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An Angular Correlation Test of Time Reversal Invariance®

Richard A Kuebbingf and Karl J. Casper
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The discovery of the violation of CP-invariance in the K;
decay has led to the suggestion that T-invariance may be violated
in electromagnetic interactions.1 Several tests have been devised
by Henley and Jacobsohn2 utilizing ordinary gamma-ray angularicor-
relation and beta-gamma-gamma triple correlation experiments. The
purpose of this Letter is to point out an additional gamma-ray
angular correlation experiment which is sensitive to the
T-violating amplitude. Although it is necessary to measure
three separate correlations to determine this amplitude, the experi-
ment is relatively simple in that these are the ordinary two-gamma-
ray correlations.

The experiment proposed requires a three gamma-ray cascade
as shown in Fig. 1. The second transition must be mixed, although,
for this experiment, the mixing ratio may have almqst any value.
Experimentally, it is only necessary to measure the second Legendre
polynomial coefficient for the 1-2, 2-3, and 1-3 gamma ray angular

correlations.

*Supported in part by a grant from the National Aeronautics and Space:
Administration

fNASA Predoctoral Fellow .

0¥ N67 12178

AL . ‘5& (ACCESSION NPMBER) (THRU) 4
/,/ - 2
wABE (copg)

O Po

(NASA CR OR TMX CR AD NUMBER) (CATE RY)

FACILITY FORM 602



https://core.ac.uk/display/85249427?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

If the third radiation is unmixed, then the coefficient
Az (2-3) for the angular correlation between the second and third

3
gamma rays can be written

Az (2-3) = [F3(Lxlgjzja) + Z%Fa(leléjaja)
+ 8F (L515d2d3)] E2 (laladada)/(1+83) (1)

In a similar fashion, the coefficient Az (1-2) is given by

Ay (1-2) = [Fy(Ia1yd1dz) + 281 Fa(1q 1831 3)
+ 8 F(L{1{J1J9) [P (Lg Ly JaJz) - 263 F; (LgLiJads)
+ 8 F (18143332)1/(1+68) (1+83) (2)

The phases have been chosen so that the term linearvin 8§, the mix-
ing ratio, is positive if the transition is the first one in the
double gamma-ray cascade whose correlation is being measured.

As a number of authors have pointed out4, this term is then
opposite in sign when the transition is the second one in the
cascade. The sign change has been incorporated into equations (1)

and (2).
The coefficient Ag(1-3) is given by

80 (1-3) = {[B(Lilydada) + 26,8 (1f3302) + 638 (Li1513) )"
1
(232 +1)2 (233 +1)2 [W(jo Jz Jadz ;2La) - 83W(Jzdadada;2L8)]-
(-1 727 (1, 155035)) /7 (14+83) (14+63) (3)
Both equations (2) and (3) involve characteristics of the first

5
transition, but this can be eliminated by forming the ratio



R = Ag(1-2)/A3(1-3) = [Fy(IglyJada) - 282 F3 (Iglfjada)
v (151415020 1/{(-1) B350 (25541 (23013 T
[W(Jadadadai2le) - 83W(iadaladsi214)] Es (laladeda)) (4)

If time reversal invariance is not valid, then the mixing
ratio will be complex, that is § = |6| ein
vhere T = N(lg) - T(1{)
and is different from 0° or 180°.
Equatigns (1) and (4) can be combined in two ways:
g (1+83) + RGF3(lalodeds) = 2[Fy(Igladada)
+ 83Fa (1{183333) 1/ F; (Lo La e da) (5)

Ay (1+83) - RGF, (Iglo e Jo) = 4F; (Lp Ly Ja s )| 62 [cos N/F; (Lnlyde da)  (6)
where

G = (-1)87987980 (39, 11 (203 +1) T WCUz Ja Jods 21a) ~ 82W(Ja JaJads i214) ]

The unknown quantities Az (2-3) and R are measured experimentally.
Eguation (5) can be solved for }63} if the spins of the nuclear
levels are known, and this value.then used in equation (6) to deter-
mine T.

The disadvantage of this method over others proposed is
that’TF, rather than T, 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 A; 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

céefficient is necessary, considerable care must be taken in



evaluating the finite solid angle correction. It has been
recently6 shown that the usual calculation using the method of
Rose7 can be inaccurate by several per cent.

A survey of the literature uncovered many cases where two
of the three necessary correlations had been measured, but not all
three. Some of the more favorable cases are shown in Table 1,
with the appropriate transitions indicated. In general, most of
the cases were 2(M1,E2)2(E2)0 transitions, but the only real
requirement is that the second transition in the cascade be mixed.
In looking for other cases, it is probably best to avoid transi-
tions from a second 2+ collective state to a first 2+ excited
state since many of these transitions are pure electric quadru-
pole and have a low intensity. Finally, it is not necessary that
the first transition in this cascade be a gamma ray, since all of
the characteristics of this transition are canceled out, nor that
it be a single gamma ray since the coupling of several gamma rays
as the first transition in the angular correlation expressions

is linear.
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Fe57(n,1)

6374
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100
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nyg O sui

105m

o
-

Tb156

8.345- 0.81

Table 1

Cascade

0.805

1.72 - 0.60 - 0.596

6 -
1.00 -
0.6 18

1.58 -
1.11 -

1 .99 _
- s

1.14
0.82 -
1.20 -
0.78 -
0.74 -

0.5352-1.2253-0.1992

0.60 - 0.596
0.60 - 0.596
~-0.698-0,777

0.820-0 538

0.820-0.538
0.613-0. 813
0.613 -0.513
0.613- 0.513
1.080- 0.513
1.050-0.513
1.0560-0.513

Spin
Sequence
0,1-2-2-0

J=2-2-0

3-2-2-0

J=2-2-0

3-2-2-0

J=-2-2-0
J-2-2-0
J=2=2<0
J-2-2-0
J-2-2-0
J-2-2-0
J-2-2-0
J-2-2-0
4-4-4-2

Correlations
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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