectra are compared with published results. The results of 

this investigations have been published /~6_7-

1.3 Spectrum measurements in a depleted uranium metal block for 

investigations of discrepant U cross sections 

H. Bluhm 

Neutron spectrum measurements have been performed at several positions in a 

massive block of metallic uranium, which has been installed at the thermal 

column of the PR2 research reactor. 

The spectra have been measured using spherical proton recoil counters between 

10 keV and 1.4 MeV and He filled semiconductor sandwich spectrometers between 

100 keV and 5 MeV. The -Tie-spectrometers differ from other spectrometers of 

this type by a possibility of Y-discrimination. Good agreement between both 

methods has been obtained in several intercomparison measurements and their 

accuracy can be stated to about 10 %. 

The neutron spectra have been computed using a 208 group cross section set 

based on the nuclear data file KEDAK and the one-dimensional transport code 

DTK £ l j . Sg-calculations have been performed to study the sensitivity of 

spectra aga. it changes of the cross sections. Changing all relevant nuclear 

data within reasonable limits it was found that the spectra are extremely 

sensitive to changes of Z and L. whereas all other data only weakly 

influence the spectra. 
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The KEDAK data underlying the computation are shown in Pig. j5 together with 

an adjusted cross section shape that predicts the spectra much better. It 

can be shown that this change of the total inelastic cross section is the 

only reasonable way to get agreement in both the high and the low energy 

region. But an additional reduction of the capture cross section as shown 

in Pig. 3 is necessary. 

The proposed cross sections also lead to a good agreement between measured 

and calculated spectral indices. 

In Fig. 3 the recommended cross sections are also compared to the KFK-BJR-

set /"8_7 which recently has been deduced from criticality calculations of 

a number of different reactors. A report on this topic is in preparation. 

99 
. 1.4 (n,Y)-cross section measurements of 'Te, Eu, Sm and Fe between 

300, 1 eV and 50 keV with a slowlng-down time spectrometer 

302, 
303 Jeng-Chang Chou and H. werle 

304, 
534, 
535, 

663, 
697) 

n-Y-cross sections of some higher yield fission products have been measured 

536, because they are of interest in connection with long-time reactivity changes 
537 99 

' in fast breeder reactors. No experimental results were available for Tc. 
539, Fe has been studied to remove some unexplained discrepancies in earlier 

measurements. 

Both, the Y- and the neutron de tec tor ha^e been ca l ibra ted absolute ly , there

fore the cross sect ion values re ly only on the l/v-dependance of the 

o ( n , a ) L i - and the thermal Au-cross sec t ion . 

Extrapolated cross sect ions for i n f i n i t e t h in samples were derived from 

measurements with di f ferent samples and are shown in F ig . 4 . In addi t ion 

p-wave-str#ngth functions and some resonance parameters were determined. A 

report concerning these measurements has been wri t ten /~9 7 . 
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1.5 The neutron continuum from the 3e+a reaction 

H. Werle, L. Van der Zwan ' and K.W. Geiger ' 

Spectra of the low energy neutron continuum between 0.1 and 2.4 MeV were 

measured at 5.01, 5.44» 6.57 and 7«44 MeV bombarding energies and different 

angles of neutron emission with cylindrical proton recoil proportional 

counters at the 4 MeV Van de Graaff of the National Research Council, 

Ottawa. Pig. 5 shows the results for 7-44 MeV bombarding energy. 

The discrete groups ru, and n^ which populate the 9.64 and 10.2 MeV levels 
12 * 

in C are indicated. The results are consistent with the assumption that 

the continuum is due to the sequential decay ^Be(a,Qf')^Be*-^ n /~10_7-
By integration of the double differential cross sections (mb • sr • MeV ) 

over angle and energy a few neutron production cross sections for the break

up continuum above E =0.1 MeV could be established (table III). Prom theso 

and previously published data ̂ ~11_7 the fraction of neutrons below 1.5 MeV 

was calculated to be (l5+4)#. This value may be compared with (l7«5+4)#, 

which was measured directly using a 740 mCi Am-Be source with known total 

emission rate. 

Results of this work will be published. 

+7 National Research Council of Canada, Division of Physics, Ottawa 
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2)5 Table I M&xweili&u ciiêr-giês of prompt fission neutron spectra for U and 

2:59Pu (thermal fission) and 252Cf 

Present in
ves t iga t ion 

Proton reco i l 
3He - spec t r . 

Di f fe rent ia l average /~2_7 

Activation detectors / ~ l J 7 

Maxw. Energies E (̂MeV) 

255o 

1.956 
2.020 

1.979 

2.20 

^ P u 

2.156 
2.075 

2.084 

2 5 2Cf 

2.155 
2.130 

2.189 

E -Ratios 
M 

2?9Pu 
2 5 5 u 

1.092 
1.028 

1.084 

1.039 

252CP 

1.102 
1.054 

Table II Average energies of delayed fission neutrons, group and steady-

state spectra (Error + 10 %) 

Present invest igat ion 

(thermal) 
2 ? 5 U (14 MeV) 
2 3 8U (14 MeV) 
2 5 9 Pu( l4 MeV) 

Batchelor / \ 7 
2 5 5U (thermal) 

Burgy /~5_7 
2;55U (thermal) 

group 1 

277 

286 

278 

296 

250 

+20 

>00 

+60 

Avei 
2 

484 

458 

468 

481 

460 

+10 

670 

+10 

'age er 
3 

447 

432 

443 

411 

405 

+20 

650 

+90 

îergies 
4 

432 

480 

425 

430 

450 

+20 

910 

+90 

(keV) 
5 

-

-

382 

-

-

400 

+70 

Steady-State 

435 

451 

445 

425 

430 

Table III Neutron production cross sections o*. for the continuum of the 
b ^ ( a . n ) react ion 

E a (MeV) 

afc (nib) 

5.01 

6 2 + 2 5 

5.44 

17" + 50 

6.37 

2+2+ + 80 

7.44 

3 5 6 ^ + 70 

+o (0.1 é E^é 1.0 MeV) only, n included; n^, n included 
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of Te, Eu, Sm and Fe. 
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P. Neutron Nuclear Data Evaluâti on 

R. Meyer, B. Schatz 

The cross section data depending on the type o* , V , cr, a which were eva

luated in 1971 have been changed and a l l revised data were incorporated 

into the KEDAK-library which wi l l presumably be released as version 5 in the 

second half of 1973- In addi t ion to these changes the determination of the 

energy dependence of the average f i s s ion width was repeated by f i t t i n g the 

evaluated 0(E)-curve. The evaluation for U-2J5 was described in a KFK-

repor+ «hich wil l be published as KFK 1629 (EANDC (E) 151 "U"). 

The new measurements for y (U-238) were reviewed and the KEDAK-values for 

t h i s type revised, where V (E) i s based on the evaluat ion of Mather et a l . 

The new evaluations for Pu 240, Pu 24l , Pu 242 /~2_7 performed by the group 

of Prof. Yiftah in col laborat ion with Karlsruhe were taken over onto the 

KEDAK-file a f te r ve r i f i ca t ion of the consistency and the r e s u l t i n g necessary 

correct ions . 

Data for the threshold reac t ions (n .p ) , ( n , a ) , (n,2n) of the s table Cr- , Fe-

and Ni-isotopes were incorporated in to the KEDAK-library. A review on the 

present s t a tus of the nuclear data for Pe, Cr, Ni and Na was elaborated /~3_7. 

A number of materials on the ENDF/B I l l - f i l e was converted into the KEDAK-

formac by using the program system BRIGITTE which was developped in Mol £"^_J 

in collaboration with Karlsruhe. Among them the data for Li-6 and Pb were 

t es ted , corrected and incorporated into the KEDAK-library. Corrections in -

cludec a modification of the Li-6 i n e l a s t i c s ca t t e r ing data and consistency 

correct ions, e .g . for o . 

The program system for t e s t i n g and pr in t ing nuclear data from KEDAK was 

considerably extended. The program system KEMA for updating the KEDAK-

l ibrary was completed and described /~5_7« 

The program .-• ••<>: TCORE which was taken over from Atomics In terna t ional for 

evaluation ,r : L. ^ was modified in order to enable the processing of KEDAK-

ci'ta ins te . f *'•.'•• i)P/B-data for which the or ig ina l version was wr i t t en . 
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INST1RJ I FUR RbiNE U N D A N G E W A N D T E KERNPHYSIK 

UNIVERSITATKIEL [ I K K ] , GEESTHACHT [ G E R M A N Y ] 

Fast Chopper T ime-o f -F l igh t Spectrometer 

H . H . Jung, H . G . Priesmeyer 

1 . Total Cross Section Measurements of Gross Fission Products 

Measurements and analysis o f cross sections of gross fission products were cont inued. 

The results up to 13 eV can be summcrized as fo l lows: 

From 0 to 13 eV 21 resonances could be resolved [ T a b l . I ] ; for 20 of them an 

isotopic ident i f i ca t ion cou ld be accompl ished. A l l ident i f ied resonances belong to 

5 
isotopes which are ei ther stable or have l i fe times greater than 10 a , except for the 

Pm 147 resonances a t 5 .33 eV. This means that in the energy range mentioned, no 

var iat ion of the cross section of samples of gross fission products w i l l occur w i th 

increasing cool ing t ime except for the Pm 147 resonance at 5.33 e V . 

F i g . 1 shows a comparison between the measured transmission of a gross fission p ro 

duct sample and the transmission which had been ca lcu la ted from known resonance 

parameters and known fission product concentrations in the sample. 

The analysis above 13 eV is more compl icated and more measurements w i l l be 

necessary, especial ly on gross fission products of the fission of U 233 and Pu 239, 

since the mass distr ibut ion of their fission products di f fer from that of the U 235-

f ission. 

2 . Lowest ly ing resonance in Hf and Ta 

BRAND et a l . have reported a new resonance in Hf at 0 .27 eV wi th a peak cross 

section of about 10 barn [ 1 ] . This result has been checked wi th the chopper and no 

resonance was found at that energy. [ I f there would be a resonance at that energy it 

is smaller than 2 barn - w i th 95 % conf idence l e v e l ] . The existence of the 0 ,43 eV-

resonance of Ta [peak cross section ?* 1 b a r n ] , however, could be conf i rmed. 
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3. Publications 

H . G . PRIESMEYER, H.H. JUNG 

Der totale Wirkungsquerschnîtt der Rutheniumisotope 

99, 100, 101, 102 und 104 ïm Resonanzbereich ATKE 19 [1972] 111 

H.H. JUNG, H . G . PRIESMEYER 

Neutronenwîrkungsquerschnîtte der Spaltprodukt-Nuklide im Resonanzbereîch 

Paper K 258, Spring meeting of the DPG in Berlin, 1972 

References 

[ 1 ] ATKE 19 [1972] 262 
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«3D. I 

Significant Resonances in the Cross Section of Gross Fission Products up to 13 eV 

Resonance 
Energy E [ e V ] Isotop». 

0.29 U 235 

3.6 U 235 

4.4 ? [ N d l 4 5 ? ] 

4.82 U 235 

5.12 U 234 

5.33 Pml47 

5.43 U 235 

5.45 U 236 

5.58 Tc 99 

5.79 U 235 

5.85 Csl33 

6.16 U 235 

6.38 U 235 

6.65 U 238 

7.04 U 235 

8.02 Sml52 

8.74 U 235 

9,23 U 235 

10.2 U 235 

11.7 U 235 

12.4 U 235 



RRER RNRITSIS OF TRANSMISSION ORTR 

CHOPPER RUN 110 3NHLTSI5 RUN 110-01/04/06 

i 

Fig 1 Transmission of gross fission product sample HFR-101 (RCN - Pttten) 
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I V . i . INSTITUT FuR EXPERiMENTALPHYSiK, UNi 'V tRSi lAT HAMBURG, [ G E R M A N Y ] 

12 11 
1 . Excitat ion Function of the Reaction C [ n , 2 n ] C from the Threshold up to 

34 MeV Neutron Energy. 

B. Anders, M . Bormann, W. Scobel 

In connect ion wi th measurements concerning the production of the residual 

nucleus C v ia di f ferent entrance channels we have determined the exc i ta t ion 
12 11 

funct ion cf the C [ n , 2 n ] C react ion by the ac t i va t ion method. 

The neutrons were produced wi th a self supporting t r i t ium- t i tan ium- target and the 

6 - 1 7 MeV deuteron beam of the Hamburg isochronous cyc lo t ron . Neutron f l ux 

measurement was performed wi th a sti lbene proton recoi l spectrometer. Because of the 
12 11 

Q - v a l u e of - 1 8 . 7 2 MeV for the C [ n , 2 n ] C react ion, low energy neutrons 

from t r i t ium break up and deuteron induced reactions in t i tanium isotopes do not 

contr ibute. 

The 20.3 min (i ac t i v i t y of the carbon samples was detected w i th a cal ibrated 

YY-co inc idence spectrometer. The result ing cross sections are given in f i g . 1 together 
2] 

w i th the data of Br i l l et a l . 

B. Anders, H . H . Bissem, M . Bormann, W . Scobel, 

Jahresberîcht des I , Instituts fur ExpérimentaIphysik, Universîtat Hamburg, 

Hamburg, [ 1 9 7 1 ] p. 15 

2 ] O . D . B r i l l , N . A . Vlasov, S.P. K a l i n i n , L .S. Sokolov, 

Soviet Physics - DOKLADY 6 [1961 ] 24 
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IV. PHYSIK-DEPARTMENT PER TECHNISCKEN UNIVERSITAT MUNCHEN, E in (GERMANY) 

1.1 Investigation of Nuclear Structure with Neutron Capture Reactions 

In Level Scheme 

D. Rabenstein 

The reaction In (n,y) In has been studied using a target containing 

96 percent of In. 

114 
A level scheme of In has been constructed up to about 1.3 Mev as a 

result of experimental data extracted from low energy y-ray singles and 

coincidence measurements and of pair spectrometer measurementc. Because 
114 

of the lack of other reliable experimental data on tne In level scheme, 

at present, our level scheme is less complete than the level scheme of In 

/~1_7 and only half of the observed y lines with energies below 500 keV are 

unambiguously placed. 

The Tx(g_,p)~ v(h ,?) multiplet states have been found between J
TC = 3~ 

and J™ = 8" and show a similar character as the corresponding states in 

In. The neutron separation energy in In has been determined as S = 

7274.1 + 1.5 keV. 

60 64 66 
1.2 Study of y-y-colncldences in Co, Cu and Cu 

D. Rabenstein 

In all three nuclei, which are near the closure of the f7/p proton shell, 

low energy y-y coincidences have not been studied in a satisfactory way up 

to now. With these coincidence data the level schemes can be completed at 

low excitation energies and extended up to higher excitation energies. The 

Co-Data are presently being reduced. 

Only natural copper has been used in the Cu(n,y) study. Therefore, for cross-
64 

section reasons, mainly Cu has been studied in these measurements. Three 
64 

new levels below 1 MeV have already been firmly established in Cu. Measure-

Ç\J D. Rabenstein, D. v. Harrach, H. Vonach, G.G. Dussel, 
R.P.J. Perazzo, hucl. Phys. A 197 (1972) 129 



- 45 -

ments with separated Cu t a r g e t s are i n prepara t ion . 

1.3 n,Y Studies of 51V, 1 2Pr and Rh 

D. Harrach 

A lower limit of <r. . ( V) = 19 + 4 b could be established and 
,.. thermal n,y 

S ( v) was determined to 11051.1 +0.5 keV. Spin and parity assignments 

of levels up to 5.6 MeV previously found in (p,p') and (d,p) experiments 

were possible by observation of primary gammas and by determination of their 

decay modes by coincidence experiments. 

142 104 
The studies of Pr and Rh by (n,v) are not complete and will be con
tinued. 

2.1 Coherent Scattering Amplitudes Measured by Small Angle Scattering of 

Neutrons 

L. Koester, K. Knopf (FRM 1972) 

The data given in the last report were published /~1_7. N e w measurements on 

elements in paramagnetic compounds yielded the following amplitudes of the 

bound atoms (given in 10~ cm and with standard errors): 

a(Co) = 2,35 + 0,05 from CoP , CoCl , CoSO, 

a(Rh) = 5,88 + 0,03 from RhCl, (diamagnetic) 

a(Ru) = 7,21 + 0.07 from RuCl. 
3 

a(Dy) - 17,0 + 0,2 from Djf^SO^) 

These experiments were not affected by the magnetic behaviour of the in

vestigated powders. 

Experiments on anhydrous compounds of alkaline earth metals resulted in: 

a(Mg) = 5,33 + 0,02 from MgF2, Mg(N0 ) 2 

a(Ca) = 4,80 + 0.06 from CaF , CaCO 

C l J L. Koester, K. Knopf, Z. Naturforschung 27a, 901 (1972) 
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fry _, \ »-» r\Q s\ r\T 

izypr) » f»0o f w.uj 

a(Ba) «= 5.28 + 0.03 

a(N) = 9,38 + 0.03 

New inves t iga t ions on rare ear th metals and on lanthanides are i n progress . 

2.2 Absolute Values for Scat ter ing Amplitudes of Hydrogen and Carbon and 

of Some Halides 

L. Koester, W. N i s t l e r (FRM 1972) 

Preliminary r e su l t s of these measurements u t i l i z i n g the Neutron-Gravity-

Refractometer, were published in a l e t t e r /~1_7» 

Additional measurements on l iqu id compounds of C, H and CI were performed. 

They gave r e s u l t s for the coherent s ca t t e r ing amplitudes of the molecules: 

C2H^C12: a = 17.500 + 0,006 fm and 

C2C1^: a = 51,617 + 0,008 fm 

in best agreement with the published preliminary numbers for C, H and CI. 

2 .3 Precise Measurements of Total Cross-Sectlor.3 a t 1.25 eV and 5.2 eV 

Neutron Energies 

L. Koester, W. Waschkowski (FRM 1972) 

Ut i l iz ing resonance de tec tors for the neutron energies 1.25 and 5-2 eV we 

measured t o t a l cross sect ions of some elements by transmission experiments. 

The r e su l t s are of i n t e r e s t in connection with precise numbers of coherent 

sca t t e r ing amplitudes. They could have some importance in i n t e rp re t ing 

experiments on neut ron-e lec t ron- in te rac t ion by precise measuring of neutron 

cross-sect ions of d i f ferent elements. 

The experiments yielded for : 

Be: a (1,25 eV) - 6,149 • 0.008 barn 

(5,2 eV) - 6,149 + 0.007 bam 

from BaP2, BaWy Ba(N0?)2 

from NH^Cl, CsNO , KNO . Pb(N0 >2 

^~lJ7 L. Koester, W. N i s t l e r , Phys. Rev. Le t t e r s 2J_, 956 (1971) 
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( 3^ Mg: fftot (1,25 eV) = ̂ ,425 + 0,003 barn 

(5,2 eV) = 5,415 + 0,002 bam 

S: a (1,25 eV) = 1,045 + 0,004 barn 

(5,2 eV) « 1,014 + 0,00? barn 

SiOgi a (1,25 eV) - 9,617 + 0,006 barn 

(5,2 eV) = 9,600 + 0,003 barn 

Measurements on samples of liquid Bl and Pb are in preparation. 

3. Total Neutron Cross Section Measurements on Gold and Cobalt in the 

0.0014 - 0.005 eV Range 

W. Dilg, W. Mannhart, E. Steichele, P. Arnold 

A new thermal neutron TOP spectrometer at the FRM, mainly designed for high 

resolution diffraction work , was used to determine thermal standard 

cross-sections with high accuracy. The facility consists of a 150 m long 

guide tube used as flight-path and three synchronized choppers near the 

reactor, distant by 1.5 m and 17.7 m. The velocity of the first chopper was 

chosen to give a TOP-resolution of <~*2.8 ,usec/m, i.e. AX~0.010 A. By 

variable reduction of the velocities and phases, respectively, of the second 

and third chopper the width of the transmitted wavelength spectrum was changed 

between 1.4 K and 2.7 A, and the centers of the spectra were selected between 

4 and 7 A, respectively. The TOP wavelength calibration was checked by com

parison with the well known Bragg cutoffs of polycrystalline samples of Be, 

Pb, Pe, Mg and Si between 3.9606 X and 6.2708 8 and was found to be con

sistent within 0.002 A. 

Measurements were performed on gold and cobalt which are the most widely used 

thermal standards for activation work. Two samples of gold (nominal purity 

99.999 %) were used in the 4 - 7.5 A range and one sample of cobalt (spec. 

pure) in the 5«5 - 7«5 A range. Prom the gold transmission data above 4.7 A 

(111-Bragg-cut-off) the subthermal limit o" A of the absorption cross 
(2) 

section was evaluated using the same corrections as in w for incoherent 

elastic and inelastic scattering and for the slight deviation from l/v caused 
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by the 4.9 eV resonance. Combining the 4.7 - 7 .5 X data of the two samples 

and d i f ferent runs we obtained a / \ = 54.35 + 0.05 b/8 (2 a e r r o r ) . This 

agrees with the previous measurements of Gould e t a l . i n the 5 - 11 A 

range and those of Als-Nielsen and Die t r ich * ' above 7 A. However, our 

(333, data do not support the t rend to lower values seen by ^ a t 6.35 A and 

&"*•*) 5.17 A. With a correct ion of 0.96 % for the non l /v resonance contr ibut ion 

at thermal energy we obtain a (2200 m/s) = 98.68 + 0.10 b (2 a e r ro r ) 
" (2) (^) 

to be compared with the previous r e s u l t s 98.8 + 0 .3 b » 98.6 + 0.2 b w y 

and 98.9 + 0.3 b * 4 ' . 

The evaluation of the cobalx. data y i e lds the preliminary value a 

(2200 m/s) = 37.17 + 0.2 b, assuming an effect ive s c a t t e r i n g correct ion 

above the Bragg cut-off of 6 b (incoherent e l a s t i c and magnetic s c a t t e r i n g ) . 

The incoherent s ca t t e r ing correct ion i s uncertain due to discrepancies of 

the avai lable ra ther old t o t a l cross sect ion measurements i n the low eV 

region. We intend to remove t h i s uncertainty by a measurement on Co at 1.2 eV 

(rhodium resonance detector method). 

(1) E. S te ichele , P. Arnold, t o be published 

(2) F. Gould e t a l . , Nucl. Sc i . and Engng. 8 (I960) 453 

(3) J . Als-Nielsen, 0. Die t r i ch . Phys. Rev. _13J> (1964) B 925 

(4) H, Teutsch et a l . , Nukleonik 4 (1962) 165 
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VI. CENTRAL BUREAU FOR N U C l ^ A K MEASUREMENTS, 

Eura tom, Geel (Belgium) 

1. NEUTRON MEASUREMENTS DIVISION 

1.1. Genera l Developments 
A . H . W . A t e n , J r . * 

1. 1. 1. Gamma flash suppres s ion 
J . Wartena 

A t a rge t m o d e r a t o r shielding a s s e m b l y with reduced 
Y -flash has been ins ta l led . 

The ta rge t is a conventional m e r c u r y cooled uranium t a r 
get with a d i a m e t e r of 34 m m . Two semic i r cu la r m o d e r a 
tor s labs of 75 m m rad ius and 40 m m th ickness of polyethy
lene a r e placed in a v e r t i c a l plane above and below the t a rge t . 
Th ree concent r ic lead r ings sur round the ta rge t in a ho
r izonta l plane, to shield the flight pa ths from d i r ec t v - r a 
diat ion. The lead r ings shield a l so the unmodera teo n e u t r o n s , 
going d i rec t ly from the t a rge t to the flight pa ths . 
The d imens ions of these lead r ings a r e given in table 1. 

Table 1 

inner ring 

middle ring 

outer r ing 

inner radius 
(mm) 

75 

175 

175 

outer radius 
(mm) 

125 

225 

325 

height 
(mm) 

34 

38 

40 

The const ruct ion i s so, that, looking through the c o l l i m a t o r s 
from the flight paths , only the m o d e r a t o r and the ou te r s u r 
face of the biggest lead ring a r e seen . All s t ruc tu re m a t e 
r i a l s (cooling p ipes , suppor ts e tc . ) and the ta rge t a re e i ther 
outside the l ines of the sight, or shielded by the r i n g s . 
Compared with the old ve r s ion of the t a r g e t where a l r eady 
some shadow cones have been used, the gamma flash is 
only reduced by a factor t h r ee . But the g a m m a s which reach 
the flight paths a r e now lower in energy . 511 keV annih i la 
tion quanta or ig ina ted t r om the t a r g e t a r e degraded in <n<r«y 
by Compton effect in the m o d e r a t o r before they leave the 
ta rge t sys t em. Therefore it is now poss ib le to use a -, fil ter 
in the beam. Such a f i l ter of lead with 8. 5 mm th ickness tor 
example reduces again the y-f lash by a factor 10 at the 
expense of 25% of the neutron flux. 

in charge of this activity 
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A t ime of flight exper iment indica tes that the lead 
shielding r educes the background by A factor 1. 5. 
We a s s u m e that this is due to the shielding of the un-
modera ted n e u t r o n s . Compared to the old t a r g e t v e r 
sion, the neut ron flux is unchanged up to a neu t ron 
energy of 100 keV. Beyond these a r e l e s s neu t rons 
because of: 
1. the shielding of the fast neut rons by the lead r ings 
2. only l a rge ang le s ca t t e r ed neut rons in the p r e s e n t 

m o d e r a t o r r e a c h the flight pa ths . 
Because of the new posit ion of the m o d e r a t o r in one 
plane the r e so lu t ion of the t ime of flight expe r imen t is 
improved. 
If one shifts the m o d e r a t o r para l le l to i t s plane by 40 mm 
it is poss ib le to r educe the y - rad ia t ion by a factor 2 and 
to d e c r e a s e the ene rgy of the g a m m a s in the f lash. By 
doing th is , the y -f lash is h a r d e r in the opposi te flight 
path. 
Table 2 gives the energy absorpt ion in a 50 x 50 m m 
Nal(Tl) at 9 m from the t a r g e t for the y -flash of a 
l inac pulse of 3 . 3 Joule and 60 MeV e lec t ron energy: 

Table 2 

1. 

2 . 

3. 

4 . 

5. 

Targe t v e r s i o n 

m e r c u r y cooled u ran ium 
ta rge t 

s a m ° a s 1. with lead r ings 

same a s 2. with m o d e r a t o r 

same a s 3. m o d e r a t o r 
shifted 40 m m away from 
the de tec tor 

old configuration 

Energy absorp t ion 
(GeV) 

1600. 

0 .9 

2 9 . 

13. 

7 8 . 

1.2. Data Handling 

F . Colling (until 31 .7 .72 ) , H. Hors tman* , W. Kolar (until 
11 .9 .72) , R. Werz , C. Cervin i , U. Meloni, J. Deckx-Van 
' j t l e n , D. De Poo te r ; full par t ic ipat ion : A. Idzerda , 

. J.y par t ic ipa t ion : T. Babeliowsky, A. Brusegan 

1 . 2 . 1 . ;hnical Improvement of the Data P r o c e s s i n g Equipment : 
••-» number of mul t ichannel ana lyse r s interfaced to the IBM 

•f-'JO computer has been inc reased by one (8 in total) . Due to 
growing demands of disk s to rage capaci ty for exper imenta l 
neutron data the disk capacity of the IBM 1800 has been 
doubled. 

Lu • atom b u r s a r 



- 51 -

1. 2 . 2 . Data Reduct ion for Neutron C r o s s Section M e a s u r e m e n t s : 
The set of p r o g r a m s for data reduction ot s ca t t e r ing and 
fission c r o s s sect ion m e a s u r e m e n t s has been extended 
and improved . Opt imal iza t ion calcula t ions of background 
functions in total c r o s s section e x p e r i m e n t s have been 
pe r fo rmed . 

1. 2 . 3 . Calculat ions for F i s s ion Neutron and Gamma Multipl ici ty 
M e a s u r e m e n t s : A computer p r o g r a m has been developed 
which p e r m i t s the calculat ion of the probabi l i ty of a s-fold 
coincidence of n p a r t i c l e s impinging on k d e t e c t o r s with a 
total efficiency of e per pa r t i c l e . The p r o g r a m and r e 
sults of the ca lcula t ions have been published. ' 

1 .2 .4 . Modification of P r o g r a m s for C r o s s Section Ana lys i s : 
The IBM 709 0 p r o g r a m s MOULD and MAGGIE (AWRE 
A l d e r m a s t n ) for the calculat ion of mul t ip le sca t t e r ing 
c o r r e c t i o n s of differential e las t ic and ine las t i c neut ron 
sca t t e r ing c r o s s sec t ions have been changed to be c o m 
patible with the IBM 370/165 computer sys tem of CETIS. 
The p r o g r a m s a r e included in the CBNM disk p r o g r a m 
l i b r a r y . 

1. 2 .5 . P r o g r a m m i n g A s s i s t a n c e for Genera l Data Analys is ProbLans : 
P r o g r a m m i n g a s s i s t a n c e for the following p r o b l e m s has 
been given: background c o r r e c t i o n s , c o m p a r i s o n s , and 
fittings for total c r o s s sect ion data, leas t s q u a r e s fits 
for va r ious expe r imen ta l data se t s , and format conve r s ions 
of m e a s u r e d s p e c t r a for severa l data reduct ion p r o g r a m s . 

1 .2 .é . P r o g r a m m i n g for the Extended Disk Capaci ty for e x p e r i 
menta l Neutron Data: The computer rout ines control l ing 
the disk s to rage for expe r imen ta l data have been modified 
and extended in o r d e r to se rve the new IBM 231 1 disk unit. 
The v-iok capac i ty sha red by all data acquis i t ion s ta t ions in 
ter faced to the IBM 1800 computer has been inc reased to 
240 spec t r a of 409 6 channels and 480 blocks of 2 56 channels 
for spec t r a of va r i ab l e length. 

1 .2 .7 . Improvement of the IBM 1800 Mul t ip rogramming Sys tem: 
The disk control l ing capabi l i t ies of the IBM 1800 operat ing 
sys tem have been improved by the genera t ion of a new 
m u l t i p r o g r a m m i n g sys tem (V3L2). A magne t i c tape 
spooling sys tem has been developed which i n c r e a s e s the 
efficiency of batch p roces s ing and r e d u c e s the renta l 
cos ts of the IBM 1443 l ine p r in te r . 
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1. 2.8 . Ana lyse r Computer Interface U n i t s : 
According to the r e q u e s t s of the expe r imen ta l groups 
the set of rout ines for data t r a n s f e r s and in terac t ive 
data reduct ion has been extended, espec ia l ly for the 
purpose of automatic data reduct ion and modification 
of expe r imen ta l data stored on the IBM 1800 disk. 
Two r e p o r t s have been published. ) ) 

1.2. 9 . Sa te l l i te Computer for M u l t i p a r a m e t e r Exper imer is : 
The sof tware of the GA 18/30 sa te l l i t e computer of the 
IBM 1800 is being debugged. P r o g r a m s for t w o - p a r a m e t e r 
e x p e r i m e n t s with windows on both p a r a m e t e r s and t h r e e -
p a r a m e t e r exper imen t s have been developed. Utili ty 
rou t ines have been added to the sy s t em facil i tat ing the 
planning for the s to rage of exper imen ta l data on the 
IBM 1800 disk. EUR r e p o r t s about the sys tem a r e 
being p r e p a r e d . 

1. 2. 10. Sate l l i te Computer for the Radionucl ides Group: 
The configurat ion of a data acquis i t ion and control sys tem 
for the rad ionuc l ides group has been de t e rmined . 

The sys tem is based on a GA 18/30 
computer to be opera ted as sa te l l i te of the Ii3M 1800 
s y s t e m . The source of the data to be p rocessed a r e 
s tandard iza t ion m e a s u r e m e n t s with about 100 counte rs 
loca ted in up to 15 s t a t ions . The software planning has 
been m a d e for on- l ine control of the exper imenta l 
equipment , checks on the incoming data, t r a n s f e r s of 
data to the disk s to rage of the IBM 1800, and remote 
cont ro l of evaluation p r o g r a m s on the IBM 1800. 

A communica t ion p r o g r a m for data t r a n s f e r s between 
the IBM 1800 and a GA 18/30 sa te l l i t e has been developped. 

1 .3 . L i n e a r A c c e l e r a t o r 

C .A l l a rd , J . M . S a l o m é . R. Cools , R . F o r n i , F . M a s s a r d i e r , 
F . Menu, R. P i jp s t r a , P . S c h w e i t z e r , P. Siméone, F . Van 
Reeth , C. Waller 

1. 3. 1. Opera t ion of the l inear a c c e l e r a t o r : The high number of 
beam hour s obtained in 1971 has been mainta ined in 1972 
(see Tab le 3 and Fig . 1). 
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T a b l e 3: O p e r a t i n g h o u r s of t he l i n a c 

N u m b e r of k l y s t r o n h o u r s 

N u m b e r of b e a m h o u r s 

N u m b e r of m a i n t e n a n c e 
h o u r s a n d o t h e r s t o p s 

1971 
(11 m o n t h s ) 

3878 

3817 

46 S 

( H 

19 72 
m o n t h s) 

38 52 

',817 

5-M 

A l s o t h e u t i l i s a t i o n coe f f i c i en t of the f l i g h t p a t h s h a s s t i l l 
b e e n i m p r o v e d in 19 72 , four t o s e v e n f l i g h t p a t h s h a v e b e e n 
u s e d d u r i n g 8 0 % of t h e t i m e ( s e e F i g . 2) 

3.2. Col laborat ion with other l a b o r a t o r i e s : The be t te r u.-;e of 
the l inac is main ly due to the i n c r e a s e of par t i r ip -u ior of 
other l a b o r a t o r i e s : 
1) CEN Mol: used two m o r e flightpaths in 1972 in total 

5 f l igh tpa ths used with the following t ime : 11°0 - 1 5 7 S -
1557 - 2006 and 3196 h o u r s . 

2) CNEN: 2 fl ightpaths during 1353 and 3103 hoars 

2 38 
3 .3 . T a r g e t s : A U t a r g e t with reduced d imens ions hat; bt-en 

used up to 3 kW, a s soc i a t ed with a polyethylene rr.o'.k-ra-
tor (e - 4 cm) placed ve r t i ca l ly in the axis of the ra rqe t . 
The d e t e c t o r s were be t ter pro tec ted agains t the \ -flash 
by the lead shielding surrounding the t a r g e t . The gamma 
radia t ion was reduced cons iderab ly (at leas t by a factor 
10, depending on the flightpath and the de t ec to r s us'-d /. 
In this way it is poss ib le to en la rge the neutron e.-i< r-jy 
range from a few keV up to about 100 keV. (Cf. 1. \. \.\. 
A new 4 kW ta rge t with reduced d imens ions has been 
studied at CBNM and o r d e r e d . It will be put into o p é r a 
tion dur ing the f i rs t q u a r t e r of 19 73. 

A p r e l i m i n a r y plan for a ro ta t ive m e r c u r y cooled f. :_•. t 
and a lso for a ro ta t ive m e r c u r y and vacuum tight KM.;1 

(p = 5 b a r s ) has been studied by the f i rm CERCA iolhm i,m 
the ins t ruc t ions of CBNM. 
Tes t s with this joint will be done dur ing 19 73. 

3.4. Improvement of the a c c e l e r a t o r : Fas t PIN diode modu la to r s 
have been tes ted on the m i c r o - w a v e l ines b.'tvef-n ih,. pilot 
osc i l l a to r and the k l y s t r o n s . They a r e able to switch' • !m 
mic rowave power at the input of the big k lys t ron I .'00 W) 
within 20 ns in such a way that the pulse shape at tlm Idys t ron 
output is ve ry well defined. Rise and fall timed ot ie.s.s than 
100 ns can be obtained on the 20 MW microwave pc'me-
which can have only the durat ion of the filling t ime of the 
sec t ions . The Joule l o s s e s in the a c c e l e r a t o r can h> !.>r-;;el\-
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reduced (~'Oa'u) or can be modified in o r d e r to r lwnsc the 
tuning frequency of each sect ion sepa ra t e ly . Up to now, 
this sys tem has been t e s t ed as a prototype and works 
sa t i s fac tor i ly . It will be adapted on the two sec t ions and 
improved to fulfill the no rma l working condit ions. 

P ro jec t to replace the spark gaps byabig thyra t ron has 
been brought out and studied with the f i r m s English 
E lec t r i c Valve and ITT. Many advantages can be ex
pected with such tubes as a be t te r phase stabil i ty, 
sma l l e r impedance and e a s i e r main tenance . Two r a c k s 
have been set up and a new tube EEV CXI 521 has been 
tes ted by the spec i a l i s t s of the f i rm in August on our 
modula to r . These m e a s u r e m e n t s were useful to improve 
the prototype, and the f i rm has the intention to detest it 
in 1973. 

The F201 1 k lys t ron used a s a m a s t e r osc i l l a to r will be 
no longer produced in 19 7 5 by the firm Thomson CSF, 
which was engaged to provide these tubes for 10 y e a r s 
Thus we a r e looking after another genera tor to dr ive 
the big k lys t ron . A specif icat ion book has been wr i t t en 
and sent to the different m a n u f a c t u r e r s of the world. 
This gene ra to r will cons i s t of a low level constant wave 
osc i l l a to r , modulated by a fast switch and driving an 
ampl i f ier k lys t ron supplied by a DC voltage. Such a 
sys tem will pe r form a good frequency stabil i ty during 
the pu lses and will be the cheapes t one. The p r o p o s a l s 
a r e expected for the beginning 19 73. 

4. Total C ros s Section M e a s u r e m e n t s 

K. H. Bfickhoff , A. Brusegan , G. C a r r a r o , A . D u f i a s n e 

4. 1. P r e c i s i o n Total C r o s s Section Measu remen t s on Li, Li 
and C in the keV and MeV Range: After the subc r i t i ca l 
exper iment of the CEA (Cadarache) the equipment for 
neutron total c r o s s sect ion expe r imen t s has beeu r e - a s 
sembled and re -a l igned and t r a n s m i s s i o n m e a s u r e m e n t s 
on the 3 i sotopes were s t a r t e d at new. Data with high 
s t a t i s t i ca l a ccu racy have been obtained on th ree "Li , two 

Li and two carbon ( r eac to r g r ade graphi te) sample.s 
between 2 keV and 2 MeV neutron, energy. 

The main problem is the background de te rmina t ion s ince 
the usual ly applied black r e sonance technique affects ine 
quantity to be m e a s u r e d and s ince the smal l number of 
suitable black r e sonances may be not sufficient to t r ace 
the shape of the background cu rve . 

One of the background evaluation methods which was »ried 
cons i s t s of a leas t s q u a r e s fit p a r a m e t e r de terminat ion of 
a suitably const ructed ma themat i ca l form of the background 

Resea rch fellow - Universit-i di PaWova 
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c u r v e c o m p a r i n g o u r o w n t r a n s m i s s i o n r e s u l t s on c a r b o n 
wi th t h o s e d e r i v e d f r o m an e v a l u a t e d " b e s t ' 1 c u r v e 
( J A E R I 1218) for n T w h i c h c o m p r i s e s m o s t of the i n 
f o r m a t i o n on a T of c a r b o n a v a i l a b l e so f a r . The b a c k 
g r o u n d funct ion i s t h e n a p p l i e d to t h e L i t r a n s m i s s i o n 
r e s u l t s o b t a i n e d " s i m u l t a n e o u s l y " (in t he s a m e s a m p l e 
c h a n g e r t u r n ) wi th t h e c a r b o n d a t a a f t e r n o r m a l i s i n g it 
v i a a b l a c k r e s o n a n c e c o m m o n to a l l s p e c t r a . In t h i s 
w a y t h e L i t o t a l c r o s s s e c t i o n d e t e r m i n a t i o n i s l i n k e d 
to the s t a n d a r d c a r b o n t o t a l c r o s s s e c t i o n w h i c h i s a s s u m e d 
to be f a i r l y we l l s y s t e m a t i c e r r o r c o m p e n s a t e d . 

M e a s u r e m e n t s h a v e b e e n f i n i shed and e v a l u a t i o n i s 
p r o c e e d i n g . 

59 
I. 4 . 2. R e s o n a n c e P a r a m e t e r s of the Co R e s o n a n c e .'it 132 eV 

T h e a n a l y s i s of the t r a n s m i s s i o n d a t a o b t a i n e d v.-ith 4 
(329) d i f f e r en t s a m p l e t h i c k n e s s e s h a s b e e n t e r m i n a t e d . F i g . 3 

s h o w s the T - F d i a g r a m c a l c u l a t e d with t h e A t t a - H ^ r v e y 
n y p r o g r a m . 

1. 4 . 3. To ta l C r o s s S e c t i o n of U: T r a n s m i s s i o n m e a s u r e m e n t s 
h a v e b e e n p e r f o r m e d on a 2 3 6 U 3 O g (89 . 38 a t . °/„ ^ U ) 

( ' 0 2 4 , s a m p l e c o v e r i n g the e n e r g y r a n g e s 100 eV -. 800 cV, 
1025) 400 eV - 2400 eV and 1500 eV - 6000 eV S a m p : e t h i c k n e s s 

w a s 0. 898 . J O " 2 a t / b . 
P r e l i m i n a r y r e s u l t s p r e s e n t e d at t h e C o n f e r e n c e on N u c l e a r 
S t r u c t u r e Study wi th N e u t r o n s ( B u d a p e s t 1972) h a v e b e e n 
r e v i s e d and c o m p l e t e d a f t e r a new e v a l u a t i o n of t he e x p e 
r i m e n t a l d a t a and r e p o r t e d at the 58th N a t i o n a l C o n g r e s s 
of the S o c i e t a I t a l i a n a di F i s i c a ( C a g l i a r i 1972). 
New m e a s u r e m e n t s wi th a d i f f e r e n t s a m p l e t h i c k n e s s 
s c h e d u l e d for 1973 wi l l e x p e r i m e n t a l l y c o m p e n s a t e t h e 
r a t h e r l a r g e 2 ^ 5 u a n d 2 3 8 y c o n t r i b u t i o n s in t he s i m p l e 
by pu t t ing c o r r e s p o n d i n g a m o u n t s of t h e s e p a r a s i t i c 
i s o t o p e s in to t h e " o p e n b e a m " r u n s . 

1 . 5 . F i s s i o n - and S c a t t e r i n g C r o s s Sec t i on M e a s u r e m e n t s 
* 

J . P . T h e o b a l d , J. A. W a r t e n a , M. M e r l a in c o o p e r a t i o n 
wi th L , M e w i s s e n + , F . P o o r t m a n s + 

2 3 U 
1 . 5 . 1 . S u b t h r e s h o l d r i s s i o n C r o s s S e c t i o n of U: j i s s i o n 

w i d t h s of t 0 O U n e u t r o n r e s o n a n c e s h a v e b e e n d e t e r m i n e d 
in t he e n e r g y r a n g e b e t w e e n 5 . 4 5 and 415 eV. T h e y show 
s m a l l v a r i a t i o n s in t h i s r a n g e and h a v e an a v e r a g e oi 
<rT> - 0 , 3 5 m e V . C o n s e q u e n c e s of t h e s e r e s u l t s on fis 
s i on b a r r i e r p a r a m e t e r s of U a r e d i s c u s s e d in a papi 
p u b l i s h e d in " N u c l e a r P h y s i c s " u n d e r the t i t l e " F i s s i o n 
C o m p o n e n t s in 2 3 b u N e u t r o n R e s o n a n c e s " '. 

+ SCK-CF.N, Mol 
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241 
i. 5.2. Subthreshold F i s s ion C r o s s Section of Am: The 

^ 3 2 5 ; expe r imen ta l sei up for L'nis e x p e n i n t u t has been 
comple ted . The sample p repa ra t ion for the m u l t i -
s p a r k - c h a m b ; r - d e t e c t o r will be ready in F e b r u a r y 
73. 

23S, 
1. 5 .3 . F i s s i o n C r o s s - S e c t i o n Measu remen t on J in the 

1 - 500 keV Range of Neutron Energy: F o r th is m e a s u r e -
(966, ment a new flight path station at 30 m dis tance from the 
968, neu t ron sou rce has been equiped with copper for co l l i -
970, mat ion . The thin foil p las t ic sc in t i l l a tor fragment de tec tor 
971, developed at the CBNM has tu rned out I o be an useful and 
972, efficient i n s t rumen t for fission c r o s s sect ion m e a s u r e m e n t s 
973, o n 235u up to s eve ra l J 00 keV. In a p r e l i m i n a r y exper imen t 
974, f-̂ g c r o s s sect ion fluctuations between 20 and 3 0 keV o b -
9'-)> se rved prev ious ly by C D . Bowman (Livevrnorc) have been 
9 ' °> conf i rmed. A se r ious problem r e m a i n s the neutron flux 
977, m e a s u r e m e n t in the k eV - 500 keV r a n g e . Boron s lab 
9 '"• de t ec to r s and BF propor t ional coun te r s have an energy 
9°0> dependent efficiency ranging below 10 ,ns TOF equivalent 
" ' af ter the y -flash of the neutron sou rce . There fore a 
' ' s emiconduc tor de tec tor for the (n, ct ) r eac t ions on B 
983 k 
' ' o r DLi has been instal led. The f irst t es t r e s u l t s a r e 

sa t i s fac to ry . A flux m e a s u r e m e n t up to about 1 ivJeV does 
not show the s t rong efficiency drif ts af ter the v -flash 
like the other d e t e c t o r s . However, sma l l dr i f ts below 
5% have st i l l to be ruled out. 

1. 5.4. F i s s i o n Neutron Multiplicity M e a s u r e m e n t s : The e x p e r i 
menta l technique for this type of work has been d i scussed 
in a spec ia l r e p o r t ' . The m e a s u r e m e n t s on 2 3 9 p u sum
m a r i z e d in the p r o g r e s s r e p o r t 19 71 have been extended 
to 2 3 5 J J . Neutron induced fission events emit t ing 2, 3, 4 
o r 5 neu t rons have different cont r ibu t ions to i i s s ion yields 
r eco rded with double and t r i p l e neut ron coincidence s ignals 
a s a function of incoming neut ron energy . This fact can he 
used to s ea r ch for va r i a t ions of neut ron mul t ip l i c i t i es in 
f ission r e s o n a n c e s , in pa r t i cu l a r in r e s o n a n c e s of diffe
rent channel sp ins . 
In the ca se of ^-"U no difference in f ission neut ron num
b e r s for 3" and 4" leve ls has been detected above the 
expe r imen ta l e r r o r of _f 1. 5%. A paper has been sub
mi t ted to the " Journa l of Nuclear Energy'1 ~) 

Table 4 gives for seve ra l r e s o n a n c e s ra t ios R- of r e s o 
nance in t eg ra l s conditioned by double and tripL- neutron 
co inc idences . These ra t ios a r e given in units of <- R . '--• . 

984) 

Nucl. Instr . and Methods, 45, 1966, 2 
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T a b l e 4 

E . 
O 1 

eV 

8 . 7 9 

12. 39 

1 5 . 4 0 

1 6 . 0 8 

16. 69 

1 8 . 0 7 

19. 31 

2 1 . 0 8 

2 2 . 9 4 

2 3 . 4 2 ) 

2 3 . 6 5 * 

24. 32 

25 . 20 ) 

25 . 50 ^ 

2 6 . 4 8 

? 7 . 8 4 

3 0 . 6 ) 

3 0 . 8 5 * 

3 2 . 0 7 

33. 53 

3 5 . 2 0 

3 9 . 4 0 

R. 
î 

A 

1. 04 _+ 0 . 0 5 

1. 00 j ; 0 . 0 2 

1. 00 ± 0 . 0 3 

1. 0 4 i 0 . 0 3 

1 .05 + 0 . 0 3 

0 . 9 9 + 0 . 0 3 

0 .99 ± 0 . 0 2 

1. 03 + 0 . 0 4 

1. 00 + O.02 

0 . 9 7 _+ 0 . 0 3 

0 . 9 8 _+ 0 . 0 3 

0 . 9 5 + 0 . 0 4 

0 .99 + 0 . 0 3 

1 .07 + 0 . 04 

0 . 9 3 + 0 . 0 4 

0 . 9 8 + 0 . 0 3 

0 . 9 8 _+ 0 . 0 3 

1 .06 + 0 . 0 3 

1 .00 + 0 . 0 3 

/ < R > 

B 

1. 01 ± 0 . 0 5 

1. 00 + 0. 02 

0 . 99 ± 0. 03 

1. 01 _+ 0. 03 

1. 04 _+ 0. 03 

. 9 4 + 0. 03 

1. 00 _+ 0 . 0 2 

1. 03 + 0 . 0 4 

1. 04 + 0 . 0 2 

. 9 5 + 0 . 0 3 

. 9 6 + 0 . 0 3 

1. 00 _+ 0 . 0 4 

1. 00 _+ 0 . 0 3 

1 .01 + 0 . 0 4 

. 9 9 + 0 . 0 4 

1. 01 + 0. 03 

. 9 8 + 0. 03 

1 .05 + 0 . 0 3 

1 .00 + 0 . 0 3 

j 

3 

3 

4 

4 

4 

4 

4 

4 
4 

3 

4 

4 

4 

4 

3 

t h e c o l u m n s A and B d i f f e r i n t h e w a y t h e " b a c k g r o u n d " 
h a s b e e n s u b t r a c t e d . 

J is t h e r e s o n a n c e c h a n n e l s p i n . 
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242 
1. 5. 5. Neutron Resonance P a r a m e t e r s of Pu: We have 

n p r f d r m c f l *»la<;tir- c r s t t p r i n i r a n d t o t a l r r n c ; > i <5»>rtinn j _ . - - . ,-, - • - - . . _ - . . . 

m e a s u r e m e n t s on Pu below 1300 eV. The r e su l t s 
(I3I9) of t he se m e a s u r e m e n t s together with those of capture 

c r o s s sect ion m e a s u r e m e n t s yielded the 
neut ron widths - for 71 r e s o n a n c e s and the total 

n 
r ad ia t ive widths T for 2 5 r e s o n a n c e s 

y 
The s-wave strength function S ~ 0.89 . ' x 10 ° o - 0 . 0 ) 
and the average radia t ive width T" = T21.9 _+ 0 .4 
(stat . ) + 1. (syst . ) 1 . The r e s o n a n c e p a r a m e t e r s 
w e r e used to calculate the f iss ion widths /- from 
the fission c r o s s section r e s u l t s of Los Alamos . 
F r o m these fission widths, the height of the second 
f i s s i o n b a r r i e r is deduced: En - 5. 18 MeV. 

P r e l i m i n a r y resu l t s have been published during the 
Budapest Conference on "Nuclear S t ruc tu re Study 
with Neut rons" " ) . The final r e s u l t s a re submitted 
for publication in "Nuclear P h y s i c s " ' K 

2 36 
1. 5.6. Neutron Resonance P a r a m e t e r s of U: In o r d e r to 

/jQ24 obtain resonance p a r a m e t e r s of *• *"U the pa r t i a l and 

1025) total c r o s s sect ions have been m e a s u r e d . 
The sca t te r ing c r o s s sect ion was obtained on a 30 m 
flightpath stat ion, using the 3He gaseous sc in t i l l a tor 
de tec to r sys tem, with two different sample t h i cknes se s 
2. 1 5 10-4 a t / b and 1. 50 10" 3 a t / b . The resonance 
sca t t e r ing a r e a s have been deduced for m o r e than 
40 r e s o n a n c e s . T h e s e a r e a s a lso have been c o r r e c t e d 
for self screening and for absorp t ion of the sca t t e red 
neu t rons . 

T r a n s m i s s i o n has been m e a s u r e d at a 30 m e t e r flight-
path station, using a 1 cm d i a m e t e r neutron beam and 
a 3 He gaseous sc int i l la tor as t r a n s m i s s i o n de tec to r . 
The sample thickness was 7 .645 103 a t / b . An a rea 
ana lys i s of the t r a n s m i s s i o n data was clone using a 
modified ve r s ion of the At t a - I I a rvey p r o g r a m . 
The resonance p a r a m e t e r s T and " will be de 
duced by combining the r e s u l t s from the différer'; 
m e a s u r e m e n t s including cap ture data 
This par t of the analys is is still in p r o g r e s s . 

240 1. 5.7. Scat ter ing C r o s s Section of Pu: After a r e n o r m . v 
l ization of the radiat ive capture data of this isotopf 

(123 1) the sca t t e r ing c r o s s section data have been n -eya 1 wa' c 

The old discr vancies on ~ values obtained from 
total c r o s s section work on one side and partial on 
the o ther have been e l iminated . The final data ]>•„•:< !,ee 
published in the "Journal of Nuclear F-inergy" ^ I '(".>.. I. 
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(1112 , 
1114) 

r 2 3 7 „ A 1. 5. 8. N e u t r o n R e s o n a n c e P a r a m e t e r s of N p : A new s e r i e s 
of t o t a l , s c a t t e r i n g and r a p t u r e c r o s s s e c t i o n m e a 
s u r e m e n t s on ^ 7 N p b e l o w 300 eV a r c b e i n g p r e p a 
r e d in o r d e r t o r e s o l v e t h e d i s c r e p a n c i e s on the V 
v a l u e s b e t w e e n o u r o l d e r m e a s u r e m e n t s and the 
S a c l a y r e s u l t s . M o r e o v e r , d u e t o t h e i m p r o v e m e n t s 
in e n e r g y r e s o l u t i o n , t h e m e a s u r e m e n t s c a n now be 
e x t e n d e d a b o v e 50 eV a n d even tua l ly - y ie ld t h e sp in 
for s o m e m o r e r e s o n a n c e s . 

T h e t r a n s m i s s i o n m e a s u r e m e n t s on t h r e e d i f f e r e n t 
s a m p l e s h a v e b e e n f i n i s h e d . We h a v e u s e d f o r t h e s e 
e x p e r i m e n t s a ^He h igh p r e s s u r e g a s e o u s s c i n t i l l a t o r 
a s t r a n s m i s s i o n d e t e c t o r . The f l i g h t p a t h l e n g t h w a s 
30 m e t e r a n d the b e a m d i a m e t e r 11 m m . T h e " ' N p 
s a m p l e fo r t h e p a r t i a l c r o s s s e c t i o n m e a s u r e m e n t s 
i s i n p r e p a r a t i o n . 

1. 5 . 9 . D e t e c t o r D e v e l o p m e n t : A h - e l e c t r o n d e t e c t o r h a s 
b e e n c o n s t r u c t e d c o n s i s t i n g of a 6 - e l e c t r o n c o n 
v e r t e r foi l , a t h r e e l e n s e l e c t r o s t a t i c f o c u s s i n g 
e l e c t r o n o p t i c and a c h a n n e l t r o n p l a t e . A f t e r t e s t s 
t h i s d e t e c t o r i s d e s i g n e d for f u t u r e f i s s i o n c r o s s 
s e c t i o n m e a s u r e m e n t s u s i n g f r a g m e n t d e t e c t i o r 
m e t h o d s . 

1. 5. 10. S y s t e m a t i c B e h a v i o u r cf B a r r i e r P a r a m e t e r s : 
A s y s t e m a t i c s t u d y of f i s s i o n b a r r i e r p a r a m e t e r s 
on t h e b a s i s of n e a r b a r r i e r f i s s i o n and i s o m e r i c 
h a l f - l i f e d a t a h a s b e e n c o m p l e t e d a n d a p a p e r on 
t h i s s u b j e c t p u b l i s h e d 9 ). 

1. 6. C a p t u r e M e a s u r e m e n t s 

G. R o h r , H. Weig r 
w i t h G. V a n p r a e t 
G. R o h r , H. W e i g m a n n , J. W i n t e r in c o o p e r a t i o n 

177 
1.6. 1. R e s o n a n c e P a r a m e t e r s of Hf: R e s o n a n c e a r e a 

a n a l y s i s of n e u t r o n r a d i a t i v e c a p t u r e a n d se l f 
(800, i n d i c a t i o n r a t i o m e a s u r e m e n t s on m Hi h n s been 
801) c o m p l e t e d . Us ing the r e s o n a n c e s p i n s a s g iven by 

C o c e v a et a l . t h e fo l l owing a v e r a g e r e s o n a n c e 
p a r a m e t e r s a r e o b t a i n e d : 

S ( J=3~) = 2 . 7 + 0 . 6 <• r > T „ - 72 . + 6. 

S ( J = 4" ) - 1 . 8 + 0 . 4 ^ r > ^ 56. + 5. 
c — y J = 4 ~~ 

R i j k s u n i v e r s i t a i r C e n t r u m A n t w e r p e n 
++ 

C. C o c e v a , F . C o r v i , P . G i a c o b b e and M. S t e l anon 
P r o c . of the I n t e r n . Conf. on s t a t i s t i c a l P r o p e r t i r s 
of N u c l e i , A lbany , 1971 , s . 447 
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A small difference in nvcragf radiat ive widths may 
qual i ta t ively hi- unders tood a s being due to the fact 
t n a t J ~ Î r t ' & u i k i n i f s u ic iy *j«rv.«i.y uy u i i a u o i u u u o 

to 2 + - and 4 + m e m b e r s while 4" r e sonances may 
decay only to 4"1 m e m b e r s of K - 0 ro ta t ional bands 

A p re l imina ry r epo r t on t he se m e a s u r e m e n t s has been 
p resen ted at the Conference on Nuclear S t r u c t u r e Study 
with Neutrons , Budapest 1 0 ' . 
A m o r e detai led paper is in p repa ra t ion . 

Z40 
1 .6 .2 . Resonance P a r a m e t e r s of Pu: A r e m e a s u r e m e n t of 

the 20 eV r e sonance in ? -40p u by Moxon et a l . f + + T as 
shown that the p a r a m e t e r s a s sumed for this resonance 

(1229, until recent l / have been vas t l y in e r r o r . As the parr -
1230, m e t e r s of this r e sonance had been used for n o r m a l i -
1231, zation of our capture c r o s s sect ion m e a s u r e m e n t on 
1232) this isotope done in 19 b7 ) a r e - a n a l y s i s of these 

m e a s u r e m e n t s on the bas i s of the new p a r a m e t e r s of 
the 20 e V - r e s o n a n c e lias become n e c e s s a r y . The r e 
sul t s of this r e - a n a l y s i s have been published ° ). The 
ave rage radiat ive •width obtained now for ^ Pu is 
<• F •>= (i?.. + 2. ) meV. (Cf. I . 5 . 7 . ) . 

(1319) 

242 
1.6. 3. Capture Cross Section of Pu: Neutron radia t ive 

capture m e a s u r e m e n t s on a sample of 4. S g of 2 4 2 p u 

have been completed. Resu l t s of a resonance a r e a 
ana lys i s have been combined with cor responding r e 
sul ts from t r a n s m i s s i o n and sca t te r ing m e a s u r e m e n t s 

to yield r e sonance p a r a m e t e r s . P r e l i m i n a r y 
r e su l t s have been p re sen ted at the Conf. on Nuc lea r 
S t ruc tu re Study with Neut rons /, and a final paper 

. 7 \ i s in p repara t ion /. 

1 .6 .4 . Capture Cross Section of U: M e a s u r e m e n t s of 
(1036, neutron radiat ive cap tu re on two samples of ^ 3 6 I J 

1037, (one sample with 58 g of U,O f t enriched in ^3OTJ to 
1038, 89%; another with 5. 4 g of U 3 0g enr iched in Z îoTJ 
1039, to 99 . 7%) have been pe r fo rmed in the neutron energy 
1040, range from 5 eV to 2000 eV. The data will be c o m -
1041, bined with e las t ic s ca t t e r ing and t r a n s m i s s i o n data 
1042) for r e sonance ana lys i s . 

1.6. 5. Gamma Ray Spectra from Resonance Neutron Capture 
in ' ^ 'Nd: A paper desc r ib ing this work lias been pu
blished I1) 1 2) 

+ + + M. C. Moxon, J . E. Jolly and D A . J. Kndarott , report 
f A!MHC(UK)!40 AT, 

!1 Weigmann and H.Srhmid , J. Nucl. Kne rgy .\i( I'1'•?< ) 
•417. 
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1. 6. 6. Capture Cross Section Detectors: A pair of hydrogen 
free liquid scintillators (C^F^) has hpen used as a 
total energy detector for tests measurements with 

( 509, a natural Mo sample. Mo has been chosen because 
510, it is well known that the capture gamma ray spectra 
511, are quite different from resonance to resonance. 
512, These two parameter experiments were in fact a 
513) good test for the calculated pulse-height weighting 

function. The results obtained for the capture areas 
of 12 resonances below 1 keV have been compared 
with those obtained with the Moxon-Rae detector of 
CBNM on the same sample. The agreement is sa
tisfactory within the statistical error ( < 5%). 
In order to keep the bias imposed on the pulse heights, 
below 150 keV electron energy loss RCA photomul-
tipliers have been ordered in replacement of the 
Philips XP1040 tubes, which have a relative much 
higher anode dark current, resulting in a too high 
noise level ( ̂  375 keV). The new PM's are recently 
arrived and will soon be put in operation. 

1.6.7. The Ge(Li)-Detector-two-Parameter-System: The 
Ge(Li)-Detector-two-Parameter-System used for 
the measurements of y-ray spectra of neutron 
capture resonances has been completely redesigned 
and is partly rebuild in order to improve thi; system. 
In more details the following is done: 
1. A new detector station has been built at flightpath 
no. 5 permitting measurements at distances which can 
be varried from 8 to 14 rn from the target. Additionally 
a new and better collimator/éystem has been designed 
and will be constructed. 

2. Analog Signalway: In order to eliminate the under-
swing of pulse signals after heavy overloading by the 
y -flash of the linear accelerator a direct DC-coupled 
signal path from the Ge( Li-)-detector to the ampli
tude-to-digital converter (ADC) was realised. For 
doing this it was necessary to modify our two cr /o-
stats and to adapt them for an isolated (from ground) 
mounting of the Ge(Li)-crystals. The capacitor for 
injecting the calibration pulses was mounted in this 
cryostat. It is to be expected (hat the stability of the 
measuring chain will now be nearly independent of 
the ambient temperature. 

For the interconnection of amplitude converter, time 
coder, analog windows, stabilisation generator etc. 
witn the satellite computer (GA 18/30), logic network s 
are needed. Two different versions of these logic-
networks have been designed and realised. The more 
simple type operates satisfactorily. The more complex 
unit which also permit the gating of the -, - flash by a 
pulse compression system + i s not yet r e a d y . 

J. W i n t e r , P r o c . o f t he S y m p o s i u m on Serr: iconduc tu r 
D e t e c t o r s for n u c l e a r R a d i a t i o n , Munich , II -i - \ f . :y . 
19 70, p. 188 
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V The mapne t ic taoe unit used for the s to raqe and 
sor t ing of the digital s ignals de l ivered from the 
ampli tude and t i m e c o d e r s has been rep laced by a 
sate l l i te compu te r . After t e m p o r a r i l y s torag iag and 
sort ing the s ignals a r e t r a n s f e r r e d via the c e n t r a l 
computer to a magne t i c disk unit . This sys tem in
cluding the software was extensively tes ted . The t e s t 
per iod is not yet f inished. 

1. 6 .8 . Empi r i ca l F o r m u l a for Radiat ive Widths of Neutron 
Resonances : An act iv i ty has been s ta r ted with the 
aim to fit expe r imen ta l rad ia t ive widths of neu t ron 
r e sonances throughout the per iod ic table with a 
s e m i - e m p i r i c a l fo rmula . Although up to now l i t t le 
succès has been obtained in gene ra l , it has turned out 
that the rad ia t ive widths of act inide i so topes , if 
t r ea ted sepa ra t e ly , m a y be r a t h e r well approx imated 
by the s imple formula : 

T = 1 . 4 1 4 - 1 0 " 5 • U 2 ' 6 A 2 / 3 T e V ] with 
Y 

U = B - 1. 46 A (even-even 

U = B - A for/odd A compound nuclei 

U = B (odd-odd 
where B is the neut ron binding energy in MeV and 
A = (1 . 68 - 0. 0042A) MeV is the pa i r ing energy gap. 
In table 5 rad ia t ive widths calcula ted with this f o r 
mula a r e given for a number of i so topes and c o m 
pared to expe r imen ta l data where the re a r e ava i lab le . 
The ave rage devia t ion of the calcula ted from the ex 
pe r imen ta l va lues is 8 .8%. 

1.7. Standard Data (Linac and BR2) 

A . J . Deruyt te r* , W. Becker + , G. Le Dez, R . B a r t h é l é m y , 
J. Van Gils * in coopera t ion with C, Wagemans + + , 
G. Wegener -Penn ing 

1.7. 1. P r e c i s e 2200 m / s F i s s i o n C r o s s - S e c t i o n s : The IAEA 
(Vienna) formed a consul tants group to review the v a 
lues for the 2200 m / s neutron cons tan ts for the four 
f iss i le nucl ides in which we take par t for the f iss ion 
c r o s s sec t ions . Fo r the consul tants meet ing (Vienna 
1 5-1 7 November 1972) two p a p e r s 

13) 14) 
were p r epa red , concerning the CBNM work. Both 
papers w e r e ex tens ive ly d i s cus sed at the Consul tants 

W. Becker , Eura tom b u r s a r 
J. Van Gi ls , Contrac t with SCK-CF N Mol 

^ C . W a g e m a n s , NFWO and SCK-CEN Mol 
G. Wegene r -Penn ing , IWONL and SCK-CEN Mol 



- 65 -

T a u l e 5: C o m p a r i s o n Gi c a l c u l a t e d rind e x p e r i m e n t a l r a d i a t i v e 
w i d t h s of a c t i n i d e i s o t o p e s 

C o m p o u n d 
n u c l e u s 

R A - 2 2 3 
R A - 2 2 4 
R A - 2 2 5 
R A - 2 2 6 
R A - 2 2 7 
R A - 2 2 8 
A C - 2 2 6 
A C - 2 2 7 
A C - 2 2 8 
T H - 2 2 8 
T H - 2 2 9 
T H - 2 3 0 
T H - 2 3 1 
T H - 2 3 2 
T H - 2 3 3 
T H - 2 3 4 
P A - 2 3 1 
P A - 2 3 2 
P A - 2 3 3 
P A - 2 3 4 
P A - 2 3 5 
P A - 2 3 6 
P A - 2 3 7 
0 - 2 3 1 
0 - 2 3 2 
0 - 2 3 3 
0 - 2 3 4 
0 - 2 3 5 
0 - 2 3 6 
0 - 2 3 7 
Q - 2 3 8 
0 - 2 3 9 
O - 2 4 0 
N P - 2 3 6 
N P - 2 3 7 
N P - 2 3 8 
N P - 2 3 9 
N P - 2 4 0 
N P - 2 4 1 
P U - 2 3 7 
P U - 2 3 8 
P U - 2 3 9 
P U - 2 4 0 
P U - 2 4 1 
P U - 2 4 2 
P U - 2 4 3 

B i n d . e n e r g y 
(MeV) 

5. 1 50 
6. 501 
4 . 8 8 8 
6. 389 
4 . 565 
6 . 3 1 1 
5. 384 
6. 528 
5 . 0 3 5 
7. 129 
5 .237 
6 .79 0 
5. 129 
6 . 4 3 4 
4 . 7 8 7 
6. 179 
6 . 8 1 8 
5. 562 
6. 517 
5. 197 
6. 120 
4 . 8 5 0 
5.9 20 
5.9 00 
7. 270 
5 .743 
6 . 8 4 1 
5. 306 
6. 545 
5. 125 
6. 144 
4 . 8 0 3 
5 .933 
5. 69 1 
6 .619 
5 .480 
6. 227 
5. 170 
5.9 70 
5. 8 59 
6 . 9 9 8 
5 .6 56 
6. 534 
5. 241 
6. 301 
5.0 37 

s - w a v e r a d i a t i v e w id th (eV) 
c a l c u l a t e d 
( 1 0 - 3 ) 

24. 5 
42 . 2 
2 1 . 1 
40 . 5 
17. 3 
3 9 . 4 
4 1 . 7 
50. 8 
35 . 2 
57. 4 
26 . 7 
50. 0 
25 . 3 
4 2 . 9 
20. 7 
Î 8 . 2 
58. 8 
46 . 2 
52. 0 
38 .9 
4 3 . 7 
32. 7 
40 . 0 
38. 5 
62. 3 
35 .9 
52. 3 
28 . 6 
46 . 2 
26 . 1 
38. 5 
2 1 . 7 
34 .9 
49 . 6 
55. 5 
4 5 . 2 
4 6 . 9 
39. 1 
4 1 . 8 
38. 8 
57. 3 
35. 3 
47 . 0 
28 . 5 
42 . 6 
25, 5 

e x p e r i m e n t a l 
d o - * ) 

24 . 0 

2 1. 5 

4 8 . 0 

54. 0 
2 5. 0 
4 5. 0 
24. 0 

24. 0 

52. 0 

38. 0 
4 2 . 0 ! 
*0. 5 | 
4 7 . 0 : 
22. 0 

1 

D e v i a t i o n 
(%) 

5 .6 

3. 2 

3. 6 

2 . 9 
14. 7 

2 . 8 
8. 8 

9 . 5 

12 .9 

r>. h 

12 .1 
* • > _ 

1 1 > 

1 < > . ;. 
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Table 5: Comparison of calculated and experimental radiative 
widths of actinide isotopes (continued) 

Compound 
nucleus 

PU-244 
PU-245 
PU-246 
AM-242 
AM-243 
AM-243 
AM-244 
AM-245 
AM-246 
CM-243 
CM-244 
CM-245 
CM-246 
CM-247 
CM-248 
CM-249 
BK-248 
BK-249 
BK-250 
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
ES-252 
ES-253 
ES-254 
FM-253 
FM-254 
FM-255 

B ind .ene rgy 
(MeV) 

6 .018 
4 .720 
5.9 40 
5. 528 
6. 377 
6 .425 
5. 363 
6.047 
5.0 50 
5.703 
6.799 
5. 520 
6.451 
5. 1 57 
6.210 
4 .713 
5. 560 
6.220 
4.9 69 
5. 59 3 
6.619 
5. 114 
6. 166 
4.79 3 
5.400 
6.220 
5.088 
5. 540 
6. 511 
5. 185 

s-wave rad ia t ive width (eV) 
calcula ted 
(10-3) 

37.4 
2 i . 2 
36. 3 
46 .8 
51. 2 
52. 3 
43. 5 
44. 3 
37. 4 
36.9 
54. 3 
33.9 
46 .8 
28. 0 
42. 1 
21. 6 
48. 2 
49. 0 
36. 2 
35.9 
51.7 
27.9 
42. 2 
23. 2 
45. 2 
49.9 
38.9 
35. 6 
.50. 3 
29. 6 

exper imenta l 
(10-3) 

40 .0 

37. 5 

Deviation 
(%) 

17. 0 

9. 5 
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Meeting and will now be submit ted to a Jou rna l . 
Espec ia l ly the h igher a° -va lue for U will 
inf luence the final set of 2200 m / s - p a r a m e t e r s . 
F i s s i o n c r o s s - s e c t i o n m e a s u r e m e n t s f rom other 
l a b o r a t o r i e s , a -half- l i fe va lues used for the i r 
de t e rmina t ion a s well a s s t anda rd c r o s s - s e c t i o n s 
used for the same purpose were r ev iewed . This 
work is not yet finalized but cont inues in 19 73. 
It will be finalized and published by the IAEA for 
the ENDFB4-ve r s ion . A p r e l i m i n a r y s u m m a r y of 
the Consul tants Meeting was p r e s e n t e d at the Se 
cond IAEA Standards Pane l * ' ) . 

We fur ther took pa r t in an evaluation working group 
meet ing at AERE Harwel l to d i s c u s s the evaluat ion 
of 2 3 5 U , 2 3 8 U and 2 3 9 P u c r o s s - s e c t i o n s . The r e 
por t of the meet ing was edited by B. H. P a t r i c k and 
M.G. Sowerby (AERE Harwel l ) as EANDC-90"L ! ' . 

1 .7 .2 . Li(n, a) C r o s s - S e c t i o n in the Low Energy Region: 
The t ime-of- f l ight t r a n s m i s s i o n e x p e r i m e n t s with 
the BR2 slow chopper on the q u a r t z - c e l l s filled with 
He, D2Q, D z O + & Li2S0 4 > D z O + n a t L i 2 S 0 4 , were 
finalized. The ana lys i s of the data was pe r fo rmed 

0 5 ) and all known c o r r e c t i o n s were appl ied . In th i s way 
the total c r o s s - s e c t i o n of " L ^ S C ^ and n Li^SC^ 
w e r e calcula ted and r e p r e s e n t e d by o>0f = a T + b, 
where a gives the l / v - c o m p o n e n t and b is a constant 
resu l t ing from the sca t t e r ing c r o s s - s e c t i o n of Li and 
the total c r o s s - s e c t i o n s of , ulphur and of oxygen. 
However no a g r e e m e n t was found for the absorp t ion 
c r o s s - s e c t i o n of Li from the na tu ra l composi t ion 
and the highly enr iched solution. The r e su l t from 
the highly enr iched solution for the 2200 m / s - v a l u e 
was subs tant ia l ly different from the gene ra l l y a c 
cepted one. F o r this r e a s o n we a r e planning new 
t r a n s m i s s i o n expe r imen t s on " L i F - l a y e r s ( comple 
te ly different p repa ra t ion technique) to t r y to reso lve 
th is d i sc repancy . 

239 
1. 7. 3. Normal iza t ion of a f ( Pu) in the Resonance Region: 

(1157, 1158, This work was published in Journa l of Nuclear Energy 1 *>) 
1159,1160,1161,1162. 
1163, 1164, 1165, 1166, 1167, 1168, 1169) 

233 
i . 7 .4 . Normal iza t ion of ,- f ( U) in the Resonance Region: 

The m e a s u r e m e n t s on 2 3 3 U in the low resonance r e 
gion were continued. After the ana lys i s of a l l se ts of 
data st i l l some doubt exis ts about the background in 

(908, the ve ry low energy region. In o r d e r to have full coi4-
9y9) fidencf in the iow energy end of the data a new low 

energy run is planned ear ly 19 73 to be able to publish 
the r e su l t s and recommend r e s o n a n c e in tegra l s for 
fur ther normal iza t ion of a-. 
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235 
! 7. 5. F i s s i o n C r o s s Section of U in the Range up to 100 k»»V-

M e a s u r e m e n t s were pe r fo rmed at a 30 m flight path s t a -
(968,969, tion with 4 solid s tate de t ec to r s out of the neutron beam 
970 ,971 , on each side of a back - to-back 2 3 5 U - 1 0 B layer . P u l s e s 
972, 973, in the solid s ta te d e t e c t o r s were sufficiently fast and 
974,975, we l l - r e so lved . Data- taking is however t i m e - c o n s u m i n g . 
976,977, No specia l difficulties were encountered due to the y-
978,979, flash with the solid s tate d e t e c t o r s outs ide the neutron 
980 ,981 , beam. The neut ron beam in front of the detect ion c.ham-
982,983,984) 

ber has however to be ve ry well col l imated, to reduce 
the background. The black r e sonance technique with 
s e v e r a l f i l t e rs of different t h i cknes se s is used. 

235 
1 .7 .6 . Branching-Rat io in the a -Decay of U: These r e s u l t s 

w e r e used as par t in a doc tora l t h e s i s p resen ted at 
the Univers i ty of Ghent by M r s . Wegener . The r e s u l t s 
will now soon be published. 

1 .7 .7 . Compar i son of the T h e r m a l Neutron Induced F iss ion of 
239 Pu and the Spontaneous F i s s ion of 24Upu : The ana 
lys i s of this work was finalized in 1972. The m a s s -

(1^05, d is t r ibut ion of the fission f ragments were calculated 
1206, for groups of kinet ic e n e r g i e s . The fine s t r u c t u r e in 
1207, these d i s t r ibu t ions is pronounced at low total kinetic 
1208, energy, d e c r e a s e s and d i s a p p e a r s at higher kinet ic 
1209) e n e r g i e s . The s t ruc tu re is m o r e pronounced in spon

taneous f ission than in the induced f iss ion but follows 
the same t rend. The widths of the m a s s - d i s t r i b u t i o n s 
d e c r e a s e when moving towards h igher total f ragment 
kinet ic ene rg ies a s does the amount of s y m m e t r i c f i s 
sion. Also the ave rage light and heavy p r i m a r y m a s s e s 
move c lose r together when moving towards higher total 
kinet ic ene rg i e s . F i g u r e s 4 and 5 show these p r i m a r y 
m a s s d is t r ibu t ions as a function of total kinet ic ene rg ie s 
of the f ragments for (239p u + r i t ^) a n ^ spontaneous fission 
of 2 4 0 p u r e spec t ive ly . 

This work was used for pa r t i a . fulfilment of a doctor 
degree at the Univers i ty of Ghent by Mrs . Wegener 1 K 
The r e su l t s and methods used will be published in 197$. 
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1. 7. 8 . Rat io of the T e r n a r y - t o - B i n a r y F i s s ion C r o s s Section 
Induced by Resonance Neut rons in U: This work 
was p resen ted at a European Phys ica l Society Meeting 
on F i s s i o n Heavy Ions and High Energy Phys ic s ' 
(A ix -en -Provence ) and published in detai l in Nuc lea r 
Phys ics ^9). 

1 .7.9 . Rat io of the T e r n a r y - t o - B i n a r y F i s s ion C r o s s Section 
Induced by Resonance Neut rons in 2 3 9 p u : At a 8 m flight 
path of the Linac two se ts of data were obtained with dif
ferent s e t s of s u r f a c e - b a r r i e r de t ec to r s of the r a t io of 
b i n a r y - t o - t e r n a r y fission (Low Range Alpha P a r t i c l e ) in 
^39pu_ The m e a s u r e m e n t s were per formed with a b ias 
i r the t e r n a r y a - s p e c t r u m of 15 MeV (aluminium foil + 
e lec t ron ic bias) . About 15 r e sonances could be ana lysed 
( intensi ty sufficient for the LRA detect ion) . The covered 
range was from 0. 5 eV to 50 eV. The broad 0 level at 
15. 5 eV has a significant l a r g e r value for T / B . R e s o 
nances with low and high T / B - v a l u e s were grouped. 

We a l so per formed a T / B - r a t i o m e a s u r e m e n t in the low 
energy range from below the rma l (a few meV ) to 15 eV 
espec ia l ly to m e a s u r e through the f irs t l a rge r e sonance 
at 0. 3 eV. Also the t e r n a r y a -pa r t i c l e spec t rum 
with the 1 5 MeV b ia s - l eve l was checked in deta i l at 
BRZ. All data a r e being analysed at p resen t . 

Z3^ 
1. 7. lQ. Total Kinetic Energy of F i s s ion F r a g m e n t s in U-

Resor .ances: Severa l t e s t s with de t ec to r s and 4 n VYNS-
foils were per formed in the expectat ion of the c o m p l e 
tion of the t w o - p a r a m e t e r ana lys i s sv s t em. 

1 . 7 . 1 1 . Collaborat ion with CEN Cadarache (I .Szabo, J . L . L e r o y , 
J . P . M a r q u e t t e ) : Sys temat ic d i s c r epanc i e s between t i s -

, _ sion c r o s s - s e c t i o n s of -'U m e a s u r e d in the 1 MeV-
i w Q range with a White chamber and a s imi l a r Cadarache 
. . ' chamber filled with a CBNM foil were brought to our 
. . . ' a t tent ion. Because of the impor t ance of this c r o s s - s c c -
, , _ ' tion in the high energy range it was agreed to per form 
, , - ' severa l compara t ive m e a s u r e m e n t s with our equipment 

at BP.2. The following compar i sons with neutron ene rgy-
select ion were pe r fo rmed May 19 72: 
1. U 2 3 5 c h a m b e r s White and Cadarache (CBNM foil) 
2. Chamber Whi'e 235]jt chamber Cadarache 2 3 9 p u 

(CBNM foil) 
T r*\ i / " - -i i- . ?. ^ S T T _ i - _ „ _ x_ . __ /"*,. ,i ~ , . u ,. ?. "4f* I } , , 

(CBNM foils) 
4. Chamber Cadarache ' 3 ^U and a boron chamber (foils 

CBNM) 
in o rde r to compare with the B 2200 m/ s r e fe rence 
c r o s s - s e c t i o n . P a r t 4. was withdrawn because of the 

1177) 
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high sens i t iv i ty of the 2TT boron ionization chamber to 
Y- rays . The pulse height spec t rum was d i s to r ted in 
such a way that no a c c u r a t e m e a s u r e m e n t s of the 
lOBfn.cr ) - r a t e could be m a d e . Never the les s from 
p a r t s 1. , 2. and 3. it was poss ib le to deduce the diffe
rent ra t ios of the c h a m b e r coun t ing - ra t e s and rïï /a'? 
at t h e r m a l energy. Deta i l s of the r e su l t s as well as the 
influence of these m e a s u r e m e n t s on the in te rp re ta t ion 
of published p r e l i m i n a r y a f data in the high e n e r g y -
range w e r e p r e sen t ed by I. Szabo at the second IA EA 
Panel on Neutron Standard Reference Data (Vienna 
20 to 24 November 19 72). + 

1.8. CNEN-CBNM Coopera t ion for Nuclear Data M e a s u r e m e n t s 

C. Coceva, F . Corvi , P . G i a c o b b e , M. St efanon 

235 
1.8. 1. Spin of U Neutron R e s o n a n c e s : Low-energy prompt 

g a m m a - r a y spec t r a in the range 9 5-670 keV have been 
m e a s u r e d for for ty-one 235TJ neutron r e sonances s e l e c 
ted by t ime-of- f l ight in the neut ron energy range 1 . 5 -
58 eV. Di sc r imina t ion aga ins t the na tura l gamma-ac t i v i t y 
of ~,DU has been obtained by means of a coincidence tech-

(947, nique. The spec t ra show a ve ry compl ica ted s t r u c t u r e 
948) due to few capture and to many f iss ion gamma r a y s . 

The ra t ios of the in tens i t i e s of the 160. 3 keV and 642. 4 keV 
capture g a m m a - r a y s have been used for spin a s s i g n m e n t s 
of fourteen r e s o n a n c e s with smal l fission widths . 
Some conclus ions a r e drawn about the spin dependence 
of ave rage fission widths, an i so t ropy of fission f ragments 
and s y m m e t r i c f ission yields in a paper accepted for 
publication in Nuclear P h y s i c s . ' 21 ) 

] 56 
1 .8 .2 . Stat is t ical P r o p e r t i e s of Level Spacings in Gd + n: 

A 10 g sample of s epa ra t ed A-156 isotope of Gd was 
used for capture and t r a n s m i s s i o n m e a s u r e m e n t s on 

(736) 50 m and 100 m fl ightpaths, for neutron energ ies up 
to 3100 eV. Scope of the m e a s u r e m e n t s is to find a 
complete s e r i e s of J = l / 2 leve ls with l i t t le con tami
nation of p-wave r e s o n a n c e s in o r d e r to study the s t a 
t is t ica l p r o p e r t i e s of the level spac ings . 

17 8 
1 .8 .3 . Spin of Low-Lying Bound States of Hf: M e a s u r e m e n t s 

have been pe r fo rmed of the re la t ive populations of the 
1 1 T O r r 

low-lying s t a tes of ' , u Hf when neut rons a re captured 
in different r e s o n a n c e s of Hf. The population ra t ios 

(799, for J = 4 and J = 3 r e s o n a n c e s were used to deduce 
800) the spins of 24 low-lying s ta tes 22 )_ The re su l t s a re 

in ag reemen t with those obtained by convers ion e l ec t rons 
and g a m m a - g a m m a coincidence m e a s u r e m e n t s , thus 
confirming the re l i ab i l i ty of the method which had nlrr.-idy 
been applied to , 0 5 P d + n . (Cf. I . 8 . 4 . 2 . ) . 
+ Proceeding in p r e s s 
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(447) 

.a. s >_r v *» H i t » » - J-J H V l t V ^ - * " H i m " J-V'-*Jfv^ ». * w » » * u u f̂  b u .* <w *. » * *,•„—»,* w . 

Resonances . 

1. In: A f i rs t account of the ana lys i s of 31 gamma 
t r ans i t i ons in 30 r e sonances of 1 * 5In was given at the 
Budapest Conference " ) _ Values of the a v e r a g e E 1 and 
M 1 reduced widths a r e given. E s t i m a t e s of spin and 
pa r i ty of the low-lying bound s ta tes of * *°In a r e o b 
tained up to an excitat ion energy of 1. 4 MeV. 

177 
2. Hi: H igh-ene rgy gamma r a y s from neut ron 
cap ture in single r e sonances of Hf have been 

v '991 m e a s u r e d with a Ge-1-.i detector at a neut ron flight 
°00) d is tance of 13 m . The gamma spec t r a of the r e s o n a n c e s 

up to about 200 eV have been de te rmined in the range 
5 . 2 - 7 . 6 MeV. (Cf. I . 8 . 3 . ) . 

9 1 1.8. 5. Resonance P a r a m e t e r s of Zr : T r a n s m i s s i o n m e a 
s u r e m e n t s have been pe r fo rmed on an enr iched sample 
of 20 g of 7 Z r , at a 100 m flightpath. Neutron e n e r 
gies up to about 15 keV have been explored. The m e a 
su remen t s a r e to be completed. 

1.9. Van de Graaff A c c e l e r a t o r 

A. C r a m e t z , D. Basse t t i , P . Fa lque , J . L e o n a r d 

1.9. 1. During 1972, 2130 hours of 2775 working hours were 
ut i l ized for neut ron expe r imen t s , including 164 hours 
for a work executed in cooperat ion with P T B - B r a u n -
schweig and 703 hours for phys ic i s t s of the CCR-Pe t t en , 
the SCK-Mol, the IKO-Amste rdam, the P T B - B r a u n -
schweig and the Technische Hogeschool Eindhoven. 
185 hours w e r e needed to p r e p a r e , to condition and 
to ca l ib ra te the a c c e l e r a t o r . 
19 5 hours were ut i l ized for t r i t ium decontaminat ion, 

(protect ion of the floor of the t a rge t hal l with a plas t ic 
layer to prevent a further d is t r ibut ion of the con tami -
nation)and the insta l la t ion of an au tomat ic posit ionning 
sys tem of t h r e e de tec to r s around the 1 nanosecond 
extension. 
265 hours were used for ma in tenance , namely to change 
twice the ion source and to r e p a i r the 1 and 200 M c / s e c 
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V. Z. A CBNM-bui i t ion source was instal led beginning of 
March and r a n sa t i s fac tor i ly during 670 hour s . The 
l i fe - t ime of the second ion source (HVKC) was exce l 
lent and g r e a t e r than 1 ZOO h o u r s . This resu l t is c e r 
tainly due to the good pe r fo rmance of the two t u r b o -
molecu la r pumps for which a remote control sys tem 
is o r d e r e d . 

9 . 3. Up to now the regulat ion of the high voltage t e rmina l 
was rea l ized by the ion beam hitting the s l i t s behind 
the analyzing magne t . A m o r e p r e c i s e voltage s t a 
b i l izer un i t was ins ta l led and va r i a t ions in t e rmina l 
voltage a r e e l ec t ron ica l ly sensed and used through 
feedback loops to c o r r e c t these voltage fluctuations 
by regula t ing the corona c u r r e n t . 

. 4. Most of the in tegra ted 
c i r cu i t s of the project concerning frie au tomat ic 
adjus tment of vol tages of the a c c e l e r a t o r were r e 
designed and rebui l t , and all the in terconnect ions 
between p la tes were r ewi red , in o r d e r to have a 
be t ter technica l p re sen ta t ion . Due to las t modi f ica 
tions and a long de l ivery t ime , the ins ta l la t ion of 
the r e d u c e r gea rboxes (HVEC) of the s t epmoto r s 
will be only poss ib le with the f irs t opening of the 
tank next yea r . 
The pr inc ip le of this device cons i s t s in keeping the 
t a rge t c u r r e n t between an upper and lower l imi t . 
When leve l d e t e c t o r s indicate that one of these l imi t s 
is passed , the sys tem gives o r d e r , following a p r e 
selected sequence of the p a r a m e t e r s to turn the po
ten t iomete r by the cor responding s tepmotor suc 
cess ive ly 10 sec fo rwards , 20 sec backwards and 
10 sec fo rwards . During each voltage explorat ion, 
the maximum of the t a rge t cu r r en t is m e m o r i z e d 
and tho potentio • e ter is finally positionned to that 
m a x i m u m . Then another p a r a m e t e r is selected for 
an 'xp lor . i t ion up to the moment the mean value of 
the ta rge t current, is r e c o v e r e d . 

1 Q. Activation Measu remen t s 

li. L isk ien , A, Pau lsen , R. Widera 

10. i . P r e c i s i o n Determinat ion of Neutron Flux,-s 
4-

10. 1 . 1 . A s s o c i a t e d P a r t i c l e Coun t ing F l u x d e n s i t y m e a s u r e 
ment : ; fo\ 2-?0 k fV n e u t r o n s f rom the Tfp, n) s o u r c e 
r e a c t i o n w e r e s u c c e s s f u l l y c a r r i e d out by c o u n t i n g 
the a s s o c i a t e d fie p a r t i c l e s . The e x p e r i m e n t a l t e c h 
n ique and a c o m p a r i s o n with p r o p o r t i o n a l c o u n t e r 

c o l l a b o r a t i o n M.ifh !)r f ' f . s . vK PTP.O' . rau 
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24) _ 
m e a s u r e m e n t s was desc r ibed in a publ icat ion ' . 1-wo 
different d i sc r imina t ion methods were applied to s e p a r a t e 
the He p a r t i c l e s 
1. from the huge number of e las t i ca l ly sca t t e red pro tons 

by m e a n s of an e l e c t r o - s t a t i c deflection field and 
2. from spur ious protons with degraded energy by t ime-of -

flight d i s c r imina t ion . 
The flux dens i ty of the a s soc ia t ed 2 50 keV neu t rons was 
s imul taneous ly m e a s u r e d by means of a proton r eco i l p r o 
port ional counter with pulse shape d i sc r imina t ion against 
g a m m a s . Agreemen t within the e s t ima ted unce r t a in t i e s 
was found between the two m e a s u r i n g techniques . 

1.10. 1. 2. Pulse Shape Disc r imina t ion at P ro ton Recoi l P ropo r t i ona l 
Counters : A g a m m a - n e u t r o n d i sc r imina t ion based on pulse 
r i s e t ime dif ferences was used to e l imina te the gamma -
background from recoi l spec t ra m e a s u r e d with proton r e 
coil p ropor t iona l c o u n t e r s . The major pa r t oi the background 
could be removed in this way. Spect ra w e r e taken for neu
t rons of 80, 60, 30 and 10 keV f rom the 7 Li(p , n)6Be reac t ion . 
Different t e s t s show that the g a m m a - n e u t r o n d i s c r i m i n a t i o n 
gives good quant i ta t ive r e s u l t s . A coopera t ive contr ibut ion 
from CBNM-Geel and PTB-Braunschwe ig was submit ted to 
a conference ^ I. 

1.10. 2. C r o s s - S e c t i o n s for Neutron Induced Reac t ions : 

1.10.2.1. C u ( n , a ) Co: In view of the d i s c r e p a n c y between e x p e r i 
menta l f ission neut ron ave rage c r o s s - s e c t i o n s and the c o r 
responding ca lcula t ions from different ial data for the r e a c 
tion ° 5Cu(n, a ) Co a check on the cons i s t ency of the invol-

(398, ved different ial data was pe r fo rmed ^° / by i r rad ia t ing a 
399) Cu-Al (9 5 - 5% in weight) alloy sample for 38 h in a flux 

of 2. 1 0 ' n / s . These neu t rons had e n e r g i e s between 7. 7 
and 8. 3 MeV where the fission neut ron response functions 
of both (n, ry ) r e a c à o n s on b-'Cu and *-'Al have thei r m a x i m u m . 
The neu t rons w e r e produced by bombard ing a thin Be -Ta rge t 
with 2. 3 MeV cr-par t ic les from the CBNM 3 MV Van de Graaff 
a c c e l e r a t o r . Only the Y - in t ens i t i e s at 1332 keV (for ^ C o ) 
and at 1368 keV (for ^^Na.) o b s e r v e d with a Ge-L i de tec to r 
were used for evaluat ion. In this way n e c e s s a r y c o r r e c t i o n s 
a r c Ti inimized. The resu l t of n-ç. / r - . , (0. 472 _+ 0. 01 7) at 
(8. 00 ± 0. 30) MeV is in good a g r e e m e n t with published diffe
ren t ia l data. This cons is tency of different ia l Al and Cu data 
in the peak of the response function and the fac* t ^ t t t icrc 
is concur rence for integral and different ial r e s u l t s in 
the case of ^ ' A l (n, ce) l eads to the conclusion 
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that t h e r e mus t be something wrong with the in tegra l 
^ C u ( n , u ) Co m e a s u r e m e n t s . F u r t h e r effort will 
t he r e fo re be spent on this subject . 

197 198 
1.1Q. 2. 2. Au(n, y ) Au: Act ivat ion m e a s u r e m e n t s between 

(847,848, 0. 1 and 1 MeV neutron energy w e r e p r e p a r e d with 
849,850, spec ia l effort to r educe the expe r imen ta l u n c e r t a i n -
851) t i e s and n e c e s s a r y c o r r e c t i o n s . 

1.1Q 2. 3 . (n, 2n) Excitation Funct ions : The m e a s u r e m e n t s on Zn, 
H 5 j n a n c j 19 7A U W e r e finished, but the evaluat ion of the 
r e s u l t s was delayed due to a comple te r eca l i b r a t i on of 

(843) the G e - L i gamma detect ion s y s t e m . 

1.10. 3. F i s s i o n Data 
2 52 

Cf Spontaneous F i s s ion Neutron Spec t rum: Severa l 
t e s t s showed that a *" "C( sou rce sandwiched between 

(1399, two thin p las t i c sc in t i l la tor foils would be best suited 
1400) for a t ime-of- f l ight s p e c t r u m m e a s u r e m e n t using the 

f i ss ion f ragments for the t iming . The spec t rum 
m e a s u r e m e n t is in p r o g r e s s . 

1.10 4. C r o s s Section Compilat ions and Evaluations 

1.10.4. 1. Neut ron Induced Threshold Reac t ions : A c r o s s check 
between our file and the CCDN expe r imen ta l data file 
pe r fo rmed during the past two y e a r s has lead to the 
complet ion of the CCDN file with respect- to data 
covered by the EUR 119 . e compi la t ion . This m e a n s 
at the s a m e t ime that these data a r e gene ra l ly a v a i 
lable to a l l i n t e r e s t ed u s e r s due to the four cen t re 
coopera t ion (NNCSC, CCDN, NDS, CJD) in the neutron 
data field. Therefore it has been decided to stop the 
i s sue of fur ther supplements to the EUR 119.e compi 
la t ion, while the CCDN has agreed to per form a pilot 
study a iming in a CCDN publicat ion which could be 
r e g a r d e d a s a s u c c e s s o r for EUR 1 19. e. 

1.10.4.2. Neutron Standard C r o s s - S e c t i o n s : Using the r ec ip roc i ty 
t h e o r e m for nuclear reac t ions different ial cros.i - sec t ions 

,, , 1 2 for the reac t ions 3He(n, p)T (see F i g u r e 6) and ''Hefn, d)D 
. . , ' 1 4 ' we re deduced from the cor respond ing T(p, n) He and 
, c' I/L' D(d, n) He data. At the s a m e t ime new best cu rves for 
,-.! ' the total 3 He(n ,p)T and j5He(n, d)D c r o s s - s e c t i o n s a r e 

resu l t ing from this convers ion . The data were d is t r ibuted 
a s a r e p o r t EANDC(E) - 1 53"L" and a revised ve r s ion 
will be published ' . 
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dfl/LAB. 
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Fig 6 The differential LAB cross - sections for the reaction He (n,p ) T 
as deduced from the inverse reaction 
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1.10.4. 3. Neutron Producing React ions : Evaluations of c r o s s -
sect ions for the T(d ,n) 4 I Ie and T(p, n) He reac t ions 
were c a r r i e d out and d is t r ibu ted a s E^ANDC reports*®- ^9 ) 
Due to the rece ip t of new data a réévaluat ion for the 
three reac t ions T(p ,n ) 3 He, D(d, n)^He and T/Yl, n ^ I I e was 
s t a r t ed . All data will be published in Nuclear Data. 

1. 11 . Fas t Neutron T ime-of -F l igh t M e a s u r e m e n t s 

M. M. I s lam + , H. -II. Kni t ter* , M. Mailly, R.Vogt 

23 5 
1.1 1.1. Measu remen t s on "U: Neutron Scat ter ing Cros s 

Sect ions, Ene rg i e s and Angular Dis t r ibut ions of 
(Q^? QIi3 F i s s ion Neut rons : The evaluation of the t ime-of -
q c o ' acq ' flight spec t ra of neut rons emit ted from ^ " U , when 

, ' q^ i ' bombarded with monoenerge t ic neut rons of 1, S0; 

9 6 2 ' 963* 1 , 9 ° ' 2 l 3 0 ' 4* ° 0 , 4- 5 0 , S - 0 0 a n d 5. 50 MeV energy, 
look 1007} m e a s u r e d at 20 different angles between 20 arm 150 

degrees with respec t to the di rect ion of the incident 
neut rons was completed. Neutron elast ic sca t te r ing 
c r o s s section angular d i s t r ibu t ions , in tegra ted e las t i c 
sca t te r ing c r o s s sec t ions , angular d is t r ibut ions ot 
f ission neut rons , ave rage fission neutron ene rg ie s 
under the assumpt ion of a Maxwellian energy d i s t r i 
bution and ine las t ic neut ron sca t t e r ing c r o s s sec t ions 
due to inelas t ic neutron energy groups of 200 keV 
width were de te rmined . The e las t i c neutron sca t t e r ing 
angular d is t r ibut ion did not show good ag reemen t with 
c r o s s sect ions calculated by Agee and Rosen using a 
spher ica l optical model with ave rage p a r a m e t e r s . It 
was, however , a l r eady obse rved in the case of ^ ' " P u 
and 2 38u, that a sphe r i ca l optical model does not give 
a good r ep resen ta t ion of the exper imenta l data. 
Ra the r an optical model which takes into account the 
deformation of the nucleus gives a bet ter ag reemen t , 
both, for the shape of the angular d is t r ibut ions and for 
the magnitude of the in tegra ted e las t i c c r o s s sec t ions 
of 239 Pu. The same might be t rue a lso for - ^ U . The 
energy dis t r ibut ion of the ine las t ica l ly sca t t e red neutrons 
could be fair ly well r ep re sen t ed by an express ion d e 
rived from the F e r m i gas model of the nucleus . A 
par t of these r e su l t s was communicated at a C o n f e r e n c e ' ' 
and a final paper is published ^ / . 

P r e s e n t a d d r e s s : Atomic Energy Cent re , 2 Dnc - n , 
Bangladesh 
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1. 1 1-. 2. M e a s u r e m e n t s of F i s s ion Neutron Energy Spect ra 
of 2 5 S U at F.n 0. 10 MeV: The knowledge of the 
f ' ss ion neutron energy spec t rum io impor tant for 
neutronic calcula t ions of r e a c t o r s . Moreover , the 
235u spec t rum is r ega rded , bes ides the ^ Cf-f is -
sion neut ron spec t rum, a s a "s tandard neu t ron 

(1005, spec t rum" and the re fo re it should be known as good 
^00") as poss ib le . Expe r imen t s were pe r fo rmed using sam

ples of two different d imens ions in o r d e r to control 
the co r r ec t i on ca lcula t ions due to effect s emanat ing 
from finite size of the s a m p l e s . The co r r ec t ed 
exper imenta l data were fitted, using a Maxwellian 
and a Watt form for the neutron energy d is t r ibut ion . 
The numer i ca l va lues for the coefficients of these 
d is t r ibut ions as obtained from the best fit and the 
ave rage energy va lues E resul t ing from these coef
ficients a r e given in table 6. 

Table 6 

Watt Distr ibut ion 

A(MeV _ 1 ) 

0.990j;0.027 

B(MeV l ) 

2 .132+0.274 

E (MeV) 
w 

2. 0 6^0. 0 5 

Maxwellian Dist r ibut ion 

T(MeV) 

1. 37 5+0. 034 

E (MeV) 
m 

2 .06+0 .0 5 

(1399, 
1400) 

Although the E-va lues of the two fits a r e the same , the 
c h i - s q u a r e was 20% s m a l l e r for the Watt d i s t r ibu t ion . 
The p resen t data were compared with in tegra l m e a 
su remen t s of the fission neut ron spec t rum in a con
t r ibut ion to a Conference ^ ', and a detailed paper 
about this subject is in p r e s s '. 

252 
1. 11 . 3. Cf-Spontaneous F i s s i o n Neutron Spectrum: At the 

"Consul tants Meeti.-ig on P r o m p t F'ission Neutron 
Spec t r a" of the IAEA held in Vienna, August 19 71 it 
was recommended to m e a s u r e the shape of the f i s 
sion neutron energy spec t rum of 2 52ç;f from a few 
keV up to at l eas t 10 MeV. The quality of the result.b 
should be such as to make it a " s t a n d a r d " fission 
neutron spec t rum. The a im of the present effort is 
to contr ibute to the e s t ab l i shment of such a s tandard . 

An exper iment was set 
up which cons i s t s of a fipsion fragment de tec tor n.nd 
a ca l ibra ted neutron de t ec to r . The fission fragment 
de tec tor consis ted of a "--"-Cf-com pound encapsulated 
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between two plas t ic scint i l la t ion foils mounted on an 
AVP 56/03 photomult ipl ier which allowed to extrac t 
a fast t iming signal . The neutron de tec tor cons is ted 
of a l iquid sc in t i l la tor mounted on a RCA-8850 pho
tomul t ip l i e r . The neut ron detect ion threshold of this 
de tec to r is at 50 keV. The re la t ive de tec tor eff icien
cy was m e a s u r e d from 50 keV up to 8. 5 MeV and 
from 12.4 up to 19. 5 MeV using the n -p sca t t e r ing 
and s e v e r a l angular d i s t r ibu t ions of neutron producing 
r e a c t i o n s . Between 8. 5 and 12. 4 MeV the de tec to r 
efficiency was in te rpola ted . Also this de tec tor al lowed 
to ex t rac t a fast t iming s ignal . The de t ec to r s were 
s epa ra t ed by a d i s tance of 162. 3 cm from each o t h e r . 
The two t iming s ignals w e r e used to r e c o r d a t i m e -
of-flight spec t rum. Such a p r e l i m i n a r y spec t rum is 
shown in F ig . 7. 
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2. NUCLEAR METROLOGY 

2 . 1 . Mass S p e c t r o m e t r y : Cons tan t s 
G . H . Debus*, A . Loopmans , W. Oldenhof (par t t ime) 

2. 1 .1. Ratio de t e rmina t ions have been per formed on different 
enr iched i so topes of Eu, Pd, Ho, Hf, Yb, U and Pu. 
Some m e a s u r e m e n t s have been pe r fo rmed on ^ 4 1 P u 
for the de te rmina t ion of the half l ife. 

2 . 1 . 2 . The pe r fo rmance of the M . S . 5 m a s s s p e c t r o m e t e r 
has been improved by changing some components 
by new ones , e. g. an e lec t ronmul t ip l ie r , an ampl i f ie r , 
two high voltage suppl ies , two fi lament power suppl ies 
and a baffle. 

After these i m p r o v e m e n t s a sys temat i c study was made 
to define the m i n i m u m sample amount needed for an 
isotopic a n a l y s i s . The in tegra ted c u r r e n t obtained from 
Plutonium s a m p l e s of lug, 0. l(Jg and 0. OlUg ind ica tes 
that the overa l l t r a n s m i s s i o n (ions c o l l e c t e d / a t o m s 
on filament) is only \0'^. A 0. 01(jg Pu sample with 
an isotope ra t io of 40 has been m e a s u r e d wi th an 
a c c u r a c y of 1%, and l|ig Pu samples has been m e i s u r e d 
with a p rec i s ion of 0 . 1 % . The p rec i s ion of these 
m e a s u r e m e n t s is mainly defined by the s t a t i s t i c s of the 
ions impinging on the co l lec to r . 

2 . 1.3. In the field of sa feguards extens ive col laborat ion has been 
given: 
1. as a cha i rman of the f i r s t meet ing for the organizat ion 

of the in ternat ional i n t c r c o m p a r i s o n test IDA-72 a 
genera l lay-out of the expe r imen t has been presen ted 

2. an IAEA sympos ium on safeguards s tudies has beer 
attended 

3. a theore t i ca l study on the optimal conditions for 
inventory dé t e rmina t ions in r e p r o c e s s i n g plants has 
been drafted ' 

4. as an invited exper t of the IAEA the specif icat ions 
of a m a s s s p e c t r o m e t e r (to be used for safeguards) 
have been given 
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2 . 2 . Mass Spec t rome t ry of Solids 
P . De Bièvrc- *, G. Ehrenfreund, M. Gallet , 
\V. Oldenhof (part t ime) , M. D'Angelantonio + 

2 . 2 . 1 . Refe rence Isotope A n a l y s e s : The l a b o r a t o r y continued 
to cert ify high a c c u r a c y isotopic composi t ions and 
a s s a y s by iso tope dilution for e. g. 

nuc l ea r fuel cer t i f icat ion pr ior to de l ive ry to 
nuc lear r e a c t o r s 
recept ion verif icat ion of USA enr iched uranium 
de l ive red to the Community 
the Communi ty ' s Safeguards Sys tem 
se t t l emen t of disputes between nuc lea r companies , 
o rgan iza t ions , e t c . in the Community 
burn up d e t e r m i n a t i o n s , i r r ad ia t ion exper imen t s and 
n t u t r c n m e a s u r e m e n t s 

?49 r e g i s t e r e d Cer t i f ica tes have been i s sued . 

2 . 2 . 2 . M e a s u r e m e n t support for the Communi ty ' s Safeguards 
sys tem (Luxembourg) : The 7 y e a r s old m e a s u r i n g 
support to the Communi ty ' s Safeguards Author i ty 
(Contrôle de Sécur i té ) has been continued. 50 r e g i s t e r e d 
Cer t i f i ca tes have been de l ivered . A new p rocedure has 
been developed and tes ted to a s s a y a c c u r a t e ! / 
r e p r o c e s s i n g plant input and outpj^ solut ions . It is now 
possible *o cert ify concentra t ion and isotopic composit ion 
of f iss i le e l emen t s a t place and t ime of sample- tak ing 
in the r e p r o c e s s i n g plant r a the r than at t ime and place 
of ana lys i s as usua l . With r ega rd to previous m e a s u r e m e n t s , 
the p rocedu re r e q u i r e s much l e s s sample , is m o r e 
accu ra t e , offers no radiat ion r i s k s , is much cheaper , 
does not r e q u i r e close geographical location of r e p r o c e s s i n g plant 
and CBNM and allows to detect accidental or other e r r o r s from 
the moment ot sa.riple-taking up to the cert i f icat ion of 
the final r e s u l t s . The procedure is now opera t ional . 

+ fellowship, Commiss ion of the European Communit ies 
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2 . 2 . 3 . Safeguards Analyt ica l L a b o r a t o r y Evaluat ion (SALE) 
P r o g r a m : On the bas i s of the r e s u l t s submit ted 
to the USAEC Umpi re Qualif ication P r o g r a m , the 
l abo ra to ry has been asked by the USAEC SALE 
P r o g r a m to cert i fy r e f e r e e values for the isotopic 
composi t ion and a s s a y by iso tope dilution of a 
var ie ty of Uranium and Plutonium m a t e r i a l s on a 
cost pacing b a s i s . About 12 different m a t e r i a l s 
a r e involved. This P r o g r a m intends to d i s t r ibu te 
on a r egu la r bas is s amples of these m a t e r i a l s to 
nuc lear l a b o r a t o r i e s i n t e r e s t ed in submit t ing t hem
selves to per iod ic analy t ica l t e s t s and evaluat ion 
of the i r p e r f o r m a n c e . A f i r s t s e r i e s of cer t i f ied 
values has a l r e a d y been achieved and ma i l ed 
(Uranyln i t ra te ) . 
Another r eques t has been rece ived and accep ted : U F , 
isotopic definition in the f ramework of the USAEC 
U F , Genera l Analytical Evaluation P r o g r a m (purpose: 
same as above) . 
Cert i f icat ion functions in the above P r o g r a m s a r e 
pe r fo rmed to provide the n e c e s s a r y confidence bas i s 
for the m e a s u r e m e n t suppor t to the Communi ty ' s 
Safeguards sys t em in Luxembourg . 

2 . 2 . 4 . CBNM Uran ium and Plutonium T l / 2 P r o g r a m s : 
The isotopic composi t ion of base m a t e r i a l , l aye r s and 
solutions used in ' he C J J U dete rmina t ion have been 
defined. The accu racy of the concent ra t ion de te rmina t ion 
of Uranium solut ions has been improved to 0 . 1 ^ % 
using two different m a s s s p e c t r o m e t e r s and careful 
ca l ibra t ion p r o c e d u r e s . 
Same pe r fo rmance is avai lable for hal t - l i fe de te rmina t ion 
of any Uran ium and Plutonium nucl ide . 
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2.1. ^. I s o t o p e d e f i n i t i o n of s a m p l e s for n u c l e a r m e a s u r e m e n t s , 

p r e p a r e d at C B N M 

S a m p l e s 

23 S 
U 

? J S U F . 
-i 

2 3 \ j 

2 3 3 u 
Li 

Li 

2 4°Fa 
2 3 5 u 
2 3 8 T T 

A l / P i . 
2 3 3 u 
2 4 2 P u 

U 
233 T . 

u 

U 

^ 3 3 u 

2 3 S u 
6 L i 

236 T u 

P u 

Li 

' 'L i 

A p p l i c a n t 

CEN B o r d e a u x 

C B N M 

CEN B o r d e a u x 

C B N M 

Max P l a n c k I n s t i t u t 
M a i n z 

CBNM 

K F K K a r l s r u h e 

K F K K a r l s r u h e 

M 11 

P T B B r a u n s c h w e i g 

I s p r a 

I s p r a 

P T B B r a u n s c h w e i g 

C E N F o n t e n a y 

P T B B r a u n s c h w e i g 

C B N M 

CEN B o r d e a u x 

C B N M 

C B N M 

CRN M 

CBNM 

CBNM 

1 
1 P r o g r a m 

i n t e r n a t i o n a l f i s s i o n 
foil e x c h a n g e p r o g r a m 

_ _ 

2 3 3 U T l / 2 

a b s o r p t i o n m e a s u r e m e n t s 

t o t a l c r o s s s e c t i o n 
m e a s u r e m e n t s 

f i s s i o n c r o s s s e c t i o n 

H H H 

M H ii 

f i s s i o n d e t e c t o r s 

s p i k e s o l u t i o n 

s p i k e s o l u t i o n 

b u r n - u p m e a s u r e m e n t s 

f i s s i o n c r o s s s e c t i o n 

b u r n - u p m e a s u r e m e n t s 

n o r m a l i z a t i o n f i s s i o n 
c r o s s s e c t i o n 

- -

t o t a l c r o s s s e c t i o n 
m e a s u r e m e n t s 

c r o s s s e c t i o n m e a s u r e m e n t s 

c a p t u r e , f i s s i o n , s c a t t e r i n g 
c r o s s s e c t i o n s 

s t a n d a r d a b s o r p t i o n c r o s s 
s e c t i o n 

s t a n d a r d a b s o r p t i o n c r o s s 
s e c t i o n 
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i. Mass s p e r t r o m e t r i c quant i ta t ive definition by isotope dilution 

Samples 

1 mg U/g sol 

285MgU/g 

67|Jg U/g 

200mg U/g 

1 m g P u / g 

-in / 2 3 3 
3 On g / g U 
i / 2 3 3 r r 1 m g / g U 

242 
30^g Pu /g 
50ug 2 4 ° P u / g 

'42 / 
3pg Nd/g 
7Oug Pu /g 

ution 
M 

1 1 

11 

1 1 

I 1 

11 

II 

II 

1 t 

II 

Applicant 

CBNM 

RCN 

RCN 

European Commission 

l 1 M 

SCK-Mol 

CF.NM/GfK K a r l s r u h e 

CRNM/GfK K a r l s r u h e 

.SCK-Mol 

ii H 

CCR i sp ra 

! 

P r o g r a m 

T l / 2 2 3 3 U 

Umpi re in tervent ion 

i i ii 

Safeguards +Umpire 
in tervent ion 

Safeguards+Umpire 
in tervent ion 

spike for b u r n - u p m e a s . 

spike for IDA-7 2 Program 

spike for IDA-72 Program 

spike for bu rn -up m e a s . 
II 1 . I l II 

spike solution 

2 . 2 . 7 , Isotopic S tandards and Refe rence M a t e r i a l s : 

2 . 2 . 7 . 1 . Plutonium 
AH n e c e s s a r y equipment i s r e a d y cince 18 months 
to es tab l i sh secondary Pu I so t rp ic Standards with 
high 7 l ° P u content. Trie CBNM committed itself 
towards the CCR and Safeguards Luxembo rg to 
provide these . 

236, 
2 . 2 . 7 . 2 . li ran ium 

Uranium samp le s with high "^"U content a r e avai labb 
for isotopic cer t i f ica t ion and would mee t a number 
of r e q u e s t s . 

2 . 2 . 7 . 3 . Lithium 
Very l imited work could be done, but it was possible to 
e l iminate the isotopic composi t ion of samples as a possibl 
cause of 5% d i sc repancy in high accu racy standard cm:--
sect ion m e a s u r e m e n t s on na tu ra l and JLi enr iched samni 
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2 . 2 . 8 . Miscel laneous : 
Highly stable magnet power supplies have been 
built at our r eques t and 4 units de l ivered by the 
e lec t ronics group. 
P r ac t i c a l help (suggest ions, laboratory a s s i s t a n c e , 
well known samples) was given to the IAEA m a s s 
spec t rome te r l abora to ry at Se ibersdorf (20 Dec. 1972). 
The proposal for a noble me ta l s Standard Reference 
P r o g r a m , made before an internat ional panel in 
Nov. 1971 and agreed upon, was s t a r t ed to be worked 
out at a f i rs t mee t ing in Brus se l s witn indus t r i e s 
and l abora to r i e s concerned . 

3 5) Invited papers were given in Heidelberg and in 
I s p r a 3 6 ) . 
An invited semina r was held at the Badische Anilin und 
Sodafabrik, Ludwigshai'en (Rhein) on "Atomgewichte und 
Isotopenhaufigkeit der na tur l ichen Elemente und ih re 
zukUnftige Bedeutung fur den analyt ischen C h e m i k e r " 
(Ludwigshafen, 20 November 1972). 

2. 3. Mass Spec t romet ry of Gases 

T. Babeliov/sky , E. Bouwmeester , W. De Bolle 

3. 1, Routine Gas A n â l y s s : The number of sample and ca l ibra t ion 
runs was 290 : 231 on reques t of third o rgan iza t ions , 1 on 
demand of other groups of the CBNM and 52 for our own 
p r o g r a m s . 

3, 2. D O Analysis : Three ca l ibra t ion m e a s u r e m e n t s have been 
performed on our stock of heavy water 

99. 781 
99. 784 
99. 783 

D O content : 99.781 mole <#, 
99. 784 
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The mean value of all ca l ib ra t ions up to now did 
not change: 99 .782840 .0010 mole %. 

T h r e e wa te r s amp le s have been m e a s u r e d to c o r r e l a t e densi ty 
a nd isotopic composi t ion: 

D O conlont densi ty d(2 ri"r ' | . g / c m ' | 

99.9515 1.104422 ! 
< 0. 0015 

I 99.7519 1.104200 j 
! +0 .0011 I 
i " ; 
J 99.7955 ! 1.104257 
j +0 .0010 

! ; i 

The ext rapola ted densi ty of 100% D£0 with normal a i r 
oxygen composi t ion is 1.1044 74 g / c m ^ . This value is 
somewhat l a r g e r than cited in l i t e r a t u r e . 
Some additional points a r e being m e a s u r e d on highly 
purified w a t e r s . The t h r e e s tage purif icat ion with 
addition of KM11O4 and BaO to oxidize volati le organic 
i m p u r i t i e s in the f i r s t s t ages and pass ing the water 
vapour over hot CuO was improved to give a contaminat ion 
of 0.002 mole % on a 50 m l s amp le . 

Influence of addition of deu te r ium, fumaric acid and 
PtÛ2 ca ta lys t was reduced a -" oroved to be of no 
de tec table influence on D2O content r e s u l t s 

The DoO p rog ram is finished by a r e p o r t on method 
and exper imen ta l r e s u l t s 37). 

3 . U F ^ - A n a l y s i s : In the l a s t q u a r t e r o,f the year a UF,- masts 
s p e c t r o m e t e r Var ian MAT 511 was ins ta l led . The in s t rumen t 
will be opera ted by a Genera l Automation SPC 18 P r o c e s s o r . 
Interfacing appara tus is now a lmos t finished. Software 
was p r e p a r e d . 

4. Other Subject: 
A demand was accep ted from NPL to ana lyse pu r " 
na tu ra l Argon for i t s isotopic comyù»iiiûn. Tlic NPL, 
Argon a r r i v e d bvt ^ A r o rde red in USA was not yet 
r ece ived . 
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By removing some? baffles in the CH5 a n a l y s e r 
tube, it proved poss ib le to do ra t io r eco rd ing 
of the 3 'Ar ' "Ar isotope r a t i c s . 
The reproduc ib i l i ty of H^ de te rmina t ion in Ti 
m e t a l , d e t e r m i n e d by the isotope dilution method 
was found to be 8 - lOppm for a H£ content of 60 ppm. 
Some corriputer p r o g r a m s of genera l u s e w e r e 
wr i t ten or adapted and improved : c a r d read function 
and minor changes in GUS (general ut i l i ty and 
s e rv i ce p rog ram) , r eusab le c a r d loade r , c o r e load 
bui lder to be executed in GA 18/30 m a c h i n e s , 
co re load bui lder for GA 18/30 c o r e loads to be 
executed in IBM 1800, p r o g r a m for in t e rac t ive 
a n d / o r Drogrammable desk s imula t ing ca lcu la t ions , 
p r o g r a m to fit data with functions containing m o r e 
than one independent v a r i a b l e , p r o g r a m to de te rmine 
gas sample composi t ion from spec t rum and ca l ib ra t ion 
runs on a m a s s s p e c t r o m e t e r (25 unknowns, 40 
equat ions) . Seve ra l of these p r o g r a m s w e r e put. at 
the d isposa l of other g roups . 

Neutron Dos imet ry 

R. J. Mijnheer 

Cal ibra t ion of Radioact ive Neutron Sources : In close 
col laborat ion with van dcr Kijk (2. 14) one RaBe and 
two 2^Zcf sources w e r e ca l i b r a t ed by m e a n s of the 
CRNM MnSC>4-bath s y s t e m . The sou rce s t r eng th of the 
RaBe source will be compared with o lde r m e a s u r e m e n t s 
c a r r i e d out at CBNM.by m e a n s of gold foils. The Cf-
sources have also been ca l ib ra ted at the Insti tute for 
Nuclear Phys ics R e s e a r c h , IKO A m s t e r d a m , us ing 
the same method. The re la t ive ac t iv i t i es of the sou rces 
as well a s the absolu te source s t rength de t e rmined in 
both l a b o r a t o r i e s , will be used to invest igate poss ib le 
sys t ema t i c e r r o r s in the MnSO.^-method. 

2 SZ One of the Cf - sou rces (about 0.4 ug) had fo rmer ly 
a i re , dy been ca l ib ra ted at IKO, and the new m e a s u r e m e n t s 
in combination with the older ones , have been used tc 
rto + e rmine the half- l i fe of ^ ^ C f J 9) . The o ther Cf - source 
has been const ructed at CRNM , and will am<>nj.< 
other things be used for the cal ibra t ion of neutron d o s i m e t e r s . 
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2 . 4 . 2 . The Const ruct ion of a Pe r sonne l Neutron Dos ime te r 
using T r a c k Reg i s t r a t i on : At CBNM, 2 u , 2 C f - s a m p l e s 
a r c now handled in water shielded glove boxes . In 
o r d e r to de t e rmine the neutron dose on the hands 
of the o p e r a t o r s , a d o s i m e t e r consis t ing of thin sheet 
of t h o r i u m in contact with a p las t ic foil, has been 
cons t ruc ted . The number of holes in the p las t i c , 
which or ig ina te from the fission induced by fast neutrons 
in the thor ium, is propor t ional to the neu t ron dose . 
The holes can be counted, after etching in a NaOH 
solution, by an e l ec t r i ca l sparking method a s desc r ibed 
in the l i t e r a t u r e . Two e lec t r i ca l t rack counters (ETC) wer.: 
built and tes ted . One is now in use at the Heal th Phys ics 
Se rv ice for the counting of personne l neut ron d o s i m e t e r ? . 
A second one has been designed for improving some 
of the p r o p e r t i e s of the ETC like the reproduc ib i l i ty 
and the maximum number of countable t r a c k s , by varying 
the p r e s s u r e and type of gas between the e l e c t r o d e s . 
In o r d e r to d e t e r m i n e the sensi t ivi ty of the sys t em 
before the ca l i forn ium-252 a r r i v e d at CBNM, the dos ime te r 
was tes ted a t the Inst i tute for T r a n s u r a n i u m R e s e a r c h 
in K a r l s r u h e , using a s t rong C f - s o u r c e . Also 
the angular r e sponse and the influence of the p r e s e n c e 
of the hands on the sensi t iv i ty w e r e de t e rmined . 

The influence of the walls of the glove box on the 
sensi t iv i ty was tes ted by compar ing the efficiency of 
the dos ime te r in a s c a t t e r - f r e e su r round ing with th.it 
obtai.ied inside the glove box. Fo r the convers ion of the 
m e a s u r e d neutron fluence into neutron dose, knowledge 
of the spec t rum of neutrons ins ide the box i s n e c e s s a r y . 
This has been de te rmined by means of indium - and 
go ld - sphe re s su r rounded by a ^ ' B - s p h e r e . The thermal 
neutron flux dens i ty has been de te rmined by means of 
gold foils, and gave only a sma l l contr ibut ion to the 
neut ron dose . 

The angular dependence of the efficiency was a l so m e a s u r e d 
with m o n o - e n e r g e t i c neut rons at different ene rg ie s , with 
the CBNM Van de Graaff acce le ra to r ,The angular response 
of the re la t ive ly thick thorium laye r was compared with 
that m e a s u r e d for d o s i m e t e r s with very thin l aye r s of 
238y ( 235y and " ' N p , a t the same neutron e n e r g i e s . 

http://th.it
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Radionucl ides , Standardizat ion 

W. Bambynek*. G. Bor te l s , D. Reher 

\. F l u o r e s c e n c e Yields : M e a s u r e m e n t s of the K-she l l f luorescence 
88 yield of Sr after e lec t ron cap tu re decay of Y, which were 

pe r fo rmed in 1971, have been evaluated. The final value is 
uuK(Sr) = 0. 699 +. 0 .013 . A publication is in p repara t ion . 

A review a r t i c l e on "X-Ray F l u o r e s c e n c e Yields, Auger, and 
C o s t e r - K r o n i g Trans i t ion P r o b a b i l i t i e s " wr i t t en in col laborat ion 
with Amer i can anri German sc ien t i s t s has been published-*8 ' . 
The p re sen t s ta tus of the field of f luorescence yields, r ad ia t ion-
l e s s and radia t ive t rans i t ion probabi l i t i es is s u m m a r i z e d . Tab les 
of exper imenta l and theore t ica l r e s u l t s a r e included, and tables 
of "best va lues : | of impor tant quant i t ies a r e p re sen ted . 

An invited paper on "K-Shell F l u o r e s c e n c e Yields" has been 
p resen ted in Atlanta, Georgia, Apri l 17-21 , 1972 3 ° ' . A 
review is given of our knowledge on K- she l l f luorescence 
y ie lds . The mos t important exper imen ta l methods of m e a s u r e 
men t s a r e summar i zed and d i scussed . A set of mos t re l iable 
uu„ values is evaluated and compared with recent theore t ica l 
predic t ions . 

2. Prop->rtional Counters : An invited l e c tu r e "On Selected P r o b l e m s 
in the F ie ld of P ropo / t iona l Coun te r s " has been given in Herceg 
Novi, Yugoslavia, August 21-September 1, 1972 %°). The 
following topics has been d i scussed : gas amplif ication, space 
charge , recombinat ion, ion and e lec t ron t r a n s i t t i m e s , efficiencies 
of counters opera ted at high p r e s s u r e . 

3. Evaluation of Radionuclides Decay i \ t a : A panel (Februa ry 8, 
1972) of the Working Group on Evaluation of Radionuclides Decay 
Dat? took p lace at Geel. The group cons is t ing of s eve ra l physics 
from LMRI (Saclay) IKO (Amste rdam) , P T B (Braunschweig) 
and CBNM (Geel) has es tabl i shed r ecommenda t ions for the 
evaluation of decay data. P r e p r i n t s a r e avai lable . The evaluation 
of ' ° C o has been brought to a final fo rm. 

4. Gamma Spec t romete r . Cal ibra t ions of the following nucl ides 
have been pe r fo rmed : 7 Be , 51Cr, ^ M n , 57Co, 6 o C o , 8 8 Y , 
9 5ND, i44Ce . Improvements of the m e a s u r i n g technique 
(excentr ic i ty of the source , cut-off energy , dead t i m e ) r e su l t ed 
in a higher accuracy . 
A compute r ized l is t ing of r e fe rences concerning gamma ray 
spec t roscopy has been p r e p a r e d . It conta ins approximate ly 
450 r e f e r e n c e s . 

5. Solid S*^te Sandwich Detector : F i r s t plans for the const ruct ion 
of a solid s ta te sandwich detec tor have been made . Such a 
system contains a matched pair of Si(Li) or Ge(Li) de tec to r s 
with a source between them. A solid angle of 4n should be approxi 
mated as far as poss ib le . The poss ib i l i ty to change the de tec tor 
d is tances v e r y accura te ly inside the evacuated c ryos ta t should be 
provided. Such a Hystem will allow to m e a s u r e e l ec t rons , X or 
Y r ays , in s ingles and coincidence mode . 
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Satel l i te Computer : The in ter faces between the GA 18/30 
and the p e r i p h e r a l input-output equipment have been obtained. 
The unit has been used off-line for e l emen ta ry calcula t ions 
of a l a r g e number of liquid scint i l la t ion spec t r a . 

Calculat ion of Solid Angles : The solid angle of a coaxial 
c i r cu l a r d i sc subtended by a d iaphragm is usually calculated 
by a s e r i e s of approximat ions . At medium geomet r i e s the 
involved e r r o r s become too l a rge . It is found that for h o m o 
geneous s o u r c e s the solid angle can be approximated with 
much higher accuracy by the mean value of the solid angles 
of two point s o u r c e s in the plane of the disc , one si tuated 
in the cen t e r , the other on the p e r i p h e r y of the d i sc . 

Radionucl ides , Constants A 

H. H. Hansen , D. Mouchel, K. P a r t h a s a r a d h i 

The study on the photon spec t rum emit ted by 0 -decaying 
isotopes has been continued : 

147 
a) the m e a s u r e m e n t s on P m have been accompl ished 

and desc r ibed in a paper p r e p a r e d for presenta t ion at 
the Atlanta Conference in Apr i l 1972 4 l ) . The final 

147 r e s u l t s a r e : a weak y - t rans i t ion in Sm with an 
energy of E = (121. 10 + 0.14) keV and an intensi ty 
of pY = (3 .0 _+ 0. 3). 10~5 Y _ r a y s P e r decay; the feeding 
of the 1. excited level at U.I keV in 1 4 7 S m of 
po(exc . ) = (6. 0 +_ 0. 6)-10" of all decays ; the p r o b a 
bility for in ternal K-she l l ionization of pjj = 
(8. 1 + 0.9)- 10" 5 per B~ - pa r t i c l e ; 

+ EURATOM R e s e a r c h Fellow 



- 92 -

99 h) the m e a s u r e m e n t s on Tc using seven s o u r c e s of 
different ac t iv i t i es have been pe r fo rmed with Si(Li) 
de t ec to r s from TMC as well a s Q&S. 
A p r e l i m i n a r y value for the in te rna l K-she l l 
ionization probabil i ty of prr = (4. 6+0. 4)- 10~4 per 
F - p a r t i c l e a g r e e s ve ry well with r e su l t s from 
e a r l i e r inves t iga t ions ; 

\ c 9« c / 9 0 v 

c) m e a s u r e m e n t s of S r / Y i so topes w i t h six 
quanti tat ively p r e p a r e d s o u r c e s of different s t r eng th 
have been executed. The n e c e s s a r y ca lcula t ions a r e 
under p e r f o r m a n c e . E x p e r i m e n t s with " N i have 
jus t been s t a r t ed . 

As low energy e lec t ron de tec to r a channel t ron has been 
mounted ir the P " - s p e c t r e . n e t e r . The detect ion 
efficiency has been d e t e r m i n e d in the range of 
50eV<E e^6keV using an e l ec t ron gun and for 20 keV<E ;--'60keV 
with an 24 lAm source of known decay r a t e . Also these 
e x p e r i m e n t s and the i r r e s u l t s have been p r e p a r e d for 
p re sen ta t ion at the Atlanta Conference ' . - Using the 
channel t ron as de tec tor the spec t rum of low ene rgy 
e l e c t r o n s emit ted by ' B e (special ly p repa red s o u r c e s 
from the isotope s e p a r a t o r of NPL, Teddington) 
has been m e a s u r e d with the magne t ic R-spec t rome te r 
(E e^200eV) and the r e t a r d i n g field s p e c t r o m e t e r ( E ^ l O O e V ) . 
R e s u l t s from both methods indicate that mos t of ihe 
e l e c t r o n s emit ted have ene rg i e s below 60eV. 

Extens ive p repa ra t ion of the In exper imen t for the 
de te rmina t ion of the m o s t in te res t ing decay p r o p e r t i e s 

and first t e s t s were m a d e . Specia l 
t r e a t m e n t of i r r ad i a t ed Cd and p repa ra t ion of the original 
l l S g c j m a t e r i a l has been d i scus sed and agreed dur ing a 
v is i t at TCR, A m e r s h a m , 

The planning, development, cons t ruc t ion and s e t - u p of 
a Ge(Li) Y-ray s p e c t r o m e t e r has been sett led 

An intense study of the per fo rmance p rob l ems 
has been made with deta i led d iscuss ion of cooling, evacuat ion, 
shielding, mounting and s ecu r i t y control . F i r s t t es t s with 
the total device using y - r a y s of 13?Cs and " l ( . o indicate 
that the specif icat ions quoted by the suppl ier of tin C'refT.O 
probe can be r eached . 
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95 /95 
Calcu la t ions for a Z r / Nb s tandard iza t ion r e q u e s t e d 
by the SCK/CEN, Mol, have been pe r fo rmed . 
M e a s u r e m e n t s made with Ge(L i ) - , Na l (T l ) - and 
4TT8-Y-coincidence devices w e r e used in o rde r to obtain 
in format ion on the age of the rad ioac t ive solution, i t s 
act ivi ty , impur i t i e s and on some decay p r o p e r t i e s . 
A r e p o r t on the whole subject has been wr i t t en 4 '. 

Planning for the exper imen ta l p a r t of a study on photo
e l e c t r i c c r o s s sect ion has been s t a r t ed . The se lec t ion 
of sui table Y-:emitters and the choice of appropr i a t e 
a b s o r b e r m a t e r i a l s have been accompl i shed . Some t ra in ing 
and s tudy on weighing and a c c u r a t e s o u r c e p repa ra t ion 
has been pe r fo rmed . 

2 . 7 . Radionuc l ides , Constants B 
E. Celen , B . Denecke, E. De Roost , M. Mut t e r e r , 
A. Spernol x 

About 500 ca l ib ra t ions have been performed for o t h e r s , 
e spec i a l l y by 4n3-v coincidence and a4ow-geomet ry counting and 
GeLi and Si sur face b a r r i e r s p e c t r o m e t r y . Special at tention has 
been given to 9 5 Z r / 9 5 N b > l O n R u / 1 0 6 R h a n d 1 4 4 C e .1 1 4 p r < 

A rev iew paper on " some genera l a spec t s of rad ioac t iv i ty 
m e a s u r e m e n t me thods" 44) has been p repared for the 
f i r s t in ternat ional s u m m e r school on radionucl ides me t ro logy . 
Fo r the same purpose a paper on "p rob lems and poss ib i l i t i e s 
of b r e m s s t r a h l u n g counting" has been wri t ten ', which 
contains a lso our r e su l t s of 4TT3-bremsstrahlung 
coincidence exper imen t s on pure 3 - e m i t t e r s . The invest igat ions 
on in t e rna l b r e m s s t r a h l u n g w e r e finished 46 ,47 ,48) ; .0rne 
s m a l l e r improvemen t s w e r e achieved in cr- low-geometry 
counting, especia l ly concern ing source p r o b l e m s . 

9 O -J 

The f i r s t s e r i e s of m e a s u r e m e n t s of the U half lift 
(in col labora t ion with s eve ra l other units) yields 
1. 586- 1 O-'y+l %(<~Jlo, including poss ible sys temat i c e r r o r s ) . 
The half life of 9 5 N b was de t e rmined by the 4TTP-V 
coincidence method to (34. 986 + 0. 019)d. The mea.su i\•nu-ni s 
on the ' B e - d e c a y were continued. New high ei i iciency 
s o u r c e s , p repa red by NPL with their isotope s e p a r a t o r , 
w e r e used. The evaluation of the r e su l t s is in progr <_•.-;:••. 

i EURATOM r e s e a r c h fellow 

http://mea.su
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65 J-Q) 

The decay scheme of Zn has been published 
Evaluat ions w e r e m a d e of the decay s c h e m e s of 
3 7 A r , 5 1 c r , ^ 5 z n and ^ A u . A paper on " r u l e s 
proposed for evaluat ions of decay p r o p e r t i e s of 
r ad ionuc l ides" ^ ) was wr i t ten with M r . Legrand of 
LMRI for the evaluat ion g roup . 
An IAEA consul tants mee t ing on evaluation p r o b l e m s , 
the f i r s t in te rna t iona l s u m m e r school on radionucl ide 
me t ro logy and the mee t ing of the BIPM consul ta t ive 
commi t t ee II for m e a s u r e m e n t of ionizing rad ia t ions 
w e r e a t tended. The edit ion of the p roceed ings of the 
s u m m e r school is under way. A l e c t u r e on UUjç and 
L/K cap tu re r a t i o in the 3 7 A decay was given to the 
Int. Symposium on Inner Shell Atomic Phenomena in 
A t l an t a /Georg ia , but we could not find the t ime to 
p r e p a r e a wr i t ten contr ibut ion. 

2 . 8 . Radionucl ides , Methods 
G. G r o s s e , I . S t a n e f + , R. Vaninbroukx 

2 . 8 . 1 . Liquid Scint i l la t ion Counting: The specific a -ac t iv i ty 
of " 3 U solutions (ma te r i a l 278; 99 .9986% Z 3 3 U ) has 
been d e t e r m i n e d . C o r r e c t i o n s of 0 . 1 % and 0. 06%, 
r e spec t ive ly , for the a - and P-contribution from the 
daughter products and other u ran ium i so topes w e r e 
applied. The obtained r e su l t for 12 samples from 5 
different dilutions was 3 .868 10- dps /g paren t solution. 
The s tandard deviat ion was ±0 .05% and the overa l l 
e r r o r ±0. 14%. The a g r e e m e n t with the r e s u l t s obtained 
from 4TTP-measurements and a - low geomet ry 
m e a s u r e m e n t s was - 0 , 0 4 % and + 0 . 1 1 % respec t ive ly . 
F r o m this f igure and the amount of 233y p e r g r a m solution, 
obtained from ID m e a s u r e m e n t s and CPC m e a s u r e m e n t s 

the Z 3 3 U half-l ife was calculated, yielding a value 
of 1. 585x l05 y +0 .3% ( l a ) . 

In the f rame of a p r o g r a m for the p repa ra t ion of s eve ra l 
s tandard ized solut ions in sea led ampoules for the C h e m i s t r / 
Depar tmen t of the SCK/CEN-Mol , absolute m e a s u r e m e n t s 
on 1 0 6 R u / 1 0 6 R h , 1 4 4 C e / 1 4 4 P r a n d 1 3 7 C s we re pe r fo rmed . 
Due to the equi l ibr ium between low energe t i c 0 - e m i t t e r s 
( 1 0 6 R u and 1 4 4 C e ) and high energe t ic P - e m i t t e r s ( 1 0 6 R h 
and 1 4 4 P r ) or to the p r e s e n c e of the convers ion e lec t rons 
~ _ J */ , / _ ~ _ _ 1 ^ 7 m r > _ :_ 4.U . - . . r 1 1 7 - - . 

an«j 1-xo.yo n u m - j_>ci in tue (.due ui ' - " O s , ana 
because of the p r e s e n c e of r ad iochemica l impur i t i e s in the 

+ Institute for Atomic P h y s i c s , Buchares t , Romania ; 
t e m p o r a r i l y guest r e s e a r c h fellow at CBNM 
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s o l u t i o n s , p r e p a r e d f r o m f i s s i o n p r o d u c t s , the obta ined 
r e s u l t s a r e l e s s a c c u r a t e than n o r m a l l y o b t a i n e d . The 
r e s u l t s of t h e s e m e a s u r e m e n t s and of a 3 Z p s t a n d a r d i z a t i o n 
for in terna l u s e ( b r e m s s t r a h l u n g m e a s u r e m e n t s ) a r e 
c o m p a r e d to the r e s u l t s from other m e t h o d s in the 
fo l lowing table . The s ta ted e r r o r s a r e the e s t i m a t e d 
o v e r a l l e r r o r s . 

N u c l i d e 

3 2 P 

1 0 6 R u / 1 0 6 R h 

1 3 7 _ 
Cs 

1 4 4 - , 1 4 4 _ 
C e / P r 

d p s / g 

L i q . S c i n t . Count. 

1 . 6 2 2 - 1 0 8 + 0 . 5% 

1 . 6 5 5 - 1 0 ? + 0 . 3 % 

1 . 5 3 9 - 1 0 7 + 1 .5% 

2 . 4 3 0 - 1 0 7 + 1 .6% 

pa rent so lu t ion 

4TTP-Y c o i n c . 
(2 .12) 

1 . 6 5 0 - 107!0 .y,o 

. . 

4TTP(2 

1. 625-

1 .645-

1 . 5 4 ? / 

?.. 390-

. 1 4 ) 

io8+o. 

1 0 7 + 0 . 

1 0 7 + 2 . 

i o 7 + i . 

i 

5% 

8%; 

\ti 
! 

Q d 
O ja 

I 
i 

At the H e r c e g Nov i S u m m e r S c h o o l on R a d i o n u c l i d e 
M e t r o l o g y an inv i ted r e v i e w paper on the p r e s e n t s t a t u s 
of l iquid s c i n t i l l a t i o n counting has b e e n p r e s e n t e d ^ ) . 

2 2 9 233 
Y - S p e c t r o m e t r y : The Th (daughter of U) c o n t e n t in 
the 2 3 3 y m a t e r i a l 278 has b e e n d e t e r m i n e d b y m e a s u r i n g 
the y - i n t e n s i t y of the daughter products , e s p e c i a l l y the 
4 4 0 k e V Y of 2 1 3 B i . The rat io 2 2 9 x h / 2 3 3 U in May 1972 
w a s ( 0 . 0 0 0 2 0 ± 0 . 0 0 0 0 4 ) . The e r r o r i s m a i n l y dut to the 

? 1 3 uncer ta in ty of the Y-branching in the d e c a y of L R i . 

After the r e p l a c e m e n t of the 3"x3" c r y s t a l a t the end 
of 1971 a r e c a l i b r a t i o n of the s p e c t r o m e t e r h a s l e e n s t a r t e d . 
The ca l ibra t ion and t e s t i n g p r o c e d u r e s t o p / t h e r wi th an 
i n v e s t i g a t i o n on su i tab le n u c l i d e s for c a l i b r a t i o n p u r p o . t s 
have b e e n d e s c r i b e d in an in terna l C B N M r e p o r t ( F e b r u a r y 1972) . 
The s p e c t r o m e t e r w a s ca l ibrated , for d i f f e r e n t k i n d s of 
s o u r c e s and for d i f ferent 8- and X - r a y a b s o r b e r s u s i n e 
oi iowing n u c l i d e s : - - N a , --p ( b r e m s s t r a h i u n c j , i'.r. ° Mn, 

- 7 c o , 6 l ) C o, 6 5 Z n , 8 8 Y , 9 5 N b ( 9 5 Z r / 9 5 N b , l 0 6 R l l 1 0 r , R | ] ) 

137Cs and 1 4 4 C e / 1 4 4 P r . 
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95 95 95 
The specif ic Zr act ivi ty of a Z r / Nb solution, 
for SCK-CEN Mol, was de t e rmined . The accu ra t e 
s t andard iza t ion of such a solution i s r a t h e r difficult 
due to the specia l equi l ibr ium conditions caused by 
the c o m p a r a b l e hal f - l ives of 9 5 Z r a n d 95jsfb. The 
obtained r e su l t , with an overa l l e r r o r of +0. 6%, 
agreed within 0 . 3 % with the 4TT0-Y coincidence r e su l t . 
For 2 . 1 4 . eight different -'"Mn solutions have been 
s t andard ized ; the e r r o r on the r e s u l t s was +0 .3%, the 
reproduc ib i l i ty was of the o r d e r of +0. 1 %>. Standard 
s o u r c e s of specia l s ize of following nuc l ides : - n C r , 
f ' °Co, ' ' 5 Zn, 95Nb> 1 3 7 C s a n d 1 4 4 c e , have been 
p r epa red and ca l ib ra ted for 1.9. 
F r o m these m e a s u r e m e n t s , and from some e a r l i e r 
m e a s u r e m e n t s too, r ede t e rmina t i ons of half-life values 
have been pe r fo rmed with following r e s u l t s : 

^ M n : ( 2 . 5785 + 0. 0036)h 
Co : (70 .78 +0. 12)d 
Nb : (34.97 +0. 06)d 

The r e s u l t s of the inves t igat ions , main ly per formed 
e a r l i e r , on the decay of "-^Zn (together with 2. 12) have 
been published "'. 

A p r e l i m i n a r ca l ibra t ion of the Phi l ips Si -Li detector 
was pe r fo rmed using 5 ' C o - (6.4 keV, 14.4 kcV, 122 keV, 
and 136 keV), 8 8 Y - (14.6 keV), and 2 4 l A m - (26 keV and 
60 keV) s o u r c e s . This de tec tor was used for low energy 
impur i ty de te rmina t ions ( e . g . for the solutions s tandardized 
for SCK-CEN) and for the de te rmina t ion of the ^ ' A m content 
in a P u - s a m p l e for 3 .4 . 

2. 8 . 3 . Developments of Methods: A p r o g r a m for search ing optimal 
conditions for liquid scint i l la t ion counting of low energe t ic 
6 - e m i t t e r s e . g . ^H and ^^C was s t a r t ed (I. Stanef). 
Different sc in t i l l a to r s and photomul t ip l ie rs have been 
inves t iga ted . Methods based on the extrapolat ion of the 
in tegra l energy spec t r a to ze ro energy and on the d i rec t 
calculat ion of the d is in tegra t ion ra te from differential spec t ra , 
applying a co r r ec t ion for ze ro -de tec t ion probabil i ty, have 
been used . The r e su l t s obtained ti l l now, using onl'y a 
approximat ive es t imat ion of the co r r ec t ion for z e r o detect ion, 
a r e very p romis ing . The r ep roduc ib i l i t y is of the order 
ot +17o, and even bet ter in some c a s e s , and the max imum 
obtained efficiency for 'ÏI is about 90% under the best 
conditions (BIBUQ -sc in t i l l a to r and RCA -C31 GOOD photo-
mul t ip l i e r ) . 
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Radionuc l ides , Se rv ices 
W. Oldenhof (pa r t - t ime) , W. van der Eijk , W. Zehnor 

1. S e r v i c e s : About 270 s o u r c e s have been p r e p a r e d by 
precipi ta t ion, e lec t rodepos i t ion and e l ec t rosp ray ing from 
seve ra l nuc l ides ( 7Be, 3 2 P , 5 1 C r , 5 5 F e , ^ M n , " C o , 
59 N i > 6 0 C o > 9 0 S r . 9 0 Y 9 5 Z r _ 9 5 N b , 9 9 T c > 1 0 6 R u . 1 0 6 R h | 

I 0 9 c d i 115min, 137 C s > 1 4 4 C e . 1 4 4 P r > 1 7 0 T m > 193p t , 
2 1 0 P b ) 233TJ, 235U, 238TJ, 2 3 9 P u , 2 4 I A m ) . 

400 Au coated VYNS foils have been p r e p a r e d . 
c i • c 3 2 ^ 51 
Solut ions of P , Cr , 

^ M n , 9 5 Z r - 9 5 N b , 1 0 6 R u . 1 0 6 R h > 1 3 7 C s a n d 1 4 4 C e _ Ï 4 4 p r 

have been ca l ib ra t ed . 
100 2TTa and 4TTf3 m e a s u r e m e n t s have been made . 
F r o m 25 MnSO^ solutions quan t i t a t ive s amples for Mn 
concent ra t ion de te rmina t ion have been taken. 

2. Improvemen t of me thods : In the f rame of the Bureau 
Internat ional de Poids et M e s u r e s working group " P r o b l e m s 
in micro-weighing" an invest igat ion on the per fo rmance of 
the M 5 - and M P R 5 - m i c r o b a l a n c e and the a t ta inable 
a c c u r a c i e s in m a s s de te rmina t ions has been d o n e . 

The r e su l t s have been published as EUR repor t ^ ' 
In the s a m e f rame an i n t e r compar i son of smal l m a s s e s 
has been c a r r i e d out, in which we took pa r t . 

Invest igat ions on the p repara t ion of well defined thin drop 
s o u r c e s for a - l ow-geom e t ry counting and 0 - s p e c t r o m e t r y 
have been s t a r t ed . 

2 3 ' 
3. Decay s c h e m e s : The U solution n° 1265 has been 

ca l ibra ted by 4TTO counting, for the U half-life p r o g r a m . 
Some p r e l i m i n a r y exper iments on source p repara t ion for 
the invest igat ion of the ' ' ' m I n decay scheme have been done. 

4. Neutron s o u r c e s : The MnSO 
solution b e c a m e unstable at the beginning of the yea r , 
probably due to hydrolysis and oxidation. By addition of 
HjiSO^ until a pH = 2 was reached (the or iginal solution 
had a pH=4) and addition of some HnOi, the solut ior 
became c lea r and stable again. 



- 98 -

The impur i t i e s in the bath have been d e t e r m i n e d in 
o r d e r to be able to c o r r e c t for in ter fer ing bivalent 
ca t ions in the Mn-concent ra t ion de te rmina t ion by 
complexomet r i c t i t ra t ion and to c o r r e c t for neutron 
a K sorp t ion by B, Cd and r a r e ea r th e l emen t s . 

56 The efficiency of the Nal de tec tor for the Mn rad ia t ion 
in the bath has been de t e rmined 5 t i m e s , with a s tandard 
deviation of 0 .2 <#>. 

252 
The CBNM Cf apuxce (1 . 5 \i g) has been ca l ib ra t ed 
7 t imes , the Kooi Cf sou rce 3 t imes and the CBNM 
Ra-Be source 4 t i m e s . 
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3. SAMPLE PREPARATION AND DEFINITION 

3. 1 C h e m i s t r y A 
K. F . Lauer , H. S i lves te r , M. Ae r t s 

The In te r lab Test "Isotope Dilution Ana lys i s " (IDA 72) 
has been organized and the f i r s t r e s u l t s a r e now being 
evaluated in close co-opera t ion of different working uni ts 
and the organizing s e r v i c e s of GfK K a r l s r u h e . 

A r e s e a r c h p r o g r a m in the field of p r e c i s e a t o m i c a b 
sorpt ion analys is has been in i t ia ted. The f i r s t s tudies 
will be made in connection with the L i - and C o - m e a s u r e 
m e n t s . 

Work was done as consultant for the IAEA on the subject 
of " re fe rence m a t e r i a l s for nuc lear indus t ry and r e s e a r c h " 
(a r e p o r t i s in p repa ra t ion ) . 

3.2 . Chemis t ry B 
Le Duigou Y. , W. De Spiegeleer , W. Lc ider t , H. Mas t 

3 . 2 . 1 . Sample P repa ra t i on : Cor responding to in te rna l and outside 
r e q u e s t s the following solutions have been p repa red and 
defined by different me thods : 

Type 

Pu n i t r a t e 
Pu n i t r a t e 

U n i t ra te 

U n i t r a t e 

U n i t r a te 
U n i t r a te and 
Pu n i t r a t e 

n° 

5 
2 

15 

2 

4 
5 

s t a r t ing m a t e r i a l 

NBS Pu me ta l 
9 9 . 8 % enr iched 

Pu oxide 
99. 99% enr iched 
2 3 3 U oxide 
97. 8% enr iched 
233u oxide 
NBS U oxide 
233u + 2 4 2 P u 

oxides 

application 

Reference solutions 
Spike solutions 

Half-life - spike 
solutions 
IDA e x p e r i m e n t s 

Reference solutions 
Mixed spike solution 

3 . 2 . 2 . Par t i c ipa t ion to IDA-72 exper iment : IDA-72 i s the code 
name of an in ternat ional safeguards i n t e r l abo ra to ry t e s t 
for the determinat ion of U and Pu in act ive feed solutions 
by isotope dilution ana lys i s . 
This exper iment has been executed in close col laborat ion 
with the Institut fur Angewandte Systemtechnik und R e a k t o r -
physik in Kar l s ruhe and Eurochemic in Mol. 
About 250 samples including 2 - " U a n c j 24 p u s p i k e -jolutions, 
spiked and unspiked U and Pu re fe rence solut ions, spiked 
and unspiked active feed solut ions have been p repa red and 
dis t r ibuted to 23 par t ic ipat ing l a b o r a t o r i e s . 
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Reference and spike solutions have been p r e p a r e d and 
defined in collaborat ion with different groups . The mixed 
spike solution has a lso been used for additional expe r imen t s 
on spiking p r o c e d u r e s (dry spike and aluminium capsules 
techniques) and for aging effect s tudies . Measu remen t s 
on these samples a r e st i l l in p r o g r e s s and evaluation of the 
r e s u l t s will take place in Kar l s ruhe in 1973. 

3 . 2 . 3 . Other ac t iv i t ies : 
233 

1. p repara t ion , d is t r ibut ion , spiking and ana lys i s of U 
solutions for the half-life p r o g r a m ; 
2. development of a method for t r a c e s of boron analys is in 
a manganese sulfate solution (spiking technique and separat ion 
p rocedure ) ; 

3. p repa ra t ion of l i thium solut ions and l i thium fluoride com
pounds and de te rmina t ion of thei r l i thium contents ; 

4. g r a v i m e t r i c and coulometr ic de te rmina t ions of U and Pu 
contents in var ious oxides and solutions; 

5. t es t of a new " h o m e - m a d e " equipment (potentiostat and 
in tegra to r ) for control led potential coulometry . A paper on 
the de te rmina t ion of U by this method has been pub l i shed-" ' . 

6. t es t of equipment for boron pyrohydrolys is and constant 
cu r r en t coulometr ic de te rmina t ion of the r e su l t ing bor ic acid 
solution. 

3 . 3 . Chemis t ry C 
Verdingh, V. *, R. Besenthal , A. Michie ls , H. Ruts , 
G. Strack, J. Tjoonk 

3 . 3 . 1 . P r e p a r a t i v e Chemis t ry 

/ 2 Metal l ic l aye r s up to 20 m g / c m were p r epa red by suspension 
spraying. The same method was applied to p r e p a r e isotopic 
l a y e r s with very small quant i t ies of s ta r t ing m a t e r i a l . Large 
surface A m O ? l a y e r s a r e being p repa red by this method. 
The deposit ion of uran ium oxide on graphite by high tension 
e l ec t ropho re s i s was continued. 
A new cell was const ructed for the deposi t ion of l aye r s on 
the inner side of tubes. L a y e r s of up to 5 mg U , 0 0 / c m 
could be deposited on graphite and s ta in less s tee l tubing. 
An extensive study was made of the p a r a m e t e r s of this method. 
In para l le l to the e l ec t rophores i s a new s t a r t was given to the 
e l ec t rohydro lys i s of u ran ium in view of the deposi t ion of 
l a y e r s on the inside of me ta l l i c tubing. 

Table 7 l i s t s the samples del ivered in 1972. 



T A B L E 7 

M e t h o d 

e l e c t r o -
s p r a y i n g 

i 

A p p l i c a n t 

I n s t . L a n g e v i n 
G r e n o b l e 
T H - M t l n c h e n 
C B N M 
K F A - J t l l i c h 
C E A - S a c l a y 
C E A - S a c l a y 
C B N M 

K F Z - K a r l s r u h e 
C E A - C a d a r a c h e 

} 

J jcr.NM rn/2) 
! iCP.NM 

' C E A - S a r J a y 
i jCF3A- Sa c l a y 
i j K F Z - K a r l s r u h e 
• j C B N M 

' 

i 

i 

i 

i 

i 
1 

1 
! 

1 
t 

t 
1 

; 

i 
j S u s p e n -
| s i o n 
! s p r a y i n g 
1 

E l e c t r o -

U n i v . B o r d e a u x 
U n i v . B e r l i n 
U n i v . C a t a n i a 

U n i v . C a t a n i a 
U n i v . C a t a n i a 

U n i v . C a t a n i a 
A e r o j e t U S A 

A e r o j e t USA 
K F Z - K a r l s r u h e 
N u c l . I n s t . T a i w a r 
U n i v . C a t a n i a 

U n i v . C a t a n i a 

C B N M 

K F Z - K a r l s r u h e 
C E A - S a c l a y 

C E A - S a c l a y 
N u c L I n s t . T a i w a r 
K F Z - K a r l s r u h e 

I n s t . L a n g e v i n 
G r e n o b l e 
K F A - J u l i c h 
C B N M 

K F Z - K a r l s r u h e 
K F Z - K a r l s r u h e 
K F Z - K a r l s r u h e 

K F Z - K a r l s r u h e 
C E A - S a c l a y 
C E A - S a c l a y 
K F A J u l i c h 
T H M u n c h e n 
I P N O r s a y 

K F Z - K a r l s r u h e 
C B N M 

K F Z - K a r l s r u h e 
C B N M 

i 

——_————— 
S a m p l e 
M a t e r i a l 
2 3 5u 
2 3 6u 
2 3 5 U 
2 3 5u 
2 3 5u 
2 3 5u 
2 3 3 U 
2 4 0 

P u 
2 3 3 

_. .U 
2 3 3"" 

2 j 1 u 
2 3 5 u 
2 3 5 U 
2 3 3u 
2 3 5 t 

U 
2 34 

U 
2 3 9 " 

" < " 
7.33 
2 3 3 T T 

u 
U 

2 35 
U 

2 38 

-X u 2 3 , 
24 oj! 
2 3 3 P u 

U 
2 3 3 

U 
2 35 2 52 , 
2 3 9 " f C f 

2 4 0 „ u , 2 3 9 _ 
P u / P u 
P u 

2 3 9 p 
P u 

2 3 5 r r _ 
U 3 O 8 

? 4 3 1 U 3 ° 8 

2 3 8 ^ ° 8 

/ S T ^ 

2 3 U 3 ° 8 

u 3 o 8 
IW2 
2 3 5 r t 3

n
8 

4 8 3 8 
4 8 T i 0 2 

W m e t a l 
2 3 9 P u 

2 3 3 L T 

2 3 8 U 3 0 8 
2 4 1 A m 0 2 

" V 3 0 , 

S u p p o r t 

C u 

A l 
V y n s + A l 
T i 

V y n s + A l 
it 11 

Q u a r t z + P t 

V y n s + A l 
P t 

Q u a r t z ( P t 

f-'cjnt. foi l 

Pt 

Pt 
S t a i n l e s s s t e e l 

Al 

Al 
Al 
S t a i n l e s s s t e e l 
S t a i n l e s s s t e e J 

t 1 1 ! 

II II 

II II 

II II 

I l M 

V y n s + A l 
S r a i n l e s s s i e e l 

S t a i n l e s s s t e e l 
Al 

V y n s + A l 

P t 
Al 
V y n s 4 A l 
S t a i n l e s s s t e e l 

Cu 

T i 
A! 

V y r . s + A l 
S t a i n l e s s s t e e l 

V v n s + A l 

S t a i n l e s s s t e e l 
P . 
Pt 
Ti 
Al 
A I , 

P t 
Al 
S t a i n l e s s s t e e l 

' f 1 > 

i i 

A x n t . 

2 

1 
3 
6 
6 
6 
4 
7 
i 

4 
?. 

1 ; 

' ) 

-> 

1 
1 

2 

1 
1 
1 

1 
•? 

> 
1 

5 

1 

5 
1 

.1 

4 

1 
4 
3 

:> 

2 
"> 

h 
-> 
1. 

ti 

1 
A 

4 
\ 

1 

3 
] 
! 

i , 

: s i s 
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Settling 

P r e p a -
ation of 
thin 
suppor ts 

CNF.N-CBNM 
CRNM 
CNEN -CBN M 
CBNM 
CBNM 
CNEN-CBNM 
CNEN-CBNM 
CBNM 
CBNM 
CNEN-CBNM 
CNEN-CBNM 

CsF 
1 5 1 Eu 
i o B 
236u 
2 4 2 P u 

9<>zn 
9 l 7 n 

2 8 7 N p 
NaF 
1 0 B 4 C 

Al-canning 

r t ( l 

II 1 1 

i l i l 

Al-Be canning 
Al -Be canning 
Al canning 
Al canning 
Al canning 
Al canning 

Vyns 

1 
] 
] 

1 
1 
2 
3 
1 
3 
1 
1 

160 

2. Analytical Chemis t ry 

2 . 1 . Po la rograph ic analys is : 
1. de te rmina t ions of t r ace quanti t ies of Cd in MnSO. 

were performed. 
2. both by osc i l loscopic and in tegra t ing polarography high 

prec i s ion analys is of Co in Co/Al alloys was studied 
in NaOH e lec t ro ly te using suc rose as complexant . 

2, 2. E lementa l ana lys i s : A new equipment for the m a c r o - a n a l y s i s 
of C and H was instal led in view of the definition and s tandar 
ization of hydrogen containing l a y e r s . 

Chemis t ry D 
Del Bino G. *, W. Wolters 

Californium sample p repara t ion : The p repara t ion of thin 
" ^ C f sources by se l f - t ransfe r and other methods has been 
continued. The needs of applicants in the field go m o r e and 
more in the d i rec t ion of hi^h f ission —rate sou rce s . 
Nine samples have been del ivered for use inside and out
side the CBNM in 1972. 
P a r t i c u l a r attention has been devoted to the p repara t ion of 
a "neutron s o u r c e " of about 2 /Ug of Cf to be used by 
the CBNM dos ime t ry se rv ice . For th is project special 
equipment was needed to handle m i c r o g r a m q u a n t i t i e s of 
the isotope. The source was p r e p a r e d on a gold foil which 
was p re s sed and shaped into a sphere and encapsu la ted in 
a cyl indrical copper container . 
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2. Chemical separa t ions and pur i f ica t ions: different s epa ra t ions 
(mainly Pu /Am) and pur i f ica t ions (U, Pu, Cf) have been p e r 
formed on m a t e r i a l s to be used for nuclear m e a s u r e m e n t s 
and for the p repa ra t i on of defined s a m p l e s , including the 
chemical t r ea tmen t and the spiking in view of the isotope 
dilution ana lys is of special Pu samples ( e . g . Pu) . 

3. Complexometr ic ana lys is : Twenty well defined Nd r e fe rence 
solutions have been p repared and defined by ED TA complexo
m e t r i c analys is with 0. 2% accu racy . 
By the same method the Mn-content of MnSO. baths used 
for neutron source cal ibrat ion has been de te rmined with accu 
r a c i e s at the 0 . 1 % level. Twenty- three samples have been 
analysed. 

4. Non d i spe r s ive X- ray f luorescence and routine counting: 
The non-d i spe r s ive X- ray f luorescence method of ana lys is 
has been s t a r t ed . A 1 5 mci " * A m Y - s o u r c e i-s used for 
the excitation of samples by m e a n s of different t a r g e t s . 
Alpha m e a s u r e m e n t s by semi -conduc to r and low-geomet ry 
counting have been continued in the f rame work of the actinide 
p repara t ive and analytical c h e m i s t r y . 

Spect rochemical Analysis 
Berthelot Ch. *, S. He rmann, T. Mencare l l i 

1. Analysis of U compounds and p repa ra t ion of new s t anda rds : 
Analyses of t r ace e l emen t s have been per formed with different 
c a r r i e r s : G a 2 0 3 , AgCl, AgF, NaCl, NaF , L i F and S r F 2 . 

239 
2. Impur i t ies in Pu n i t r a t e s (T l / 2 P r o g r a m ) : The meta l l i c 

impur i t i es in Pu n i t r a t e s , after convers ion into Pu oxides , 
have been de te rmined jy c a r r i e r d is t i l la t ion. 

3. Analysis of B l a y e r s : The B l a y e r s on P t -p l a t e s have been 
analysed by the a r c , in the p r e s e n c e of graphite as spec t roscop ic 
buffer. The addition of 10% L i F markedly improves the l imi t s 
of detection for many e l emen t s , espec ia l ly of the r e f r ac to ry 
e lements . 

4. Analyses cf Mn sulphate solut ions for cal ibrat ion of neutron 
sources : Different buffers (Li ca rbona te , graphite) a re used 
for the de te rmina t ion of Cd, Na. Ca. Mg and other e l emen t s . 
However, B mus t be analysed with high resolut ion of the 
spec t ra , owing to the in t e r f e rence of Mn l ines . 
T r a c e s of r a r e e a r t h s a re separa ted from Mn by cop rec ip i -
tation as f luorides with Y added as c a r r i e r . R a d i o t r a c e r s 

Eu are used to monitor the r ecove ry of the lanthanons 
by y ray counting. 

5. Development of preconcent ra t ion methods : T r a c e s cf Co 
(less than 1 ppm in Ni) a re sepa ra ted by means of anion 
exchange in HC1 medium. The diethyl e ther method is used 
for the D é c o n c e n t r a t i o n of Mn, Cr , Ni, Co, Al, Ti and other 
e lements in Fe. 
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3 .5 .6 . Analyses with the new e m i s s i o n d i r e c t - r e a d e r SM 150: 
Simultaneous ana lyses of 26 chemical e l emen t s have been 
performed on U oxides by dc a r c using G a ? 0 , AgCl and 
NaF as c a r r i e r s , on B ca rb ides , on Mn compounds, en 
graphite and Li ca rbona tes s amples . 

3. 6. C lass ica l Metrology 
Moret H. , J. B ru lmans , B. Di jckmans, F . Hendrickx, 
E. Louwerix, J . Verdonck, F. Verheyen 

3 . 6 . 1 . In te rcompar i son : In the s tandardizat ion of rad ioac t ive solut ions , 
the de te rmina t ion of d rop weights i s a l imi t ing factor in the 
s tandardizat ion accuracy . Together with the Bureau In ternat ional 
des Poids et M e s u r e s (BIPM) an i n t e r compar i son of m a s s 
metrology was organized. 
CBNM made and cal ibra ted the se t s . Each set contained meta l 
weights of 20, 50 and 100 mg. The ca l ibra t ions w e r e checked 
by BIPM and P T B (Phys ika l i sch-Techn ische Bundesansta l t ) by 
cal ibrat ing independently 2 of the six s e t s . This was done 
before and after the i n t e r compar i son . 

Six l abo ra to r i e s which a re special ized in s tandard iza t ion of 
radioact ive solutions (BIPM, National Bureau of Standards (NBS) 
PTB, IBK (Yougoslavia), CBNM, LMRI) received a se t . After 
m a s s de te rmina t ion , the r e s u l t s were sent to BIPM. The 
samples re turned to CBNM for pos t -ca l ib ra t ion . 

The ca l ibra t ions were of excellent quality, as shown by the 
para l le l ca l ibra t ions of BIPM and P T B . Provid ing ex t r eme 
care in handling the s amples an accuracy of +_ 1 /Ug i s achieved. 
In-house cal ibra t ion of r e f e rence weights ( t racing back to BIPM-
checked s tandard k i logrammes) was applied by each l abora to ry 
and seems to be a neces s i t y . 

The 6 par t ic ipa t ing l a b o r a t o r i e s applied s eve ra l methods (all 
on Mettler M5 balances) : d i r e c t reading from the balance 
dials and scale without special cal ibrat ion, reading of ca l ibra ted 
balance indicat ions and substi tution weighing. F r o m the 
evaluation r e p o r t (the draft is being wr i t ten by CBNM) it 
follows that uncal ibra ted balances produce e r r o r s up to 17 /Ug, 
whereas ca l ibra ted ba lances and substi tution weighing a r e about 
equivalent i . e . j_ 5/Ug. 

3 . 6 . 2 . Improvement of drop weight de te rmina t ions : A tes t r e p o r t 
of Mett ler M5 balances was edited. N P L purchased a CBNM 
designed balance for drop weight de te rmina t ion . 
Investigations s ta r ted to improve drop dispensing. At the 
same t ime the manipulat ion of pyenomete r s i s being improved. 
It i s at tempted to r ea l i ze an improved ins ta l la t ion for drop 
weight de te rmina t ion , based on a c o m m e r c i a l ba lance , with 
simplified operat ion and digital reading . 
If this design could i n t e r e s t balance f i r m s , future r eques t s 
to CBNM could be passed on to these f i r m s . 
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3. Vacuum balance : The balance was exhibited at Nuclex 1972. 
A pan b rake was developed, tested and insta l led in one of 
the ba lances . 
A few modif icat ions were tes ted in view of the i n c r e a s e 
of the capacity to 5 or 10 g r a m s . A capaci ty of 5 g r a m s i s 
poss ible but the s tandard deviat ion i s sti l l a few m i c r o g r a m s . 

4. X - r a y f luorescence : A sample holder for l aye r th ickness a s s a y 
was designed and the accu racy of compar i son of u r an ium 
samples with s t andards will be invest igated. E n e r g y - d i s p e r s i v e 
f luorescence s e e m s to offer the bes t poss ib i l i t i e s as the geo
m e t r y r e q u i r e m e n t s a re l e s s s t r ingent than in the case of 
wave- length d i s p e r s i v e techniques . 

5. Talys tep: This s tylus i n s t rumen t for l ayer th ickness m e a s u r e 
ment has proven i t s quali ty and usefu lness . S tandards have 
been made with the vacuum evaporat ion/weighing technique. 
The re la t ionsh ip between m a s s per unit a r e a and geomet r ica l 
th ickness was es tabl i shed for Au l a y e r s in the region where 
bulk densi ty m a y be assumed . Str ict l inear i ty was found. 
Outside this region ( i . e . below 200 A) the densi ty may thus be 
de te rmined . 
A rota t ing sec tor chopper, designed to be placed in front of 
the subs t ra t e dur ing vacuum evaporat ion, will allow to make 
s tep- type s t a n d a r d s . 

6. Autoradiography: In the p repa ra t ion of s o u r c e s for radionucl ide 
s tandardizat ion, the d is t r ibut ion of m a t e r i a l over the support 
foil is an impor tan t factor. 
Autoradiographs a r e frequently reques ted . The in te rp re ta t ion , 
however , i s difficult and unce r t a in . A technique is being 
developed to evaluate autoradiography in conjunction with the 
i sodens i tome te r . It is a t tempted to obtain a (quantitative) 
topography of the s o u r c e s . 

7. Substra te t e m p e r a t u r e : In o rde r to a s s e s s subs t r a t e t e m 
p e r a t u r e s dur ing evaporat ion and /or bake-out cyc les , a techniqu 
was worked out to make vacuum-evapora ted the rmocoup les . 
F i r s t r e s u l t s a re p romis ing as re l iab le t h e r m o - e. m. f. cu rves 
a re obtained. The ve ry low the rma l inse r t ion is a valuable 
asse t . 

8. E l l ipsomet ry : L i t e r a t u r e inves t iga t ions showed e l l ipsor etry to 
be an a t t rac t ive tool for quantitat ive analys is (coverage, . 
The re la t ively easy exper imenta l handling was experienced with 
a few t e s t s on an e l l i p some te r which could be borrowed for a 
few months from the Pet ten es tab l i shment . 
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3. 7. Vacuum Techniques 
Eschbach H. L .* , G. MUschenborn, W. Dobma, 
E.W. Kruidhoi, W. Lycke, P. Rietveld, J. Van Gestel 

3 .7 .1 . Samples Prepared by Vacuum Evaporation: A considerable 
number of requests were fulfilled for the production of thin 
metallic coatings on various mater ia ls . Mostly gold and 
aluminium layers were demanded on plastic foils or glass 
substrates to give electrically conducting or optically r e 
flecting films. The following targets and reference samples 
(table 8) were prepared by vacuum evaporation or cathodic 
sputtering during 1972: 

TABLE 8 

M a t e r i a l 

9 B e 
Ni 
Ta 
Au 
Al 
Au 
Cu 
C a F 2 

Quaterpheny l 
S t e a r i c a c i d 
Y 
C 
B(nat) 
1ÔB 

1 0 B 

5 0 C r 
L i F 
2 3 5 U F 
238UF2 
U F 4 (nat) 
2 3 5 U F 4 

C 
2 3 5 u F 4 

6 L i F 
V 
L i F 
C 
LiF 
&LiF 
Zr 
Y 

Backing 

A g , Cu 
C 
C 
C 
P l a s t i c 
S i 0 2 

S i 0 2 
S t a i n l e s s s t e e l 
S i û 2 

S t a i n l e s s s t e e l 
C and Al 
S e l f - s u p p . 
S t a i n l e s s s t e e l 
Al 
S t a i n l e s s s t e e l 
Au 
Cu 
S i 0 2 / P t 
S i Û 2 / P t 
S i O z / P t 
S i O z / p t 

S e i f - s u p p . 
Al 
S t a i n l e s s s t e e l 
Ta 
Scint . Fo i l 
Self- s u p p . 
S t a i n l e s s s t e e l 
S t a i n l e s s s t e e l 
C 

c 

N u m b e r 

6 
6 
3 
2 
2 
7 
6 
1 
2 
3 
10 
10 
3 
3 
3 
1 
3 
15 
11 
13 
14 

5 
3 
3 
2 
1 
3 
5 
5 
4 
2 

Appl i cant 

CCR, I spra 
Univ . G r o n i r . g e n 
SCK, Mol 
SCK, Mol i 
CBN M 
CBNM 
CBNM 
CBNM 
CBNM 
A E R E , H a r w e l l 
SCK, Mol 
Univ . U t r e c h t 
Univ . L e u v e n 
K F Z , K a r l s r u h e 
Un»v. L e u v e n 
Univ. Wien 
SCK, Mol 
N BS 
N B S 
N B S 
F i s s i o n foil exchange 
(Joint P r o g r a m m e ) 
s C K , M O I 

R e s . I n s t . ^S tockho lm 
GfK, Karlsruhe 
CBNM 
CBNM 
CBNM 
Univ . L e u v e n 
Univ. L e u v e n 

SCK, Mol 
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54) 1. 7. 2. Reference samples : A s e r i e s of e x p e r i m e n t s w e r e c a r r i e d 
out in o r d e r to improve the evaporat ion of me ta l l i c u r an ium 
by high frequency lévi tat ion. In addition the evaporat ion of U F . 
by r e s i s t a n c e heat ing and UO, by e l ec t ron bombardmen t has 
been employed extensively . Z 3 5 U F . - l a y e r s a re being p r e 
pared in a vacuum unit ins ta l led in a glove box. Mass d e t e r 
mina t ions a r e c a r r i e d out by vacuum balances and /o r quar t z 
c ry s t a l m o n i t o r s . 

3. 7. 3. M e a s u r e m e n t s on Thin F o i l s : Due to an urgent r eques t the 
p r e p a r a t i o n p rocedu re for carbon foils has been improved . 
La rge selfsupport ing foils with a th ickness of m o r e than 
300/Ug cm can be m a d ; . 
Sys temat ic th ickness m e a s u r e m e n t s us ing a stylus method 
have been c a r r i e d out. A s tandard tos t p rocedure was 
adopted to find out at what loads of the stylus pe rmanen t 
damage to thin gold l a y e r s o c c u r r e d . At loads of about 10 mg 
on the stylus f i r s t s c r a t c h e s appear . These could a lso be seen 
in a scanning e lec t ron m i c r o s c o p e . 
Two different a r r a n g e m e n t s have been tes ted to m e a s u r e s t r e s s 
in thin evaporated l a y e r s . The sensing e lement in bo^h i s a 
l inea r differential voltage t r a n s f o r m e r . A paper has been p r e 
pared and i s ready for submiss ion to desc r ibe the c h a r a c t e r i s t i c s 
of the two devices and to d i s c u s s f i r s t r e s u l t s on gold layers-5-5 ' . 
The method will be extended to boron l a y e r s and to foils p repa red 
by cathodic sput ter ing . Very smal l thin film thermocouples (Au-Ni) 
have been made and tes ted . They a re used to de t e rmine surface 
t e m p e r a t u r e of s u b s t r a t e s and thin l a y e r s . 
A r e p o r t has been p r e p a r e d reviewing p r o b l e m s in the exact 
m e a s u r e m e n t of low p r e s s u r e s and d i scuss ing the p roposa l s of 
s tandardiz ing cal ibra t ion methods ' . 

3. 8. Metal lurgy 
Van Audenhove J . , E. F r e i s t e d t , J. Joyeux, J . Mast, 
M. Pa rengh , F. P e e t e r m a n s , J . Wae lbe r s 

3 . 8 . 1 . Samples P r e p a r a t i o n and Assay : The sample o r d e r s fulfilled 
during 1972 a re given in table 9. Tri total 94 o r d e r s for about 
2. 000 samples a r e fulfilled. 
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3. 8. 2. Development 

1. H. F . Lévitat ion alloying: The lévi tat ion technique used 
for the quanti tat ive p repa ra t ion of a l loys had to be adapted 
and improved to mee t the r e q u i r e m e n t s of the appl icants . 
A specia l lévi tat ion equipment for the p r e p a r a t i o n of 10 g 
amounts of Z r - a l l o y s has been developed and supplied to 
the Danish Atomic Energy Commiss ion at R i s ^ (Work p e r 
formed in the f ramework of the License cont rac t with Auto
mation Chemique et Nuc léa i re Bruxe l l e s ) . 

2. Vacuum Manipulator: A s tandard c o m m e r c i a l manipula tor 
for hazardous m a t e r i a l s handling has been t r ans fo rmed for 
use in high vacuum. The f i rm "La Calhène" (Bezons, F rance ) 
obtained a l icense cont rac t f rom the Commiss ion to manu
facture and c o m m e r c i a l i z e this r ea l i za t ion . 

TABLE 9: Samples de l ive red in 1972 

Mate r i a l 

A l - T h 

A l - P u 

Al -Cd 

U canned 

Ni -Co 

Al-Ag 

Special C h a r a c t e r i s t i c s 
Composi t ion (1) 

( 1.00+0. 01 )wt % Th 
(0 .100+0.001 )wt % Th 
(10.0+0. l)wt % Th 

(0 .100+0.001 )wt % Pu 

(0.200+0.004)wt % Cd 

in Al 

(0 .100+0.001 )wt % Co 
(0.500+0.005)wt % Co 
(1 .00+0.01 )wt % Co 
(5.000+0.025)wt % Co 
(10. 00+0.05)wt % Co 

( 1.00+0. 01 )wt % Ag 

F o r m 

d i sc 
d isc 
w i r e 

d i s c s 

w i r e 

foil 

rod 
rod 
rod, w i re 
rod 
rod, wi re 

w i r e 

Applicant 
(2) 

(a) 
(a) 
(d) 

(a) 

(b) (d) 

(a) 

(c) 
(c) 
(c) (t) 
(c) 
(c) (t) 

(d) 
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A l - A u 

A l - C o 

A l - H f 

A l - I n 

A l - I r 

A l - M n 

A l - N i 

A l - R h 

A l - Z r 

A l - W 

N i - G a - F e 

A l - D y 

A l - L a 

Al E u 

A l - U 

( 0 . 100+0. 001 )wt % A u 
( 0 . 5 0 0 + 0 . 005)wt % Au 
( 1 . 0 0 + 0 . 01 )wt % Au 
( 5 . 0 0 ^ 0 . 05)wt % Au 

( 0 . 1 0 0 + 0 . 0 0 1 ) wt % Co 
( 1 . 0 0 + 0 . 01 )wt % Co 
( 2 . 0 0 + 0 . 02)wt % Co 

( 5 . 0 0 + 0 . 0 5 ) w t % Hf 
( 0 . 1 0 0 + 0 . 0 0 2 ) w t % H( 

( 1 . 0 0 + 0 . 0 1 )wt % In 

( 1 . 0 0 ^ 0 . 01 )wt % I r 

( 1 . 0 0 + 0 . 01 )wt % Mn 
(4 .0O+0 .O4)wt % Mn 
(O.lOOjfO. 001 )wt % Mn 

( 1 . 0 0 + 0 . 01 )wt % Ni 

( l . 0 0 + _ 0 . 0 l ) w t % Rh 

( 5 . 0 0 + 0 . 0 5 ) w t % Z r 

( 0 . 5 0 0 + 0 . 010)wt % W 
(1 .00+_0 .0 l )w t % W 

N i 7 5 Ga25 
N i 7 5 - x Ga25 F e x 
x = 0 . 0 0 at % F e 

= 0 . 0 1 a t % F e 
= 0 . 0 2 at % F e 
= 0 . 05 at % F e 
= 0 . 10 at % F e 

( 1 . 0 0 + 0 . 01 )wt % Dy 
( 5 . 0 0 + 0 . 10)wt % Dy 

( 5 . 0 0 + 0 . 0 5 ) w t % La 
( 1 0 . 0+_0. l )wt % La 

f2. 50+0 . 0 2 W t % Eu 
( 5 . 0 0 + 0 . 0 5 ) w t % Eu 
( 0 . 2 5 0 + 0 . 0 0 5 ) w t % E u 

( 1 0 . 0 + 0 . l ) w t <% 

w i r e , d i s c 
w i r e , d i s c 
w i r e , d i s c 
w i r e , d i s c 

w i r e , d i s c 
w i r e , d i s c 
w i r e , d i s c 

w i r e 
d i s c 

d i s c , w i r e 

d i s c , w i r e 

w i r e , d i s c 
d i s c , foil 
d i s c 

w i r e 

w i r e 

w i r e 

w i r e 
d i s c 

r o d 

d i s c 
d i s c 

d i s c 
d i s c 

d i sc 
w i r e 
w i r e 

d i s c 

(d) (q) (u) ' 

(i) 
(d) (q) 
(d) (j) 

(d) ( r ) 
(j) (1) 
(i) (u) 

(d) 
(q) 

(0 (d) 

(f) (d) \ 

(d) (f) (q) ! 

(0 (j) 1 
(q ) i 

(d ) , 

(d) l 

(d ) ; 

( d ) \ 

(0 ; 

(c ) ; 

1 

i 

1 

tt) 
(o ; 
(0 : 
(0 i 

m ! 
(q ) ! 

(f) f i n ! 
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Al-Ge 

Al-Cu 

P t - C u 

P t -Co 

P t - C u - C o 

P t - C u - C o 

P t - C u - C o 

Ni-Mo 

Al-Sb 

Al - In -Co-
Au 

Pb-Ag 

Pb-Ag-Sn 

Cu.Ni 

Cd 

2 3 5 u 

lie 

(1 .3 3+0. 01 )wt % Ge 
(0. 803+0. 008)wt % Ge 
(0 . 268+0. 003)wt % Ge 
(0 .2 01+0. 002)wt % Ge 
(0 .134+0.001 )wt % Ge 
(0. 0470^0. O00S)wt % Ge 

(1 .00+0 .01 )wt % Cu 

(24.57_^0.25)wt % Cu 

(23. 19+0.23)wt % Co 

(12. 39+0.12)wt % Cu 
(11 .49+0. 15)wt % Co 

(16 .47+0. I6)wt % Cu 
(7 .642^0 . 076)wt % Co 

(8.286+0.083)wt % Cu 
(15. 37+0. 15)wt % Co 

(62. 05+0. 30)wt % Mo 
(37.94_+0. 30)wt % Ni 

(35.27+0.30)wt % Mo 
(64.72+0. 30)wt % Ni 

(29. 01+0. 30)wt % Mo 
(70.98+0.30)wt % Ni 

(l .00_+0.0l)wt % Sb 

(2.00+0.02)wt % In 
(1.00_+0.0l)wt % Co 
(50. 0_f0.5)ppm Au 

(2.50+_0.2)wt % Ag 

(1 .75H) . 01 )wt % Ag 
(0 .7 '^O.Ol jwt % Sn 

P u r e m e ' a l s 

r\ire me ta l 

40 mi;. cni"2 

wire 
wire 
w i r e 
wi re 
wi re 
wire 

wire 

foil 

foils 

foil 

foil 

foil 

button 

button 

button 

d isc , w i r e 

d isc 

wi re 

wire 

wire 

tube 

foil 

tube 

(g) 
(g) 
(g) 
(g) 
(g) 
(g) 

(v) 

(M 

(h) 

(h) 

(h) 

0») 

(q) 

(q) 

(q) 

(q) (v) 

(q) 

( r ) 

( r ) 

( r ) 

(r) (s) 

(o) 

(k) 
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E B w e l d i n g 

Co 

L i c a n n e d 
in Al 

Z r . W . N a . A l 

T i . V , Z n . M o , Cd, 
In, Mn, S, G e , F e , 
T h , A l 2 0 3 , A g , 
P b . A u . L i . N d , U, 
V a c r o m i u m 

C u - A l 

p u r e m e t a l 

h igh p u r i t y 

h igh p u r i t y 

( 5 . 0 O O + 0 . 0 2 5 ) w t % 
Al 

B e a m m o n i t o r 
L i n a c 

c y l i n d e r 

r o d 

m i s c e l l a n e o u s 

m i s c e l l a n e o u s 

d i s c 

(k) 

(p) 

(n) 

(x)(w)(d)( l ) 
( k ) ( y ) ( z ) ( z i ) 
( z 2 ) ( z 3 ) ( z 4 ) 

( z 5 ) 

(* 5 ) 

(1) T h e c o m p o s i t i o n s of t h e a l l o y s a r e c e r * ' f i e d by q u a n t i 
t a t i v e l é v i t a t i o n m e l t i n g . 

(2) A p p l i c a n t s : 

(a 
(b 
(c 
(d 

(e 
(i 
(g 
(h 
( i 
( j 
(k 
(1 

(n 
(o 

(q 
( r 

( • 
( t 
(u 
(v 

P h y s i k a l i s c h e T e c h n i s c h e B u n d e s a n s t a l t , D e u t s c h l a n d 
I n t e r u n i v e r s i t a i r e R e a c t o r I n s t i t u u t , Delf t , N e d e r l a n d 
U n i v e r s i t é d e N a n t e s , l a b . de P h y s i q u e de M é t a l , F r a n c e 
CNRS L a b o r a t o i r e d ' A n a l y s e p a r A c t i v a t i o n " P i e r r e S U E " , 
F r a n c e 
K . F . A . J û l i c h , D e u t s c h l a n d 
C h i m i n p o r t , B u c a r e s t , R o u m a n i e 
IAEA, UN D e v e l o p m e n t P r o g r a m , G r e e c e 
R i j k s u n i v ? r s i t a i r C e n t r u m A n t w e r p e n , B e l g i ë 
A k a d e m i s c h Z i e k e n h u i s , I n w e n d i g e Z i e k t e n , Gen t , B e l g i S 
R C N , P e t t e n , N e d e r l a n d 
N a t u u r k u n d i g L a b o r a t o r i u m INW G e n t , B e l g i ë 
SCK Mol , B e l g l e 

(m) C E R N , G e n è v e , S w i t s e r l a n d 
M a x P l a n c k I n s t , fur C h e m i e , M a i n z , D e u t s c h l a n d 
CEN B o r d e a u x , F r a n c e 

J C U U i l \ U i C d i-rt.iii.tt,, UJLN uévé ïôp iT iê i ' i i 1-1 o g r a n i , 
CCR I s p r a , I t a l i a 
S . A . C o c k e r i l l O u g r é e , P r o v i d e n c e et E s p é r a n c e . , 
L o n g d o z , S e r a i n g , Be lg ië 
Hahn M e i t n e r I n s t i t u t , B e r l i n , D e u t s c h l a n d 
N a t i o n a l B u r e a u of S t a n d a r d s , W a s h i n g t o n U . S . A . 
Y o n e y a m a C h e m i c a l I n d u s t r i e s , O s a k a , J a p a n 
S o c . CODILAB , L i l l e , F r a n c e 

http://i-rt.iii.tt
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VII. REACTOR CENTRUM NEDERLAND, PETTEN, THE NETHERLANDS. 

1. FOM-RCN Nuclear Structure Group 

(K. Abrahams) 

1 .1 . General 

Much interest was paid to the effect of channel interference in thermal 

neutron capture. It became clear that the present 3 facilities at the 

HFR at Petten complement each other reasonably well. 

For the 59Co(n,y) reaction a satisfying agreement was reached between 

measurements with oriented target nuclei and measurements of the cir

cular polarization. 

(282) For the 39K(n,y) and the 57Fe(n,y) reactions it appeared that a com

bination of y-y angular correlation measurement and a y circular po

larization measurement can be sufficient to determine the channel 

interference. 

The study of the partial (n,y) widths could be concluded with the re

sult that a positive correlation exist between the reduced width and 

the (d,p) spectroscopic factors for the p^/2 levels of all studied 

nuclei in the region A = 40-70. 

1.2. Gamma spectroscopy and angular correlations 

(J. de Boer, A.M.J. Spits, A.M.F. Op den Kamp) 

The facility uses a thermal neutron beam (3 * 107 cm~"s-1) with a 

cooled quartz-bismuth filter, two 5" * 5" Nal detectors, two Ge(Li) 

(23 and 50 cm3 active volume), a 16 window apparatus for coincidence 

studies, two 3"« 3" Nal detectors which in combination with one of 

the Ge(Li) detectors function as a pair spectrometer. 

Preparations are being made for the multiparameter Ge(Li) -Ge(Li) 

system which will be connected to an on-line computer. 

The analysis of the 3'Cl(n,v) sppr.trum resulted in 79 y transitions 

of which 64 could be fitted in a jdCl decay scheme. 

For nuclei in the mass range A = 30-50 the correlation between 

(d,p) and (n,v) strengths is being studied. 

(375) Present res*ar".h io on the reactions bL,Zn(n,v), MjZn(n,f) and h"Zn(n,r). 
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1.3. Capture of polarized thermal neutrons 

(K. Abrahams, J. Kopecky, F. Stecher-Rasmussen) 

The facility used consists of a neutron polarizing focussing mirror 

system giving a 90% polarized beam of 3 * 107 cm-2 s-1 flux density, 

two cobalt-iron gamma-ray polarimeters, two Ge(Li) detectors (40 

and 60 cm3 active volume), a 4096 multi-channel analyser connected 

to an on-line computer. There are plans to install a new minor system 

in the present thermal column of the ilFR which would produce a ten 

fold higher flux of polarized neutrons. 

Measurements have been performed with the target nuclei: 29Si, 63Cu, 

(757)(375) 72Ge and 183W. Present research is on 64Zn, 66Zn and 6sZn. 

In the period under review a contribution has been made to resolve 

the existing uncertainty in the capture cross section of 23Na by 

determining the spin interference in the capture state. 

Gamma-ray spectroscopy with the Ge(Li) detectors and the measurements 

of the circular polarisation of 12 primary transitions in the 

(101,102,103) 23Na(n,y) reaction support the Jïï = 1+ assignment for the 2.85 keV 

resonance. 

1.4. Neutron capture y rays of oriented nuclei 

(J.J. Bosman, E.R. Reddingius, H. Postma) 

This facility uses a mono-energetic polarized neutron beam obtained by 

diffraction from a magnetized Co-Fe single crystal. 

By a 3He-4He dilution refrigerator we are able to cool samples to 

0.03 K for periods of several days without interruptions. 

Two Ge(Li) detectors are available (6.4 and 40 cm3 active volume) 

of which the biggest can be used as central detector for pair spectro

metry. 

A super conducting magnet has been ordered to increase the magnr'ic 

field on the samples to 50 KG. 

ihe ^-,Co(n,y) work has been linisued and the capture cf polarized 

neutrons in a polarized Ho target is being studied now. 
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2. R.C.N. Reactor Physics Group 

2.1. Integral measurements of fission product cross sections 

(M. Bustraan et al.) 

General 

The integral measurements of cross sections of fission product nuclides 

are performed in SlEK in 4 different neutron spectra (see fig. 1) by 

use of the central reactivity worth method. 

(13 52, Measurements have been performed now in the 4 STEK cores mainly for 
i:}-'4/ samples of mixtures of actual fission products from thermal fission 

of U235 contained in "burned" U-Al alloys. 

Also one so-called mock-up sample has been used which consist? of a 

mixture of elements such that the fission products of a fast reactor 

are more or less simulated. 

Since March 1972 we dispose also of gram quantities of enriched isotopes 

on loan from the US-AEC loan pool for stable isotopes. These isotope 

samples have been thoroughly dried and packed in thin wall welded 

stainless steel capsules of pin shape. Measurements with these in 

STEK cores 4000, 3000 and 1000 are finished now. Final measurements 

in STEK-2000 are to be finisned in spring 1973. 

An extension of the loan period until December 1973 could be obtained 

with the consequence that now also measurements in a fifth core, STEK-

500, with a "hard" neutron spectrum will be performed, for obtaining 

some data above 50 keV. 

According to the present time schedule final results on the mixed fission 

products are foreseen for spring 1973 and final results for the isotopic 

samples for spring 1974. 

Interpretation of measurements 

The central net-' *on spectra in STEK are being measured by all conven

tional means including time of flight, The evaluation uf these measure 

ments is not yet final. There seems, however, to be a reasonable agree

ment between calculated and measured spectra. 

Many of the earlier measurements at STEK were badly disturbed by traces 

of H2O absorbed in the samples. This has been remedied now by rigorous 

drying and packing procedures. 



- 122 -

The most troublesome aspect in the evaluation of the reactivity worth 

measurements is the self-shielding of the samples. 

Well defined (pin type) geometries are being used now and most material 

is packed in two or three pins of different diameters to be able to 

extrapolate to zero dimensions. Also refined calculational methods 

will have to be employed to correct for and to check this self-shielding. 

Evaluation of fission product cross sections and adjustment 

Parallel to the experimental work an evaluation has started on fission 

product cross sections for two reasons. 
(1353) 

Firstly to get better and more detailed cross section values for com

paring to the experimental results. 

Secondly for use in an adjustment procedure. A scheme for adjusting 

fission product cross sections to the effects measured in STEK has 

been worked out in which the evaluated cross sections together with 

their errors and the cross-correlation of these errors will be used. 

In this evaluation, capture cross sections below + 1 keV are derived 

by the single level Breit-Wigner formalism using resonance parameters, 

as far as known. 
Errors are derived by the error propagation formula using the ex
perimental errors in the parameters I" , T and J. 
r r n' y 
Above ± 1 keV (unresolved region) a normal statistical approach is 
followed. Two types of errors aris?: a) errors due to the uncertainty 

in the average resonance parameter, as s-, p-, d-strength functions, 

F , D . ; b) errors due to statistics. For calculating the second 
Y obs' — 

moment of the cross section the level repulsion effect has to be 

taken into account e.g. by using a two level correlation function 

borrowed from random matrix theory. 

This delivers complete co-variance matrices for the fission product 

cross sections derived from the parameters used for calculating the 

crn« çpcrinnR. A more refined procedure is being worked out now 

based on the program FISPRO of prof. Benzi. A width fluctuation 

correction factor nas been introduced in this program. This results 

e.g. for Pdl05 in a 30% lower value for o(n,Y) at 4 keV up to + 500 keV. 
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Other measurements 

For calculation of the inelastic- and the absorption cross sections a 

good knowledge of excitation energies, spins and parities of levels in 

the region of 0,1 to 3 MeV for the target nucleus is necessary. 

It is planned to perform some measurements of these parameters for a 

number of even even target nuclei by capture y-ray techniques (meas

urements of the circular polarization of the y-rays after capture of 

polarized thermal neutrons or measurements of the angular correlation 

of y~rays due to capture of thermal neutrons as mentioned in the pre

ceding contribution of the FOM-RCN Nuclear Structure Group). 
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Stable and long lived fission product nuclides used in the integral 

measurements in STEK 

Nuclide WRENDA 1973 regquest nr. 

Zr 90 

Zr 91 

Zr 92 

Zr 93 

Zr 94 

Zr 96 

Mo 92 

Mo 94 

Mo 95 

Mo 96 

Mo 97 

Mo 98 

Mo 100 

407 

418 

425 

428 

433 

438 

-

-

471, 

-

476, 

-

-

472 

477 

Tc 99 482, 483, 484, 485 

RulOl 

Rul02 

Rul04 

Rhl03 

Pdl04 

Pdl05 

Pdl06 

Pdl07 

Pdl08 

PdllO 

« 6 ' w» 

Agi 09 

Cdlll 

Tel 28 

Te 130 

J127 

J129 

488, 

492, 

497, 

504, 

-

512, 

-

517, 

519, 

-

-

524, 

-

-

-

-

_ 

489, 

493, 

498 

505 

513 

518 

520 

525, 

490, 491 

494 

526 

Nuclide 

Xel31 

Csl33 

Csl35 

Csl37 

WRENDA 1973 request nr 

547, 548 

558 

561, 562, 563 

-

Lal39 

Ce 140 

Cel42 

Prl41 

Pml47 

Tbl59 

567, 568 

570 

Ndl42 

Ndl43 

Ndl44 

Ndl45 

Ndl46 

Ndl48 

Ndl50 

-

573, 575, 576 

-

578, 580, 581 

582 

-

-

586, 591, 592, 593 

Sml47 

Sml48 

Sml49 

Sml50 

Sml51 

Sml52 

Sml54 

Eul51 

Eu 153 

Gdl56 

Gdl57 

610 

611 

612, 

616, 

620, 

625, 

632 

641 

650, 

678 

685 

614, 

619 

622, 

628 

653 

615 

623, 624 
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- C / i j S y ftTOMIÇ RATIO 

— O - STEK 1000 72 

— • - STEK 3000 47 

—X— STEK 2000 35 

— a - STEK tOOO 23 

— 4 ~ STEK 500 II 

— * - SNR 300 
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m3 
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Fig. 1. Neutron spectra in STEK and SNR 300. 


