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I SPECIAL BEAM FACILITIES 

Continued w o r k on angled So l le r c o l l i m a t o r s 

K. A b r a h a m s , W. Ratynski , F . S t e c h e r - R a s m u s s e n and E . W a r m i n g . 

A t h i r d v e r s i o n of t he po l a r i z ing c o l l i m a t o r s has been c o n s t r u c t e d , 

and i s now i n u s e a s a neu t ron p o l a r i z e r f o r t h e (n, y) e x p e r i m e n t . 

The c o l l i m a t o r s y s t e m i s p rov ided with 20 t a p e r e d channe l s , and 

the f o c u s point d e t e r m i n e d by the t a p e r i n g i s 3 , 5 m away f r o m t h e end 

window of t h e c o l l i m a t o r s . The channel wa l l s c o n s i s t of po l i shed coppe r 

p l a t e s on which a r e depos i ted e l ec t ro ly t i ca l ly a l a y e r of cobal t , po l i shed 

a f t e r depos i t i ng to f o r m n e u t r o n m i r r o r . 

The l a y e r of coba l t on each m i r r o r i s 12 p th ick , and x - r a y ana ly s i s 

show tha t 90% of t he cobal t i s in the cubic p h a s e and 10% in the hexagonal 

p h a s e . It h a s b e e n found that the r a t i o be tween cubic and hexagonal cobal t 

in the depos i t ed l a y e r i s a funct ion of the c u r r e n t dens i ty appl ied in the 

e l e c t r o l y t i c a l p r o c e s s , and the c omposit ion of t he e l e c t r o l y s i s . 

The m i r r o r s a r e magne t ized by m e a n s of an e l e c t r o m a g n e t . A c r o s s 

s ec t ion of t h e c o l l i m a t o r s y s t e m i s shown on f i g u r e s 1 and 2. 
rP(E)(J>(E)dE 

The o v e r a l l po l a r i za t i on P « =s of the neu t rons 
J<f ) (E)dE 

ene rg ing f r o m the co l l ima to r s y s t e m has b e l n found with a) B r a g g - r e f l e c t i o n 

f r o m a C o - F e s ingle c r y s t a l and b) to ta l r e f l e c t i o n f r o m a C o - F e m i r r o r . 

The m e a s u r e m e n t of P f r o m a) and b) has been p e r f o r m e d both with the 

sh im method and the sp in t u rn ing and f ie ld f l ipp ing method . Both methods 

gave P » 70 80% f o r t h e c o l l i m a t o r s y s t e m in the jus t c losed conf igu-

r a t i o n . 

The value of P ca lcu la ted f r o m the s i m p l e t heo ry of to ta l r e f l e c t i on 

of n e u t r o n s f r o m magne t i zed m a t e r i a l s tak ing into account the g e o m e t r i c a l 

c o r r e c t i o n s f r o m the mul t ip le r e f l e c t i on in the c o l l i m a t o r s y s t e m i s 
? t h e o r e t i c a l " 98?<" 

The explanat ions of the d i s c r e p a n c y be tween P c a 2 C U i a t e d a n d P e X p 
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f o r the p r e c e e d i n g co l l ima to r s y s t e m s ( F e - m i r r o r s ) given in the p r ev ious 

p r o g r e s s r e p o r t may a l so be valid f o r t h i s co l l ima to r s y s i e m with the 

addit ion, that the admix tu re of hexagonal cobal t i n the cubic cobal t may 

give deviat ion f r o m magnet ic s a tu ra t i on caus ing a lower va lue of P . 

The p o l a r i z e d neu t ron b e a m i s a t the focus pGint about 3 c m b road 
6 2 and 5 cm high and t h e flux i s 5 • 10 n / c m sec (measu red with gold fo i l s ) . 

The f lux d i s t r ibu t ion of the po la r i zed neu t rons i s max imum at 10 meV 

and f a l l s off m o r e rap id ly than a Maxwellian f o r ene rg i e s above t h e m o s t 

p robab le ene rgy . 

The C a d m i u m ra t i o in the beam i s about 2000 and the gamma b a c k -

ground 3 m R / h . 

All the p r o p e r t i e s of the beam a r e given f o r jus t c losed c o l l i m a t o r s , 

which h a s tu rned out to be the mos t f avorab le conf igura t ion of the s y s t e m . 

The s u r f a c e f in i sh and the f l a tnes s of the neut ron m i r r o r s applied 

in the desc r ibed co l l ima tor can be s t i l l improved r e su l t i ng in a b e t t e r 

re f lec t iv i ty of the m i r r o r s , which would yield a h igher intensi ty of the 

po la r i zed neu t ron b e a m , but not a f fec t the po la r i za t ion . 

H INVESTIGATIONS OF CAPTURE GAMMA RAYS 

USING POLARIZED NEUTRONS 

1. C i r c u l a r po la r iza t ion of cap tu re y - r a y s f r o m 

H, S, Ca, Ni, Cd and P b . ** 

K. A b r a h a m s , W. Ratynski , F . S t e c h e r - R a s m u s s e n , E . Warming . 

By m e a s u r e m e n t of the t r a n s m i s s i o n through a magnet ized al loy, 

x) To be publ ished at the In te rna t iona l Confe rence on the Study of 
Nuclear S t ruc tu re with Neut rons , Antwerpen, Ju ly 1965. 
The m e a s u r e m e n t s on Ca has been published at the In ternat ional 
C o n g r e s s of Nuclear P h y s i c s in P a r i s , Ju ly 1964, together with 
m e a s u r e m e n t s of Y - Y angular c o r r e l a t i o n s p e r f o r m e d on the s a m e 
e lement at K j e l l e r , Norway. 
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t h e c i r c u l a r p o l a r i z a t i o n of y r ad i a t i on fo l lowing c a p t u r e of p o l a r i z e d 

t h e r m a l n e u t r o n s in H, S, Ca , Ni, Cd and P b w a s d e t e r m i n e d . 

A s a s o u r c e of p o l a r i z e d neu t rons we u s e d a s y s t e m of 40 m a g n e t i z e d 

coba l t m i r r o r s p l aced in a b e a m h o l e of t h e DR 3 r e a c t o r . The neu t ron 
3 

dens i t y i n our b e a m w a s 22 n / c m and the p o l a r i z a t i o n was 70 - 80%. 

The c i r c u l a r p o l a r i z a t i o n of the c a p t u r e y r ad i a t ion gave i n f o r m a t i o n 

r e g a r d i n g the s p i n s of exc i ted s t a t e s , t he mul t ipo le m i x t u r e of the y t r a n -

s i t i ons be tween t h e exc i t ed s t a t e s , and t h e m i x t u r e of sp ins involved in t h e 

compound s t a t e which i s f o r m e d by s - c a p t u r e of a n e u t r o n . The e x p e r i -

m e n t s c o n f i r m e d e a r l i e r m e a s u r e m e n t s and s o m e new sp in a s s i g n m e n t s 

could be m a d e . 

In t h i s way we d e t e r m i n e d the r e s p o n s e of o u r d e t e c t o r - s y s t e m 

(two 3" x 3" N a l sc in t i l l a t ion s p e c t r o m e t e r s ) f o r the f a c t o r in the a n i s o t r o -

py of v r a d i a t i o n a f t e r s - c a p t u r e of po l a r i z ed n e u t r o n s which expl ic i te ly 

depends on s p i n s of s t a t e s and on mu l t i ^o l a r i t i e s of t r a n s i t i o n s . T h e s e 

r e s p o n s f u n c t i o n s wil l be u s e d l a t e r to d e t e r m i n e the f a c t o r in t h e a n i s o t r o -

py depending on p a r i t y i m p u r i t i e s and on the n u c l e a r s t r u c t u r e . 

2. P a r i t y Nonconse rv ing In te rnuc leon P o t e n t i a l s 
x) 

s tud ied by the (n, y) React ion. ' 

K. A b r a h a m s , W. Ra tynsk i , F . S t e c h e r - R a s m u s s e n , E . W a r m i n g . 

B e c a u s e of p a r i t y i m p u r i t i e s in the n u c l e a r s t a t e s involved in a 

y t r a n s i t i o n , a s m a l l a d m i x t u r e of E , and M, r a d i a t i o n might o c c u r . C o n s e -

quently a n i s t r o p y of y r ad i a t i on might be found a f t e r s - c a p t u r e of p o l a r i z e d 

n e u t r o n s . The angu la r d i s t r ibu t ion of the c a p t u r e y r ad i a t i on with r e s p e c t 

t o the p o l a r i z a t i o n d i r e c t i o n of the n e u t r o n s i s given by W ( © ) = 

W ( 1 + A c o s © ) . The p a r a m e t e r A is the p roduc t of t h r e e f a c t o r s : 

x) To be publ i shed at the In te rna t iona l C o n f e r e n c e on the Study of N u c l e a r 
S t r u c t u r e with N e u t r o n s . Antwerpen, Ju ly 1965. 
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T h e f i r s t f a c t o r depends exp l ic i t e ly on the s p i n s of t he s t a t e s involved in 

the t r a n s i t i o n , t h i s f a c t o r we d e t e r m i n e d i n an e a r l i e r e x p e r i m e n t . The 

second f a c t o r i s given by the r e l a t i v e h i n d r a n c e of t he p a r i t y c o n s e r v i n g 

m a i n t r a n s i t i o n , with r e s p e c t t o t he p a r i t y non c o n s e r v i n g f r a c t i o n of t he 

t r a n s i t i o n , due to n u c l e a r s t r u c t u r e e f f e c t s . T h e t h i r d f a c t o r i s t h e p a r i t y 

i m p u r i t y F in the n u c l e a r s t a t e s . 

E x p e r i m e n t s w e r e done with H, S and Cd a s t a r g e t s . Ev idence f o r 

a n i s t r o p y was found. F o r Cd we r e p r o d u c e d t h e r e s u l t s of e a r l i e r m e a s u r e -

m e n t s . 

HI INVESTIGATIONS OI> ^ A P T U R E GAMMA RAYS USING 

NONPOLARIZED NEUTRONS 

The fol lowing m e a s u r e m e n t s have been p e r f o r m e d by m e a n s of t h e 

ben t c r y s t a l s p e c t r o m e t e r at t h e DR 3 r e a c t o r at R i so . De ta i l s about th i s 

a p p a r a t u s has been r e p o r t e d in , the method of m e a s u r e m e n t has been 

d e s c r i b e d in [2~]. 

x) 1. Leve l s c h e m e of Ho 166 ' 

O . W . B . Schult , R . Koch, U. G r u b e r , B . P . K . M a i e r , Labor f . Techn . 

P h y s i k d e r TH Mtinchen and R e s e a r c h E s t a b l i s h m e n t R i so , D e n m a r k . 

360 neu t ron c a p t u r e g a m m a l ines have been o b s e r v e d in Ho 166. 

A l eve l s c h e m e was p roposed including the r o t a t i o n a l band of the g round-

s t a t e K = 0" [j>23f - 633^] which c o m p r i s e s the fol lowing s t a t e s : [ e n e r g i e s 

in keV^ 0 (I = 0); 54. 239 (1 = 2~); 82.470 (1 = l " ) ; 171 .074 (1 = 3"); 180.467 

(I = 4") ; 329. 775 (I = 5"); 377. 806 (I » 6") and 557. 688 (I « 7~). The 

[ . i ] U. G r u b e r , B . P . K . M a i e r und O . W . B . Schult , Kerne techn ik 5, 17 (1963) 
£2"] O . W . B . Schult , U. G r u b e r , B . P . K . Ma ie r und F . W . Stanck, Z. Phys ik 

180, 298 (1964) 
x) to be publ i shed 



r o t a t i o n a l band head of t h e conf igura t ion K = 3 + [1523^ - 52lJ,3l was 

sugges t ed to l i e a t 190. 901 keV, s o the fol lowing m e t o b e r s of t h e band a r e 

260 . 661 (I = 4 + ) ; 348 .257 (I = 5 + ) j 453 .772 (I = 6 + ) and 577 .210 (I « 7 + ) . 

T h r e e l e v e l s a t 371 .984 (I = 4 + ) ; 470 .839 (1= 5 + ) and 588.103 (I = 6 + ) 

w e r e a s s u m e d to be f o r m e d by the coupl ing [j>23 'f + 521 . One s t a t e 

a t 425 . 9 keV (I = 1 + , K = 1 + ) i s due t o the coupling of the K = 7 /2~ £523^3 

p r o t o n with the K = 5 / 2 " [523"] n e u t r o n . Most of t h e s e l eve l s d i s c u s s e d 

c o r r e s p o n d wel l t o the s t a t e s found by (d, p ) - s t u d i e s . 

2. E n e r g i e s and c h a r a c t e r of t h e low- ly ing l e v e l s in Nb 94 

U. G r u b e r , R. Koch, B . P . K . Ma ie r and O . W . B . Schult , Labo r f . T e c h n . 

P h y s i k , TH-Munchen and R e s e a r c h E s t a b l i s h m e n t R i s e , D e n m a r k . 

J . B . Ba l l and K. H. Bha t t , Oak Ridge Nat iona l L a b o r a t o r y , L . S . A . and 

R. K. S ' iel ine, Ins t i tu te f o r T h e o r e t i c a l P h y s i c s , Copenhagen, D e n m a r k . 

Dur ing the i r r a d i a t i o n of Nb 93 by t h e r r n a l n e u t r o n s 47 g a m m a 

l ines f r o m 54 to 1 MeV w e r e m e a s u r e d . T h e s e t r a n s i t i o n s d e t e r m i n e 

the fol lowing l e v e l s i n Nb 94 (energy i n keV, spin and p a r i t y i n p a r a n t h e s i s ) 

GS (6 + ) , Qi 40 .7 (3 + ) , 58 .724 (4 + ) , 78 .675 ( 7 + ) , 113 .404 (5 + ) , 314 .64 

(5 + ) , ^ 334 (2 + ) and 640. 5 (6 + ) . T h e 315 keV and 641 keV s t a t e s p robab ly 

c o r r e s p o n d p r i m a r i l y to the J * 3 / 2 s t a t e of t h e t h r e e neut ron c o n f i g u r a -

t ion coupl ing to t h e g ^ ^ pro ton conf igu ra t ion . The o ther s i z e s t a t e s r e -

su l t p r i m a r i l y f r o m the coupling of t h e J = 5 / 2 s t a t e of the t h r e e n e u t r o n 

conf igura t ion and the g g ^ p ro ton conf igura t ion . E n e r g i e s of the l e v e l s 

and t r a n s i t i o n p robab i l i ty r a t i o s a r e cons i s t en t with t h i s i n t e r p r e t a t i o n . 

3. Neut ron c a p t u r e g a m m a r a y s obse rved du r ing the i r r a d i a t i o n 

of La 139, E r 170 and Ta 181 by t h e c a l neu t rons 

x) To be publ ished in N u c l e a r P h y s i c s 
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B . P . K . Ma ie r , U. G r u b e r , R. Koch and O. W. B . Schult , Lab'or f . Techn . 

P h y s i k , TH-Munchen and R e s e a r c h E s t a b l i s h m e n t Riso , D e n m a r k . 

About 60 low energy l ines f r o m the r e a c t i o n La 139 (n, y ) L a 140 

w e r e obse rved , w h e r e a s the s p e c t r u m of E r 171 r e v e a l e d roughly 50 l i n e s . 

Approx imate ly 150 l ines have been seen a f t e r neu t ron c a p t u r e in T a 181. 

x) 4. G a m m a Radia t ion f r o m cap tu re of t h e r m a l n e u t r o n s in T m 169 ' 

B . P . K . Ma ie r , U. Grube r , R. Koch and O. W. B. Schult , L a b o r f . Techn . 

P h y s i k , TH-Munchen and R e s e a r c h E s t a b l i s h m e n t R i so , D e n m a r k , and 

T . v. Egidy, Th. Size and E . B i e b e r , Labor f . Techn . Phys ik , TH-Miinchen 

and H. T . Motz, Los Alamos Scient i f ic L a b o r a t o r y , U„ S. A. 

and R . K. Sheline and G. S t ruble , F l o r i d a State Univers i ty , U. S. A. 

177 g a m m a l i n e s due to the r eac t i on T m 169 (n, v) T m 170 have been 

r e c o r d e d . The mul t ipo la r i t y was m e a s u r e d f o r 40 t r a n s i t i o n s . A l eve l 

s c h e m e of T m 170 inc luding 13 s t a t e s and 35 l ines was p roposed . T h r e e 

l eve l s -with ene rg i e s 0(1 = 1), 38. 713 (I = 2) and 114. 543 (I = 3) w e r e found 

to belong to the K = l " g rounds ta t e ro t a t i ona l band. A s t a t e at 149. 721 keV 

(1 = 0, K = 0 ) was d e t e r m i n e d , whe rea s an even p a r i t y s t a t e 1 = 3, K = 3 

was s t ipula ted at 183 .193 keV. F u r t h e r l eve l s at ene rg i e s 204.452 keV, 

219 .713 keV, 270.555 keV, 349.727 keV, 411 .45 keV, 604. 08 keV, 

661. 91 keV keV and 719. 21 keV w e r e sugges t ed . Most of t h e s e s t a t e s a r e 

i n excel lent a g r e e m e n t with ( d , p ) - s t u d i e s . 

5. G a m m a rad ia t ion f r o m the r eac t i on Hg 199(n,p) Hg 200 

B . P . K . Ma ie r , U. Grube r , R. Koch and O. W. B. Schult , Labor f . Techn . 

P h y s i k , TH-Munchen and R e s e a r c h E s t a b l i s h m e n t Riso , D e n m a r k . ' 

x) To be pub l i shed . 
SK) TO be publ ished in Z e i t s c h r i f t f u r P h y s i k . 
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103 g a m m a t r a n s i t i o n s in Hg 200 have been o b s e r v e d . 37 of t h e m 

w e r e f i t ted in to a l eve l s c h e m e which c o m p r i s e s 17 s t a t e s . The ene rgy 

of t he one-phonon v ib ra t iona l s t a t e I « 2 + h a s been d e t e r m i n e d t o b e 

367. 970 - 0. 020 keV, that of the two-pnonon v ib ra t iona l t r i p l e t 947. 34 keV, 

1029. 37 keV and 1254. 20 keV. F u r t h e r l eve l s have been found at e n e r g i e s 

of 1570 .30 keV, 1571.7 keV, 1594 .3 keV, 1631 .5 keV, 1641 .5 keV, 1718 .5 keV, 

1730 .8 keV, 1775.7 keV, 1842.9 keV, 1882 .9 keV, 2062.6 keV and 2082.9 keV. 

6. Neut ron c a p t u r e g a m m a s p e c t r u m and l eve l s c h e m e of E r 167 

R. H. Koch, Labo r f . Techn,, Phys ik , TH-Miinchen and R e s e a r c h 

E s t a b l i s h m e n t Riso , D e n m a r k . 

The (n, y ) - s p e c t r u m of E r 167 was inves t iga ted . The e n e r g i e s and 

i n t e n s i t i e s of 47 t r a n s i t i o n s w e r e m e a s u r e d . 22 of t h e m w e r e f i t t ed in to a 

l e v e l s c h e m e . The ro t a t iona l bands of t he K = 7 / 2 + £ 6 3 3 ] l •» K * 1 / 2 " L5 2 :G j 

and K a 5 / 2 " j_512j s t a t e s w e r e found up to the spin va lues I = 11 /2 , 9 /2" 

and 7 / 2 " . G a m m a v i b r a t i o n a l s t a t e s of t h e s e Ni l sson o r b i t s w e r e d e t e r m i n e d 

or p r o p o s e d . The ene rgy of the K = 5 /2 ^523^ s t a t e was sugges t ed . The 

b rand ing r a t i o s w e r e c o m p a r e d with t h e o r e t i c a l p r e d i c t i o n s . 

7. Neut ron c a p t u r e g a m m a r a y s and leve l s c h e m e of E r 168 ^ ^ 

R. H. Koch, Labo r f . Techn . Phys ik , TH-Munchen and R e s e a r c h 

E s t a b l i s h m e n t R i so , D e n m a r k . 

Dur ing the i r r a d i a t i o n of a E r 167 s a m p l e by t h e r m a l n e u t r o n s 

211 g a m m a l i ne s w e r e m e a s u r e d , us ing the bent c r y s t a l s p e c t r o m e t e r . 

The fol lowing ro t a t i ona l bands of E r 168 w e r e d e t e r m i n e d : The g rounds ta te 

band up to the spin va lue 1 = 8, the g a m m a v i b r a t i o n a l band beginning a t 

x) T h e s i s , to be publ i shed in Z e i t s c h r i f t f . P h y s i k . 

xx) T h e s i s , to be publ ished in Z e i t s c h r i f t f . P h y s i k . 
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821 keV up to I = 8, one t w o - p a r t i c l e s t a t e at 1094 keV with K ^ » 4~ 
(TO 

and the c o r r e s p o n d i n g ro t a t i ona l band up to I - 8. A K = 3 r o t a t i o n a l 

band up to I = 7 w a s found to have the band head at 1541 keV. The in t ens i ty 

r a t i o s of t r a n s i t i o n s from, the g a m m a band to the g rounds ta te band w e r e 

u sed to d e t e r m i n e t h e r o t a t i o n - v i b r a t i o n i n t e r a c t i o n . The in tens i ty r a t i o s (or} _ ( TTI of t r a n s i t i o n s f r o m the Kv ' = 3 t o t he Kv ' = 4 band w e r e wel l expla ined 

a s s u m i n g a Cor io l i s coupling be tween t h e s e b a n d s . 

8. G a m m a r a y s f r o m the r e a c t i o n s V 50 (n, -y) V 51, V 51 (n, ~y) V 52, 

Y 89 (n, y) Y 90 and Sc 45 (n, y) Sc 46. 

P . v. A s s c h e , Mol, Be lg ium and 

U. G r u b e r , R. H. Koch, B . P . K. M a i e r and O. W. B . Schult , 

L a b o r f . Techn . P h y s i k , TH-Miinchen and R e s e a r c h E s t a b l i s h m e n t 

R i so , D e n m a r k . 

S e v e r a l g a m m a t r a n s i t i o n s w e r e o b s e r v e d in V 51, which has not 

been inves t iga ted b e f o r e . The leve l Scheme in V 52, p roposed by p r e v i o u s 

a u t h o r s , was checked and the a c c u r a c y of t he t r ans i t i on e n e r g i e s was i m -

p roved in the a v e r a g e by a f a c t o r of 5 in r e s p e c t to e a r l i e r w o r k s . 

The (n, v ) - s p e c t r u m of Y 90 r e v e a l e d roughly 10 l i n e s , tha t of Sc 46 

app rox ima te ly 40. 

IV STRUCTURE INVESTIGATIONS 

1. C r y s t a l s t r u c t u r e inves t iga t ions by a neut ron d i f f r ac t i on 

t i m e - o f - f l i g h t s p e c t r o m e t e r u s ing powder s a m p l e s 

K. Mikke and B. Lebech . 

The e x p e r i m e n t a l method was d e s c r i b e d in the p r e v i o u s p r o g r e s s 

r e p o r t . Since then we have main ly s tudied the ef fec t on the r e so lu t ion of 

s a m p l e s i z e , chopper speed , e n t r a n c e co l l imat ion and counter t h i c k n e s s . 

We have used s a m p l e s of the A1 and Si f o r ca l ib ra t ion p u r p o s e s , w h e r e a s 
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s a m p l e s a s P b ^ O ^ , PbC>2 and PbTiO^ give an ind ica t ion of the p o s s i b i l i t i e s 

of t he me thod . 

P i g . 3 shows the r e s o l u t i o n a s a funct ion of wavelength f o r v a r i o u s 

chopper s p e e d s f o r a s c a t t e r i n g angle 90° . The r e s o l u t i o n i s de f ined a s 

t h e hal fwidth of a d i f f r ac t i on peak r e l a t i v e to t h e peak wavelength. 

Also shown in F i g . 3 a r e the r e s u l t s obtained f o r Al by the Con-

vent iona l Method and the r e s u l t s f o r Si obtained a t t h e pulsed r e a c t o r in 

Dubna by t h e T i m e - o f - F l i g h t Method. The lower Dubna cu rve r e f e r s to 

1% HgBOg po i sen ing of t he m o d e r a t o r s . 

The r e s o l u t i o n f o r the T i m e - o f - F l i g h t Method c o m p a r e s f a v o u r a b l y 

wi th the Convent ional Method. Cagl io t i e t . a l . however were able to 

obtain a r e so lu t i on about 1% o v e r the fu l l r a n g e of observed a lumin ium 

r e f l e c t i o n s by u s ing a t r i p l e a x i s s p e c t r o m e t e r in t he e l a s t i c a r r a n g e m e n t , 

which i s a m u c h m o r e e l a b o r a t e s y s t e m than the T i m e - o f - F l i g h t S p e c t r o -

m e t e r . 

2. C r y s t a l s t r u c t u r e ana lys i s of s ing le c r y s t a l s with t h e T i m e - o f -

Fl ight S p e c t r o m e t e r 

K. Mikke and B. Lebech . 

A s l igh t modi f ica t ion of the T i m e - o f - F l i g h t S p e c t r o m e t e r gives a 

su i t ab le a r r a n g e m e n t f o r s ing le c r y s t a l work . T h e method u t i l i s e s t h e 

po lych rgma t i c b e a m . F o r a given s c a t t e r i n g angle and p r o p e r l y ad ju s t ed 

or ien ta t ion of the c r y s t a l the B r a g g condition wil l be s a t i s f i e d f o r a s e r i e s 

of wavelengths c o r r e s p o n d i n g to s u c c e s s i v e o r d e r of r e f l e c t i o n s . By us ing 

a wide r a n g e of s c a t t e r i n g ang le s , s e v e r a l r e f l e c t i o n s f r o m one zone can 

be studied s imu l t aneous ly . 

x) G. Cagl iot i and D. Tocche t t i : Nucl . Ins t . Met . 32 (1S65) 181 - 189. 
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3. Inve r t ed f i l t e r method combined with the T ime-o f -High t 

S p e c t r o m e t e r 

K. Mikke and B. L e b e c h . 

A m i n o r modi f ica t ion of t he T i m e - o f - F l i g h t S p e c t r o m e t e r r e s u l t s 

in a s i m p l e f ac i l i t y f o r the m e a s u r e m e n t s of double d i f f e r e n t i a l c r o s s 

sec t ion f o r i ne l a s t i c s c a t t e r i n g of s low n e u t r o n s . The n e u t r o n s s c a t t e r e d 

at a f ixed angle with an ene rgy l o s s a r e s e l e c t e d by a d e t e c t o r sh ie lded 

with be ry l l i um " ' . T h e method i s p a r t i c u l a r l y u s e f u l f o r s tud ie s of m o l e c u -

l a r dynamics of incoheren t ly s c a t t e r i n g so l ids . 

4 . Inves t iga t ions of the magne t i c s t r u c t u r e of C r - a l l o y s 

H. B j e r r u m Mol le r and A. R. Mackin tosh 

The pe r iod and ampl i tude of the sp in wave in C r and C r - a l l o y s has 

been s tudied by n e u t r o n d i f f r ac t ion us ing a c r y s t a l s p e c t r o m e t e r . 

I t was found tha t the pe r iod a s wel l a s t h e magne t i c m o m e n t of the 

spin wave in C r - V a l loys was d e c r e a s i n g with i n c r e a s i n g amoun t s of V. 

In C r - M n a l loys the spin wave was found to be c o m m e n s u r a t e with 

the l a t t i c e and with a l a r g e r magne t i c moment than found f o r p u r e C r . 

In thin C r - R e a l loys a coex i s t ence of p u r e a n t i f e r r o m a g n e t i c and 

s inuso ida l sp in s t a t e was found, whi le f o r t h i c k e r C r - R e a l loys such a 

coex i s t ence only ex i s t ed at low t e m p e r a t u r e , while the a l loys a t r o o m 

t e m p e r a t u r e was found to be p u r e a n t i f e r r o m a g n e t i c . 

V CRITICAL NEUTRON SCATTERING 

x) B . N. B r o c k h o u s e e t . a l . IAEA Symp. Vienna (1960) 487. 
xx) p r e s e n t a d d r e s s : Iowa Sta te Univers i ty , A m e s , Iowa, U . S . A . 
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1 . A n e u t r o n d i f f r a c t i o n s tudy of t h e o r d e r - d i s o r d e r 

t r a n s f o r m a t i o n in (3 -b rass 

O. W. D i e t r i c h and J . A l s - N i e l s e n . 

N e u t r o n s c a t t e r i n g a r o u n d a s u p e r l a t t i c e r e f l e c t i o n i n ( J - b r a s s 

e . g. (100) r e f l e c t i o n , y i e l d s i n f o r m a t i o n abou t t h e l o n g r a n g e o r d e r p a r a m e -

t e r LRO and t h e s h o r t r a n g e o r d e r p a r a m e t e r s , c o m m o n l y d e s c r i b e d b y a 

c o r r e l a t i o n f u n c t i o n y (R) f o r occupa t ion of l a t t i c e s i t e s . 
2 

LRO i s m e a s u r e d a s t h e i n t e n s i t y of t h e s u p e r l a t t i c e B r a g g - r e f l e c -

t ion , wh ich only e x i s t s be low t h e t r a n s f o r m a t i o n t e m p e r a t u r e . T h e m a i n 

i n t e r e s t i s t h e t e m p e r a t u r e d e p e n d e n c e of L R O . T h e o ld t h e o r y of Bethe"^ 1 / 3 g ives L R O ^ ( T c ~ T ) ' w h e r e T £ i s t h e t r a n s f o r m a t i o n t e m p e r a t u r e . 
o\ i Io 

N e w e r t h e o r i e s " ' f i nd L R O r \ j ( T c ~ T ) ' . P r e l i m i n a r y e x p e r i m e n t a l r e s u l t s 

of t h i s i n v e s t i g a t i o n give a p o w e r i n t h e t e m p e r a t u r e l aw s l i gh t ly l e s s t han 

1 / 3 . 

T h e s h o r t r a n g e o r d e r g i v e s r i s e t o c r i t i c a l n e u t r o n s c a t t e r i n g 

a r o u n d T c « T h e r a n g e of s h o r t r a n g e o r d e r d e t e r m i n e s t h e width a n d the 

i n t e n s i t y of t h e c r i t i c a l d i f f r a c t i o n p e a k s . A s s u m i n g t h e s h o r t r a n g e o r d e r 
3) 

p a r a m e t e r s to fo l l ow t h e O r n s t e i n - Z e r n i k e c o r r e l a t i o n f u n c t i o n ' 
2 

Y (R) r>j 1 / r ^ exp ( - ' V t ^ R j / R , t h e c r i t i c a l p h e n o m e n o n i s d e s c r i b e d by the 

two t e m p e r a t u r e dependen t p a r a m e t e r s r ^ and In t ha t c a s e t h e width 

a t half m a x i m u m of the d i f f r a c t i o n p e a k i s 2 X j * and t h e c r i t i c a l i n t e n s i t y - 2 

i s p r o p o r t i o n a l t o , m a k i n g p o s s i b l e t h e d e t e r m i n a t i o n of t h e 

t e m p e r a t u r e d e p e n d e n c e of bo th r^ and IL^ and a l s o of t h e a b s o l u t e v a l u e 

of K ^ . 

T h e e x p e r i m e n t a l r e s u l t s y i e ld e x c e l l e n t a g r e e m e n t b e t w e e n t h e 

s h a p e of t he m e a s u r e d c r i t i c a l d i f f r a c t i o n p e a k s and t h e s h a p e p r e d i c t e d 

by the O r n s t e i n - Z e r n i k o c o r r e l a t i o n f u n c t i o n . 

A c c o r d i n g t o t h e o r y O ^ U ^ ) " 2 < ^ / [ ( T - T c ) / t ] V . T h e E l l i o t and 

M a r s h a l l t h e o r y 3 ) g ives Y c 1 w h e r e a s t h e High T e m p e r a t u r e E x p a n s i o n 

T h e o r y 4 ^ g i v e s y = 5 / 4 . T h e d a t a ob ta ined fo l l ow n i c e l y a p o w e r l a w wi th 
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"Y = 1 . 1 1 - 0 . 1 . r ^ i s expe r imen ta l ly found to v a r y l i nea r l y with t e m p e r a -
4. T—T 

t u r e , the t e m p e r a t u r e coef f ic ien t being 3 . 6 - 1. 2 ( r e f e r r e d to c / T ) . 

"VVe want to point out tha t t h e s e r e s u l t s a r e only p r e l i m i n a r y . 

F u r t h e r work on t h e c r i t i c a l s c a t t e r i n g i s c a r r i e d out with speciu 

a t tent ion to the c r i t i c a l s c a t t e r i n g below T . 

R e f e r e n c e s : 

1) H . A . Be the , P r o c . Roy. Soc. (London) A 150, 552 (1935) 

2) I . M . E s s a m and M. E . F i s c h e r , J . C h e m . P h y s . 802 (1S63) 

3) R . I . El l io t and W. M a r s h a l l , R e v . M o d . P h y s . 30, 1, (1958) 

4) C. Domb and M. F . Sykes , P r o c . Roy. Soc. (London) A 240, 214 (1957) 

2. C r i t i c a l magne t ic s c a t t e r i n g of n e u t r o n s in c h r o m i u m 

H. B j e r r u m Mol le r , K. B l inowsk i x ) , A. R. Mackintosh**^, T . B r u n * x ) , 

and P . Nielsen***) . 

The 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 ch romium f o r 

t e m p e r a t u r e s above the Neel point has been s tudied in o r d e r to d e t e r m i n e 

the t e m p e r a t u r e dependence of t he s p i n - c o r r e l a t i o n - r a n g e . 

The r e s u l t s have been publ ished on the In terna t ional Confe rence 

on Magnet i sm, Nottingham 1964. 

VI INELASTIC NEUTRON SCATTERING 

H. B j e r r u m Mel l e r and A. R. Mackintosh**^. 

x) p r e s e n t a d r e s s : Ins t i tu te Badan, Jagrowych , Swierk k. Otwocka, 
War saw , Po land . 

xx) p r e s e n t a d r e s s : Iowa State Univers i ty , A m e s , Iowa, U . S . A . 
xxx) p r e s e n t a d r e s s : H. C. 0 r s t e d Ins t i tu te , Univers i ty of Copenhagen. 
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The phonon s p e c t r u m of ch romium h a s been s tudied by the ine la s t i c 

s c a t t e r i n g of t h e r m a l n e u t r o n s . A t r i p l e a x i s s p e c t r o m e t e r s i tua ted a t t he 

DR 3 r e a c t o r was used f o r t h e s e e x p e r i m e n t s and the phonon d i s p e r s i o n 

c u r v e s w e r e s tudied in s y m m e t r y d i r e c t i o n s , u s ing the cons tant q method , 

with f ixed energy of the s c a t t e r e d n e u t r o n s . T h e s p e c i m e n s w e r e s ing le 

c r y s t a l s of pu re c h r o m i u m m e t a l in t h e a p p r o x i m a t e f o r m of a cy l inder 

4 c m long and 1 ciu in d i a m e t e r . They could be p laced in a n i t rogen c r y o s t a t 

o r in an oven whose t e m p e r a t u r e could be v a r i e d o v e r a r a n g e between r o o m 

t e m p e r a t u r e and approx ima te ly 600°K. One of t h e s e c r y s t a l s had e a r l i e r 

been used f o r s tud ie s of c r i t i c a l magnet ic s c a t t e r i n g in c h r o m i u m (1). 

Well def ined neu t ron groups w e r e obse rved f o r mos t of the q va lue s 

s tud ied . T h e i r in tens i ty was a s g rea t a s t h r e e t i m e s the background in tens i ty , 

which was p r inc ipa l ly due to incoheren t s c a t t e r i n g f r o m the c r y s t a l . The 

r o o m background counting r a t e was approx imate ly 5 counts p e r minu te . 

The d i s p e r s i o n c u r v e s in s y m m e t r y d i r ec t ions a r e shown in Fig.. 4 . 

Because of poor ly f o r m e d neutron groups , the phonon e n e r g i e s between P 

and H a r e r a t h e r unce r t a in at p r e s e n t . T h e s e d i s p e r s i o n c u r v e s b e a r a 

c lose r e s e m b l a n c e to those of tungsten (2) and molybdenum (3) and can 

t h e r e f o r e a l so be f i t ted quite c lose ly by a f o r c e constant s c h e m e extending 

to t h i rd n e a r e s t ne ighbours . The phonon e n e r g i e s s c a l e approx imate ly a s 

the i n v e r s e s q u a r e roo t of the ionic m a s s e s , indicat ing s i m i l a r f o r c e con-

s t a n t s and mani fes t ing the s i m i l a r i t y in the e l ec t ron ic s t r u c t u r e s of t he 

t h r e e m e t a l s . No anomal i e s of the type found in molybdenum (3) w e r e ob-

s e r v e d . 

When the c r y s t a l s w e r e heated f r o m approx ima te ly 100°K to 400°K, 

the neu t ron groups p r o g r e s s i v e l y b roadened , but no change could be ob-

s e r v e d in the phonon e n e r g i e s . One of the c r y s t a l s used in these e x p e r i -

m e n t s contained a s m a l l uniaxia l s t r a i n , which produced a l a r g e magnet ic 

an i so t ropy (1). Th i s an i so t ropy was not r e f l e c t e d in the phonon s p e c t r u m , 

n o r was any change obse rved in the ene rg i e s of those phonons with wave-

lengths n e a r to the magnet ic per iodic i ty of the c r y s t a l , when it was hea ted 
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through the N e e l t e m p e r a t u r e . T h e coupl ing be tween t h e magne t i za t ion 

waves and the l a t t i c e i s t h e r e f o r e p r e s u m a b l y s m a l l . 

Th i s work w a s p r e s e n t e d on the IAEA Sympos ium on the Ine l a s t i c 

Sca t t e r ing of N e u t r o n s , Bombay 1964. 

R e f e r e n c e s : 

1. H. B j e r r u m Mai l e r , K. Bl inowski , A. R. Mackintosh and T . O. Brun , 

Solid Sta te Communica t ions 2, 109 (1964). 

2 . S. H. Chen and B. N. Brockhouse , Solid State Communica t ions 2, 

73 (1964). 

3. A. D. B . Woods and S. H. Chen, Solid State Communica t ions 2, 233 

(1964). 

V n THE NEUTRON g-DECAY HALF L I F E 

C . J . C h r i s t e n s e n , Arne Nie l sen 

and A. Bahnsen x ^ , W. K. B r o w n X X \ B . M. RustadK K M^. 

This expe r imen t ha s been d e s c r i b e d in p r e v i o u s p r o g r e s s r e p o r t s . The 

ma in idea of the expe r imen t i s a s fo l lows . The p ' s f r o m the decaying 

neu t rons a r e de tec ted by two p las t i c sc in t i l l a t ion c o u n t e r s . The s c i n t i l -

l a t o r s a r e p laced in a homogeneous magne t i c f i e ld , so that the two 

5 x 10 x 93 cm s c i n t i l l a t o r s and the f i e ld l ines connect ing the edges of the 

s c in t i l l a t o r s de f ine a r e c t a n g u l a r "box" of 5 x 10 x 20 cm s i z e . When a 

neu t ron beam i s p a s s i n g th i s box p a r a l l e l t o the 10 cm s ide of the s c i n t i l -

l a t o r the p a r t of the beam which i s i n s ide the box will be the e f fec t ive 

s o u r c e . The g e o m e t r i c a l e f f ic iency of the d e t e c t o r s f o r th i s s o u r c e i s 

100%. By m e a n s of th i s de t ec to r s y s t e m the ene rgy s p e c t r u m of t he n e u -

t r o n decay p ' s can b e s tudied. 

x) p r e s e n t a d r e s s : The Univers i ty of R o c h e s t e r , N . Y . , U . S . A . 
xx) p r e s e n t a d r e s s : Los A lamos Scient i f ic L a b o r a t o r y , New Mexico, U . S . A . 
xxx) p r e s e n t a d r e s s : Brookhaven Nat ional L a b o r a t o r y , Upton, N . Y . , U . S . A . 
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B e s i d e s t h e decay r a t e it i s n e c e s s a r y to know t h e neut ron dens i ty 
3 

in t he s o u r c e . T h i s i s m e a s u r e d by m e a n s of a He - p r o p o r t i o n a l c o u n t e r . 

In the p a s t y e a r a new d e t e c t o r s y s t e m h a s been f in i shed . The 

p r i n c i p l e was d e s c r i b e d in the l a s t p r o g r e s s r e p o r t . The s y s t e m h a s a 207 
r e so lu t i on of 20% f o r 976 keV conver s ion e l e c t r o n s f r o m Bi . The length 

of t he l ight guide i s a round 1 m . 

The background in the e l ec t ron de t ec to r ha s been i m p r o v e d so that 

we have now 5 d e c a y s p r . s e c . 3 c / s r o o m background , 0 . 5 c / s background 

f r o m f a s t n e u t r o n s and r e a c t o r -y's coming f r o m o u r own fac i l i ty and 0. 5 c / s 

c a p t u r e y ' s f r o m our b e a m . Th i s should be good enough f o r a t l e a s t a 3% 

m e a s u r e m e n t . 
3 

The He p ropo r t i ona l counte r i s f in i shed and a c o m p a r i s o n with a 

gold fo i l i r r a d i a t i o n gave l e s s than 2% d i f f e r e n c e . 

At p r e s e n t the decay s p e c t r u m i s be ing s tudied and the de t ec to r 

a r r a n g e m e n t with a s s o c i a t e d e l e c t r o n i c s i s being s tudied in de ta i l . 

VIII P I L E OSCILLATOR MEASUREMENTS 

P . Sk je rk C h r i s t e n s e n . 

The work with the P i l e Osc i l l a to r at DR 1 has been concent ra ted on 

the following po in t s : 

i : M e a s u r e m e n t s of s e v e r a l compounds in the global o sc i l l a to r . 

i i : M e a s u r e m e n t s of v a r i o u s neut ron s o u r c e s . 

i i i : M e a s u r e m e n t s of t r a n s i e n t s in t roduced when a s a m p l e was shot 

th rough the c o r e in a t i m e of the o r d e r of 100 m s e c . These t r a n s i e n t s 

may give i n fo rma t ion of the c r o s s sec t ions (absorpt ion and sca t t e r ing ) 

of the s a m p l e . If the s a m p l e i s u r a n i u m one may be able to eva lua te 

the b u r n - u p of the s a m p l e . (These m e a s u r e m e n t s were c a r r i e d out 

on behalf of B r o w n - B o v e r i / K r u p p , G. m . b . H . , Ju l i ch , Germany) . 
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i v : In o r d e r to c o n s t r u c t a p i l e o s c i l l a t o r u t i l i z ing the l o c a l e f f e c t , an 

a n n u l a r ioniza t ion c h a m b e r was m a d e . One i t e m h a s b e e n working 

s a t i s f a c t o r i l y i n DR 1 du r ing the whole p e r i o d and i m p r o v e d 

v e r s i o n s have been p r o d u c e d . 




