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ABSTRACT 

LBL-1981 

Some criteria are proposed which should allow greatly increased 

sensitivity of nuclear y-decay studies to possible time reversal 

violation (TRV). While the nature of TRV is not known at this time, 

general arguments show that strongly hindered Y"-transiti.ons would 

greatly magnify any TRV.effects, regardless of the source of TRV'. 

Hindrance can be a more significant criterion ih choosing nuclei for 

investigation than that previously employed -.namelymultipole mixing 

ratios near unity. Some promising nuclear transitions are indicated 

* work performed under the auspices of the U. S. Atomic Energy Commission. 



--'2-

. 1 
Since the observation of spatial symmetry {parity) viol~tion, the 

question of time reversal symmetry violation has been examined in numerous 

2 calculations and experiments. The possibility of time reversal violation 

in nuclear interactions was suggested by the observation of CP {charge con-

jugation and parity) violation in the decay of the long-lived neutral K 

meson, 3 which implies T (time reversal) violation if CPT conservation is 

taken as valid. 

In low-energy nuclear physics the approach has beeri based on the fact 4 

that in a mixed multipole y-transition {with multipolarities L and ~ , where, 

for example, L = Ml and L' :d E2) time reversal invariance requires that the 

relative phase of the reduced matrix elements between states 1 and 2 must 

be 0 or 180°; that is, < 2 II L' If 1 > I < 2 II L II 1 > = I ol eiT}, with Tl = 0 or TT. 

A small TRV gives rise to a small deviation of T} from 0 or TT ; thus the mixing 

ratio becomes complex. All attempts in the past have been made to measure n 

by choosing o - 1 for greatest sensitivity. However, th~ approach emphasized 

here affords considerably more sensitivity to TRV in nucleon-nucleon inter-

actions than has been previously utilized. 

While the existence and the mechanism of TRV are a matter of speculation 

at this time, TRV would necessarily appear as a time-odd nucleon-nucleon inter-

action and possibly as a TRV electromagnetic transition operator as well. 

In the first case we have a nuclear hamiltonian H • H + H where H is the e o e 

main part which is even (invariant) with respect to the time reversal operator 

-1 -1 T, and H
0 

is the time-odd part; i.e. T Her = He and T H T = -H .. 0 0 In the 

second case, TRV effects may also arise if the transition operator L has an 
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even and odd part, L = L + iL 
e o 

5,6 
(The i has bet:!n taken out of the operator 

to show explicitly the time reversal violating phase.) He now consider sep

arately the effect of these two cases on the experimental obserVables. 

First, if H = H + H the mth state of the complete hamiltonian in 
e o -

terms of eigenstates In> of the main H part is in first order perturbation 
e e 

theory 

lm > 
I. 

<niHim > 
=lm .. >+E eo e 

e n E - E m n 
In > e 

(1) 

where the summation includes all states In >of the same spin and parity as 
e 

the state lm >. SincE:: < n IH I m . > is purely imaginary we can rewrite this e o e 

equation 

I m > = I m > + ie: I m > 
e m o 

(2) 

where e: is the amplitude of the out-of-phase part of the wave function(of m 

the order of H /H ) which reflects TRV. o e 
, . 

The interference between L and L gives rise to TRV observables, 0 , in 

experiments. This is generally written as 

0 = I 0 I sin n/ (1 + I 0 1
2) = Im( < 211111 1 > < 2IIL'IIl -J) X 

[I< 2llLlll :>f 2 + I< 2111' If! >1 2 ] -l 

or to first order in e:1 and e: 2 

(3) 
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[

< 2 IIL'JI"i > [e:l < 2 II L Ill >- e:2< 2 II L Ill>] .] e .- e e o o e 

- < 2. IlL II 1 > [e:1< 2 II t lrl >- e:2< 2 11r.!111 >j 
:..---------e~--~e~--~--~e----~0~---~---o~--~e~~ 0 = (4) 

I< 2 IlLII! > I 
2 + I< 2 IIL'II1 >I 2 

e e e e 

In the second case (that is if TRV is dominated by TRV in the electro-

magnetic transition operators, i.e. in photon-nuclear coupling) we have 

< 2IILII1 > = < 2IIL Ill > + i < 2IIL Ill > e o (5) 

with < 21JL Ill >and < 2IIL Ill > real .. 
e o 

In ::his case 

0 = 
< 2IIL' lrl > < 2IIL Ill > - < 2IIL Ill > < 2IIL' lfl > e o e o (6) 

I< 211LIIl >1 2 + I < 2llt' IIi >I 2 

to first order in L and L' 0 0 • 

In both cases, Eqs. (4) and (6), the "normal" (time-even) terms (for 

example < 2 IlLII! > and < 2IIL Ill >}appear linearly in the numerator and e e . e .. 
quadratically in the denominator. Thus, in strongly hindered transitions 

where these terms are small, the effect of the small time-odd terms can be 

' : ·. ·<! .. ' : : ...... : > ! ~·· . . ~' 

:.;,..-,· 



-.. 

-5-

magnified as lon~ .as they are not equally hindered. While little is'known 

about the time-odd hamiltonians and operators, they are certainly different 

from the time-even hamiltonians and operators and have a different momentum 

dependence. In contrast to He, the biggest contribution to H
0 

is probably 

6 a three-body interaction. Although 1 involves one-body operators, 1 is 
e o 

probably mainly a two-body 
6 operator. Thus they are very unlikely to be 

similarly hindered. 7 The explicit time-reversal calculations of ref. 6 also 

suggest the advantage of a hindered transition in TRV studies, and hindrance 

8 due to isospin is predicted to enhance TRV effects in B - decay. 

9 It should be noted that there is no a priori advantage to having 0 ~ 1 

for instance if TRV appears primarily as < 2111 Ill > , there 1.·s no need what-a , 

soever to have < 2111' 1r1 > comparable with < 2111111 > , 1. e. o ~ 1 for small 

n. 10(In any event, choosing a case in which o ~ 0.05 loses an order of magnitude 

in the sensitivity of 0 to n relative to o ~ 1; however, if the foriner case is 

hindered by, say, 108 , a net incraase in sensitivity of perhaps 2-3 orders 

of magnitude may be obtained.) With less emphasis on the requirement that 
.t• ~· ' ' 

o ~,1 the experimentalist's choice of transitions is increased considerably, 

allowing him to base his choice on ·other experimental considerations (for 

example, favorable branching ra~ios, convenient y-ray energy, half lives, 

ease of polarization, etc.). 

As can be, seen from the form of Eq. (1), TRV effects associated with 

the elastic internucleon potential can be enhanced if state ll >(or 12 >)has a 

nearby state of the same spin and parity (H is taken as parity and spin con
a 

serving). From Eq. (4) it is clear that it is helpful .if this level has a 

rapid transition to (from) state 12> (or 11> ), i.e.< 2 1/LIIl > e o 
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(or <2 IlLII! >) is large. Another situation occurs if the initial and o . e 

final states ·11 > and 12 > have the same spin; H
0 

will mix them directly, so 

that 

ll>=ll>+ie:l2 > 
e e 

12> = 12 > + i£ ll > e e (6) 

Then Eq. 3 becomes: 

l
< 2 IlL' 111 > (< 2 IILIJi >- < 1 IlLII! > ) ] e e e e e e 

- < 2 IlLII 1 > (< 2 IlL' lr2 > - < 1 IlL' 1r1 > ) e e e e e e. 0 = e: 
I< 2 IlL 111 >t 2 + I< 2 IlLII I >t 2 

e e e e . 

(7) 

Since < meiiLIIme> are the static moments ll, Q, etc., it is helpful if ll2 - llp 

Q2 - Q1 , etc., are large. 

Thus, although the TRV part of H or < IlLII > is expected to be small 

(10-3 if TRV occurs in electromagnetism11 or in the medium strong interaction, 

10-6 if it occurs in the weak interaction, and less than 10-9 if TRV occurs 

12 
in a super-weak interaction ), all but the latter should be measurable in a 

properly selected nuclear decay experiment. The present experimental upper 

limit placed 6n the electric dipole moment on the neutron places a limit of 

10-4 on the time and parity violation part of the internucleon potential. 13 

.· 
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Some examples of promising transitions are: 

L The 501-keV tr~nsition in 180Hf, where the E3/M2 (o ,;,.·5.3)7 

transition is five-fold K forbidden and the H2 hindrance is 10. 14 

-18 Thus, an out-of-phase M2 (L
0

) of 10 of the Weisskopf single particle 

~ntensity would give a measurable n =Vlo-18 x 1014 == 0. 01 . 

2. To investigate K-allowed transitions, the 282'"'keV (or 396-keV) 

i i i 175 h . trans t on n Lu s ould be studied. The El-hindrance is 107 (2 x 106) 

and o(M2/El) 14 is near to - 0.1 • 

3. The 922-keV transition in 184w has o(E3/El) 15 
== 0.24 and the 

El-hindrance is 1011 • The El is four-fold K- forbidden. 

All of these nuclei are readily polarized 7• 14 • 15 using 

ultra-low temperature techniques. 

The judicious selection of an appropriate nuclar y-transition for in-

vestigation can greatly enhance the sensitivity of experimental observables 

to any small TRV effects which may be present. One should, in fact, be able 

to achieve a comparative enhancement of inherently small TRV effects beyond 

-3 -6 16 -3 the 10 to 10 mock TRV effects expected and considerably beyond the 10 

present experimental upper limit on the size of the out-of-phase y-transition 

. 1 17 matr1.x e ement • The approach discussed in the present communication 

emphasizes the measurement of the size of this matrix element, rather than 

the amount by which it is out of phase. 
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