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Motivation

e CPT>CP~T
independent test (for the case of suppression/cancelation)

e CPT-violation:

T and CP are “independent”

problems with the standard field theory - even less trusted relations between different
processes

e Search for New Physics
independent test (for the case of suppression/cancelation)

* High Intensity Neutron Facilities
SNS in Oak Ridge, JSNS at J-PARC, ESS in Lund



Criteria

 Unambiguous test
(no FSI)

* Reliably of calculations (to obtain a limit from zero-
experiment)

(calculations of relative values)

e Relation to EDMs
(discovery potential)




PV (First order effects)
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T-Reversal Invariance

a+A—->b+B
a+A«<—b+B

—

ki,f—>—lzf,i and S —-S

<K, m,m, |T[K,m. m, >= ()" < K,-m_,—m, |T |-K,,—m_,-m, >

Detailed Balance Principle (DBP):
(2s, +1)(2s, +1) k? (do/dQ),

(2s, +1)(2s, +1) k2 (do/dQ),



FSI:
T -T=ITT"
In the first Born approximation T-Is hermitian
<P|T|f>=<i|T|f>

® T-invariance = < f|T|i>=<—f|T|-i>
= |<f|T]i>fe<-f|T|-i>f
then the probability is even function of time.

For an elastic scattering at the zero angle: "i"="f",

then always "T-odd correlations™ = "T-violation"
(R. M. Ryndin)



Neutron transmission
(= “EDM quality”)
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TRIV Transmission Theorem
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TRIV effects in nuclei

* |s it unambiguous test? — YES! (no FSI)

* Could they be reliably calculated?
(calculations of relative values)

* How they are related to EDMs?

(discovery potential)
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HSn-case (g=133v, E,=38.9ev)
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Dynamical Enhancement
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P- and T-violation in Neutron transmission
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One-particle potential
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TVPV potential

P. Herczeg (1966)
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TVPV n-D Gy [k x1]
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EDM limits

Fromn EDM
g'» <25-107"
From **Hg EDM ©
g <0.5-107"
)id

— 22 ~10"° from the current EDMs

)24

= "discovery potential" 10° (nucl) -- 10" (nucl & "weak")

. M. Pospelov and A. Ritz (2005)
. V. Dmitriev and I. Khriplovich (2004)



Enhancements:

e “Weak” structure

AGYP g ~(0) (1)
AC h1 -

P

h:~4.6.107  "best" DDH
or 10 - 100 Enhancement!!!

e “Strong” structure

P-violation:

(6. -k)~10"(not 107)

Enhanced of about ~10°

O. P. Sushkov and V. V. Flambaum, JETP Pisma 32 (1980) 377
V. E. Bunakov and V.G., Z. Phys. A303 (1981) 285



Nuclear dependent factor
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TRIV effects in nuclei

* |s it unambiguous test? — YES! (no FSI)

* Could they be reliably calculated? — YES!

(calculations of relative values)

* How they are related to EDMs?

e (discovery potential)
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Major Contributions
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Correlations

n P d SHe SH Scatt
n 1. -0.86 027° 07 —056 0.66
p —~0.86 1. 0.08 -0.33 0.7 —0.25
d 0.27  0.08 1. 081 —0.37 0.6
*He 0.706 —0.33 0.81 1. —0.35  0.91
H ~056 0.7 —0.37 -0.35 1. —0.035

Scatt 0.66 —0.25 0.6 0.91 —-0.035 1.

= ‘< _
O ZOi g, Orthonormal representations

M =[| (O,0)) I



Sensitivities (0-1)
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Sensitivities (0-2)
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Sensitivities (pion-coupling space)




Conclusions

* No FSI = like “EDM”

 Reasonably simple theoretical description

* A possibility for an additional enhancement
e Sensitive to a variety of TRIV couplings

* New facilities with high neutron fluxes

The possibility to improve limits on TRIV
(or to discover new physics) by 102 - 104



Extra Slides:



Chiral Limit
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With more details...

d, =0.14(g""” -g?)-0.02(3"” - g% +2g{”) +0.006(3"" - 7-")

Yo,
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C.-P. Liu and R. G. E. Timmermans, Phys. Rev. C 70, 055501 (2004)



Many Body system EDMSs

.
I




How to calculate?

d=(JJ|ID|JJ)= (J11D||J)
2J+ 1T+ 1)
A ] _ Apol
Dy = 3 5[y + o)+ dy — dyyei]o DYy = Z Qir
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Deuteron EDM

) )0 () + T @)
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nucleon
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AP = 18.95 x 10721 +3.52 x 1073gL + 17.13 x 107*g} — 49.09 x 10~



3-nucleon system

(E — Ho — Vij) v = Vig(i +45)
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3He and 3H

dipe = (—0.0542d, + 0.868d,,) + 0.072[ g% + 1.92g"
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(0 (1) 2
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TRIV:
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Y.-H. Song, R. Lazauskas and V. G., Phys. Rev. C83, 065503 (2011); and arXiv:1211.3762 (2012)



DBP test:

¢ “Mg+a<>Al+p

(with the intermediate compound nuclear state %2Si excited up to E*~19MeV)

|F| <2-10°7 ( E. Burke, 1983)

* Mg+d<&> PMg+p

|F| <2 103 ( D. Bodansky,, 1968)



Ericson fluctuations

S
|F|~| asyml

|S

sym |

N\

1 1
Sasym ~ 2 AV —y+y—y'+y
asym CK7A7/7/A7/7/

C C




Asymmetry Theorem:

Proton-proton scattering (E=198.5MeV)

|F| <2.6-103 ( C. A. Davic, 1986)

Correlations in y-decay transitions:

(JkxN(Jk)(JE) E,=122KeV for 5Fe (F. Boehm, 1979)
sinn =(3.1+6.9)-10°

Mossbauer’s thransitions (V. G. Tsinoev, 1982)

sinn =(-3.3+6.6)-10™*



Statistical properties of compound nuclei

* T-invariant = Gauss Orthogonal Ensemble of random
matrices - Wigner linear repulsion:

p(e) ~ ¢
e Violation of T-invariance — Unitary Ensemble of random
matrices :
p(e) ~ &°

1
E =2 (Hy+ sz)ii\/(Hll— H,, ) +4H2 + H?

1.7-103 levels results in <103



T-odd correlations in B-decay

Neutron:

D=(1.1+/-1.7)10° (R.I. Steinberg, 1974)

D =(2.2 +/-3.0) 103 (B. G. Erozolimsky, 1978)

D = (-0.6 +/- 1.2(stat) +/- 0.5(syst)) 102 (The emiT Collab., 2000)
D = (-2.8 +/- 6.4(stat) +/- 3.0(syst)) 104 (T. Soldner, 2004)

D = (-0.96 +/- 1.89(stat) +/- 1.01(syst)) 10+ (H. P. Mumm, 2011)
D = (-0.94 +/- 1.89(stat) +/- 0.97(syst)) 10+ (T. E. Chupp, 2012)
ONe :

D=(0.4 +/- 0.8) 103  (A. L. Hallin, 1984)



TVPC potential

P. Herczeg (1966)

Tz - P
H'" = (91(7) + ga(r)71 - T2 4+ g3(r) 175 + ga(r)74) 7 - ma
my

. o P

+(g5(r) + g6(r)m1 - 72 + gr(r) 175 + gs(r)74) 01 - T2 - i
N

+(g90(r) + g10(r) 71 - T2 + 911 (1) T + g12(7)74)

(.: p .. D 2. P )
X|\r-oy— 09 +17-09p—— 01— -1+ ——01-09
my my 3 my
+(g13(7) + g14(r) 711 - T2 + g15(r) 175 + g16(7) 74 )
b _ ~

. . . 1
X '.T"G'l'?‘-o'i.-r.—_?(
my D

. P . P i p
I UI'JQ—F?"Jl—-0'24—-7‘.0'2_.61)
mn my muy

- p ) P
_;_917(?,)?—?} ’ (Jx X } + glg(?‘)?‘i?‘ . (U’_ o — .
my my



TVPC potential

Ry
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Y.-H. Song, R. Lazauskas and V. G, Phys. Rev. C84, 025501 (2011).



Simple systems: n-d

(Go Tk xTT)(k-T) {35,(T =0) <> °D,(T =0), *A(T =1)«>'A(T =0) |
4 d 27N
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2
Ao, _ 40z 9.0 (@ *ta)ak ~ -3.5x10"g; E,, (barn)

3 M (@2 kD)l +KD)
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= AYT 2 2N\2/ 2 T 10 9r EeV e
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V.G., Z. Phys. A337 (1990) 247



N-D TVPC

AcT? =107%[gpgn(—1.09) + ¢,3,(4.20 - 107%)] b,

1 do'F

v = —107%[gpgn(1.24) — 9,5,(5.81 - 107%)] rad fmn”
N Az

Heavy nuclel:
Aoy 1oy ~10-9;
"discovery potential" 10° —10°

* Y.-H. Song, R. Lazauskas and V. G, Phys. Rev. C84, 025501 (2011)



(a) The possible reason for the existing discrepancy in
PV nuclear data analvsis using the DDH approach
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(a) The possible reason for the existing discrepancy in
PV nuclear data analysis using the DDH approach (2)

1 do”
N d=

— (59 rad - fm?) [ht + 10(0.10) + A0 (0.14)  pp — 20 _ (OHOD) 5 o6 091) 4 40,0.022)

2040t 20401
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a, = 0.42h. — 0.17h) + 0.085h] + 0.008h”
—0.238h,, + 0.086h,, — 0.010R)) =4.11 x 107"

P, = —1.05h_ + 0.19h, — 0.096h, — 0.018h? + 0.28h,)
—0.046R), + 0.023R)) = —7.31 x 107"

A} = —1.51h, +0.17h) — 0.083h, — 0.024h? + 0.024h,
+0.013h,, + 0.032hF = —9.05 x 107",

Y.-H. Song, R. Lazauskas and V. G., Phys. Rev. C86, 055502 (2012)



(a) The possible reason for the existing discrepancy in
PV nuclear data analysis using the DDH approach (3)

DDH-best values 4-parameter fits
models i, P, Ay ay, P, A,

AV18+UIX/DDH-I 3.30 —6.38 —R8.23 1.97 —-2.16 —1.81
AV18/DDH-II 1.61 —8.30 —10.3 4.60 —5.18  —4.46
AV18+UIX/DDH-II 4.11 —7.30  —9.04 4.14 —4.71  —4.09
Reid/DDH-I1 4.74 —8.45 —104 4.70 —5.25  —4.46
NijmlII/DDH-II 4.71 —8.45 —10.5 4.76 —5.26 —4.41
INOY /DDH-II 9.24 —12.9 —13.8 17.5 —179 —13.5




(a) The possible reason for the existing discrepancy in
PV nuclear data analysis using the DDH approach (4)
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