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Large enhanced P-violations was discovered in several compound nuclei. A mechanism of P-
violation can be applied to enhancement of T-violation in compound nucleus. We plan the experi-
ment for sensitive T-violation search, however, the mechanism of P-violation(s-p mixing) has not
been verified in detail yet and the spin factor k(J) has not been measured in candidate nuclei for
T-violation search. We need to measure angular distributions in the (n,y) reaction for verification
of s-p mixing and determination of x(J) as a feasibility study for the T-violation search. The
(n,y) reaction of '3°La which is one of the candidate nuclei was measured with 47 germanium
spectrometer in J-PARC/MLF/ANNRI. A neutron spectrum and a y-ray spectrum for '**La was
obtained.
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1. T-violation search in compound nucleus

The parity violations enhanced by 10° times larger than that in nucleon-nucleon reaction have
been observed in compound nucleus reactions. The mechanism of the P-violating effect has been
proposed theoretically to be applicable to enhance the experimental sensitivity to the breaking of
the time-reversal invariance (T) by searching for the non- zero T-odd correlation terms in the p-wave
resonances[[l]. The advantage to apply the enhancement mechanism is that takes T-odd effects due
to the final-state interaction is expected to be negligibly small as long as the neutron propagation
through the target material can be described by the neutron optics.

The enhancement of T-violation is given as

W
Accp = K(J)WTAGP (1.1)

where Aocp and Aop are the CP-violating and P-violating cross section, W and W denote the CP-
and P-violating matrix elements.The x(J) is the spin factor given as
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where [ is the target nuclear spin and J the spin of the compound state and x and y are given as x*

=1“Z71 /2 / I, and y? :F; 32 / 1", respectively. FZJ /2 and F; 32818 the partial neutron width. x and y
can be defined by using only one parameter ¢ as x = cos ¢ and y = sin ¢. Equations (1.2) and (1.3)
visualize that the enhancement of the T-violation strongly depends on the parameter x.

When we assume s-p mixing [B], the partial neutron width can be estimated by the angular distri-
bution of individual y-rays from the compound resonance as long as both the spin of the compound
state (J) and the spin of the final state of the y-ray transition are known. The differential cross
section of the y-rays to unpolarized neutron can be written as

do 1 1
02 (a0+a1 cos B, +az(cos” O — 3)> (1.4)

where 0 is the polar angle of the outgoing y-ray momentum for the case that the incident neutron
is unpolarized and only s- and p-wave amplitudes are present. The parameters a; and as for y-ray
are given as cos @, sin @ and other resonance parameters [B].

We plan experiments for the sensitive T-violation search in J-PARC. Candidate nuclei for the ex-
periment are '*°La, '3'Xe, 8'Br,!"3In, ''7Sn and so on, which have the large enhanced P violation.
The enhancement of T-violation is based on the s-p mixing, however, the s-p mixing of these nu-
clei has not been verified in detail yet. Therefore the s-p mixing needs to be verified and k(J) of
these candidate nuclei need to determine with measurement of ag,a;.... term for feasibility study
of T-violation search.

These terms can be measured with precise angular distribution measurements of y-rays emitted
from compound nucleus directly. Therefore y-ray detectors which have high energy resolution and
angular resolution are needed to select y-rays from each transitions.
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2. Experimental setup

The experiments were carried out at ANNRI beam line of Materials and Life Science Ex-
perimental Facility (MLF) in the Japan Proton Accelerator Research Complex (J-PARC). In this
experiment, the proton beam power was 206 kW pulsed neutrons were provided with the repetition
rate of 25 Hz. The pulsed neutron beam was collimated to a 22 mm diameter at the target position.
The total measurement time with ANNRI was about 30 h (2.6 x 10° shot).
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Figure 1: Schematic of ANNRI

2.1 y-ray detectors at ANNRI

The (n,y) reaction was measured with 47 germanium spectrometer in ANNRI. The spectrome-
ter was located at 21.5 m flight length and consists of two cluster germanium detectors(14 channels)
and eight coaxial-shaped germanium detectors(8 channels) as shown in figurell. Each crystal was
installed at 36, 71, 72, 90, 108, 109,144 degree with respect to the neutron beam line.

The deposit energy of y-ray in germanium crystal and detection time of y-ray ware acquired as
two-dimensional data of neutron time-of-filght versus y-ray energy.

2.2 Target

The "La target whose size were 10 x 10 x 0.8 mm was used in this experiment. The purity of
"t 5 target were 99.9 %. "La consists of 0.09% of '38La and 99.91 % of '*°La.

3. Experimental results and analysis

Figure, B are y-ray spectrum and TOF spectrum for La target.
139La has 3 neutron resonances in lower energy region as shown in Table.ll [B]. The y-ray transition
in '¥La+n —'40 La are shown in figureB[d].
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Figure 2: 47 germanium spectrometer in ANNRI

Eo [eV] J | 1| 2gl [meV] | T'y [meV]
-48.63 0 62.2
0.734+0.100 1 0.00073 45 £5
72.3£0.1 0| 30.30+£0.85 | 52.6+5.4

Table 1: Resonance parameters of 13° La

In y-ray spectrum, almost all the intense photo
peaks for '3La(n,y) reaction were observed with high
energy resolution.

TOF spectrum was corrected by the beam spectrum
measured with 9B target. 0.734 eV p-wave peak and
72.3 eV s-wave peak of '*°La were observed in TOF
spectrum.

The angular distribution of 5161 keV 7y-ray from 0.734
eV p-wave resonance to '*La ground state were mea-
sured. Therefore x(J) can be estimated from this date
in principle. The analysis for k(J) is now in progress.

4. Conclusion

The T-violation in compound nucleus can be en-
hanced with the same mechanism of enhancement of
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Figure 3: Transitions from 3°La+n to

140La

the P-violation. We plan experiments for the sensitive T-violation search in J-PARC. The T-

violation in compound nucleus are proportional to the P-violation in compound nucleus and spin
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Figure 4: y-ray spectrum
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Figure 5: TOF spectrum

factor k(J). The candidate nuclei are '**La, *'Xe, 3'Br ,''3In, ''7Sn and so on, which have the
large enhanced P-violation, however, k(J) of these nuclei have not been measured yet.

We measured angular distribution in '**La(n, ) reaction from 0.734 eV p-wave resonance to '3°La
ground state to determine k(J) with 47 germanium spectrometer in J-PARC/MLF/ANRRI. y-ray
spectrum and neutron spectrum for '3°La was obtained. Therefore k(J) can be estimated from this
date in principle. The analysis for k(J) is now in progress.
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