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Search for the Dependence of the Doppler Broadening of 
Neutron Resonances on Chemical Binding. Resonance 405 eV 

for c135 • 

E.N. Karzhavina, A.B. Popov, I.I. Shelontsev, 
Yu.s. Yazvitsk;y 

Joint Institute for Nuclear Research 

When the resonance neutronsinteraot with atomic nuclei one 

observes the deviation of the resonance shape from the Breit-~ig­

ner curve, which was due to the Doppler-effect caused by the thermal 

motion of sample atoms. This makes it necessary to introduce correc­

tions for the Doppler-effect in determining resonance parameters. 

At present there are good methods to take such co~rections into 

account only for two-event cases: for the samples of ideal gases and 

for those of isotropic Debay crystals consisting of one type of atoms • 

• In the case of gaseous sample the Doppler-effect is due to 

the translational motion of atoms in space and is characterized by 

the Doppler broadening A ·2 r~ J<Tfo ' where Eo is re­

sonance energyi11. 

In the case of bound atoms the nucleus motion is strongly de­

pendent of frequency characteristics of the atomic system, therefo­

re, the Doppler-effec~ theory on chemical combinations should take 
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into account the structure of these combinations. The problem of 

neutron interaction with crystal systems ha8 been discussed by 

Lamb/~ It has been shown that the case of isotropic crystal con­

sisting of similar atoms and having the Debay frequency spectrum 

can be reduced to the gas model, if t~e condition r +tJ.>>.Ze 
is valid ( 8 is the Debay temperature) and ~f the Doppler broa­

dening is defined by the expression A=.t v~K~Eo. In the Lamb 

approximation the properties of the system which are most important 

for interaction with neutron are taken into consideration by the 

parameter ~=a{;) 3T iS)r{ei,+t + l)tJdt 
Along with the ideal g&a approximation and the Lamb approxima­

tion the experimenters have no other ways to determine the Doppler 

corrections. However, in practice the experimenters have to deal with 

combinations for which the conditions of applicability of the above 

approximations are not carried out. The illegality of employing the 

Lamb approximation for considering the metal resonance shape with the 

samples of oxides has ~een shown in refs/J, 41. A question arises 

whether the choice of coabination form for sample can affect the expe­

rimental results in the case when resonance parameters are found from 

the analysis of resonance areas. Keeping this problem in mind we 

studied the behaviour of the areas of 405 eV resonance for c135 for 
A which we mipt expect that 7 > 1. The interest in this resonance 

W&S caused by the absence of data on the ValUeS of jr, and r 
though in refs/5, G, 7/ the total effective cross sections, 

radiative capture cross sections and the effective cross sections 

of the reactions (n 1 p) for c135 were measurea. 

Using a neutron spectrometer of the Laboratory of Neutron Phy­

sics/a/ the transmission ourTeswere obtained of three combinations of 

natural chlorine in which Cl atoms are related with atoms strongly diffe­

ring in weight of other elements: NaCl, CC14, PbCl2• The thickness 
of the samples 

6 

for ClJ5 2.075.1022 l, 

gion of the Doppler co: 

ness/91. The resonance 

sonanoe transmission il 

ting transmission data 

and from the right of · 

sonanoe for c135 turne< 

J.9J ± 0.05 ev for Ctl, 

By using liaCl 

ture on the resonance 1 

ves of the sample NaCl 

om2) and ccr4 (the thic 

Joo0 and 77° were meast 

nanoe for c135 were fot 

J.56 ± 0.07 eV;CC14 JOC 

(The correction for a c 
duced in the above are& 

are as follows: 1) the 

nanoe for c135 in NaCl 

the accuracy of measure 

to 77°K the area of the 

wherea8 when cooling tb 

The equality of t 

be explained in the fol 

samples differ& insign 

employing to NaCl the L 

sible since the NaCl or 

in the atomic weight an 

temperature for NaCl 



,ns. The problem of 

>een discussed by 

~ropic crystal con­

frequency spectrum 

tion r +11>>,1,8 

if the Doppler broa­

~K~E0. In the Lamb 

Loh are most important 

,nsideration by the 

)t.3 dt 

and the Lamb approxima­

ietermine the Doppler 

'nters have to deal with 

licability of the above 

Lity of employing the 

resonance shape with the 

1. A question arises 

nple can affect the expe­

arameters are found from 

problem in mind we 

resonance for c135 for 

et in this resonance 

ee of andr 

tive cross eeotione, 

ctive cross sections 

a.. 

oratory of Neutron Phy-

of three combinations of 

with atoms strongly diffe­

PbC12. The thickness 
of the eamples 

for c135 2.075.1022 l/om2 ! 0.5* correeponded to the maximum re­

gion of the Doppler corrections in the function of the sample thick­

nees/91. The resonance area was calculated by transmission. Nonre­

sonanoe transmission in the resonance region was found by extrapola­

ting transmission data for a large number of channels from the left 

and from the right of the resonance. The values of areas of the re­

sonance for c135 turned out to be J.82!0.5 eV, J.86 ± 0.05 eV; 

J.9J ! 0.05 eV for cc14, NaCl and PbC12, respectively. 

By using HaCl and cc14 the effect of sample tempera-

ture on the resonance area was investigated. The transmission our­

vee of the sample NaCl (the thickness 2.1J.1o22 for c135 atoms per 

om2) and ccr4 (the thickness 1.9J.lo22 for c135 atoms per cm2 ) at 

Joo0 and 77° were measured. The values of the areas of the 405 eV reso­

nance for c135 were found to be:NaCl J00°K - J.95 ± 0.07 ev; 7~K -

J.56 ± 0.07 eV;CC14 J00°K- J.54 ± 0.06 eV; 77°K- J.,7 ± 0.6 eV. 

(The correction for a difference in the sample thickness was not intro­

duced in the above area values). Thus, the result~ of the measurements 

are as follows: 1) the difference of the areas of the 405 eV reso­

nance for c135 in NaCl, CC14 and PbC12 samples does not contradict 

the accuracy of measurements, 2) whep cooling the NaCl sample down 

to 77°K the area of the chlorine resonance was varied by (lO+O.J)r. 

whereas when cooling the cc14 sample it remained unchaRged. 

The equality of the resoaance areas for all three samples can 

be explained in the following way: the Doppler broadening for all these 

samplee differ& insignificantly. The value .6 can be estimated by 

employing to NaCl the Lamb approximation, which appears to be pos­

sible since the HaCl crystal is cubic, it consiets of atoms close 

in the atomic weight and has the Debay frequency spectrum. The Debay 

temperature for NaCl is 8 =281~ the Lao'lb approximation can 
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be applied to NaCl. For the Doppler width 

one obtains the value ~ = 1.096 eV. The resonab~lity of using 

the Lamb approximation can be proved by the fact that it agrees with 

the values of the area change in cooling the sample down to 77° K. 

(The calculation variation is about 12*, with A (77 • K) = 0.69/feV) 

The constancy of the resonance area of the CC14 sample appears to 

prove the fact that for this combination even at room temperature 

rather intramolecular motions weakly depending on temperature than the 

C1J5 nuclei displacement together with molecules cause the Doppler 

effect. 

The parameters were calculated by the area method for 10 values 

of A in the range from o.J eV to 2.1J eV • Fig.2 shows the dependences 

of Jr;, and r upon the values of A • This curve shows how it 

is important to know 6 to determine accurately r . We chose the 

value A = 1.096 eV as a result of the above considerations. Hence, 
/ 

we obtained the following values of the parameters of the 405eV le-

)5 r vel for Cl • = 0.82) :!: O.OBJ eV, Jr;, .. O.OJ7 t 0.02 eV, 

which corresponds to a; = 289 + J2 b. Thus, using the data from 

ref /7 I for ~'f. and a;,~, we obtain 'f =55 ± 18 meV and 

~ = 420 ± 57 meV. Note that our values for r and j £";, agree 

best of all with the data of ref /7~ if one takes J = o, e .. 1 

and g ~ 1/8 for ClJ5 level. This result confirms the hypothesis of 

ref./7/ on assigning the 405 eV resonance to p -neutrons. 

8 

!l 

1. H. Bethe. Physics of 

2. W.E. Lamb. Phys.Rev., 

J. H. Jackson, J. tynn. 

4. P. Egelstaff, G. Holt 

and Liquids., II, IA! 

5. R. Brugger, J. Evans. 

6. N. Kashukeev et al. 

7. Yu.P. Popov, F.L. Sh& 

8. G.I. Zabiyakin, L.B. 



th 

·esonabi-lity of using 

:t that it agrees with 

~ple down to 77° K. 

A (77 • K) = 0.69/feV) 

•e CC14 sample appears to 

1t room temperature 

on temperature than the 

s cause the Doppler 

'a method for 10 values 

.g.2 sho\Vs the dependences 

.s curve shows how it 

1ly r . We chose the 

:onsiderations. Hence, 

:ers of the 405eV le.:' 

Jr;, .. o.OJ7 t 0.02 eV, 

1, using the data from 

=55 ± 18 meV and 

r and j r, agree 

:es J = o, e = 1 

IS the hypothesis of 

p -neutrons. 

1. H. Bethe. Physics ofNuolei. part II, 1950. 

2. W.E. Lamb. Phys.Rev., 21, 190, 19J9. 

J. H. Jackson, J. Lynn. Phys.Rev., 127, 461, 1962. 

4. P. Egelstaff, G. Holt. Inelastic Scattering of Neutrons in Solids 

and Liquids., II, IAEA, Vienha, 196J. 

5. R. Brugger, J. Evans. Phys.Rev., 12iL 1054, 1957. 

6. N. Kashukeev et al. J. Nucl.Eng. A!!_, 76, 1961. 

7. Yu.P. Popov, F.L. Shapiro, J.Exptl. Theoret. Phys., iQ, 1610, 1961. 

8. G.I. Zabiyakin, L.B. Pikelner et al. Preprint-~56, Dubna, 1962. 

9 



T 
1.01 : 0

•• •l:aa:,,.,&:i .• o o;;:: •_do l 

Q9 
NaCL 

o 300"K 

• &O"K 

I 
0,& 

me 

Fig. 1 • The 405 eV resonance for ClJ5 in NaCl at T = J00°K and 

Neutron l 

Van Ney-.} 
Yu .s, 

Joint II 

T = 80°K. ( nk is the channel numbe~). I The transmission , 

r: [ 
yrniO" 

~T 
]60 
50 

110 

0,5~ l "l T 
IJO 
20 

fO 

0 0.5 (0 (5 2/l 

Fig. 2. The dependences 

choice of Cl • 

iln r . 
and of the 405 eV resonance upon the 

IO 

for some samples of natt 

riched with various isc 

meter of the Joint Ins t j 

samples for which transo 

1.1J.lo21 ; 2.12.lo21 ; 4. 

per cm2, respectively. ~ 

are summarized 1n Table 

The transmission ~ 

the yield curves of gamo 

detectors traving crystal 

In the energy region 

und. The comparison of 1 

capture gamma-radiation 

identify 40 resonances 

meters. Two resonances 

which is otope t hey belor 

Yb168• No measur ements ~ 



Cl at T = )00°K and 

~). 

50 

20 

:o5 eV resonance upon the 

Neutron Resonances of Ytterbium Isotopes 

Van Ney-yang, E.N.Karzhavina, A.B.Popov, 
Yu.s. Yazvitsky, Yao Chi-chang 

Joint Institute for Huclear Research 

The transmission and yield curves of the capture gamma-rays 

for s9me samples of natural ytterbium (Yb2o3) aad some samples en -

riched with various isotopes w're measured with a neutron spectro­

meter of the Joint Institute for Nuclear Research/l/. The thickness of 

samples for which transmission had been measured was 5.9J.lo20 ; 

1.1J.1o21 ; 2.12.1021 ; 4.81.1021 ; 9.91.1021 and 2.64.1022 of Yb nuclei 

per cm2, respectively. The data on samples for measuring gamma-rays 

are summarized in Table 1. 

The transmission was measured with a liquia neutron detectorl21, 
the yield curves of gamma-rays were measured with two scintillation 

detectors aaving crystals Nai(Tl) lOOxlOO mm. 

I~ the energy region from J to 150 eV some 42 resonances were fo­

und. The comparison of resonance strength on the yield curves for 

capture gamma-radiation for natural Yb and Yb isotopes allowed to 

identify 40 resonances isotopically and thus determine resonance para­

meters. Two resonances (for which it was difficult to determine to 

which isotope they belong) should be assigned either to Ybl70 or to 

Yb168• No measurements were performed with these isotopes. 

II 



The parameters of reson~oes clearly seen for natural Yb were 

determined by using transmission data by the area method. The resonan­

ces could be well separated only on isotope samples whereas their para~ 

meters were obtained by the yield curves of gamma-rays by calibra­

ting the neutron flux product efficiency obtained from the data on 

the resonances whose parameters were found by transmission curves. 

In case of need corrections for capture after scattering were intro~u­

oed/J/. Data on resonance parameters are summarized in Table 2. As 

is seen from the Table the overwhelming majority of resonances be­

longs to Ybl7l an4 Yb173 isotopes. Figs. 1 and 2 show the distribu­

tions of the reduced neutron widths for neutron resonances of Yb171 and 

Yb172 found in the same energy region where the number of resonances 

is increased linearly with increasing energy. The distribution agre­

es with the Porter-Thomas law on condition that in each isotope 2 or 

J resonances are missing. The values of strength functions S
0 

were 

found from the diagrams of J:..zjr;/'= j(£) • They turned out to be 

(1.1+0.4).10-4 and (2.4+0.9).10-4 for Yb17; Yb173 , respectively. The - -
values D(Yb171) • 5.5~1.5 ev, D(Yb173) a 7.J~l.5 eV were found for 

the average distances between the levels (with the account of correc­

tions for level missings). Since the spin values of Ybl7l and Ybl7J 

are greatly different (~ and 5/2, respectively), the data with D 

can be used to determine the parameter ~ in the Bethe formula for 

the level density f = C (~{+1) ~Xf[- ]{1;~] Uf'[ Jl J'a,l{} 

If one takes into consideration the differences in isotope bin­

ding energy and assumes that the constants c and a are similar for 

Ybl7l and Yb173and the value of ~ is taken in accordance with ref./4/, 

then a'= 2.5. The change of the parameter by 1015 provides that 

-l 2 5+ +1.8 u • • -l.J• 

12 

Refe 

1. G.I. Zabiyakin et al. 1 

2. I. Visi, G.P. Zhukov e1 

1962. 

J. J.E. Draper, Nucl.Sci. 

4. J.A. Harvey. Neutron Tj 

1961. 

Basic 
isotope 

Ybl71 

Ybl71 

Ybl72 

Ybl7J 

nl74 

Ybl76 

Ta 

Dat~ on samples f 
ative capture. 

Samp 
isot 

Natural Yb 



for natural Yb were 

~ea method. The resonan-

mples whereas their para~ 

IIIDa-ra;rs by oalibra-

Lned from the data on 

;ransmission curves. 

3Cattering were introdu­

~ized in Table 2. As 

~Y of resonances be-

2 show the distribu-

1 resonances of Yb171 and 

' number of resonances 

rhe distribution agre­

t in each isotope 2 or 

th functions S
0 

were 

hey turned out to be 

17J, respectively. The 

.5 eV were found for 

the account of oorrec­

es of Yb171 and Yb173 

y), the data with D 

he Bethe formula for 

~] Uf' [ :l J'a-tt] 
rences in isotope bin­

lll.d a are similar for 

L accordance with ref./4/, 

by 101 provides that 

References 

1. G.I. Zabiyakin et al. Preprint-956, Dubna, 1962. 

2. I. Visi, G.P. Zhukov et al., Nucl.Blectr., 1,27, IAEA, Vienna, 

1962. 

J. J.B. Draper, Nuol.Soi. and Eng., §, 552, 1956. 

4. J.A. Harvey. Neutron Time-of-Elight Methods, 2J, EAEC, Brussels, 

1961. 

Basic 
isotope 

Ybl71 

Ybl71 
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nl74 

Ybl76 

Natural 

Table 1. 

Data on samples for measuring gamma-ray yield of radi­
ative capture. All the samples are made of Yb20J. 

Sample thickness ~f Enrichment 

(*) isotope nuclei/om 

1.21.1021 95~ 

2.55.1021 90~ 

3.18.1021 90~ 

1.97.1021 77.6~ 

3.15.1021 96~ 

1.76.1021 90~ 

Yb 2.38.1021 
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Table Il I 
33. 76.7±.0.6 I'i 
34. 97.5±.0.8 I'i 

Resonances parameters for Yb isotopes I 35. I06±.I I? 
36. II2±.I II 

No E
0 

ev Isotope r meV 3fn meV 2J'~v I 
37. I25±.I.2 I? 
38. I30±.I.2 I? 
39. 40.3+0.2 I? 

I. 7.93±.0.02 I7I 1.44±.0.17 I.03:t.O.I2 -40. 73.2±.0.5 I? 
2. 8.I3±.0.02 17I 0.49:t,0.06 0.34:t,0.04 4!. 22.6+0.I 
3. 8.85±.0.04 171 0.025:t,0.010 O.OI7:t,0.007' -42. I41±.I.5 17 
4. 13.I3±.0.07 17I 93:t,IO 2.5:t;0.1 1.38:t,0.06 
5. 21.8±.0.1 I7I 0.19:t,0.03 0.081:t,0.013 
6. 28.2±.0.1 I7I 70±.10 1.8±.0.1 0.68±.0.04 
7. 34.7±.0.2 I7I 3.8±.0.8 I.3±.0.3 
8. 41.5±.0.2 I7I 168±.70 7.2±.0.7 2.2±.0.2 
9. 46.5±.0.3 17I 0.90±.0.15 0.26±.0.04 

IO. 53.2:t,0.3 I7I, 5±.1 .1.4±.0.3 
II. 54.4±.0.3 I7I 16±.3 4.3:t,0.8 
12. 60.4±.0.4 17I 143±.36 4.3:t,0.3 I.I0±.0.08 
13. 65.0±.0.4 17I 7±.1 1.74±.0.25 
14. 77.3±.0.6 I7I II±.2 2.5;t0.5 
15. 82.6±.0.6 I7I 2.4±.0.3 0.53:t,0.07 
16. 84.7±.0.7 I7I 2.5±.0.4 0.54±.0.09 
17. 96.1±.0.8 17I 3.0±.0.4 0.61±.0.08 
18. 108±.1 17I 37~} 7.1±.1.4 
19. II3±.I I7I 14±.3· 2.6;t0.5 
20. 128±.I.2 17I 20±.5 3.5±.0.9 
21. 14I±.1.4 I7I 10±.2 I. 7±.0.3 
22. 147±.1.5 I7I 7±.2 I.2±.0.3 
23. 4.53±.0.0I 173 0.082±.0.009 0.077±.0.008 
24. 17.80±.0.07 173 I00±.10 14:t.I 6.6:t,0.5 
25. 31.6±.0.15 I73 165±.14 36±.3 12.8±.1.1 
26. 35.8±.0.2 173 24±.4 8.0±.1.3 
27. 45.5±.0.2 I73 I04±.I6 15±.1.4 4.4±.0.4 
28. 53.8±.0.3 I73 6.6±.1.2 1.8±.0.3 
29. 59.0±.0.4 173 14I±.65 4.0±.0.7 I.O:t.0.2 
30. 66.7±.0.5 173 143±.24 15.6±.1.2 3.8±.0.3 
31. 69.1±.0.5 I73 5.3±.0.7 1.3±.0.2 
32. 74.8±.0.6 173 4.1±.0.7 0.95±.0.I2 
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33. 76.7±,0.6 173 18±,3 4.1±.0• 7 
34. 97.5±,0.8 173 6.4±.0.8 1.3±.0.2 
35. 106±.1 173 26±,5 5±,1 
36. II2±.1 173 5.4±.0.8 1±.0.2 

meV 2tf;,O,..v 
37. 125±,1.2 173 9 .4.t.1 .# 1.7±.0.2 
38. 130±,1.2 173 13.6±,1.8 2.4±.0.3 

p.17 1.03±0.12 
~0.06 0.34±0.04 

39. 40.3±,0.2 170 306±,46 197±,14 31±,2 
40. 73.2±,0.5 170 77±,12 9.0±.1.4 
41. 22.6±,0.1 

i.t.0.010 0.017±0.007 42. 141±,1.5 172 
1.1 1o38±0.06 
~0.03 0.081±,0.013 
1.1 0.68±.0.04 
).8 1.3±0.3 
). 7 2.2±0.2 
t,0.15 0.26.t.Oo04 

.1.4±0.3 
4.3±0.8 

).3 1.10±.0.08 
1.74±,0.25 
2.5±.0.5 

).3 0.53.t.0.07 
).4 0.54±0.09 
).4 0.61±,0.08 

7.1±1.4 
2.6±0.5 
3.5±0.9 
1.7±0.3 
1.2±0.3 

2±0.009 0.077±0.008 
6.6±.0.5 
12.8±1.1 
8.0±.1.3 

.4 4.4±0.4 
.1.2 1.8±.0.3 
p.7 1.0±0.2 
;±.1.2 3.8±.0.3 
p.7 I .3±.0.2 
~0. 7 0.95±,0.12 
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Radiation Width of Nuclei in the Region of Mass 
Numbers 60-100 

Kim Hi San, L.B. Pikelner, E.I. Sharapov, Kh. Sira~het 

Joint Institute for Nuclear Research 

The investigation of radiation Widths ( ry) for a number of 

nuclei in the region of mass numbers 6Q-100 has been performed in 

the Neutron Ph7sios Laboratory of the JIHR. 

In these experiments performed by the time of flight method 

using the pulsed fast reactor (IBR) as an neutron souroe/l/ the 

measurements of transmission, radiative capture, self-indication 

and scattering of neutrons were taken. The methods of measurements 

were generally described in/2 ,JI. The resolution for all oases was 

0.06 - O.OB_M s/m. 

Separated isotopes of Zn and Rb , niobium and natural mixtures 

of Yo, Ru and Br were used in measurements. 

• We have used the isotopic identification for Mo from/4/ as for 

Ru, we have used the isotopic data of Ru101 given in paper/~/. 

For other resonances an indication was used that they do not belong 

to Ru101 and Ru100• 

The measurements of a•plitude spectra in the resonances by me­

ana of a (n, r )-detector indicated that the resonances observed can-

17 



not belong to Ru102 and Ru104 isotopes with low binding energy. 

The final conclusion concerning the isotope belonging of the levels 

was reached on the basis of combined measurements of total and par­

tial cross sections performed similar17 to the determination of the 

spin. For a number of resonances it was impossible to determine whet­

her they belong to Ru99 or Ru96 • The obtained parameters of the le­

vels of Ru are given in Table I. It is noteworthy that they are in • 

significant disagreement with the data obtained by Bolotin et al./51. 

Radiation widths, if determined, in all cases are not above 

200 meV, while in/5/ they are about 280 meV. The values of J~ are 

also marKedly dif~erent. 

The data on resonances of other elements are given in/6 ,7/, 

therefore they are missing in the present paper. 

In addition to the measurements of partial cross sections of 

Br which were taken earlier/2/, measurements of transmissio~ were per• 

formed which allowed to specify the values of level parameters. The 

results are given in Table II. The corrected values of average ra­

diation widths for Br79 and Br81 , equal to JlJ meV and JOJ meV res­

pectively, are in good agreement with/8 ,91. 

The experimental data obtained permitted to find the depen­

dence of radiation widths upon the number of neutrons (N) in the 

nucleus for nuolei in the region of mass numbers 6Q-lOO. The expe­

rimental points obtained by the authors (dark-shaded ones) as well 

as taken from other papers are shown in Fig.I. It is clear that ra­

diation widths of the magic nucleus of Rb87 a~d of the nuclei clo­

sest to that one do not exceed the values of (r for the neighbouring 

nuclei. 

Some deviation from a smooth dependence of r; upon N is ob­

served in the region of N=J8 - 40 . The radiation widths of C a ~
9 

zn
68 

I8 

and se74 are markedly t 

wever, it should be not 

ion widths 1n this regie 

known only in one or tw 

especially in the regie 

! 
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~ haded ones) as well 

It is clear that ra­

l of the nuclei ole-

~ for the neighbouring 

of r; upon N is ob-

c 69 68 
on widths of a , Zn 

and se74 are markedly below those of the neighbouring nuclei. Ho­

wever, it should be noted that we have not enough data on radiat 

ion Widths 1n this region. For most nuclei the values of r r are 

known only in one or two resonances, therefore these investigations, 

especially 1n the region of lighter nuclei, should be continued • 
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Table I 
Paramete 

Parameters of Resonances of Bu 

;;r" 
EeV meV 

EeV meV meV •eV •eV Isotope 

<jrn 19rn ,- J rr .3~.~.1 2~1 

''·8±0·2 1.3.':!;1 

10-'l~;t 0,03 o • .3l;t0o015 190;t20 "'180 96.98 or 99 101 • .);t0.~ 94z6 

15.8;tO,Olf .3oO;tOoJ 180±20 17~20 101 n~.~-7 15':!;1~ 

25 • .3 ;taos 6 • .3;t0.7 180;t20 ) l70;t20 99 189.8:!;1.2 .3l;t2 

42 .5;t o.z 9.4±0.6 180±20 .) 16~20 101 2J$.4;tl.6 J50;t20 

52 • .3;t 0.3 o.95;t0o07 190±40 190;t40 101 .319o6;t2o5 .3~0;t.30 

57.J;t 0,3 Oo84±0o06 17';tJO 16Q±JO 96 or 99 

62.1;t 0.4 1o9;t0o2 101 

67 •O:t 0. ~ 18;t.3 101 

82 .2;t o,S' 0.28;tQ.02. 170±.30 "'170 

100o5;t ~6 .3o2;t0o4 101 

104.7;t 0.0 J.6;t0.4 2.7~;tJ5 N 2.00 96 or 99 

11.3;t 0.~ .3.7;ta.4 101 

141.6;t oq o • .37;t0o04 
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Table 2 

Parameter of Besonanoes of Br 

!Jr, r 
J rr 

EeV meV meV meV Isotope 

meV Isotope 

rr .35.9;t0-l 2~1 .37~.35 2 .3J2t)5 79 

5.3o8;t0o2 1.3.5!1 .380:!;40 1 J«t4Q 79 
.... 180 96.98 or 99 10l.Jt0.5 94v; 450!)0 2 .30otJ0 81 

174±20 101 1.35o9;t0o7 155!15 720!50 1 J07t50 81 

l,.7()t20 99 l89o8t1o2 .3lt2 400!40 1 Jlst40 79 

164±20 101 :ua.4z1.6 .350!20 860!40 2 JOO;t40 79 

190t40 101 .319o6t2o5 .35otJO 8JOt50 2 270!50 79 

160!.30 96 or 99 

101 

101 

w170 

101 

,.., 200 96 or 99 

101 
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1. Experimental data for radiation widths of nuclei. The black 

points are those obtained in the work of the authors. 
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~he Characteristics of Neutron Resonances in Barium-lJ5 

Kim H1 San, L.B. Pikelner, E.I. Sbarapov, Kh.Sira~het 

Joint Institute for Nuclear Reaearch 

The measurements of neutron resonance parameters of Ba
135 

have 

been performed because of a strong anomaly in the gamma spectra which 

was recently observed/l/. The intensit7 of the transition to the 

ground level for the resonance 24.J eV was found to be 40 times as 

large as the average value of the intenait7 of the other levels. 

The atteapts to txplain this phenome:aon in usual terms of B-and 

p-levela •e•t with a number of contradictions. The unambiguous iden­

tification of parit7 of the anomalous level and the exact values 

of radiation widths and spins of other levels are required. However, 

there baTe been no such data until recently. 

The measurements of partial cross sections and of the trans­

mission of a natural mixture of Ba isotopes were performed by the 

ttae of flight method using the pulsed fast reactor (IBR) of the 

JIHR as a neutron source. The 750 m flight base ensured the reso­

lution of o.os~ 1 ~ The transmissions of six samples of barium oxi-
• D5 

de, 1.66•1020 - 5.9•1021 Ba c~uol. thick, were measured. 
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The measurements were performed by means of a lithium glass 

detector. 

Radiative capture and self-indication were measured by 

of a liquid scintillation gamma detector described in/21. The 

rements with three barium oxide samples (8.40•1019 ; J.J7•lo20 ; 
1)5 . 

means 

measu-

3•55 •1020 Ba 
2
nuel.) inside the detector were performed. Self-indi-

om 
cation with four trans~itting samples was also measured. 

The detector used for the measurement of scattering on a ba­

rium fluoride sample, 8.4 • 1019 Ba135~uol thick, is also described 
I ~ 

in 21. The methods of measurements of partial cross section are 

thoroughly described in/J/. 

The level parameters were obtained by means of a combined 

analysis of resonance areas in partial cross sections and the trans­

mission by the methods already described inl3 •4/. The obtained re­

sonance parameters of Ba135up to JOO eV ~e given in table I. The 

level 106 eV is missing. At our resolution it coincides with the 

lOJ eV level of Ba 136 • Besides the resonances given in the Table, 

other resonances at energies of 46.4; 58; 1J7; 186 and 245 eV we­

re found, however it ts unknown to what isotopes they belong. 

As is shown, all the investigated levels, except the one at 

24.J eV, have the value of the spin equal to 2. The resonance at 

24.J eV has a different spin. Besides, the value of its radiation 

width is somewhat larger that the other ones. The value of~~ as 
r 

a function of is shown in Fig.l. 

To determine the parity of the excited state in the 24.J eV 

resonance measurements with thick barium samples were performed. 

For example, the transmission curve near the 24.) eV resonance me-
135 

asured with the sample, 5.46·1021 Ba nuol.thiok (corresponding 
c~ 

24 

l. 

' 

~ 
' 

I 
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em 
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1 of a lithium glass 

rare measured by means 

~ibed in/21. The measu­

·1019; J.J7•lo20 ; 

~e performed. Self-indi-

1 measured. 

' scattering on a ba­

.ck, is also described 

cross section are 

tans of a combined 

1ections and the trans­

·4/. The obtained re-

.ven in table I. The 

coincides with the 

1 given in the Table, 

'; 186 and 245 eV we­

>es they belong. 

11 except the one at 

~. The resonance at 

~lue of its radiation 

The Talue of ~ftt. as 

1tate in the 24.J eV 

Les were performed. 

!4.) eV resonance me-

1ick (corresponding 

to a 0.827•1023 ~ sample of naturalrn1Xture) is given in Fig.2. 
c• 

Theoretical curves 1 and 2 are plotted using the Breit-Wigner for-

mula with an interference term and correspond to two values of 
-24 2 -24 2 6p, equal to 8•10 em and 4·10 em ,respectively. Curve J [ is 

plotted by the formula without an interference term. Statisti­

cal errors of the experimental points are withim 0.5*· 

As is shown, the location of the experimental points corres­

ponds to the presence of interference between resonant and potential 

scatterings. However, the experimental data are not sufficiently 

exact to choose unambiguously the value of 6p for Ba
135 • 

Interference indicates that the 24.J eV resonance is formed by 

a-neutrons. 
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Table I 
, 

Parameters of resonances of BalJ5 

fo ~rk r r~ 
ev meV meV meV 

24 • .3 ! 0.1 5.3 ! 0.2 1.35 ! 10 120 .t IO 

81.3 .t 0.6 85 .t 5 240 .t 20 104 .t 20 

86.8 .t 0.8 .36 .t 3 170 .t 20 II2 .t 20 

226 .t 3 20 .t J 

286 .t 4 175 .t 15 .370 .;t 35 90 :t 25 
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T 
lo = c'I.JQ~., n. 11,116· /0u Baas 

l(6 ll.l ~7.6 [ • ., 
(0 ~ 

Q9 

0,4 

+ 
0,7 + 

21.6 ll.l 1'1,0 e.v l6,11 27,6 

Fig.2. Comparison of ~ne experimental ~ransmission curTe ~poin~) w1~n 

~neore~1ual onG~• C~••s 1 ana 2 are plotted with the account 

of interference between resonance and potential scattering at 

6p of 8 b and 4 b, respeotiTely. A dotted curve (J) is obtained 

for the case when there is no interference. 
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Anomalous Intensities of High Energy (!' - Ray Transitions 

in Resonance Neutron Capture en BalJ5 

Jan Urbanec, Jan Vrzal, Jan Liptak 

Joint Institute for Nuclear Research, Dubna 

In our measurements of high energytrays from the capture of reso­

nance neutrons in Ba135 with a natural mixture of Ba isotopes we 

have discovered anomalous high intensities of the ground state transi­

tion and of the transition to the first excited state in the 24,5 eV 

resonance with energies 9,23 .MeV and 8,42 MeV respectively. 

The results of our first experiments with Ba135 were published 

in a preliminary report[l]. All our measurements were performed on a 

fast neutron pulse reaotor at the JINR in Dubna. The pulse height 

spectra are recorded with the aid of the multidimensional analyser 

with a magnetic tape memory. The recording of 128 pulse height 

channels and 256 time channels is usually used. 

The resolution of the time of flight spectrometer was O,l2~sec~ 

in the single crystal scintilation spectrometer measurements and 

0,6 .,/IJSU/m. in all other cases. 

:[n figure 1 the time spectra for different energies of (f - rays 

taken with a single crystal Nai(Tl) spectrometer are shown. The 

abnormally hight intensity of the highest energy transitions in 24,5 eV 

resonance is striking in comparison with the other 10 measured reso­

nances belonging to Ba135 isotope. fhe partial radiation widths for 
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the :Ughest 

nances[l~ 
~ - ray transitions were estimated by us for 11 reso­

The difference in pulse height spectra is shown in figure 2. 

Since the capture level for the s-wave neutrons has in case 

of Ba135 the spin value either 1 and 2 with positive parity, the above 

mentioned transitions muat be of the Ml type, because spins and pari­

ties of the lowest sates are o+and 2+. The partial radiation width 

of the ground state transition in resonanoe 24,5 eV was in our expe-

riments determined to have 10,5!2,5 meV and this value is about 

40 times higher than the upper limit of the mean value for the other 

10 resonances ( o,25 meV) • The . mean value of the reduced partial 

radiation width of the ground atate transition in the above mentioned 

10 resonances is in a good agreement with the expected value for Ml 

transitions in the mass number region of ~. The intensity of the 

ground state transition in 24,5 eV resonance corresponds ~etter with 

values for the El type transitions. The probabilities of a-wave 

or p-wave neutron capture in this case were discussed in the previous 

paper[lJ. 

It seems to be possible to use the two 4+states is the low level 

decay scheme of Ba136 to decide about the captur.e state . spin value. 

The transitions fro• these two states are well known from the nuc­

lear spectroscopy measurements[J)and the low laying level spacing 

in Ba136 ·is great enough to identify surely the right transitions. The­

se levels may be easily occupied in case of the compound state spin 2+ 

by double cascade El transitions of the following kind: 2+-r- 4"t; In 

a more detailed discussion of possible low number cascades, it may be 

shown that the occupa~ion of these levels must be stronger for the 2+ 

capture levels than for the 1•1eve1s. 

In order to estimate the occupation of these two 4+ levels the 

i ntensities of 1050 KeV and 1260 KeV transitions in relation to the 
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intensity of the 806 KeV transition were determinated froa the low 

energy spectrum ••asurement. It. is 8Upp6sed that the intensi t;J' of the 

806 keV transition is much less dependent on the capture state spin 

value. The results of these measurements are presented in table I. 

Energz of neutron 
resonance - eV 

24,5 
82 
88 

106 
228 

Table I. 

--~~~at!!!_!~!~~!!!!~-~!~~E~-~!~!! _________ _ 
806 keV 1050 keV 1260 keV 

100 

100 
100 
100 

100 

9,5!2,5 
24!"3 
23!3 

19,5±4 
9!3 

----------
13~2,5 

32:!:3 
29±3 
29~4 

12, 5!: 4 

It seems to us that this experiment confirms the conclusion, that 

resonances 82,88,106 eV have the spin value 2 and resonances 24,5 eV 

end 228 eV have the spin value I. It was not possible to estimate 

this ratio for higher neutron resonances b~ the aid of a scintillation 

spectrometer as the result of the poor resolution of both spectrometers • 

It would be possible to explain the anomal~ high intensities 

of 9,23 and 8.42 MeV transition& in the 24,5eV resonance as a p-wave 

neutron capture on the r spin level, then the both transi tio~s would 

be of El type in this case. But this conclusion is in a contradiction 

with the high value of the neutron width in this resonance and with 

transmissi.on experiments [ 4 J. . 
To be sure that a chance coincidence of the two levels belonging 

to the different isotopes with the neutron capture of different waves 

does not take place in the 24,5 eV resonance, we have measured the 

low energy spectra from 50 keV ·to 2 MeV with a germanium lithium 

drifted detector with a sensitive volume of 3,5 cm2 x 0,4 em. 

There are no lines observed that are characteristic for the other 
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Ba isotopes in this resonance. In these measurements the precia·e 

energy of the transi tion from the first excited state to the ground 

state was determb .... ted to have 806 ± 3 keV. Figure 3 shows the spectra 

in -the region of the 806 keV line for the two different types of 

resonances. 

The authors wish to thank Dr. L. F. Shapiro for helpful 

discussions of the results, Dr. L. B. Pikelner for communica~ion 

of results prior to publication and J. Hronik for helpful 

assistance during the measurements. 
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The Scattering ot Slow Neutrons on the Deuterons 

V.N. Etimov 

Joint Institute !or Nuclear Research 

It has been noted/l/ that for the solution o! three-nucleon scat-

tering problem the Bubnov- Galerkin method of solving the integral 

equations/
2
/ can be used. In this paper by means of this method n­

d-soattering lengths are calculated f or pai r and central nucleon-nucle­

on interactions. In this case the total spin S a ~' J/2 and the isoto­

pic spin T ~ ~ are good quantum numbers. Let us consider in some 

detail the state with s a ~. 

The total wave function for Sa~ and T a.~ is/J/: 

'f = tt:t-zs- 'f sra:. + t '!"- 'f"!l (I) 

where r are functions of only spatial c~ordinates and are f unct i ons 

of the spin and isotopic spin ones. The functions 'f~ JS and '(II) f 4are 

symmetric and antisymmetrio respectively while pairs of functions 

('f'~ 'fV and(/)~jare transformed by means of one another 1a a known 

manner by the permutations of coordinates. Introduce Jacobi ooordi-

nates: 

..... 
where 7. i is the radius -vector of the 1-th nUDleon and an inoi-

dent neutron has a subscript 1. Wri te dcwn the Four ier-component of ..... 
the wave function in the variable f as: 
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........ 
t(s~f) '; /t!if(s~jJje-ft/ 

and introduce new functions according to the following expression: 

/[(rs-r1 =(:z:i/ 3 f;(s} !(t- t:17) + t1.(s~ · 'l1 

-Jr! fS+!f'tr) "=' fj_l j=;('fft - rf'/ :; [ 3 } /,_ /'fft + f1 -o: cjt( ( l ) 

wh•re f;{s)is the deuteron wave function, ~ is the wave vector of 

incident neutrons. Then using (I) and (2) the elastic scattering am-

plitude can be expressed in the following way: • 

f '!!. ( &} -=- { f_tv~~; J dsf';(4 'it. ( s~;;} 1- 'to 

and for the functions ft (i • 1, 2, J, 4) system of the integral equ-

ations can b.! obtained: f .. ~Jit(s-:sJ -A( ·rlf. _.1 ...,., 
!.·{5~) -!1.- d;,l.>' . tt 5.J t/s,~t; = 

L I "!- (1lrJ'~ K 1. + lJ_ 1... - ~ - ' y 
~_. ! ~-] ,} 

- Y · [eisf~ +(-1/ t e-cSfo ft;(f!.~J + 
-oL ....... ,Jt; f · ....... , ... ,- (J) 
"c;l.. · ·'!i-. fJ~'ds' e'~F-i~f~ -r(-tf 'Je-'st+tst-~. fi{sjt:(s~{') 

-ri'{; 'J (i.rtP tt cz j. + r''- + r l'- ~ E - ly ' J 
where E ,:_ 1./lfi. EJ:f~t.., m is the nucleon mass, E - c.m.s. energy, Vt {t(~J 
is two nucleon interaction potential with depth Vi. The subscript i 

indicatws the two-nucleon state: i • 1, i = 2 an even triplet and 

singlet states respectivelY; i • J, i • 4 art odd ones. In the above . 
equai},~Jns the f(o~)loYlng s(:ym~~s J;;ve,J ee_n'/;se)d: ( 0 0 1 1..) 

{ti)" ( '-Iff 
1 
(tc)-: ; ) ( olij} = r;;;t YJA -~ '/1-

1 
( f t j} = ~ ~ ; ~ ) 

'-h i Vt_ -'lt. ~ YJ,J3 -f%. i.. 1. o o 
- 1/7 -'It '/'1.. - V7;~..-- Y.1.-J3 

4/ __.. -. t ... ...., :L _. .!.- --tl f~ - L 4+ J.. -;: 
_. _ j_ O + !:._ 0 Dg -:o ~ if_, -1- • .-.:! lf.o J fi -:: ..-- 9- + 1f3 t J .J.O - {j, f. ~YO · f - VJ r II) " J r' 3 •.3 •7 

In accordance wi th the Bubnov-Galerkin method/2/ expand the wa­
(1 ... , 

ve functions '/~ in the total system11 of basic functions f./ (s; : 

tv. {5~ ... , = L. '1''7 ( s) F~'J ( {} . 
1- t ;t; "' n 1,.1. - 'JJ-- cr (4) 

which are orthogonal to the weight coinciding with the potential 

r adial dependence: 

/ ds (c·(s} f'nt'J(?j f :;,.(s} == Jhn l (5) 
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Then using (J), (4) anc 

be obtained: 
c:UJ( ""'f ,-,, '1-; =- (i [C.~1o 

q_L- '/-'; - t'"( 

+ k: ri;i ('fu; jdi'!l t 
(, l ,')I ... 1 I {~71/( -+) 

XL CJ-1 tf} f-17MI1' fi . 

M~ 
C 

(l/,.,. 
~ tf' f) j 

w~~l'e 

"rho values 

algebraic equations: 

where (,1 
Bnkr(£J 

For the state with the 

equations has the same 

and Et"j are different. 

In the calculatic 
functions have been use' 

(t/ fn.{?)=-
where [, .\ {s} are some c 

oaloulations have been 

approximations oorreapc 

:runotions (7): l..,o, ). ~ 

the quartet a 4 and dot 

ned : the zero approx1n 

pronmation: fX.y'"' 6.31 ; 

tering lengths is clo3e 

values, namely Q.y. 6, 



'ollowing expression: 

( l ) 

is the wave vector of 

elastic scattering am-

em of the integral equ-

.,..... (J) 

~ jj(sJt;(sj {') 
.m.s. energy, Vt jiM 
h Vi. The subscript i 

an even triplet and 

dd ones. In the above 

d: 

(

0 0 1. 1..) 
(f l ·) -; 0 0 1. 1. 

J .j_ i 0 0 I 

i. 1.. 0 0 

( ~ ~ - £_ _. I _. 
+ V3 t J fJ.o -= {j 't +~ 1--(7· 

.ethod/2/ expand the wa­

ic functions 'ft'1(s} : 

(4) 

with the potential 

(5) 

For the state with the total spin S =J/2 the system of the integral 

equations has the same form, and only the values of (l
1 

f,·J .L tJ" 
and f.t"j are different. 

In the calculation of n-d-scattering lengths the. following basic 
functions have been used 

ttl fn {?) = ftn.>. fs/-= 5 e J}f ( sJ "ft .., ( [) (7) 

where £A {s} are some orthogonal polynomials of the )\..th power. The 

calculations have been performed with the Yukawa potential for two 

approximations corresponding to the following choice of the basic 

~no€ions (7): l=o, ~ =0 and ~o, A •0,1. The following results for 

the quartet a 4 and doublet a 1 scattering lengths have been obtai­

ned : the zero approximation: av .. 6.25(' QJ... -l.78f; the first ap­

proximation: a..y .. 6.Jl f, a.,_ =• 1.46/ • This set of calculated scat­

tering lengths is closest to one of the two possible experimental 

values, namely Q.y • 6.J8:!: o.o6f, 1:'(:1. .. 0.7 :!: o.Jf , though for 
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0:~ the agreemn.t is much worse. 

The author is indebted to V.I. Furman, I.I. Shelontsev and 

N.H. Vorobyeva for numerical calculations. 
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Average Cross Sections of Neutron Interaction 
with Oriented Nuclei 

Yu.I. Fenin 

Joint Institute for Nuclear Research 

I. The interaction of resonance neutrons was considered in ref./l/. 
Particul~ly, it was shown that the cross-sections of 

unpolarised p -neutron (l=I) interaction with oriented 6'..._ and un 

oriented b.._,_ nuclei are different. The difference depends on the 

value of orientation f 2, on the angle between the direction of nu­

clear orientation and beam direction and on F1 coefficients of an-

gular momentum of interacting particles: 

G:~ = 6,;,..,._ { 1 + j. F; P (c .. s 8)} (I) 

where P2 - Legendre polynomial. In obtaining this formula the Breit­

Wigner fora of S- matrix w_as taken and the assumption that the neutron 

width ($ does not depend on channel spin S was used (i.e. the ave.­

rage over S width was introd~ced). 

It may be shown that under this assumption formula (I) will be va­

lid taking into account the interference between potential and re­

sonance scattering of neutrons. The orientation of nuclei will not 

influence the potential cross-eection if the potential scattering 

phaSe does not depend on the total angular momentum J of the neutron-

nucleus system. We consider the IO-IOO kev energy region, where only 

1=0 and l =I neutrons may be cons idered and where resonances are se-
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parate, but not resolved. Then, if r:... = (~){r:.1) 
:tl f, ~,. does 

not depend on J (or it is necessar7 to take an average over J va­

lue as r~ 12/) the differences .1 o=. o..,..~- 6'".;,.. for average cross 

sections are the following: 
reaCtion 2r.Z_A"- -r- .1 

A ().._ =-B_ (cos B)}.,_ i?,(2.I+ i) ?-,;;; ( 2] + l}Er F; (2a) 

scattering 2~":-tz j (r: y c l ~ 
a ~=-~{cosB),k?-fi!I+ 1q~ ~:r~ (ZJ+i)E: F; ... z'b" Q·s:,.YJ ( 2b) . 

total cross section 
er. ... ,( r_ 

(2c) Ll 6(; =. F:_ (cos B} /z. G(U+ i) · ?iJ Q cos 2 r 
Here o = - -srn+J.)t.T F..= 6 ~ (ar) '/"- ( u- J.)~r.. fru-J).y .. (2I+C.J14-(zr)'>' .. (zr+J//~o] .y r 1 (2Jd){i!Id)~'- (.ZT•i!)"'l. r 
The Q-values of different nuclear spins I are shown in the table. 

Q 1,05 l,OJ 0,96 0,87 0,79 0,75 0,67 0,6J 

I 1 J/2 2 5/2 J 7/2 4 9/2 

2)~- level spacing, f~- the quantity of combinations from l•I, I and~ 

for J ; r.._ - the reaction width and r the total width; 

j neutron wave length; f - the phase of p -neutron potential scattering. 

The line on the top means the average over resonance width distribution 

Formula (2c) is more interesting because the p -neutrons strength 

function results immediatelY. From the transmission experiments with 

oriented and unoriented (or at e = 60°) nuclei we directly recieve 

the optical model value T: z:r.; at different energies, what 

is interesting in relation with the problem of two-particle one­

hole interaction/J/. This interaction may modulate the energy be­

haviour of T. AB for A~O.' the evaluation by optical model/51 in the 
t: 

region of A = 40 + 240 gives the value rising a little quicker than E~, 

and at E = IO kev Ao., 
~ ~ 2.t 

t 
for j,_ = I being maximum at A~ IOO 

The effect may be increased by I,5 taking the difference ot cross­

sections at two directions of orientation where P~. (cos e ) =-~and 
I. The measuring of fission and total cross sections oriented and 
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average over J va-

-~ for average cross 
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79 0,75 0,67 0,63 

7/2 4 9/2 

·-------Lons from l•I, I and ~ 

>tal width; 

~ potential scattering, 

1ance width distribution 

1e p -neutrons strength 

~ ion experiments with 

we directly recieve 

rent energies, what 

~we-particle one-

lte the energy be­

~ical model/5/ in the 

little quicker than E~, 

1g maximum at A ~ IOO 

Lfferenoe ot cross-

p~ (cos e ) =-~and 
~ions oriented and 

nnoriented Ua3r could be an attractive application of formula (2a). 

For p-neutron r ... « r;_ 1 then ---
zs-•.-t• r... ( _!1__) 

ll6'j." "B_(w8)fz i!.(~r+1} 2) q r,. • ij ' 
where r;- fission and r; -radiative capture widths,< )means ave-

rage over J • It is clear from (2o) that .o6f =40. if r;<< t; (cos 21 "' I 

up to 0.5 MeV), Comparing A o; and AO. we compare r;. and fi. for p-neut­

rons. But the effe-ct f.rtr U 'is small because of lat'ge I and A~ ~ t.Z 
v.f o 

for E- 20 kev fz. ai. The evaluation is made by the values of strength .. 
r:'•' -4 rc<J ) ...4 -functions (at Iev) Y:ll • (0.9I:t o.OI).IO and ~ =(2.5;ta.f . Iu · 

They were obtained. from an anal.7s~a of the energy dependence of the 
~..:~..- I 4/ 

fission oross'-Section U up to E ~ JO keY' • 

Now we will consider two additional effects. The first one is 

the d-neutron effect, For them the formulas (2) are the same, but 

it is necessary to take cl-parameters and coefficients r; and q for 

la2 ij beiDg ~ I.5. We used/5/. ~he ratio of d-to p-parts A6;,. <A ot._ ~ 
4~ .46'; "\; 

~ O.J at E -6 IOO kev over the wh~le A region. Nore difficulties are 

with the cl. -contribution 1n a reaction cross'-Bection, We may neg-

lect this contribution only in the resion of A -so + I20 1 where by the 
A0.: f{/ 

same evaluation f;.»(. and t%:<>: ~ 0 . 2 /r_ In other cases the estima-
• 4 t. ,., 

tion by concrete parameters is needed, 

The second is the contribution of potential scattering El~t • 

The optical model interactions {fg) and (fff) (S -spin of neutron) 

separately do not give the dependence of potential scattering from 

J. In that case the 0,.~: contribution is zero. But if this dependence 

eXists (e.g. the sum of(f~) and{f~) interactions) then it is better 

to get the evaluation, By the maximum value, when the contribution in po­

tential scattering is of order of o,.t 1 the eyaJ.na.tion of 0,: was 
wide 4 ~ 

considered for the~region of nuclei at E=IO kev and IOO kev. This ra-

tio rises as EJ and may give visible contribution only at E?; IOO kev 
u.r 

for heavy nuclei ( for U this ratio~ I). If this ratio is large it 

would be interesting to measure it, then we may either conclude abo-

41 



ut spin interactions or neglect this contribution. This experiment 

may be performed between resonances of light nuclei at f-I Mev where r is 
~~ 

rather big. 
7
AI is such a nucleus, It has Is1, the quadrupole mo-

ment +0,02 barn and the p -potential cross-section ~ ID* from the to­

tal O,..t- 2 barn in the space between two S-resonances at E ~ o.s Mev. 

We have considered the case of f. ~ 0 }
1
= O, If the method of 

orientation is such that j, f, 0 also, then the unpolarised .beam 

may become polarised while penetrating into the sample and may soat­

ter by the second interaction. This gives the difference between trans­

mission of an unpolarised beam through a polarised and unpolarised 

sample by a coefficient c/,. ( "-<O.j,bJdepending on the value, but not on the di­

rection of polarisation, Here n.-sample thickness , 6:,- total S- ne­

utron cross-section, s-,2-
1 

for ]:I·~ and -1 for I =- I-~ • It is 
(l·~ ~ ., 

necessary to be cautious in that case, and this problem may be con-

sidered especially, However, for the ratio of transmissions for dif­

ferent orientation dtrections at the same experimental geometry and 

constant }
1 

this coefficient isexcluded, In this case, the formulas 

(2) have the same value. 

The author thanks F. Shapiro and v. Efimov for their initiati­

on and constant interest in this problem. 
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Radiative Capture of Neutrons by Ho and Lu 

V.A. Konks, Yu.I. Fenin 

Joint Institute for Nuclear Research 

In the present paper the cross sections for radiative capture 

of neutrons with energy up to 50 keV have been obtained. The measure­

ments were performed with the lead neutron slowing down time spectro­

meter of the Physical Institute, USSR Academy of Sciences/l/, by me­

ans of direct detection of prompt gammas. produced in the neutron captu­

re/2/. The results are shown in Figs. 1 . • and 2. In the keV energy 

range our results for He are JO* lower that the data of Block et al~J/ 

and Gibbons et al~4/ and for Lu are 20* lower than the data of/J/ and 

more than by a factor of two lower than those of/4/. It is noteworthy 

that for Ho165 and Lu our measurements with proportional and scintil­

lation gamma detectors coincide. The reason of disagreement between our 

results in the keV energy range and those of/J/ and/4/is not clear. 

There are no experimental data on the value of the total resonance 

absorption integral for Ho. The value of the resonanee absorption 

integral, which has been measured for neutrons with energies above 

lJO eV, where the parameters of separate resonances are unknown, is 

equal to 64 ± 6 b. 
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With a view of determining average interaction parameters of 

s- and p-neutrons with Ho165and Lu nuclei an analysis of avera­

ged cross sections for radiative capture in the keV energy range has 

been performed aooording to the programme described in/5/. The results 

are given in Table !. The calculated curve for Ho165 in the keV ener­

gy range according to the parameters of Table I is shown in Fig. I. 

The dashed curves indicate t he contributions of s- and p-neutrons 

to the cross section for radiative capture. 

In the region of mass numbers A=l40-200 a contribution of d-

neutrons to the cross section for radiative capture can be essential, 

the strengUI function of these neutrons has a maximum at A ""150. The 

estimate of the d-neutron contribution . .to the cross section for the 

radiative capture by the sticking coefficients/6/ shows that for the 

investigated nuclei it is not above 5* at En= JO keV, and therefore 

it is neglected in our calculations. In paperl4/ the averaged cross 

sections for radiative capture are anal7sed in the 7-200 keV ener-

gy range. However, near the lower boundary of this energy range the 

capt~r:! cross section is weakly sensitive to the strength function of 

a-neutrons, and at ldgh energies such analysis can be not exact be­

cause of a contribution of d-neutrons. Besides, a usual linear ratio 

between the partial cross section for the formation of a compound nu­

cleus and the strength function ( S.e ~ Se) . is violated at energies 

En > JO keV near the maxima of giant s-resonances/7/. 

The values of strength functions of p-neutrons ( S, ) obtained 

from the analysis in the ·5o keV energy range where the effeot of 

the contribution of d-neutrons and non-linearityf7/ is much smaller 

are overlapped, within experimental error,with the results o:r/4/. 
E 

The obtained values of s
1 

= ~. are smaller than those of/4/ approxi-

mately by a factor of two,although both of them are largely above 
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The authors are grateful to Professor I.M. Frank for permanent 

interest and valuable remarks and to Professor F.L. Shapiro for conti­

nuous attention and useful discussion. 
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~le_l 

The Besults of tae Analysis of the Averaged Capture 
Cross Sections x) 

--------- -------------- ---------------------
Element, 
isotope I 

Other auttrs ----------
so 

f: 
s{ ~. s, 

·------------------------------------------
s. s~. s~. s, s, 

2,, 11,2;t0,4 1,7;tO,J 

67 
Hol65 7/2 2 5+0 4/S/ , - , 6,r/81 1,9±0,4 14,l;tJ,2 1,1±0,5 1,5±0,9 

n/4/ 0 4+0 4/4/ , - , 2,5 1l,l;t0,5 10:4 1,8;t0,5 
+-- - - -----
C'l 

1,7 15,J:t(),J 0,76:!;0,10 

71Lu 
7/2 1 7+0 ,;a; , - , 10, 7/S/ l,JJ:t(),05 2J.4;tl,7 O,l8;t0,08 o,5;t0,4 

50/4/ 0 1+0 1/4/ , - , 
---- -----------

x)All parameters in the Table are in 10-4 units, the designations are given in / 51. 

"J 
~ . 
~ ~ . . 
N ~ 

• cs - "" - ~ Ill ..... t-3 () f;j / ..... t-3 .:.. q, ..... <=\. S' 
'i $:! 1:" - l!i. s.. 01 $:! 1:" 6 - - - . --- Hi IH i ~ 
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.g.l. The dependence of the effective cross section for radiative cap­
ture upon the neutron energy for Ho samples. 
n - the thicknesses of the samples, 
<>- the results o/31

, x - the results of/4/. 

Fig.2. The dependence of the effective cross section for radiative cap­
ture upon the neutron energy for Lu samples. (The designations 
are the same as in Fig.l.) 
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Strength Functions of U-2J5 for Neutrons with ~ • 0 and 1 

Yu.v. Byabov, Yu.I. Fenin 

Joint Institute for Nuclear Research 

The cross sections of fission and radiative capture for U-2J8 in 

the neutron energy range from o.J to JO kevil/ were measured by the 

time-of-fligh\ method on the fast pulsed reactor at Dubna. 

The results of the measurements permit to analyze the average 

summed cross section of fission and radiative capture of· neutrons 

( the reaction cross section ~ ). The experiment is considerably 

simplified due tD the fact that for U-2)5 in the energy region up to 

100 keV the condition If+ r; >> f':._ (1) is valid, where IJ 
is fission level width, ~ is the total radiative level width and 

~ is a neutron level width. Performing the conventional averaging 

over energy of the Breit .Wigner formula for an isolated level in the 

energy range where resonances are not overlapped but are already 

prohibi~ed by the spectrometer and where the ·main contribution to 

the cross section goes from neutrons with orbital momenta e =0 

and 1, we obtain with the accoun~l): 

'i~ ~+o: = IE"~· {(o/D)o +3('o/D}t} (2) 

where~is the wave length of the neutron of energy E, D is the dis-

tance between the levels of the oom,ound nucleus wlth the momentum 

51 



J and the parity !£" • A dash above means averaging, use is ma­

de of the conventional/2/ assumption on the independence of the 

neutron sticking coefficient 1; • 2,f( r:..,;n ~from J. This 

assumption is confirmed experimentally for neutrons with ~ =0 for 

the majority of nuclei. Targets-nuclei As, Au and some others with 

spin J/2/J/ appear to be an exception. At energies below 100 keV for 

U-2J5 in the optical model ( fJ.. /D) = S U and 

C r,.;D ~=rR/~ %(%)'j.s;1f;where s0 and s1 ;e s~;ength functi-

ons of neutrons with e • 0 and 1 reduced to 1 eV, R is the nucleus 

radius. By using different energy dependences ( ~/D ) and ( ~/D) , 
0 1 

one can separate the contributions of these terms to expression (2) 

and obtainindependent. parameters S
0 

and s1 • The following values of 

the strength functions 8
0 
={~H±~03}10-It and s1 .. ~8:t-9't)101t 

were obtained by the least squares method. An electronic computer 

was used. The value of S
0 

is in good agreement with the value 

(0.92~0.17).10-4 obtained from the analysis of separate levels in the 

energy range up to 50 et/l/. The calculared values: 

7;·27TVE(~~l~Jl'~' (~=~A~ Zo"":f35'¢, A-=235) 

agree wlth those for the optical potential. S0 and s1 are close to 

the values (l.O~~.OJ).l0-4 and (2.o~.J).l0-4 obtained by Uttleyf4/ 

from the analysis of experimental data on neutron transmission. For 

neutrons with f =0 with energies up to JO keV C: ie ~ 20* 

from the average total width r Considering: r; to be constant. in 

the energy interval under study and knowing the energy dependence 

o( = <>¥-/c>. one can estimate the correction value ~" 
t -

which is smaller than (lO~J)* from ~ in this case. The results given 

in this paper have been obtained from the analysis without any correction. 

The experimental errors 4~ include the errors resulting from the 

fluctuation of the level number in the interval o~ averagiag /l E. 
i -

These uncertainties were considered to be ~ ~ , where n is the 

level number in the given energy range of averaging. 
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Fig. 1 shows the experimental values ~(£)with the correction 

~JE) and the calculated OUl'Te obtained with the above valus 

of S0 and $t• The contributions from neutrons with t ~ 0 (the dash­

ed CurTe) and ~ ... 1 the dot-and-dash CurTe) are shown separately. 

The contribution of neutrons with l = 2 is negligibly small and 

in accordance with the optical model is not larger thanlj5* in the 

energy region up to 100 keV. The account of the interference terms 

in the average cross section gives the relative correction proporti-

onal to ( f' /D)
2

• !his is smaller than (2-J)* from ~~ (E) in 

the energy range under consideration. 
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Fig.l. The cross section cs; + ~ 1n the energy range (O.J-JO) keV. 

The solid curve is the calculated cross section. The dashed 

curve is the contribution of neutron~ with ~ ~o. The dot­

and-dash curve is the contribution of neutrons with l ~1. 


