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PROGRESS REPORT FROM SWEDEN 

A. PROGRESS IN NUCLEAR DATA MBASUHSMMTS AT ÁB ATOMENflRGI 

' ! •'( S.TUDSVIK AID STOCKHOLM) 

a) Scattering. ;of slow-neutrons • • 

l..;- Time-ofT-flight. measurements at the reactor R 1 (Stockholm) 

At the slow neutron time-of-flight spectrometer at the reactor'R 1 
in Stockholm the experiments on hydrogenous- compounds have, .been continued-
The measurements on water-, glycerol, oleic acid and pentane have been per­
formed in a wide temperature range thus including measurements both.in the 
solid and the liquid phases o It has been concluded that the neutron in'the 
scattering process has observed a more moveable entirety than the whole' 
molecule» For such motions of molecular subgroups activation energies and 
life times'have been obtained. For example the life time of a hydrogen bond 

• ; - • ' • * • • • • • • • ' '- - - ~ ' - ' • • " ' : - ' : - 1 2 " " 

i n glycerol a t room temperature-has been obtained to be 9°10 seconds» 
A complete repor t of the'1 •'•'•results w i l l ' b e publ ished. 

Also measurements on so l id and l i q u i d aluminium jus t around the 
me l t ing 'po in t have been performed* The r e s u l t s seem to support E g e l s t a f f ' s 
ideas' 'about coherent i n e l a s t i c s c a t t e r i n g in po lyc rys t a l s and l iquids. , 

Reportss • 1') "A study of the diffusive atomic motions i n g lycerol '•' 
• and of the v ibra tory motions in glycerol and l i g h t ' 

and heavy water", IAEA Symposium on " I n e l a s t i c 
Sca t t e r ing of Neutrons in Solids and Liquids" , Chalk 
River 1963, 317-340»'. ' 

.2) "Cold Neutron Sca t t e r ing and Diffusive motions i n 
hydrogen bonded l i q u i d s " , Phys. L e t t e r s 3? 145 (19^2). 

(K.E. Larsson 'e t al») 

2. Time-of-f l ight measurements a t the reac tor .R-2 (Studsvik) 

The . t ime-of-f l ight spectrometer a t the Swedish MTR-type reac to r R 2 
has been in operat ion since the beginning.of t h i s yea r . I t i s an improvement 
over the conventional type of spectrometer in tha t the chopper i s placed 
before the sample where-, i t serves the double purpose of giving a narrower 
ingoing spectrum a t the same time as i t chops the b e r y l l i u m - f i l t e r e d beam» 
A de t a i l ed descr ip t ion of the spectrometer i s to be published soon. 

As a f i r s t task we have undertaken a measurement on water. Water was 
chosen for two reasons . F i r s t l y because i t . has been s tudied seve.ral times 
before and- th'e"main-"f'e-a'tui75:s;'-o'f. scattpTtng' ar'e-.thü's'.'.we'lT known." I t would 
therefore serve as a tesi ' -of- ' the 'equipw'Gnt; "'Secondly because there i s s t i l l 
some disagreement.about the exis tence of. peaks close to the ingoing energy. 
This quest ion i s more ea s i l y s tudied with t h i s se t up than with a spectrometer 
us ing the. fu l l b e r y l l i u m - f i l t e r e d spectrum as 'the energy 'width-of the' l a t t e r 
i s several times the-'energy' changes heré-'in'-question-.,' The measurements do 
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indicate the existence of low lying levels but they'do riot fully prove i t . 
The diffusion-broadening of the quasi-elastic peak has also been studied. 
If the results are analysed using a Lorentzian broadening function they yield 
a width which is ' somewhat larger than that earlier reported. I t might be 
noted that the width of the ingoing spectrum is of prime importance also here. 
The results of the water measurements are ..to be. published» An investigation 
of argon, in the solid and liquid states, was started recently. Argon is an 
interesting-substance to study as the forces acting between the atoms are 
supposed to be known. Using calculated dispersion curves 'and frequency spectra 
the experimentáis hoped to give some insight into the problem of inelastic 
coherent scattering frompclycrystals and liquids. The la t ter question' i s a 
possible subject for the future work with the spectrometer. 

(K.Eo Larsson et al.) 

3» The three-axis crystal spectrometer at the reactor R 2 (Studsvik) 

The spectrometer has been operating since about the beginning of the 
year, and has been used to determine relations between frequency and wave 
rector fer phonons in aluminium. Difficulties have been encountered, but we 
feel that we now understand these,, and can probably overcome them. They are 
mainly associated with higher-order reflections in the monochromator and 
analyser crystals of the spectrometer. Recent conversations with people 
working in the 'same, field elsewhere have indicated that such difficulties are 
of greater practical significance than was at first supposed. 

The results for aluminium at room temperature should soon be complete, 
and we will then proceed to other temperatures, in particular to lower 
t err; pera ture s, probably to liquid helium temperatures. A cryostat-is ready to 
be set up on the spectrometer. 

(R. Stedmar.) . ' • • ' ' 

b) (n,p)-reactions (Studsvik) 

Cross section measurements of the Fe54(n,-p)Mrr reaction in the neutron, 
energy range 2.3 - 3.8 MeV are proceeding. Solid state detectors are used to 
record the charged particles. Absolute cross sections are obtained by nor­
malizing the well known neutron-proton scattering cross section. 

Preliminary results ares' 208 mb (3.82 MeV), and 26 mb 
(2.32 MeV). ' ' ' ' •-•••••• 

(S. Malmskog, A. Lauber) 

c) Experimental determination of .the effective threshold energy 
of some (n.p)-'ánd (n'.tf)-reactions (Studsvik) 

The effective threshold energy "E _„ has been determined for some threshold 
eff 

reactions by a relative method as well as the average fission spectrum cross 
sections ú~. The following results have been obtained;• 
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T i 4 6 ( n , p ) S c 4 6 s E _„ =• 6 .0 Í 0 . 2 MeVs <r= 15 - 2 mb 

Cu 3(n5d.)Cu Q r-'lS-:-rv--s--«-~7 Í 0 •. 2 • -'M-ërVï - -¿Ti-' O o 54 ± 0 .07 mb 
C Î 1 

B1e^4(n?p)Mn j 4s <f= '67- - 8 mb ( p r e l i m i n a r y v a l u e ) 

The e f f e c t i v e t h r e s h o l d e n e r g i e s 3-2 'and . 8 .1 MeV of t h e r e a c t i o n s 

S ( n , p ) P and Al (n,C¿)Na 5 r e s p e c t i v e l y , have been used a s s t a n d a r d s . 

(R, N i l s s o n ) 

d) Fast Neutron reactions (Studsvik) 

1-. Elastic and inelastic neutron scattering from copper • 

Some elastic and inelastic scattering experiments have "been-performed 
on natural copper .in the neutron energy range 0.7 - 3 MeV with our 5-5 MeV 
van de Graaff accelerator using a tirae-of-flight spectrometer. 

Neutron clastic scattering measurements have "been performed at 
1..0, 1»5> 2'.0» 2.5 and 3?0 MeV. Angular distribution data have been- collected 
at nine angles-from 30 up to 150 in the laboratory system. The experimental 
results are compared with theoretical calculations'using the optical model 
and the Hauser-Feshba'ck theory of elastic neutron scattering. 

Naturai coppei consists of two isotopes, Cu and Cu . The levels 

studied are at 66,8, 96I and 1327 keV in Cu°3 and at 770 and III4 keV in Cu ^ • 
in the neutron energy range 0.7 "to 1.4 MeV. Since the isotopes constituting 
natural copper have rather close-lying levels the inelastic scattering 
measurements have. be.e.n,...do.ne with.-a. ..technique differing in ..some respects from 
the one used in the elastic scattering experiment. The inelastic•process has 
been observed with a Nal(Tl) scintillation spectrometer by detecting the gamma 
rays following the neutron scattering instead of the inelastic neutrons. In 
this way it has been possible to observe' the inelastic process down, from the 
threshold energies of the different-excited states". Time-of-f light technique 
has still been used leading"to a considerable 'background reduction as compared 
to ordinary methods. ' 

.v.The. primary'1 neutron- flux was measured with a lóng-counter .as'a monitor 
and ai'l'-'runs-were normalize d.to equal, number of monitor counts. As references' 
in these copper measurements elastically and. inelastically. scattered neutron 
cross-sections from iron were used as well as the well known T(p,n)- and 
(n,p)-cross sections. Neutroni.excitation functions have been obtained for 
levels excited in Cu-63 and;.Cü-65_. Theoretical- curves • "calculated using the 
optical model and the Kauser-Feshbach theory of inelastic neutron scattering 
have been compared to the experimental results. 

(B. Antolkovic, B„ Holmqvist, T. Wiedling) 
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2 . . S c a t t e r i n g of p o l a r i z e d n e u t r o n s from carbon i n t h e MeV-energy 
range 

A series of experiments have been performed on carbon to verify the 
predicted (l) rather large polarization acquired by elastically scattered 
neutrons in the energy range between 2 and 3 MeV. The main reason for per­
forming these experiments is to check the possible use of carbon as a 
polarization analyser in this energy range, and also to verify previous phase 

12 
analyses on the C + n system. 

(0. Aspelund) • 

3. Angular distributions of neutrons from (p,n)-reactions in some 
mirror nuclei 

9/ \ 9 
The a n g u l a r d i s t r i b u t i o n s of n e u t r o n s from the r e a c t i o n s Be ( p , n ) B , 

B (p ,n )C 9 C (p ,n)N , and F (p,n)l\fe have been measured, t he S tudsv ik 
5-5 MeV van de Graaff b e i n g used f o r the e x p e r i m e n t s . The n e u t r o n s were 
d e t e c t e d wi th l o n g - c o u n t e r s and t h e measurements were c a r r i e d ou t f o r 

l 8 e n e r g i e s f o r the Be ( p , n ) reac t ion , ; 16 e n e r g i e s f o r t h e B ( p , n ) r e a c t i o n , 
1 3 

3 e n e r g i e s ( j u s t above the . t h r e s h o l d ) f o r t h e C ( p , n ) r e a c t i o n , and f o r 
19/ \ .. . 

7 e n e r g i e s f o r t h e F ( p , n ) r e a c t i o n . Comparisons wi th t h e t h e o r y p roposed 

by Bloomy Glendenning and Moszkowsky have been per formed. 

(L.G. Stromberg, T. Wiedl ing) 

B. PROGRESS IN NUCLEAR DATA MEASUREMENTS AT RESEARCH INSTITUTE OF • 

' NATIONAL DEFENCE "( STOCKHOLM) 

2S2 
1..-..V Abso lu te measurement .of -\j of Cf J 

:-' '•'I. Asp lund -Ni l s son , H. Conde, N. S t a r f e l t 

The number of prompt n e u t r o n s p e r f i s s i o n has been measured w i th a 
l a r g e l i q u i d s c i n t i l l a t o r a s t h e f i s s i o n - n e u t r o n d e t e c t o r . The ave rage number 
of prompt n e u t r o n s e m i t t e d p e r Cf-252 f i s s i o n was found to ' be 3 . 7 9 9 - 0 .034° 
The measurement 'has been p u b l i s h e d . • 

1'. As 'p lund-Ni lsson, H." Conde and N. S t a r f e l t , "An Abso lu te Measurement o f"? 
' •':of CÍF-252";, Nuc l . S c i . and Eng. 16, 1 2 4 ( 1 9 6 3 ) 

( l ) J . E . W i l l s , J r . , e t a l . , " S c a t t e r i n g of f a s t n e u t r o n s from 

C 1 2 and F 1 9 " ' , Phys . Rev. 109, 891-897 ( 1 9 5 8 ) . 
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2. Relative V measurements 

Ho Condéj N. 'Starfelt 

••..•••;•,..-v."-With the-; same type of fission neutron detector as .in the absolute 
measurement, of TTof.,:Gf-252 'the average number óf prompt neutrons .per .fission 
has :;been measured relative to., of Cf-252 for some different isotopes and 
different primary neutron energies, Preliminary results exist for Ú-235» 
IL-238 and 

Nuc l ide 

T h 2 3 2 . ; . 

u 2 3 5 • 

u 2 3 8 ; • , 

Th-232 . • 

Neutron Bnergy 
' • i n MeV ' 

:, ... 3 . 6 ^ 0 . 3 

. 7.o'43ÍOo05 

1 4 . 9 * 0 . 3 

0 .06*0 .01 

7*43*0.05 

1 .49 -0 .01 

2 .40*0 .01 

3-50*0.02 
;. 4.88ÍQVO5' 

"5.63*0.15 

6 .32*0 .06 ' - -^ 

6".'83ÍÓ.'0¿-'-";.'•;';' 

7..45-O.O5 •• 

Í 4 . 9 ¿ 0 „ 3 . ' 

. r . : 

.-.-. Prompt Neut rons-
p e r F i s s i o n 

2 .41 

2 ..99 

-.- .-; ; -;4.42 

2 0.442 

• 3 .48 

2.519 

2.649 

2.870 

3-057 

3.I6O 

.3.264 .., ...„,•„. 

•-.".'• • '3 .338 • : 

• . ,3....5l6---

. . ••• 4 . 7 6 . 

S t a n d a r d 
D e v i a t i o n 

•» o . io . . ' . 

0 .06 • 

0 . 1 3 

o.-o32."";y... 

• ; : 0 .06 

-••• 0.0-59--,j'-'• 

0.Q51; 

0.052"^ •: 

o . 0 5 0 ; - v 

0 .058 ' 

: " - . Q . ¿ Q 6 l . . : ••••' 

' -.."'-'0-053 ^ 

;..••:.. 0.: 0 4 6 

':-::, ^ 0óÍ2- ;i '':-' 

••--..••• These results are based on -p. for•. spontaneous••fi,ssi.on:..of •,;Çf-;25"2 of 
3.7.99. The results for spontaneous fission in U-238 and Pù-24'O have' been 
published.. .,-,.••'••.'•• 

I. Asplund-N-i 1 s son,. H. Conde . and; N„ Starfelt. "Average ;Numbe.r.-.:;of,,P.lomp-t 
Neutrons Emitted in the Spontaneous Fission of U-238 and Pu-24Ó'\ 
Nucl. Sci. and Ëng. 15. 213 (1963) 
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3 . D i s t r i b u t i o n s of f i s s i o n .neu t ron numbers 

À. Bergstrbm,, H, Conde, M„ Holmberg 

With, t h e l a r g e l i q u i d s c i n t i l l a t o r used i n the r e l a t i v e f?^measure­
ments-: t h e - d i s t r i b u t i o n s of f i s s i o n n e u t r o n numbers: are- a l s o measured.,. The 
number-.of n e u t r o n s . following-..a f i s s i o n i s counted by :a f a s t beam•swi tch ing 
tube which can accumula te from ze ro t o - n i n e pulses." . . ':..•::-•• ... 

The f i s s i o n n e u t r o n number d i s t r i b u t i o n s a r e f i t t e d to .Gaussian 
d i s t r i b u t i o n s wi th the h e l p of a computer program (IBM 7090)1. .T'í1.® p a r a m e t e r s 
a r e t h e - ' s t a n d a r d d e v i a t i o n , t h e : - e f f i c i e n c y and-, t h e mean, v a l u e of t h e ;'••'..:'••' 
d i s t r i b u t i o n ; C a l c u l a t i o n s a r e i n p r o g r e s s f o r spontaneous f i s s i o n of 
Cf -252 ; U-238 and Pu-240 and n e u t r o n induced f i s s i o n of U-238. 

4o F i s s i o n n e u t r o n spectrum-' 

EL Conde;, G, Dur ing 

• A measurement of the f i s s i o n n e u t r o n spectrum from n e u t r o n induced 
f i s s i o n of U-238 i s i n p r o g r e s s u s i n g a t i m e - o f - f l i g h t t echn ique* Measure­
men t s ' w i l l be made i n t h e energy i n t e r v a l from 1.5 to- 7 MeV and around 
14 MeV fo r the n e u t r o n s i n d u c i n g f i s s i o n s . A con t inuous n e u t r o n source 
p roduces f i s s i o n p u l s e s wi th a ' r i s e time l e s s than 5 ^ i n a xenon-gas 
s c i n t i l l a t i o n chamber. These, p u l s e s s t a r t a t i m e - t o - p u l s e n i g h t c o n v e r t e r 
whi le t h e s t o p p u l s e s come from a neut ron ' d e t e c t o r , a l i q u i d s c i n t i l l a t o r 
1 l i t r e i n volume. The d i s c r i m i n a t o r b i a s f o r the n e u t r o n , d e t e c t o r i s s e t a t 
a b o u t . 0 . 5 MeV i n n e u t r o n ene rgy . P r e l i m i n a r y r e s u l t s e x i s t ' a t 14 MeV where 

a f i t of t h e measured v a l u e s to a maxwel l ian d i s t r i b u t i o n Nil!) ~ E 2 e "J/ 

g i v e s T = I . 5 8 Í O . I O . ''" "•• 

5 . E l a s t i c s c a t t e r i n g a n g u l a r d i s t r i b u t i o n a t 14 MeV, 

B. Lundberg, S. Schwarz, N. S t a r f e l t , H-0. Z e t t e r s t r ó m 

'The measurements, f o r oxygen have been completed and measurements 
o n ' n i t r o g e n a r e i n p r o g r e s s . 

6." E l a s t i c . . s c a t t e r i n g a n g u l a r d i s t r i b u t i o n s i n t h e 100 KcY ' r eg ion 

. ... S.. Schwa.rz,- L-G. . Strombe.rg . " • . • • • 

• • • ' • • - • • " • - g " ' • •' 

Using t i m e - o f - f l i g h t t e c h n i q u e s and a Li - l o a d e d g l a s s s c i n t i l l a t o r -
a s a n e u t r o n d e t e c t o r measurements a t . n e u t r o n e n e r g i e s around 100 keV a r e i n 
p r o g r e s s .for .U-238. The -measurements w i l l be".extended to o t h e r elements: . 

7 . F a s t n e u t r o n c a p t u r e j f - rays 

I . Bergqvis t . , B. Lundbergv IT. S t a r f e l t 

The fo l l owing*pape r s have been p u h l i s h e d s 

I . B e r g q v i s t and IT. S t a r f e l t , "Gamma Rays from t h e 
Capture of Fas t Neu t rons i n Ta, ¥, Au, Eg and P b " , 
ITucl. P h y s . 395 3 (1962) 



page 7 

r»_Bergqyist and/No Starfelt, . "Gamma: Rays ••- from, the ...-...-•_ :• :v, • 
Capture of-Past""Neutrons i n Ag,. S n , - I and Cs", Nuc l . 

• Phy_^_39,-;''4 -(-1962) • -'-

I » Bergq.vist and" N.,; S t a r f e l t , . . . "Gamma-ray s p e c t r a from 
the.•capture of fast., neutrons, in Ni and- Cu", Ark.iV.for- •• .. • 

... • Pysik'.23;' 40: (1962) • 

-.1. Bergqvist., '.'Gamma rays. from-the capture- of .fast;. 
• neutrons in LV238", 'Arkiv for Fysik 23, 38 (-196?) 

Measurements .at--neutron energies up to 2 MeV "are' in progress for 
several elements» A method-of calculating neutron capture yf-ray••••'spectra 
taking into account dipoïe giant resonance effects on the reduced >'-ray 
width has been'developed. • 

. N= ', Starfelts "The Influence of an. Ml Giant Resonance on. .. 
Neutrón' Capture Gamma-ray Spectra"', ' FOA 4, A 4274-411 ' . ' ' 

(January 1963) 

8. Neutron.capturo cross section 

I . Bergqvist 

A paper with the following t i t l e has been publisheds 
I o Bergqvist, "Past neutron radiative capture cro.ss 
sections in Ag, Ta,, W5 Au, Hg,, and U", Arkiv for Fysik' 
23, 39 (1962) 

9. Measurement with organic scint i l lators of continuous- neutron 

spectra in the 0.5 to 15 MeV flange - -• . 

B. Brurifelier, J. Kockura,' H-0. Zetterstrom 

A new reduction'.program has- been written .for-the IBM ¡7090 computer. 
The f i r s t part .o.f the program computes a response matrix by. interpolation 
from experimentally measured response functions. This matrix is used in an 
iteration process,- where the result from the --old differentiation program i s 
used as input data. .The ..iteration is stopped when the-computed pulse height 
spectrum is within the s ta t i s t ica l uncertainties of the measured spectrum. 

10¿ . Neutron spectra from (p,n)-reactions in Ta and.Au 

B. Brunfolter, .J., Kockum 

Measurements o.f neutron spectra from the (.p,n)-reaction in gold 
and tantalum have been made at the tandem..van de" Graaff, UÍ.TF, Riso, Denmark, 
using a stilbene scinti l lat ion spectrometer..•• Th'e-.-mea'suremen-t-s cover a neutron 
energy from'1'to about 6 KeV and the proton energy was kept between 6 and 
8. MeV.. The results are consistent with a spectrum of the form P(E)dE = 

const E e / : dE with a nuclear temp.T = O.55 for W and T = 0.61 for Hg 7 ' " 

http://Ark.iV.for-
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11 . Absolute measurement of neutron flux and.the Li (n,.0()T cross taction 

'H= Conde, So Schwarz., N. Starfelt 

In .connection: with: the. measurements of TJof.Cf -, the neutron 
detection efficiency ,of "a. large .liq/oid-scintillator was determined» An attempt 
to. use this detector in an absolute measurement: of. neutron flux, has been made. 

As a. secondary -standard the. .cross section'of the Li. (n, Çt )T reaction will be 

measured with the use of .a Li..-loaded glass- scintillator. • 

12'o..v • M ea sûrement \ ó fi :.the - lene rgy dependence-of the.. Li ( n, Ot):T'. cross1': section 

.."... S. "Schwafz-;". ....'." ' ' ""'. ', ' ' : ''''".' 

• • i ' .. 7 i . 7 • 

Using-the. fact that the emission of neutrons from the' Li (p,n)Be'' 
reaction is'isotropic. in... the center of mass system at proton energies close 

to the neutron "threshold the cross section for ;the Li- (n?'i3i)T reaction has . 
""""" • 6 

been studied from 5 to 150- KeV. A Li -loaded glass scintillator was used • 
as neutron detector'. 

13 = Van do Graaff accelerator 

Lo Beckman., B....Lundberg '•• 

The .terminal, pulsing system is in operation with" pulse lengths 
down to 5 nSo'-T-hé-instaïla-tion of the Mobley .bunching system is in progress. 
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PROGRESS REPORT PROM DENMARK 

I . SPECIAL BEAM FACILITIES 

1 , 1 . The Performance of R e f l e c t i n g M u l t i - c h a n n e l C o l l i m a t o r s as a Neu t ron 

Bean F i l t e r and P o l a r i z e r ** 

H.Bo M i l l e r , L P a s s e l l -- .and F. Stecher-Rasinussen, 
Research E s t a b l i s h m e n t Ris¡», Rosk i lde , Denmark 

Neu t rons r e f l e c t e d from the w a l l s of m u l t i - c h a n n e l c o l l i m a t o r s can 
c o n t r i b u t e a p p r e c i a b l y to the t o t a l t r a n s m i s s i o n p a r t i c u l a r l y when the a n g u l a r 
d i v e r g e n c e of t h e c o l l i m a t o r channe l s i s of t h e same o r d e r a s t h e c r i t i c a l 
ang le f o r t o t a l r e f l e c t i o n , 

i 

If two multi-channel collimators are placed at an angle large enough 
so that they can transmit neutrons, only by reflection, the transmission of 
low-energy neutrons, will- be .relatively unaffected while the. transmission of 
high-energy neutrons will be strongly suppressed. Such-an arrangement will 
act as a neutron filter, moreover a filter whose transmission can be varied 
within limits by the choice of the angle .between the collimators and the 
angular divergence of the channels. 

In addition,, if the walls of the collimator are made of a magnetic 
material which is .magnetized'.to saturation, the transmitted beam will be 
polarized. 

In order to obtain information about.the actual performance of angled 
collimators as a polarized thermal neutron source and as a'neutron filter, ' 
a pair of collimators with magnetized iron plates were constructed.. 

Details of our results obtained until the.spring of 1963 have been . 
presented elsewhere.** The filter transmits approximately 6 pet of the flux 
transmitted through the collimators when alligned in parallel.- Comparisons 
with quartz filters have""been made and the degree of polarization-has been ' 
measured. . . • •. 

1,2. • Continued work on angled Soller collimators 

E. Warming aha'F. Steelier-Rasirmss'en 

.. The.;-.performanee of the reflecting multichannel collimators as a neutron 
.-.beam-filter is .being analyzed with a slow chopper and time-of-flight 
•analyzing equipment. 

The chopper, which-has.linear channels, gives bursts of neutrons' of 
about 20 jj;sec duration and the flight path from the chopper to the neutron 
. detector, '(a BF. counter) is 3..,60m. The flight times are converted-into pulse-
heights by means of a linear ramp generator triggered from the chopper rotor 
and gated from the counter. The pulses are analyzed in a 512 channel pulse 
height analyzer. 

** A more' detailed account is given in .Reactor Science'and Technology' 1963, 
Vol.17j p.227 

* Present address; Brookhaven Nat.Lab. Upton L.I., NY, USA 
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The flux distribution of the neutron "beams emerging from the 
collimators has "been analyzed for various angles between the collimators-
When the collimators are aligned the transmitted beam consists of a 
distribution..corresponding to a Maxwellian at 350 K (neutrons passing 
directly through the collimators) superposed a distribution (not Kaxwellian), 
which has a maximum at 12 meV (neutrons transmitted by reflection in the walls 
of the collimator channels)» As the angle between the collimators increases., 
the ratio between the directly transmitted beam and the' reflected beam 
decreases, until the collimators are completely closed» It is seen from the 
spectra, that no- direct transmission is permitted for angles greater than 
32-7 min» At that angle the flux- distribution of the transmitted beam'has 
a maximum at 10 meV (+ 0,5 meV) . Each collimator has an angular divergence"of 
10 min, and the collimators should therefore be closed at 20 mi'n. This discre­
pancy in angle must be due to deviation from the expected geometry caused by 
the grinding of the collimator plates» In addition, the plates are not ground 
uniformly, so that there are small variations in the geometry of the channels 
from one channel to another, which means that all the channels are not closed 
at the same angle. , 

This may explain why the measured overall polarization (measured at 
24,5 rain) is lower (57$) than the expected (84$). 

The ability of the system for suppressing second order neutrons has 
been computed from the measured spectra, and it has been found that 
T(E)/T(4E)>10 for neutrons having there energies in the range 5s4-35raeV 
( 3,9-A-—15 5̂ -) = The first order transmission in the same energy range varies 
from 0,68 -.0,025 or 0,34 - 0,005 depending on the angle between the 
collimators» 

It is possible to gain in first order transmission on the expense of 
T(E)/T(4E) and v.v» by adjusting the angle between the collimators. 

1,3= Characteristics of Quartz and Bismuth Single Crystal v 

Filters for Reactor Beams.* 

B.M. Rustad, Columbia University; and J. Ais-Nielsen, A. Bahnsen, A- ÎTielsen, 
and C„J. Christensen, AEK Research Establishment Ris^, • Denmark. 

The use of single crystal quartz and bismuth filters to obtain intense 
beams of subthermal energy neutrons from reactors has been reported by 

- Brockhouse** and by Dyer and Low***. Such filters preferentially transmit, low • 
energy neutrons and strongly discriminate against fast neutrons and gamma-rayss 
however, detailed characteristics suitable for design purposes have not been 

' reported» The total cross sections of representative samples of quartz and 
bismuth single crystals have been measured at room and liquid nitrogen 
temperatures over the energy range from O.OOO8 eV to 2.0 eV to obtain data for 
optimizing filter design ,to meet particular experimental' requirements. 

* Work supported by the U.S. Atomic Energy Commission and the Danish 
Atomic Energy Commission ' 

** B.N.' Brockhouse, Rev. Sci. Instr- 30, 136" (1959) 
*** R.F. Dyer and G.G.E. Low, AERE- R3494 (unpublished): 
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The cross sec t ions for both'^drystal-s a'-t-li-quid.-nitrogen.. température descend 
from, above 9t>'» • a"t 1-0 e ^ "to l e s s .than.0..5'b. near 0.006 cV. Bismuth has. the 
advantage of a large gamma-ray a t t enua t ion coe f f i c i en t , hut many small Bragg 
peaks wore observed above 0*003 eV,.. -which were not found with quar tz . Neutron 
and gamma-ray t ransmission curves-useful for designing f i l t e r s for special 
beam requirements, wi l l be presented?, .and the performance of the f i l t e r i n the 

"high intensi ty , ; sub'thormal beam f a c i l i t y a t the Danish DR3 reac to r wi l l be 
descr ibed. 

I I INVESTIGATIONS OF He3. 

1 1 , 1 . A Thermal Neutron Counter of Vieil Known Detection Efficiency** 

by J , Als-Nielsen. and ..A. Bahnsen* 

A propor t ional counter has been developed u t i l i z i n g the He (n,p)H 
reac t ion (Q = 764 keV) for measuring neutron densi ty i n a thermal beam. 

The- counter has a rec tangular cross sec t ion , and the anode wire i s 
perpendicular to the beam,,, which can then t r averse e i t h e r the shor t (3 cm) 
or the long (5 cm) dimension of the counting chamber. 

In both cases, the maximum energy loss-from ion i za t i on t r acks , 
shortened a t the wal ls , wi l l be 3/4 Q - reac t ion p a r t i c l e s being expelled i n 
opposite . .d i rect ions . All (n,p) r eac t ions wi l l therefore be counted with a 
d i sc r imina tor l eve l below 1/4 Q. 

Detai led ca lcu la t ions -of the wal l -e f fec t spectrum exhib i t a step a t 
•1/4. Qj and t h i s i s c l ea r ly demonstrated by the measurements', which also, show 
tha t i t i s poss ible , t o .d i s c r imina t e e f f ec t ive ly aga ins t background. Spectra, 
•recorded a t 1 and 2 atm. of gas pressure , agree" very well '.with t h e ' c a l c u l a t e d , 
and the 'd i f f e rence between the spectra , for 'the ' two' ¡counter lengths i s very 
close to .that, exp.ected from a wa l l - l e s s -coun te r , i n d i c a t i n g -that condi t ions ' 
i n the counter are close to i d e a l . 

...... The r a t i o between the counting r a t e s of the long and the short 
dimension of thé' count'ory" was--compared, to the'---ratio . between "the...physical 
lengths , and good agreement found. 

I t i s concluded ' that de tec t ion e f f ic iency , i . e . the r a t i o between 
number of counts and''number, of (n, p) r eac t ions , i s equal to 1.000, with an 
uncer ta in ty of - 0.4%? for both counter o r i e n t a t i o n s . 

Present addresss The Univers i ty of Rochester, Rochester, N.Y., 

A de t a i l ed account of t h i s work i s given i n Ris^ Report No„60 (1963) 
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11,2,,. SIovT î-ieutron Gross Section for He 9 B and .Au 

by.-J.-. Als-Eielsen- and 0. Dietrich 

-The He .neutron cross section has been'measured for1, neutron energies 
from .0.0003 eV. tb:',i0". eV.. In-this energy region no-deviation from- the l/v > 
law can- he found-from: the-da ta» The cross'section, at'2200 m/sec has been! • 
found to-b'ê'0r(.He3)= 5328 +^ barns, .As an instrumental check the cross sections 
of natural, boron and of gold have also been measured and the results .agree 
with the most accurate existing data. The absorption cross sections at 

2200 m/sec were found to be or (B) = 757-1-2.2 barns. andCr(Au) .= .98.6l-O.l8 
barns, - -•--•- - -•: 

A detailed report has been issued as EANDC (OR).? ... 

•11,3" • Direct measurement of the He.. (n,p) cross section -

. : V. Tarnov, J. Als-rlielson. . . . 

By using two He proportional counters with well known detection 
efficiency*, it is possible to determine directly the (n,p) .cross,..section 
from the ratio of thé.two count ratess , . 

C 
1- = 1 - exp ( -a cr) 

: . .p 4" • 

•; 2 '" ," I- - exp (-a2<r). 

where a and a a r e de te rmined by the r e s p . He p r e s s u r e s and t h e c o u n t e r -

l e n g t h s . . - - ' 

At p r e s e n t i t has, been v e r i f i e d e x p e r i m e n t a l l y , t h a t the d i s c r i m i n a t o r -
l e v e l can-be chosen so' t h a t t he d e t e c t i o n e f f i c i e n c y ' i s 1.000 w i t h i n approx . 
0..2 fof . even f o r ' a " t h i c k " . counter , ( a f^., 0 . 5 ) . . 

I I I . INVESTIGATIONS OF CAPTURE QALaMA RAYS ' " . 

I l l , 1 . R e l a t i v e I n t e n s i t i e s of. Gamma T r a n s i t i o n s i n ¡J.l82 and W,183** 

O.W.B. Schu l t and TJ. Gruber , Labor i..- Te.chnv P h y s . • T.H. Müncheri"-

- T h e ' r e l a t i v e Gamma ray i n t e n s i t i e s , - i n tí 182 and W- I83 were' de te rmined 
.wi t tu an., accuracy-., of. a few. p e r c e n t , u s i n g , a . curved, c r y s t a l ; spe ' e t romete r , 
be fo re i t was i n s t a l l e d f o r t h e measurement of' low ' . energy-neu t ron capture ' . 
Gamma r a y s a t t h e DR-3 reacto-r a t R i s / i n Denmark. The v a l u e s o b t a i n e d f o r 

* See R i s ^ Report Ho. 60 . This r e p o r t d e a l s only wi th a " t h i n " c o u n t e r 
( a < $ C 1 ) . . .,,,. . . . . , . . • ' • / . . . . . . . . . . . 

** Research s u p p o r t e d by the Bundesminis te r ium Bonn and by the Atomic 
• Energy-Commission Denmark:and performed a t the" Research E s t a b l i s h m e n t 

R i s ^ . 

http://98.6l-O.l8


page 13 

tiiü transitions in W 182 agree excellently with those, found by Edwards,' 
The relativo intensity ratios for several Gamma lines emitted by W 183 arc 

' ' ' 2 ' in extremely good agreement with the ratios calculated Dy Kerman on the basis 
of a rotation /particle coupling* The relative intensity for-the 245,2'.kcV 
transition differs however by a factor 6,5.. from the calculated value» 

III ,2 -. Low'Energy Neutron Capture Gamma Rays from Rh 104'* 

. U.Gruber, O.W.'B. Schult and B'.P. Maior, Labor f. Techn. 
. Phys'. .T.IL München ' 

After the bent-crystal spectrometer was set up at the.DR-3 reactor 
at Ris/, Denmark, the neutron capture Gamma ray spectrum of Rh 104 was 
roughly scanned.'170 transitions were found between 30 and 790 keV. The 
absence, of a ̂ sufficiently intense/line with .an energy up to 1,2-MeV confirms 
clearly, that the strong l80,:8 key", transition directly leads to the ground 
state, such as proposed by Buschhorn^, whose results agree nicely with our 
measurement„ 

111,3° Low Energy Neutron. Capture Gamma Ray Spectrum from U 239 ** 

B.P. Maier, 0„iJ,B. Schult. and Ü. Gruber, Labor f. Techn. 
Phys. ToIL .München ' . " 

* The neutron capture Gamma spectrum of U 239' reveals 21 lines with 
energies from 133 to 630 keV„ A part of the transitions at approximately 
55O keV seem to correspond to.the octopole transitions, as suggested by 

4 Fiebiger o The .very high conversion coefficients for low energy Ml and E2 
transitions imply, that the transitions within the ground state band-could 
not be seen* This complicates the interpretation of the results. The very 
strong 1?3 keV line can only be El. or 12'. As El is an unlike indication,.'one 
must-, conclude, that the decay of U.239 cannot occurs exclusively-across 'the .. 
74 keV transition in ITp 239? the total intensity of-which- could otherwise be 
taken as -100$. ' • ' • • • ' ' .• 

* Research supported by the Bundcsministerium Bonn and by the Atomic 
•Energy Commission» Denmark and carried out at the Research Establishment 
Ris(z(o 

** Work supported by the Bundesministorium Bonn and the Atomic Energy 
Commission, Denmark, and accomplished at the DR-3 at Ris/. 

1 F. Edwards, Thesis Calo Inst. Technology, Pasadena Cal.' i960 . 

'" AoK. Kerman.. Mat.'Fys. Medd. Dan. Vi-d. 3elsk. 30, No. '15 (1956) ... 

• . G. .Buschhorn Z. Naturforschung.,17 a, 241,. (1962) : 

N. Fiebiger private.: communication. 
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111,4 « Neutron capturG Gamma, rays 'from Dyspro si-urn and do cay of Dy 165 * 

O.U.B. Schult, B.P. Maiqr. ánd.U.,Gruber, Labor f. Techn. 
.... Phys. T.H, München '-: ' ' ,: 

"' '. -: . 130: n-.cap ture Gamma lines wore measured at Dy 162. .The strongest 
transitions.observed, belong to those within, the ground-, s.tate. rotational 
band. .An-equal .number, of• lines was measured at Dy 163-;. where the transitions 
in the ground state band are relatively.weak, due' to the large spin difference-
between these levels and the capturing, state,,. At Dy 164 only 46..transitions 
could bo'clearly "i'den'íTfi&'á'.'' Besides"-the " 2:K,"'"'4'-f::i" 6+ grouhd'-'statc •• band/ the 
2+. Gamma \àbr'ational sta:to was :'f ound. at 761,8 "keV in excellent- agreement with 
the value of Yoshizawa 1, The very complex spectrum-of By I65 revealed 225 
line's. The .energy of the isomeric transition was measured to be 108,160 -
0,003 key:! The Gamma lines'omitted by'^Ho T65, after the ^-da cay "of Dy. I65 
could be determined very accurately;, such as to define the energy ..of several 

' ''•- ' - 5 • •'•• - _ A • • 

.states within a precision of 3 x lo • to 1,3 x l o . Thé intensities of the 
': 2 : 

transitions agree with the data obtained by Persson -.•''• 

Yo Yoshizawa et al», private communication . • •' 
0 . • 

L» Forsson-G-t-1 -al..,,....A.rki'v.. Fysik...23,.1, .(.19.6.2.)..." ; 

* Research supported by Bündesministerium Bonn and by the Atomic Energy 
Commission.^ Denmark, and performed at the DR-3¿. Risçs. 

1 IT,.5 c .Neutron. Capture Gamma Hays from Lu, Re 186 -and Ho'166. *. . 

•• B.P-;. Maisr, O.W.B. Schult, Ü. G ruber and R. Koch 
Labor fc Techno Phys. I'.K. München 

•Roughly 70 lines were found in- the-low energy part of the Lu 175 
- (rV.¿"). Lu 176 sp'ectrumo ' 25O Gamma transitions were observed during the •-. 
irradiation of Lu 176.. The' strongest of- these transitions' occur between the 
states (up to .17/2}'.of the (404)5 (514) and (402) rotational bands, the level 
of which could be very accurately determined. These results are in full 
agreement with the data obtained "oy Nielsen^-. About 140 lines of the Re I86 
spectrum were measured., The irradiation of Ho 165 with thermal neutrons 
produces a spectrum containing some 300 low energy Gamma transitions. 

O.B. Nielsen, private communication 

* • Research supported by the Bundesministerium Boon and by 
the Atomic Energy Commission Denmark 

111,6. (n, y ) - Polarization Experiment 

K. Abrahams*?, L.- Passell* and F-„ Stechcr-Rasmussen • 

The measurements.of the polarization of. the beam emerging from the 
polarising collimators set at 24» 5 rain angle has been repeated with a magnetic 
guide field installed between'the end window of the- exterior/.collimator and 
the polarization analyzer (a 97$ Co - 7$ Fe single crystal magnetized to 
saturation). The effect of the guide field was to increase the polarization 
by about 10$. 

* Present address. Brookhaven, Ti-at. Lab. Upton L.I., NY, USA 
Present address? Kjellor, Norway *'- -ïï- T > -i 
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The overall polarization-computed', from -the flux distribution'and the 
curve 3 ho wing polarization versus energy gave 57r> f° r ^ ü t>uam as a whole. 
The expected value is about 84^5 and this discrepancy is believed to he due . 
partly- tó•••non-uniform- collimator channels ( flux distribution measurements 
show that the angle 24=5 m i n some neutrons are directly transmitted) and 
partly to non-saturation of the iron .plates making up the channel walls. 

It is desirable to measure the overall polarization by means of a 
magnetized Co - Pe mirror (polarization measurements with Co - Pe crystal 
are inconvenient at low energies because of higher order contamination). 
A mirror has been set to reflect a 5Q meV beam from a Co - Pe crystal, and 
the reflectivity of the mirror has been found to. 85^» When the performance 
of the mirror has been analyzed, it will be used for measuring the overall 
polarization. 

An improved version of the present collimators has been build, and • 
is installed in DR2. 

The collimator plates are magnetized by a coil, instead of permanent 
magnets as in the first collimator set^ this has the advantage that one can 
be sure of having saturated the plates completely by increasing the' current 
through the coil. 

The new collimator set is provided with tapered channels, so that the 
beam is. focussed. The incoming 3-5 cm broad beam is focussed down to a ca. 
8 mm broad beam at 3°5 ™ distance from the end of the i exterior collimator. 

The collimators are in the process of being analyzed with respect to 
their performance as a neutron beam polarizer. When, the measurements.are 
finished the collimators will be transferred to DR3? where they will be used 
as a source of polarized neutrons for .the (n, y ) polarization experiment. 

On the basis, of the in ormation obtained from collimator set number 
two, a third version of the collimators with tapered channels" will be con­
structed using the 11.5 cm broad beam from the DR3 boamtubo. The collimator 
parameters xfill "be optimised with respect .to (intensity) x (polarization)2o 

A beam .plug.with a'water scatterer has been, constructed for this 
experiment and is' inserted in the reactor.. The gamma analyzing equipment is 
under construction" at ,K jeller^ Institutt for Atomonergi, Norway. The magnetic 
guide field (a spin-turning guide field and a. "field flipper") has been con­
structed at-K je.ller :and has been sent to Ris^. 

The experiment is scheduled •. to -start October first. 
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IV» .SOLID STATE-IIWESTIGATIONS .TCLTH NEUTRONS • 

IV, 1.• C r i t i c a l Magnet ic S c a t t e r i n g of Neu t rons . in I r o n f o r Tempera tures 

above t h e C u r i e - P o i n t . -.' ' ' ' ' ' '•'<" • • • • 

Lo P a s s e l l * s K. B l inowsk i , To Brun and P . N i e l s e n 

• rïèasuremen'ts have-'been performed on t h e c r i t i c a l magne t i c . s c a t t e r i n g 
of n e u t r o n s on i r o n . S p i n - . c o r r e l a t i o n - r a n g e s a n d - r e l a x a t l o n - t i m e - c o n s ' t a n t s 
have been de te rmined f o r the magne t i c f l u c t u a t i o n s i n i r o n a t t e m p e r a t u r e s 
above t h é C u r i e - p o i n t . • : . • - ,-. -, , , ', ' '" 

The exper iment was c a r r i e d ou t to f u r n i s h f u r t h e r i n fo rma i io j i "about t h e 
thermodynamical mechanism of the magne t i c second o r d e r t r a n s i t i o n " i n " fer ro-
magnets . . . 

Accord ing to L. van Hove 's t h e o r y (phys¿ Rev. _9¿s 1374 (l954))s based, on 
t h e concept of s p i n - c o r r e l a t i o n - f u n c t i o n s , , t he magnet ic f l u c t u a t i o n s around 
the C u r i e - p o i n t g ive r i s e to. a very- s t r o n g s c a t t e r i n g of -neutrons ' a t smal l 
a n g l e s , . • .•.. ' • ,., 

The c r o s s - s e c t i o n f o r t h i s k i n d of, s c a t t e r i n g ( v a l i d f o r t e m p e r a t u r e s 
above, the- C u r i e - p o i n t -and smal l s c a t t e r i n g a n g l e s ) i s "• , ' • 

k i -iz~.\*2- -1 ' / x lifk 
" ( l ) o <S~ _ c o n s t , x .- x f ( i< ) | x -•- o o o • i o A 

9íi¿íE ; • ° - •••• - •••' r i 

where _ • . • •., - .•••••. ' 
k ' i s the wave vec tor , of t h e i n c i d e n t n e u t r o n s , 
_° 
k is the wave vector of the scattered neutrons,' 

x = ¥ - k . . . • _ f " ' . , . . ;";'•'' 

%W = ° ^ 2 ( k 0
2 - k 2 ) / 2 m , - . ' • - ' 

; f (x) ." is . t he magne t ic form f a c t o r , 

'r i s á pa r ame te r w i t h ' t h e d imension of a lengthy i t i s 
• r e l a t e d to t he ' s t r e n g t h of t h e c o r r e l a t i o n , , .....-:,..;: 

K* i s a range p a r a m e t e r f o r the . magne t ic c o r r e l a t i o n ( t h e "••'••'•'* 
c o r r e l a t i o n d e c r e a s e wi th a f a c t o r exp ( - X , r ) / r wi th ' d i s t a n c e ) , 

f\t- i s a ' r e l a x a t i o n t i m e - c o n s t a n t ( t h e t ime ; decay of t h e . 
c o r r e l a t i o n i s g iven by e x p ( - A k ^ t ) ) . 

The p a r a m e t e r s r , s ÎÇ. and ¡\ a r e a l l t e m p e r a t u r e dependen t . They can 

be; de te rmined by. s t u d y i n g t h e s c a t t e r e d i n t e n s i t y a t v a r i o u s a n g l e s . The 
exper iment has been performed- wi th t h e use of the t r i p l e - a x i s - s p e c t r o m e t e r 
i n s t a l l e d on one of the e i g h t h o r i z o n t a l beam channe l s of t h e DR 3 r e a c t o r 
a t Risçi. ' • ' • '. 

* P r e s e n t a d d r e s s î Brookhaven B a t . Lab. Upton L . I . , NY, USA 
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Determination'--.of, K-, 

By pe r fo rming the i n t e g r a t i o n over t h e wave vecto . rs of a l l s c a t t e r e d 
n e u t r o n s t h e c r o s s s e c t i o n ( l ) for. t h e c r i t i c a l magne t i c s c a t t e r i n g t a k e s 
the forró ; 

(2) (¿g} 
\ du/ 

I . . = c o n s t a n t x —r - x —-. 5 •= x G(Q, k , J< , , /^ . , ) , 
/ e x i t . 2 • ¿ 2 i/2 o ' 1 ' • 1 " 

r_. k 0 + >C ._ 
1 . .0 1 

whe re t h e " c o n s t a n t " i s i n d e p e n d e n t o f t e m p e r a t u r e . 

O i s t h e s c a t t e r i n g a n g l e a n d 

' G ( Q , ' k ', X i ' / ' i , ) i s a c o r r e c t i o n f a c t o r e q u a l t o 1 f o r 7\ , = o . 
' o i l 1 

,K • h a s "been d e t e r m i n e d "by m e a s u r i n g t h e i n t e g r a t e d s c a t t e r e d i n t e n s i t y 

a s a f u n c t i o n o f Q f o r s m a l l v a l u e s o f S . ' • . 

The e x p e r i m e n t a l s e t - u p i s shown i n f i g . 1 . F o r a g i v e n v a l u e o f 0 
t h e Z n - c r y s t a l was r emoved , a n d t h e B F _ - c o u n t e r was p l a c e d so t h a t t h e c o u n t e r 
was a i m i n g a t t h e s a m p l e . The wave l e n g t h o f t h e i n c i d e n t n e u t r o n s was 4 * 3 A. 

F i g . . 2 s h o w s " i n t e g r a t e d " i n t e n s i t i e s m e a s u r e d a s a f u n c t i o n o f 
t e m p e r a t u r e f o r d i f f e r e n t s c a t t e r i n g a n g l e s . 

By s u b t r a c t i o n o f t h e b a c k g r o u n d f o r t h e m e a s u r e d i n t e n s i t i e s one 
o b t a i n s t h e c r i t i c a l s c a t t e r e d i n t e n s i t y I . , . I n f i g . 3 l / l • . i s 

• . crit. . L ' crit. 
plotted versus 0. for different temperatures, and from the.straight lines 

2 
jG is determined., 

C(Q, k , iC , f\ , ) is assumed equal to' one in fig. 3-
• ' o i l 

In fig. 4 the measured values of the correlation range l//?.- are 
A • • 

shown as a function of temperature. The heavy line is for ¡'«, = o, the dashed 

line is obtained when corrections corresponding to 2m '\,/* = 7*5 a?Q intro­

duced. • • ' 
A 

Determination of. •''-i" 

A can be determined by measuring the shape of the scattered spectrum 

for a given temperature and a. given scattering angle. 

One can measure the incident spectrum and calculate the theoretically 
expected shape of the scattered beam by means of the cross section (].') for 
given .value of A -, . By comparison of the theoretical and the-measured' 
scattered spectra one is able to determine a value of /»-, • . • 



page 1.8 

Preliminary results of this experiment show, that-2m A^/rJ • i s" about--

7 at 2 C above the Curie temperature. 

More precise determination of this parameter is planned for the 
immediate future. 

The oven. 

The iron sample was heated up in a. vacuum-oven (see fig. ^)7arià the 
temperature of the sample was kept constant by an automatic control,, The . 
ma,cmitude of 'the temperature-fluctuations was of the order of 0„1 C, and the 

" - • ¡ • • o • 

temperature gradient across the sample was less than 0„'5 C for-the temperature 
close to the Curie-point* 
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IV,2. Temperature dependence of the Debye temperature for Al. 

.. .... Ole.Bent Rasmussenj Ove Dietrich and Jens Als-Nielsen 

At the IÂEÂ Symposium i960, on inelastic scattering of neutrons in 
solids and liquid'ŝ  Walter Marshall (¿j.SE?I;s Harwell) pointed out that the 
temperature dependence of the Debye. temperature, @ 9 could be deduced from 
the temperature dependence of the'elastic'constant C, . and from the thermal 

• 44 
expansion coefficient through 

. d l 2 dT l n c44 6 

This i s of impor tance i n c a l c u l a t i o n of c r o s s s ec t ion ' s a t h igh 
t e m p e r a t u r e s , where only very few d i r e c t m e a s u r e m e n t s . e x i s t s . The t e m p e r a t u r e 
•-1 impendence g iven above has been confirmed by X-ray t e chn ique (Chipmanns MHL 
Repor t no .67) to be v a l i d f o r Q - b r a s s and lead;, but Chipmann found a r a t h e r 
b i g d i s c r e p a n c y f o r . A l . -

I t i s the i n t e n t i o n i n t h e nea r f u t u r e to measure the t e m p e r a t u r e 
dependence .wi th n e u t r o n s , The m o n o c h r o m a t i c , i n t e n s i t y ^ which i s p r o p o r t i o n a l 
to the .Debye - Wal le r f a c t o r , from a s i n g l e Al c r y s t a l p l a c e d i n the p o l y -
e n e r g e t i c , d i r e c t beam w i l l be measured as f u n c t i o n of the t empera ture ' . At 
p r e s e n t the oven... i s j u s t f i n i s h e d and t h e AI c r y s t a l de l ivered . , so the 
exper iment i s j u s t ready to s t a r t a n d . w i l l be performed on the s i n g l e axes 
s p e c t r o m e t e r a t DR 3- . . . . - • 

V. . TH1D KiliUTRQg HALF LIFE. 

Axel Bahnsen*, ¡iilbu'r K. Brown.; C.J.. Chr i s t e n s en, 
Arne Ilioilsen. B r i c e M. I lus tad**. 

I n t h i s exper iment the h a l f l i f e of the» n e u t r o n i s de te rmined by 
c o u n t i n g t h e number of d o c a y - c l e c t r o n s p e r s e c . from a f ixed .number of 
n e u t r o n s . • ' ' 

The exper iment i s performed, a t . DR3 which, has a the rmal f l u x of • 

10 if u/seCocm . A n e u t r o n scatterer* ' . i s p l a c e d i n a h o r i z o n t a l t a n g e n t i a l 
beamtube. The s c a t t e r e r i s an aluminium box with 0 .5 . mm. wal l t h i c k n e s s . 
I t c o n t a i n s a l a y e r of wa te r , of ../thickness,. 2. .ram. Th is s c a t t ë r e r •••i-s- - th ick 
a g a i n s t the rmal n e u t r o n s bu t t h i n a g a i n s t gammas and f a s t n e u t r o n s . I n the 
f o l l o w i n g . t a b l e . . t h i s - t h i n s c a t t e r e - r i s compared w i t h ' a t h i c k s c a t t e r e r . 

o u f ' o f t h i c k t h i n ' „ , . -. .Thin 
Ra t io beamtube s c a t t e r e r s c a t t e r e r ' .. Thick 

^thermal"- . , • 5 . 2 x l 0 9 , .'• 3 - 3 x l 0 9 ' " . - • •"•': 6 3 $ . 

- f i s s i o n 2 ,Oxl0 7 . , 0 . 1 5 x l 0 7 . • .... 7., 5 $ 

4 , O x l 0 9 3 , 6 x l 0 7 0 , 9 $ 
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As a fu r the r p u r i f i c a t i o n the "beam passes a 32 cm' long s i n g l e - c r y s t a l 
Pi -'block cooled down "by l i qu id n i t rogen . This allows 10 -1 of the thermal 

neutrons. ; 10 of the f i s s i on neutrons and 10 J of the gammas, to .pass. 

2 The net r e s u l t i s a 5 cm "beam of compositions 

2 .thermal 6 x 10 n /cm .so 

f i s s ion 10" n /cm • se.c 

25 cr/li' 

c 

* Present address:, University of Rochester, Rochester, NY, USA... . 

** Present addresss Brookhaven Nat-, Lab., Upton L.I., NY, USA- •'•-v 

V,I . The collimator • • 

.The outer half of the collimator wall consists of a mixture .of epoxy 
resin and lead shots» The inner half is lead and stainless steel» 

In order to get rid of neutron capture gammas from the inner collimator 
wall it is sawtooth shaped, and the front of the teeth is covered with 

Li -carbonate cast as rings of appropriate si2e to prevent thermal neutrons . 
from hitting anything but Li -carbonate. Because of the 950 barns (n,p) 

cross section almost without gamma omission, Li is very well suited.for this 

purpose» The estimated effect is that 10 of the neutrons hitting the 
Li-aperture gives rise to gamma emission,, 

V,2. ' Counter system 

The counter system cons i s t s of two TtfE-102 p l a s t i c s c i n t i l l a t o r s 
5x10 cm2 placed a t a dis tance of 20 cm. The beam i s passing in the median 
region. To each s c i n t i l l a t o r i s a t tached two 1 m long l igh tgu ides and an EM 
phototube» The pulses from the four phototubes are added, and a f t e r shaping 
and ampl i f ica t ion , they are led i n to a ¿56 channel analyzer . 

V,'3. Production of "a fixed number of neutrons" 

There, a r e :two problems, l ) determination of the neut ron-dens i ty and 
2) de f in i t i on of the volume. 

l ) For t h i s purpose i s used a propor t ional counter' of the type des­
cr ibed by J . Als-Melson and A, Bahnsen (Risçzi Report Ko. 60) = To the counter 

gas i s added a small well • determined amount of-He •„ The - c ros s - sec t ions • of-• 

He - which recent ly has-been redetermined by J . Als-M'clsen - ' i s 'very-.v 
accura te ly propor t ional to-l_ and thus the counter d i r e c t l y measures•the --• 

v . . • • • 

densi ty of the beam, or r a the r the number per cm. 
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2) The .two plastic scintillators aro placed in a. homogeneous magnetic 
field'in such à way that tho scintillators and the direction of .the field 
lines define a parallellepiped. An electron from a neutron decaying ir the 
magnetic field will follow a helical path with its axis in .the field-
direction» If the decay occurs inside the parallellepiped the electron .all 
hit a scintillator» If the electron is backscattered it ...will'-go to the othqr 
scintillator» If the decay occurs outside the parallellepiped" the'"field will 
prevent the electron from hitting á scintillator» Tho length of the scintil­
lator is then equal to. the length of that part of the "beam;, which is seen by 
the detector» '• ."!' 

The strength of the magnetic field is 8000 gauss and the max» value 
of Hp is 4OOO gauss, c m . Thus the max» radius in the aforementioned 
helical paths is 0.5 cm» At the borders of the region this fact gives rise 
to some deviations from the picture given above, where it was tacitly assumed 
that the radii were zero» Perpendicularly to the beam the scintillator 
dimension is 5 cm, which is more than the dimension of the beam + 2 x 0„5 cm, 
there are therefore no troubles here. In the other direction the scintillator 
is 10 cm long,and the end effect is therefore only a small fraction of the 
total number.of counts. The. effect- can be studies experimentally by moving 
a point-source along the " beampa'th and plotting countrate versus*position» 

V,4» Measuring technique» 

The expected c"o'Unt'ra't"ë" of decay •"ëlèc't'rpns is 5"pr'.rsë'é'i"'1"-" ""'• ~"-;' 

Tho background from the beam facility (mainly capture gammas) is 
estimated to be 1 c/sec The background coming from outside our' facility is 
around 20 .c/sec ' This external .background'can be measured by closing the beam. 
To this and.a series of shutters is built in the bcampaths' Two. thin aluminium 
plates can be put in front of the scintillators, thus stopping the-electrons. 

' r '• • ' ' . ' - . ' • • • 

A Li shutter stops the thermal neutrons 'without influencing'anything else. 
A .Boral-Jabroc shutter stops thermal and fast neutrons without.reducing the .... 
gamma'flux very much. A l.m long water shutter stops." everything. It is hoped;-, 
that different combinations of-these' shutters will .give information about 
tho beam-background» 

'. - After subtraction of the background the pulse height' distribution 
gives the decay spectrum plus small pulses from .internai background plus 
•noise spectrum. Discrimination at 100 keV shuts off " the ' elct'ronic noise» 

To compare the experimental spectrum with the theoretical one,, this 
must be corrected for the'finite resolution of tho apparatus. A source of 

207 ' 
Bi with a conversion line of 974 keV placed in the center of :.the counting 
system shows a resolution of 40^° Furthermore there is another cause for bad 
resolution which in our present apparatus is-even more important»; -[-When the 
Bi-source is moved in the direction of the beam the pulseheight near- the . 
edges of the scintillator is only half of that in the center position. 

When this effect has been taken into consideration it has been possible 
to get a reasonable fit with the theoretical spectrum»' '• 
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In the near future the efficiency vail "be checked "by standardized 
•• • „ ,,32 ' ,. , 1 9 8 = ' sources of P' ana Au. ... •-...-

VI .i. NIJÚTRQH DOSIMETRY • ' " ; ' • 

•VI, I» Cadmium 'Corrections for Manganese, Cobalt, Indium and Gold 

J» 01sen ' " • 

Relative measurements of the- epithermal activity .as function of.'the 
thickness of the cadmium cover has. "been compared, with calculated values- for 
manganese,. . cobalt, indium and. gold. 

••' From'the calculations it was noticed that' the variation for a 1/V--.. 
absorber was even greater than .the variation for indium.' -, 

A good agreement between the measurements and the calculations is '.. 
obtained for manganese, and cobalt when- the resonance self shielding due to :'; 
resonance scattering is taken into consideration. » 

i 

VI,2. Mater ia l containing Cadmium for Cd-Ratio Measurement-

a t High. Temperatures. * 

J . . Thomas and ii. Hansen 

Normally . Cd-Rati o measurement i s ca r r i ed out with'.the de tec to r f o i l s 
embedded in.'boxes of metal ic cadmium. This method, however, i s l imi ted to be 
used only a t places, where the temperature i n the cadmium box does not exceed 
321 C which i s the melt ing point of cadmium. ' . 

• In -o rde r to- measure Cd-Ratios or. to sh ie ld f a s t neutron de tec to r s 
from the thermal flux i n high f lux pos i t ions ( e . g . center of. core .DR3) 
a mater ia l containing cadmium has' been developed. I t cons i s t s of. a powder: 
of a ceramic cadmium compound kept together by a metal (e .g . . C.dO + Ál) where 
the melt ing point i s now determined by the metal . In the case ,of CdO + Al 
the melt ing point wi l l be ra i sed to 660 C. The mater ia l i s e a s i l y machined 

•s ince cadmium .oxide i t s e l f i s a soft mater ia l ( i . e . i t does no t.. have the. same 
gr inding p rope r t i e s as e..g. boron ca rb ide) . 

In add i t ion other ma te r i a l s such as Samarium- or Gadolinium with . 
spec i f i c neutron cross sect ion can be added ,OT used so le ly in .order to .obtain 
o ther neutron, sh ie ld ing e f f e c t s . 

The mate r ia l can of course be used i n control rods-and for o ther 
sh ie ld ing purposes. ' 

* .Patent app l ied- for . 
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High-Lute t i um Foi l s for IToutron Spectrum Measurement * 

by Per Knudsen -

Foi l s containing lutotiurn are frequently used i n the determination 
of neutron energy spec t r a . I f pure lutet ium was to be used, the f o i l s would 
have to be extremely th in because of the s e l f - s h i e l d i n g p rope r t i e s of lu te t ium. 
Thus,; a c e r t a in d i l u t i on of the element i s 'necessary i n order to obtain f o i l s 
which are thick enough to be handled without d i f f icu l ty» The d i l u t i n g mater ia l 
must of course have su i t ab l e nuclear p r o p e r t i e s , and the amount must bo 
l imi ted so tha t minimum in t e r f e rence with the ind.uced lutet ium a c t i v i t y 
i s ensured» 

Lutetium-aluminium a l loys are useful i n t h i s respect to a c e r t a i n 
degree only, since the requirement of formabil i ty s e t s an undesirably low 
l i m i t on the lutet ium content» 

To circumvent t h i s problem, a novel' mate r ia l cons i s t ing of a mixture 
of lutet ium oxide and aluminium has been developed» By ho t -p ress ing and 
r o l l i n g a powder-mix of the mate r i a l s mentioned, f o i l s have been manufactured 
with a thickness of approximately 0.15 mm (0,-006 inch) containing 16 mg Lu/cm2» 

Similar ly , fo i l s , having a high content of europium or indium can be 
made by incorpora t ing the oxide of the neutron absorber i n a matr ix of 
aluminium» 

Patent appl ied for . 


