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The discovery of t h e  v i o l a t i o n  of CP-invariance i n  t h e  KE 

decay has  l e d  t o  t h e  suggest ion tha t  T-invariance may be violated 

i n  e lec t romagnet ic  i n t e rac t ions . '  Several  tests have been devised 

2 by Henley and Jacobsohn u t i l i z i n g  ord inary  gamma-ray angular  cor- 

r e l a t i o n  and beta-gamma-gamma t r i p l e  c o r r e l a t i o n  experiments.  The 

purpose of t h i s  Let ter  is t o  poin t  ou t  an a d d i t i o n a l  gamma-ray 

angu la r  c o r r e l a t i o n  experiment which is  s e n s i t i v e  t o  the 

T-vio la t ing  amplitude.  Although it i s  necessary t o  measure 

three s e p a r a t e  c o r r e l a t i o n s  t o  determine t h i s  ampli tude,  t h e  exper i -  

ment is r e l a t i v e l y  s imple i n  t h a t  these are t h e  ord inary  two-gamma- 

r a y  c o r r e l a t i o n s .  

The experiment proposed r equ i r e s  a three gamma-ray cascade 

as shown i n  F i g .  1. The second t r a n s i t i o n  must be mixed, a l though,  

f o r  t h i s  experiment,  t h e  mixing r a t i o  may have almost any va lue .  

Experimental ly ,  i t  is only necessary t o  measure t h e  second Legendre 

polynomial c o e f f i c i e n t  f o r  t h e  1 - 2 ,  2-3, and 1-3 gamma ray  angular  

c o r r e l a t i o n s .  
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I' If the  t h i r d  r a d i a t i o n  i s  unmixed, then t h e  c o e f f i c i e n t  

b (2 -3 )  for  t h e  angular  c o r r e l a t i o n  between the  second and t h i r d  

gamma r a y s  can be w r i t t e n  3 

I n  a similar f a sh ion ,  t he  c o e f f i c i e n t  b ( 1 - 2 )  i s  given by 

The phases have been chosen so t ha t  t h e  term l i n e a r  i n  6, t h e  mix- 

i n g  ra t io ,  is p o s i t i v e  i f  the  t r a n s i t i o n  i s  the first one i n  t he  

double gamma-ray cascade whose c o r r e l a t i o n  is being measured. 

As a number of a u t h o r s  have pointed ou t  t h i s  term i s  then 

opposite i n  s i g n  when t h e  t r a n s i t i o n  is the  second one i n  t h e  

cascade. The s i g n  change has been inco rpora t ed  i n t o  equa t ions  (1) 

and ( 2 ) .  

4 

The c o e f f i c i e n t  Ag(1-3) i s  given by  

Both equa t ions  (2)  and (3) involve c h a r a c t e r i s t i c s  of t h e  first 

t r a n s i t i o n ,  but  t h i s  can be el iminated by  forming t h e  r a t i o  
5 
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If time reversal invariance is not valid, then the mixing 

ratio will be complex, that is 6 = 161 el7 

where 7\ = ?(b) - 7\(d) 
and l r  different from Oo or 180°. 

Equation8 (1) and (4) can be combined in two wayo: 

Ao(l+G) + ~ F a ( I o b 3 4 J 3 )  = N F ! ( k b J a J a )  

+ 6 3 F a ( ~ ~ J , j a ) I / % ( ~ L o J r j a )  (5) 

The unknown quantities h(2-3) and R are measured experimentally, 

Equation (5) can be m?'r'ed for I 16a 1 if the spins of che ~uelear 

levels are known, and this value.then used In equation ( 6 )  to deter- 

mine ?. 

The disadvantage of this method over others proposed is 

that , rather than 7 ,  is determined. Therefore, T-noninvariant 

amplitudes less than a few per cent are difficult to detect. On 

the other hand, only a two gamma-ray angular correlation is being 

measured, and & coefficients can be measured very accurately. 

In addition, this method is rather insensitive to the magnitude 

of the mixing ratio. Since a precision measurement of the 

coefficient is necessary, considerable care must be taken in 
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. e v a l u a t i n g  t h e  f i n i t e  sol id  angle  c o r r e c t i o n .  I t  has  been 
4 

6 
r e c e n t l y  shown t h a t  t he  usual  c a l c u l a t i o n  us ing  the method of 

Rose7 can be inaccura t e  by several per cen t .  

A survey of t h e  l i t e r a t u r e  uncovered many c a s e s  where two 

of the three necessary c o r r e l a t i o n s  had been measured, but no t  a l l  

t h r e e .  Some of t h e  more favorable  cases are shown i n  Table 1, 

w i t h  t h e  appropr i a t e  t r a n s i t i o n s  ind ica t ed .  I n  gene ra l ,  most of 

t h e  cases were 2(Ml,E2)2(E2)0 t r a n s i t i o n s ,  but t he  only real 

requirement is t h a t  t h e  second t r a n s i t i o n  i n  the cascade be mixed. 

I n  looking f o r  o t h e r  cases, i t  is probably best to  avoid t r a n s i -  

t i o n s  from a second 2+ c o l l e c t i v e  s ta te  t o  a f irst  2+ e x c i t e d  

s ta te  s i n c e  many of these t r a n s i t i o n s  are pure electric quadru- 

po le  and have a low i n t e n s i t y .  F ina l ly ,  i t  is  not  necessary t h a t  

t h e  f i r s t  t r a n s i t i o n  i n  t h i s  cascade be a gamma r a y ,  s i n c e  a l l  of  

t h e  characteristics of  t h i s  t r a n s i t i o n  are canceled o u t ,  nor t h a t  

i t  be a s i n g l e  gamma ray  s i n c e  the  coupl ing of s e v e r a l  gamma r a y s  

as t h e  f i r s t  t r a n s i t i o n  i n  the angular  c o r r e l a t i o n  expressions 

i s  l i n e a r .  
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Parent 
Nucleus 

Table 1 

Cascade 
57 

74 
Fe h , a )  8.345- 0.81 - 0.805 

08 1.72  - 0 . 6 0  - 0.596 

- 0.60 - 0.596 

1.00 - On60 - 0.596 

B r  0,6 19-0.698-0.777 
82 

Rhloo 
1.58 - 0 .820-0  538 

1.11 - 0.820-  0.538 
106111 ,,lo5111 4i c r  A U A  1.23 - 0.813- Q.513 

Tb156 

1 . 1 4  - 0.613 -0 .513  

0.82 - 0.613- 0.513 

1.20 - 1.050- 0.513 

0.78 - 1.050-0.513 

0.74 - 1.050-0.513 

0 5352-1.2253-0.1992 

Spin 
Sequence 

0,l-2-2-0 

J -2 -2-0 

3-2-2-0 

J-2-2-0 

3-2 -a -0 

5-2 -2 -0 

5-2-2-0 

J-2 -2 -0 

5-2-2-0 

5-2-2-0 

5-2-2-0 

5-2-2-0 
5-2-2-0 

4-4-4-2 

Corre la t ions  
Measured 

2-3 

2-3 

2-3 

2-3 

1-2 
2-3 

2-3 

2-3 

2-3 

2-3 

2-3 

2-3 

2-3 

2-3 

1-2 
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