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T-violation search in Polarized Neutron Optics
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Search for T-violation in NN
interaction (pion exchange+...)



Search for P-odd/T-odd in Forward Transmission

—Polarized neutron transmission through polarized nuclear target

Neutron spin Nuclear spin

* KEY POINT: thisis a NULL TEST

Neutron momentum for T, no “final state interactions”
to fake T (Ryudin ~1964, 1969,...,

Forward scattering amplitude Bowman/Gudkov 2014)
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cross section 1 t—-t upon Pand T

/

Neutron polarization Polarized nuclear

device . target-
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Neutron-Nucleus Resonances

dense set of resonances just above neutron separation energy

mainly L=0 resonances, but lots of L=1 resonances
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Amplification of P-odd asymmetry in p-wave
n-A resonance

p p Helicity dependence of the p-p scattering cross section
o O'_|_ — O _

E—> -(1.7+0.8)x107 @E=15MeV AL =
O+ + o_

Interaction between nucleons: 107 P-violation

139 . . . .
0.74eV La Helicity dependence of cross section in neutron

n ! : ES transmission 3°La (Dubna, Alfimenkov 1982)

0.097+0.003 @En=0.74eV

L1 T R AL Compound nucleus: 10! P-violation
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Parity Violation in n+ 13°La at 0.734 eV  Ac/c =0.097+.005.
Larger than nucleon-nucleon system by 10°

S-wave
resonance

Theory: Flambaum/Sushkov/
‘ Bunakov/Gudkov 1982

P-violation is enhanced in
p-wave resonance

E

E, E,

" v=(s|Wlp)

Neutron in a narrow p-wave resonance in a heavy nucleus with energy just above
threshold (~eV-keV) lasts ~ 10° times longer inside nucleus compared to a direct
reaction from potential scattering

How? (1) Admixture of (large) s-wave amplitude into (small) p-wave ~1/kR~1000
(2) Weak amplitude dispersion for 10° Fock space components ~sqrt(10°)=1000

ldea is to use the observed enhancement of PV to search for a PV/TV asymmetry.
Kinematic nature of enhancement->amplification works for any PV/TV interaction.



TRIPLE o-k P violation work in heavy nuclei

Detector
Neutron Spin
Source Flipper - I
Polarizer - i
Target

Measure P-odd neutron helicity dependence of total cross section Ac/c

20 meter flight path

TRIPLE collaboration measured ~75 parity-odd asymmetries in p-wave resonances in
heavy nuclei in eV-keV energies G. M. Mitchell, J. D. Bowman, S. |. Penttila, and E. I.
Sharapov, Phys. Rep. 354, 157 (2001).

Quantitative analysis of distribution of parity-odd asymmetries conducted using nuclear

statistical spectroscopy S. Tomsovic, M. B. Johnson, A. Hayes, and J. D. Bowman, Phys.

Rev. C 62, 054607 (2000). D. Bowman



Mitchell, Phys. Rep. 354 (2001) 157
Shimizu, Nucl. Phys. A552 (1993) 293
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T-violating observable: ratio of PT to P amplitudes
(Gudkov, Physics Reports)

Optical theorem relating forward scattering cross section to spin
dependent part of cross section:

4
Mg, = —=Im(f- ~ f,)

Optical theorem relating forward scattering cross section to spin
dependent part with a polarized target:

41
Aopr = TIm(fT — f1)

Ratio is simple for case of 2-resonance mixing:

Aopr ) w
= K —
Aop 1%
For a forward scattering (v +iw) |IPTS
amplitude f =< f|V{o n VpT|i > =

of the form (E —E; + lFS)(E E, + p)



K(J) “Spectroscopy” Factor

P transformation acts on L=0,1 T transformation acts on S=I +/- 1/2
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Forward Scattering Ampliltude
f=A"+Blo- I+C’a k+D'o-(Ixk)

T-violation
P-odd T-odd

>
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Spin Independent Spin D t
P-even T-even P-even T-even P-odd T-even
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The enhancement of P-odd/T-odd amplitude on p-wave resonance (c.[K X []) is
(almost) the same as for P-odd amplitude (c.K).

5UPT

Experimental observable: ratio of P-odd/T-odd to P-odd amplitudes ApT = 5o p

A can be measured with a statistical uncertainty of ~10°in 107 sec at MW-class
spallation neutron sources. ~*X10 better than present limits from N/nuclei EDM limits

Ratio (T-odd amplitude in nucleon/strong amplitude)~10-12

Forward scattering neutron optics limit is null test for T (no final state effects)

L 7



Expressions for A,; from different sources

W ;
HTI = 0.12|n,| = |(—1.2¢:g0 + 6.09:g1 + 2.49.32)10°|.

where g.=(strong) pion coupling,
do, 91, g» are P-odd/T-odd pion couplings for 1=0,1,2

W :
‘{P = 5.3 % 10%9| in terms of Ocp
Wrp - in terms of quark
4% == 1.0(d, +dd) +24(dy — da))10 o chromo-EDMs
H;IVE < 16_5 present limit from EDM experiments (NOTE

axion-like particle limits are X100 worse!)

V. V. Flambaum and A. J. Mansour, Phys. Rev. C 105, 015501 (2022).

P. Fadeev and V. V. Flambaum, Phys. Rev. C 100 (2019).

N. Yamanaka, B. K. Sahoo, N. Yoshinaga, T. Sato, K. Asahi, and B. P. Das, Eur. Phys. J. A 53, 54 (2017).
S. Mantry, M. Pitschmann, and M. J. Ramsey-Musolf, Phys. Rev. D 90, 054016 (2014).

Y. V. Stadnik, V. A. Dzuba, and V. V. Flambaum, Phys. Rev. Lett. 120, 013202 (2018).



Relative Flux

Why is a pulsed, spallation neutron source

important for NOPTREX?

S-wave
resonance

P-violation is enhanced in
p-wave resonance

% We need eV!

" v=(s|Wlp)

E, E,
Maxwell-Boltzmann o, (E) - [®, /T32] E exp (-E/KT)
¢ LH2 Cold Source
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Energy (eV)

resonance energy ~eV,
resonance width “meVs

Short pulse-> resonance can
be resolved using neutron
time-of-flight

>~10% more “off-resonance”
neutrons can be used to
characterize possible
systematic effects !

Few eV neutrons at reactors.
Spallation neutron source make
much more eV neutrons



Plan for T-violation search

[ Fundamental T-violation in nucleon interaction ]

Selection of target nuclei with large enhancement of T-
violation

—Large P-violation, large k(J)

4

( N

3. Polarized target 4. Neutron detector

2.Neutron polarization device

—Depends on nuclear spin,
chemical properties

v v v

—Depends on resonance energy

—High counting rate

[ 4. Measurement of T-violating cross section Aor J




Plan for T-violation search

[ Fundamental T-violation in nucleon interaction ]

Selection of target nuclei with large enhancement of T-violation

—First candidate : 13°La 0.74eV resonance

T. Okudaira et. al. , Phys. Rev. C. 97 034622 (2018) 139 g J.Koga et. al., Phys. Rev. C. 105, 05461 (2022) 117G
T. Yamamoto et al. Phys. Rev. C. 101, 064624 (2020) S.Endo et al., Phys. Rev. C.106 064601 (2022)
T. Okudaira er. al. , Phys. Rev. C. 104, 014601(2021) T.Okudaira et al. arXiv:2212.10889 (2022) 131Xe

2.Neutron polarization device 3. Polarized La target 4. Neutron detector
—3He spin filter for ~0.74eV —Dynamic nuclear polarization [l schaper er. al., NIM A 969, 163961

30% 139La polarization!{js (2020) U.S. NOPTREX

85% 3He polarization!!
. Okudaira et. al. , NIM A 977, 164301 (2020) K. Ishizaki et al., NIM A1020, 165845 (2021) RCNP

Key technique : Nuclear polarization

J



https://arxiv.org/abs/2212.10889

Nuclear polarization method

Static Nuclear Polarization
(Brute-Force Method)

Strong Magnetic field,

extremely low temperature

Nuclear
Sspin + B A

Nuclear

spin —

7T, 70mK,
— 139 a polarization ~ 4%

Dynamic Nuclear

Polarization(DNP)

Magnetic field, low
temperature, microwave

Electron spin—nuclear spin

O
N-, e+ —¢ '¢

Electron spln
MICI“OW61Ve relaxation :

S VPV
e 44

2~3 T, ~1 K
—139a polarization >10 %

Spin exchange optical

Low magnetic field, laser
Rb spin—nuclear spin

Nuclear

Rb atom

Near infrared $ ¢

laser

Spin exchange

¢ >
Noble gas (*He, 2% 131Xe)

1x10° T, ~200°C
—3He polarization >50 %



f=fo+ fion - I+ foom - kn+ fsom - (kn x I)

Polarized 3He Neutron Spin Filters for eV

O - >
e @ e[ g T e
0 -o-»‘;"_._"" +~—@- >
o % | e 0] e
: >

Rb UHP01aT.1Z6d Polarized Polarized
. Incoming 3He Outgoing
Laser-polarized Rb—=°He nucleus  Neutrons Neutrons

Uniform polarized neutron beam phase space from
absorption in polarized 3He gas

Spin flip by NMR on 3He. By far the best choice for NOPTREX

Need more polarized 3He to polarize eV neutrons (c,~1/v,)



Development of polarized nuclear target

139 a polarized target by Dynamic Nuclear Polarization (DNP)

at Tohoku UniV-\ / Nuclear polarization
— ol \

I 1
D i

at RCNP, Osaka Univ.\

=5 Hiroshima Uni Hiroshima Univ., Nagoy3
Univ. ,Yamagata Univ.

Control for

Refrigerator relaxation

LaAlOssingle

crystal tIMe shima Univ.

| Nagaya Unlv, Nagoya Univ.

RIKEN,

Japan Women’s
¢ Univ.

=¥ Ashikaga Univ.

Hiroshima Univ.

Relaxation time control
with aromatic molecule

/

K. Ishizaki et al., NIM A1020, 165845 (2021)



Development of polarized nuclear target

DNP experiment using LaAlOs crystal fabricated in Tohoku Univ.

Temperature ~1.5 K
Magnetic field ~ 2.3T at Yamagata Univ.
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Confirm previous DNP work in LaAlOs (Hautle/linuma, NIM 2000)



Angular distribution of (n,y) reactions

Experiments to determine k(J) is ongoing at ANNRI (Accurate Neutron-
Nucleus Reaction measurement Instrument) beam line in J-PARC

(n.v) &It 7 81 F
BL0O4 ANNRI Beam stopper BL0O4 Ge Detectors
Ge detectors
Disk chopper o Cluster detector
Filter PR

=
; r = 54

Target

-

_.-""21.5m

-

2 Cluster Detector &up - down) 7ch x2 : 14ch
8 Coaxial Detector (side) 8ch
Total 22ch

Coaxial detector
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K ~0.9 was measured in 13°La at JPARC using (n, y) angular distribution on 0.73 eV
resonance using ANNRI Germanium array ( Okudaira et al) More measurements check

Large k makes T experiment in 13%La very sensitive!



Experiment using polarized La and neutrons

Normal cross
section Spin dependence P-violation T-violation
(Measured) (Unmeasured) l (Measured) (Final goal)

----------------------------------

! Neutron spin
3 Nuclear spin

Neutron spin

Nuclear spin

Neutron momentum

Neutron momentum

- mwow o mw
L e e

----------------------------------

Systematic error in T-violation

Spin dependent cross section measurement using static nuclear polarization

3He spin filter La target
Bo Bo
C

Ggide manget *Superconducing magnet

60mK dilution refrigerator, 7T super conducing magnet



Experiment using polarized La and neutrons
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Neutron detector
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Experiment using polarized La and neutrons

Spin dependent asymmetry

Neutron counts/us
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68mK, 6.7T

—139 a polarization : 4.3%

Asymmetry of transmitted neutrons
for parallel and anti-parallel spins

Np — Ny
A =
Np + N,

Neutron spin
‘ i‘ | 2 Nuclear spin

Neutron momentum

Successfully measured spin-
dependent cross section!

To be published...

Big Milestone for T-violation search!



EDITORS’ SUGGESTION Phys. Rev. C (2015)
Search for time reversal invariance violation in neutron transmission
J. David Bowman and Vliadimir Gudkov

. n
unpolarized target fﬁ:’.ﬁ?{ﬁe
source polarization, | detector

field, Bt

polarizer/
analyzer

Collimator Collimator
1 2
target guide
polarization, - field, -Bg
ﬂeld -Bt

The authors analyze a novel null test to search for time reversal invariance in a model neutron
transmission experiment. The proposed experimental procedure involves nuclear reactions and is

sensitive to the neutron-nucleus interactions. The approach could significantly increase the discovery
potential compared to the limits of present experiments.



Recent Progress Toward a P-Atest for T
_ Neutron
3He spin filter L target detector
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Neutrons are polarized by spin-dependent cross sections of La
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Parity Violation in *3°La

Parity-odd asymmetry from neutron helicity dependence
of neutron transmission

Asymmetries on all s-wave (L=0) n-A resonances are zero

Goal: 1% precision measurement of A,
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Neutron intensity (n/cmzls/lethargy)

NOPTREX work started at CSNS

Collimator 1
Shutter

‘ Neutron beam window

3

Mofan Zhang now at CSNS!

mi il sl ul PRI -y

10
10°

10® 107 10° 10° 10" 10° 10° 10" 10° 10" 107
Neutron energy (MeV)

Approved experiment for 2023



(Proposed!) Experimental setup of T-violation
search at J-PARC

Material Life science experimental Facility (MLF) at J-PARC

J-PARC P76 JKEK 2015512 [ R TR

RCNP, Hiroshima Univ.,
Nagoya Univ., KEK

NOPTREX Collaboration polarized targe

Neutron Optical Parity and Time Reversal EXperiment

-

" neutron collimato Indiana Univ,. Kentucky Univ.,

RCNP, Nagoya Univ.




What About P-even/T-odd NN?

V. Gudkov and H. M. Shimizu,
Phys. Rev. C 102, 015503 (2020).

P-even/T-odd term G can be present in forward amplitude
resonance amplification of ~1000

A aall aWa 1 a an N N ~ 9 ~1 00\

(2) Weak amplitude dispersion for 10° Fock space components ~sqrt(10°)=1000

Direct constraints on P-even/T-odd NN interactions are poor



What About P-even/T-odd NN?

No P-even/T-odd effects in Standard Model: CKM, 06 both P-odd/T-odd
Lowest mass meson exchange from p*- [C-odd, J=1]
[Herczeg Nucl. Phys. 75, 655 (1966), Simonius PLB 58, 147 (1975)]

VERY few experiments:

Detailed balance: [E. Blanke et al PRL 51, 355 (1983); J. P. French et
al PRL 54, 2313 (1985)]: gp<2x1 0

Charge symm. breaking [Simonius PRL 78, 4161(1997)]: g,<7/X1 0-3

N transmission aligned Holmium (P. R. Huffman et al, PRC 55, 2684
(1997)] g,<6x10-2

Comparing with EDM P-odd/T-odd: g, <1 01"

Direct constraints on P-even/T-odd NN interactions are poor
Y. Uzikov



PHYSICAL REVIEW C VOLUME 55. NUMBER 5 MAY 1997

Test of parity-conserving time-reversal invariance using polarized neutrons
and nuclear spin aligned holmium

P. R. Huffman.* N. R. Roberson, and W. S. Wilburn
Physics Department, Duke University, Durham, North Carolina 27708-0305
and Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708-0308

C.R. Gould, D. G. Haase, C. D. Keith,” B. W. Raichle, M. L. Seely.* and J. R. Walston
Physics Department, North Carolina State University, Raleigh, North Carolina 27695-8202

and Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708-0308
(Received 28 October 1996)

T (odd): (I-k) (Ixk)-s

A
Rotate I

Fig. 1. Geometry for measurement of the s-(k X I)Xk-I) term
in neutron transmission through a cylindrical target.

Uses polarized neutrons,
tensor-aligned target

A
A\ Polarization Monitor "‘
& 5 - Detector
ot
y

—— — —
— i i

. . l\ ————— i

Holmium Target . _EEEEE
\ g 15.8 msr 0" Detector Array
Neutron Production

Target .E

- - 83em—-———

FIG. 1. The experimental setup for the fivefold correlation mea-
surement. Vertically (*y) polarized neutrons with momentum k.
directed along z, are transmitted through a nuclear-spin aligned
holmium target and detected at 0°. The dashed lines depict the
solid angle subtended by the neutron detectors. All components and
distances are drawn to scale.
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Forward transmission = null test for T violation
Enhancement of asymmetry from high level density~103

P even-T-odd NN interactions can mix different p-wave resonances
4 47 (I'Dor

o Aor=—
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Current Status of Research on T Invariance
in Neutron—Nuclear Reactions
A. G. Beda® and V. R. Skoy’
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27| has large electric quadrupole moment, good choice

Can be aligned by electric field gradients in crystals at low T

Need I', (J=I%"%) resonance parameters in 2] , but not measured!



P-odd Asymmetries on p-wave Neutron
Resonances

G. E. Mitchell, J. D. Bowman, S. | Penttila, E. |I. Sharapov, Phys. Rep. 354, 1 (2001).

Parity violations observed by TRIPLE

Target Reference All e pP—
8igr [67] 1 1 0
93Nb [125] 0 0 0
103RNh [132] 4 3 1
07Ag [97] 8 5 3
1PAs [97] 4 2 2
104pgq [134] 1 0 1
105pq [134] 3 3 0
106pq [43,134] 2 0 2
1%pg [43,134] 0 0 0
B3¢ [121] 2 y) 0
Mot [136] 9 5 4
17gn [133] a4 3 5
121gp [101] 5 3 2
1238b [101] 1 0 1
i [101] Ji 5 2
B [140] 1 0 1
133Ch [126] 1 1 0
P1a [152] 1 1 0
22Th below 250V [135] 10 10 0
22Th above 250eV [127] 6 2 4
23 [41] 5 3 2
Total 75 48 27
Total excluding Th 59 36 23




(Some) P-even/T-odd Theory Work (flavor conserving)

G e _ Concentrated on using EDM limits
E I 01insa™ (B, — p1)y V1959 -
V22m, 1 PUvPLR2 e 1572 2 to constrain P-even/T-odd
|y " interactions
C- F) q1Ys D" q2@3ysyuqs + H.c.,
B s iy ST S Considered particular terms: not a
Cr (F) QO A G F,, general analysis

C¥% Yo, wEFHZY.
7 YOV a Later work (Kurylov et al PRD

Some operators considered 2001, EI Menoufi et al PLB 2017):

in previous work ’ : :
P loopholes in previous constraints

I. B. Khriplovich. What do we know about T odd but P even interaction? Nucl.
Phys., B352:385-401, 1991.

R. S. Conti and I. B. Khriplovich. New limits on T odd, P even interactions.
Phys. Rev. Lett., 68:3262—-3265, 1992.

Jonathan Engel, Paul H. Frampton, and Roxanne P. Springer. Effective La-
grangians and parity conserving time reversal violation at low-energies. Phys.
Rev., D53:5112-5114, 1996.

M. J. Ramsey-Musolf. Electric dipole moments and the mass scale of new
T violating, P conserving interactions. Phys. Rev. Lett., 83:3997-4000, 1999.
[Erratum: Phys. Rev. Lett.84,5681(2000)].



P-even/T-odd in SMEFT (flavor conserving)

Table 7.3: Lowest mass-dimensional C-odd and CP-odd operators contributing to

flavor-conserving interactions

T B, (1 a5 tp) Fyuw —25E [2cu5w(Cwagz — Cpag2) — Cwpge(cw® — su°)]
1p %iﬁ#uaﬁaa(gp'YB’Tsdp)Fpu 4TC/;‘zi[zcwsw(C'W"’svz — Cp2y2) — Cw By2 (cw? — Sw2)]
2a %(ﬁpalm’ﬂsup)ap(ﬂ'r'Yu'YSur) —GpiC;’:Zw

2 %(l_lupa'”uﬁ'sup)ap(dr'Yu'YSdr) GF'iCéZZgD

2% | 500" 15d5)0, (Y 5tr) —GriChuz,

2d %(dpa“ “Y5dp)Ou(dryvysdr) GF‘ng‘;Z‘P

3 % [Vu,.dp (dpotVu, )0y (try,dp)

V5 4, (80" d)0,(dyvour)]

2Gp-i[Im(Cf;1’;W¢) — Im(C';fi’Wv)]

30 | g Vard, (G907 5tr) Oy (ir o Y5lp)

V5, (@80 15,8, (v v5)|

—2GFilm(CTyy ) + Im(Cogy )]

% qurd,, (dpot’uy) (ﬂrﬁ'pdp)Au
Vg, (0™ dp) (dyryuur) A, |

2C"ngw [Im(C(I])t:W(p) ¥ Inl(Cgsufgg)]

4p % qu,dp (dpot Y5ty ) (UrypY5dp) Ay
—VJ,.dP (ﬁrUuV'YSdp)(Jp'Yp 'Ysur)Au]

—2G sy [Im(C;’:WHD) + hn(C;‘gww)]

New terms exist which have not been  shi pPhD thesis, U Kentucky (2020)

considered in the past

J. Shi and S. Gardner, in preparation
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NOPTREX Experiment Status o, - (k, x I)

 P-odd and T — odd term in FORWARD scattering amplitude (a null
test, like EDMs) with polarized n beam and polarized nuclear target

« Amplified on select P-wave epithermal neutron resonances by ~5-6
orders of magnitude

« Estimates of stat sensitivity at JSNS/CSNS look very interesting:
Acpt/Acp~10° ,~x10 present EDM limits

« P-odd asymmetry amplifications are measured. '3°La can be
polarized using DNP (LaAlO,).

« 3He with SEOP can be used as a polarizer for eV neutrons

* Present work: neutron spectroscopy on p-wave resonances to
quantify sensitivity, polarized target development, first P-A T test at
JPARC soon



P-even/T-odd NN interaction search

2 ways to violate T (+conserve CPT): P-odd/T-odd , /T-odd

MANY search for P-odd/T-odd (EDMs,...), VERY few for /T-odd

P-odd/T-odd effect can come from:

(1) BSM P-odd/T-odd, or (2) [BSM /T-odd] + [SM P-odd]

Q: If you see a P-odd/T-odd effect in nucleus: is it (1) or (2)?

Experimental limits on /T-odd NN interactions are quite poor

Neutron optics on n-A resonances can improve limits by ~103
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Heavy nuclei
POSSEeSS
a very dense set of
_" National Nuclear Data Center resonances jUSt

: above the neutron

Neutron-Nucleus Resonances

NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | CSIS

92-U-235(n, total) ENDF/B-VII, 1 separation energy
; z 0
... R | * No Coulomb barrier
P f f -> neutrons can
easily excite them

E+3 -
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of L=1 resonances

Cross Section (b)

E+2-:
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and L=1 states
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Neutron-Nucleus Resonances

Cross Section (barns)
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Heavy nuclei
POSSEeSsS

a very dense set of
resonances just
above the neutron
separation energy

No Coulomb barrier
-> neutrons can
easily excite them

Mainly L=0
resonances, but lots
of L=1 resonances

P-odd/T-odd mix L=0
and L=1 states



Enhancement of parity violation: mechanism

Enhancement of P-violation is c_)bserv_ed
s-wave resonance in a p-wave resonance located in a tail
of a s-wave resonance

>

=
=
9 s-wave resonance :
@ angular momentum of absorbed neutron 0
A Parity +
2
@) p-wave resonance p-wave resonance :
angular momentum of absorbed neutron 1
Parity -
ES Ep Neutron energy
o 8 1 v
[=0 [=1
\ s-wave \ p-wave
VIS Il I /T3
/ 1 \ / < \
E—FE,+1s/2 E—-FE,+il,/2
A 2 At A T A+l
Total angular momentum J = [+ s Total angular momentum
of neutron of neutron

j=1/2 5



139La+n System

T+72.1 eV

x 10000 -

Neutron p T+.734 eV
threshold 3
5.161 MeV T-48.6 eV

Compound-Nuclear
States in 13°La+n
system

Low energy neutrons can access a dense forest
of highly excited states in the compound nucleus.

Unique phenomena occur in this regime which are not
widely known

One such phenomenon is the large amplification of
discrete symmetry breaking effects like Pand T

140La G. S.
D. Bowman



Enhancement of parity violation

This enhancement is caused by the mixture of j=1/2 component of s-
wave and j=1/2 component of p-wave —$-p mixing

n s-wave p-wave’ n p-wave s-wave |

Weak Weak
interaction interaction
' O O Vi
/ 1 1 \ / 1 1 \
A

o

%
T2

E—-E;+ily/2 E—-E,+il,/2 E—-FE,+il'y,/2 FE—E;+ilg/2

A+1 A A+1

Theoretically, the enhancement is written as

]
*
B B B N N = . m m m minEnm *

Dynamic Structural Partial neutron

Enhancement width
Enhancement j=1/2 component : X

102-103 ~ 103 Unmeasured



Enhancement of T-violation

T-violation in fundamental interaction

P violation

in a compound
T violation nucleus
in a compound
nucleus

. P-violation in fundamental interaction
Conversion factor

from P-violation to T-violation V. P. Gudkov. Phys. Rep., 212:77, 1992.

Enhanced P-violation Aor — Enhanced T-violation Aot

Large Aorand k(J) are better — Large T-violating cross section

EEEE N
EEEED

4pEEEEEEEEEEEEEEEER?

partial neutron width of p-wave resonance

K(J) also depends on the partial neutron width 5
5



Map of Present NOPTREX Plan
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P-odd/T-odd Reaction Theory

Optical Theorem allows us to relate the forward scattering amplitude to the total

Cross section
41T

Otot = ?Im[f(O)]

The forward scattering amplitude describes how initial and final states are
connected by the weak interaction potential

f =1Vp + Vprli)

v and w are our weak mixing matrix elements:

v+ iw = (P, |Vp + Vpr|ds)

We can write: Needed for NOPTREX nuclei
to judge T violation sensitivity

AO—TP = K(]: _AUP
v See later talks



Double lanthanum experiment

Spin Flipper

Off A
— —)
) — -
Spin Flipper ¥ W

On
Spin flipper
139] 2 target 1391 a target

(polarizer) (analyzer) Current-Mode
Detector

0.7 eV resonance lineshape for neutron 0.7 eV resonance lineshape for neutron
helicity #1 helicity #2
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P-odd/T-odd Reaction Theory

Optical theorem connects cross section difference to P-odd T-odd forward amplitude.

For mixing of one p-wave and one s-wave resonance (Gudkov, Physics Reports):

Cross section ratio directly related to ratio of amplitudes
between s and p resonances




