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Unexpectedly large left-right asymmetry of the long range <X. - particles emission in ternary :i'­
fission of 233U relative to the plane formed by vectors of neutron spin and light fragment 
momentum was observed in the experiment performed on the polarized cold neutron beam 
of ILL HFR. The asymmetry coefficient occur to be equal to ( - 3.5 ± 0.1 ) * 10-3 • 

Ha nY'IXe nOIDIpH30BaHHbIX XOJIO,UHblX HeHl'pOHOB BblCOKOnOTOQHOrO peaKTopa HHCTHTYTa 
JIaY3-JIaH>KeBeHa Hccne.uoBaJIC1I HHTep$epeHUHoHHbIH 3lPlPeKT B yrnoBblx pacnpe.ueJIeHIDIX 
npoAYKToB .ueneHIDI B TPOHHOM .lJ.e.neHHH jijlep 233U. B pe3YJIbTaTe H3MepeHHH 06Hapy)l(eHa 
Heo)l{H)I,aHO 60JIbWaSI neBO - npaBaJI aCHMMeTplUI HcnycKaHHg ,ZVIHHHonp06e)KHblX a ­
tIaCTHU TpOHHOrO ,D;e.neHM a,nep 233U OTHOCHTeJIbHO 11JI0CKOCTH, onpe'ueJUleMOR BeKTOpaMH 
COHHa HeiITpoHa H HMnyJlbCa JIerKOrO OCKOJIKa. K034>cPHUHeHT aCHMMeTpHH OK838JICA: 
paBHblM ( - 3,5 ± 0,1 ) • ]0-3 • 
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The violation of Time Reversal Invariance in some hypotetic interaction follows from the 
observed CP violated asymmetry in KD meson decay in the assumption of the validity of 
CPT theorem. During more than 30 years many unsuccessful attempts were performed to 
find some indication on violation TRI in any nuclear processes or reactions. In many of 
them the T-odd angular correlation was searched. The simplest correlation, for example, in 
radiative capture of polarized thermal neutrons It/ is: 

W = Const.* (l + D * I * [K 1 x Kl]) , (1) 

where D - correlation coefficient, I - the unit vector in the direction of the polarization of 
) nuclei. KI and K2 are the unit vectors in the directions of emission of two gamma's from 

cascade decay of exited nucleus. The first transition of the cascade should has mixed 
multipolarity and if TRI is violated then phase between two multipoles must be differ 
from 0 or 7t. 

The same kind correlation has been searched for in polarized neutron decay /21 : 

W=Const.*(l +D*S*[Pe xP"J), (2) 

here S is the unit vector in the neutron polarization direction, Pe and P" are the unit vectors 
in the direction of electron and neutrino emisions, correspondingly. 

Such 'T-odd" correlations are forbiden only in the first order approximation of 
perturbation theory and thus in all cases there is some probability to find such correlation, 
which may arise due to interactions in the final state even when TRI does not violated. But 
never such effect has been observed. 

We decided to search for such correlation in ternary fission induced by polarized slow 
neutrons : 

W ::::. Const.• (1 + D*S*[Pr >< Pa.l) = Const. (l + D*B ). (3) 

where P a and Pc are the unit vectors in the directions of a.-particle and light fragment 
momenta respectively, and 

B==S·[PrxPa ]. (4) 

The proposal of such experiment has been published many years ago /3/ . 
The schematic draft of the detectors layout for TRI experiment is shown on the Fig.t. 

Longitudinaly polarized cold neutrons (et>pol = 6 x 10 8 nI(cm2 • s) ; P == 95% ) hits the thin 
mu target ( 0.1 mglcm2 ) evaporated onto a titanium foil with diameter 80 mm and 
thickness 0.12 mg/cm2 situated along the neutron beam. Complementary fission fragments 
detected by two multiwire proportional counters (MWPC) , placed at right angles to the 
beam in a horizontal plane at the equal distance from target ; the ternary a-particles were 
detected by two arrays of PIN-diodes in the up and down direction respective to central 
horizontal plane. 

In the expression (3) Pr is the momentum of the light fragment (4). To distinguish 
between light and heavy fragments the "time-of-flight difference methods" was used. The 
coincidences of light fragment pulse from left or right MWPC's with pulse of "up" or 
"down" a.-panicle detectors are counted separately. Of course, the sign of the function B 
depends on mode of coincidence. Asymmetry has been defmed by measurements the 
appropriate counts rates for two opposite directions of neutron polarization : 

b i = (N;'- N {') I (N {+ N {'), (5) 



2 

PIN-diodes 
ternary particles 

_~_· 7
 

MWPC 
fission fragments 

MWPC 
fission fragments 

PIN-diodes 
ternary particles 

____~__7 
I 

Fig 1. Schematic view of detector setup. 
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where N t'- the count rates of i-th mode of coincidence at positive helicity of the neutrons, 
N i" - the same at negative helicity. The polarization direction of the neutron beam was 
reversed every second using well known spin flip technique without changing other beam 
parameters. The symmetry of the geometry of detectors system provide us to measure four 
combinations of coincidence and hence four independent values of coefficient 0 : 

Table 1. Signs of function B for different mode of light fragment-a-partiete coincidence 

direction of light frament direction ofa-particle sign ofB 

1. light fragment is going to the left a.-particle is going up + 
2. -"- -"- -"- right " " up 
3. ." -"- -"- left -"- -"- down 
4. -"- -"- " right " -"- down + 

Hence the average value ofD will defined by : 

<D*> = (0*1- 0*2 - D*3 + 0*4) /4 
(6) 

D:::D*/ «B> * <Pn », 

where <B> is the average absolute value of B for our geometry of experiment. 

Me calculations gave: 
<B> = 0.71, 

<Po.> =0.95 is the average value of the neutron beam polarization. 
Appart from the correct (according to the Table 1) signs correlations there is an additional 

possibility to control the contribution of the systematic errors in values of D. Reversing the 
guide magnetic field without changing other parameters of measurements we can exclude 
the possible asymmetry effect arised due to the time alteration of the neutron beam 
intensity. 

Of course, the main test experiment is the same measurements on unpolarized 
(depolarized) beam. In the case of absence of any apparatus asymmetry the coefficient D 
should be equal zero. The results of measurements are shown in Table 2 . 

Table 2. Observed values for asymmetry coefficients D i* in the units of 10 -3 for 
longitudinally polarized and depolarized neutron beam 

mode of the 
coincidence 

i 

1 
2
 
3
 
4
 

guiding field 
+ 

(- 2.40 ± 0.12) 
(+ 2.12 ± 0.12) 
(+ 2.66 ± 0.12) 
(- 2.08 ± 0.12) 

guiding field 

(- 2.44 ± 0.12) 
(+ 2.38 ± 0.12) 
(+ 2.44 ± 0.12) 
(- 2.19 ± 0.12) 

depolarized neutron 
beam (guiding field 

+) 

(+ 0.53 ± 0.30) 
( - 0.26 ± 0.30) 
(- 0.40 ± 0.30) 
(+ 0.20 ± 0.30) 



The average value of asymmetry coefficient obtained by combining all eight results of 
measurements with polarized neutrons occur to be equal: 

<0.> == (- 2.34 ± 0.07)* 10-3 

and according to (6), 
D == (- 3.47 ± 0.10)*10 -3 • 

Thus such kind of interference effect has been observed for the first time. It can be 
considered as evidence that TRI is violated, but more probably that it is the interference 
effect in final states interactions (strong or Coulomb). To distinguish between these two 
possible explanations ( TRI violation or final state interaction) it's necessary to evaluate 
possible effects of the final state interactions. But because the complexity of final states in 
fission process it is not easy to do. It's obviously that necessary to obtain more detail data 
such as dependence of the correlation coefficient D on the mass and energy of fragments 
and the energy of ternary a-particle. 
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HHTep4>epeHUHOHHbllf 34>4JeKT B yrnoBbIX pacnpeAeneHIDIx npo,uyKToB "JPOHHoro .n;eneHIDI
 
AAep nOJUlpH30BaHHblMH XOHOAHhIMH HeHTpoHaMH.
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