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I. INTRODUCTION

The search for Time Reversal Invariance Violation (TRIV) in nuclear physics has been
a subject of experimental and theoretical investigation for several decades. The search has
covered a large variety of nuclear reactions and nuclear decays with T-violating parame-
ters, which are sensitive to either CP-odd and P-odd (or T- and P-violating) interactions
or T-violating P-conserving (C-odd and P-even) interactions. There are a number of ad-
vantages to searching for TRIV in nuclear processes. The main advantage is the possibil-
ity of an enhancement of T-violating observables by many orders of a magnitude due to
complex nuclear structures (see, for example, paper [1] and references therein). Another
advantage is the availability of many systems with T-violating parameters. This provides
assurance that there will be enough observations to avoid a possible “accidental” cancelation
of T-violating effects due to unknown structural factors related to the strong interactions.
Taking into account that different models of CP-violation may contribute differently to a
particular T /CP-observable!, which may have unknown theoretical uncertainties, TRIV nu-
clear processes should provide complementary information to electric dipole moment (EDM)
measurements.

One promising approach to searching for TRIV in nuclear reactions is a measurement of
TRIV effects in the transmission of polarized neutrons through a polarized target. These
effects could be measured at new spallation neutron facilities, such as the SNS at the Oak
Ridge National Laboratory or the J-SNS at J-PARC in Japan. It was shown that these
TRIV effects can be enhanced [2] by a factor of 10°. Similar enhancement factors have been
observed for parity-violating effects in neutron scattering. In contrast to the parity-violating
(PV) case, the enhancement of TRIV effects leads not only to an opportunity to observe
T violation, but also to validate models of CP-violation based on the values of observed
parameters. However, existing estimates of CP-violating effects in nuclear reactions have
at most order of magnitude of accuracy. In this relation, it is interesting to compare the
calculation of TRIV effects in complex nuclei with the calculations of these effects in the
simplest few-body systems, which could be useful for clarification of the influence of nuclear

structure on TRIV effects. Therefore, as a first step to the investigation of many-body

! For example, the QCD f-term can contribute to neutron EDM, but cannot be observed in K°-meson
decays. On the other hand, the CP-odd phase of the Cabibbo-Kobayashi-Maskawa matrix was measured
in K% meson decays, but its contribution to the neutron EDM is extremely small and beyond the reach
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nuclear effects, we study TRIV and parity-violating effects in one of the simplest available
nuclear process, namely elastic neutron-deuteron scattering.

We treat TRIV nucleon-nucleon interactions as a perturbation, while unperturbed three-
body wave functions are obtained by solving Faddeev equations for a realistic strong in-
teraction Hamiltonian, based on the AV18+UIX interaction model. To describe the TRIV
potentials, we use both a meson exchange model and the effective field theory (EFT) ap-

proach.

II. OBSERVABLES

We consider TRIV and PV effects related to the o, - (p x I) correlation, where o,
is the neutron spin, I is the target spin, and p is the neutron momentum, which can be
observed in the transmission of polarized neutrons through a target with polarized nuclei.
This correlation leads to a difference [3] between the total neutron cross sections for o,

parallel and anti-parallel to p x I

Aoypp = %Im(ﬁr - [-), (1)

and to neutron spin rotation angle [4] ¢ around the axis p x I

dppp 27N

P » Re(fy — /). (2)

Here, fy _ are the zero-angle scattering amplitudes for neutrons polarized parallel and anti-
parallel to the p x I axis, respectively; z is the target length; and N is the number of target
nuclei per unit volume. It should be noted that these two parameters cannot be simulated by
final state interactions (see, for example [1] and references therein), therefore, measurements
of them are unambiguous tests of violation of time reversal invariance, similar to the case of
neutron electric dipole moment.

The scattering amplitudes can be represented in terms of the matrix R which is related to
the scattering matrix S as R = 1 — 5. We define the matrix element Ris s = (IS'|R|IS),
where unprimed and primed parameters correspond to initial and final states, [ is an orbital
angular momentum between neutron and deuteron, § is a sum of neutron spin and deuteron
total angular momentum, and J is the total angular momentum of the neutron-deuteron sys-

tem. For low-energy neutron scattering, one can consider only s- and p -wave contributions,



which leads to the following expressions for the TRIV parameters

1 dopp m 1 1 s 5

N dZ - _2—1)2Re |:\/§R02%71§ - \/§R12370% ‘I’ 2RS%71% - 2R12%70%:| 5 (3)
Aoyp = —1m [V2R?, |, — V2R : 3

TP = P2 m [ 2R0§,1g - 2R1§,0§ + 2Rog,1§ - 2R1%70%] : (4)

The symmetry-violating R -matrix elements can be calculated with a high level of accuracy

in the Distorted Wave Born Approximation (DWBA) as
Ritgigs = 4~ " up O, (1S T T V|, (18) . T) ), (5)

where p is a neutron-deuteron reduced mass, Vyp is TRIV nucleon-nucleon potential, and
U, (I'S")JJ*)&F) are solutions of 3-body Faddeev equations in configuration space for a
strong interaction Hamiltonian satisfying outgoing (incoming) boundary conditions. The

o
factor ¢+

in this expression is introduced to match the R-matrix definition in the modi-
fied spherical harmonics convention [5] with the wave functions in the spherical harmonics
convention used for wave functions calculations. The matrix elements of the TRIV potential
in the spherical harmonics convention are symmetric, and the R-matrix in modified spherical
harmonics convention is antisymmetric under the exchange between initial and final states.

For calculations of wave functions, we used a jj-coupling scheme instead of a IS coupling

scheme. We can relate R-matrix elements in the [S coupling scheme to those in the jj-

coupling scheme using a unitary transformation (see, for example [6])

[y ® (8% @ ju)s]yr) = Z [z ® (ly ® sk)j,]50.)

o . l, St 7]
x (LI ()i (2, 1128 + )]3S T (6)
j. J S
Then,
1 2v/2 1 1 1 3 2 3 NG
Biyor = 3 Ruyoy ~3Rigop Finey = 73Run0r ~ 3 Ry @)

where, Rjl,; is a R-matrix in the jj-basis.



III. TIME REVERSAL VIOLATING POTENTIALS

The most general form for the time reversal violating and parity violating part of the
nucleon-nucleon Hamiltonian up to first order in the relative nucleon momentum can be
written as the sum of momentum-independent and momentum-dependent parts, H?? =
HZ;f:ﬁ + HZO}fL—smtic [7]’

HZ;’Z =q(r)o_ -7+ g(r)n -mo_ -7+ g3(r)THo_ -7

+gu(r)To_ T+ gs(r)T_0oy - T (8)

P
my
+ (g10(r) + gi1 ()11 - T2 + g12(r) 115 + grs(r)74)

(o)
X|F-ox— — =0y - —
my 3 my

+g14(r) 7 (f coiT - (g X mi) + 7097 (0 X —))

HEP e = (96(7) + g7 ()70 - 7o+ g8 (1) T + go(1r)71) 0 -

~ N mpy
2 p
+ X - —
Gi5(r) (11 X )70 ¢ .
. . D 1 P
X z . L= = L 9
+g16(7r) (11 X 72) (7’ o7 . 30’+ mN), 9)

where the exact form of ¢;(r) depends on the details of particular theory. Here, we consider
three different approaches for the description of TRIV interactions: a meson exchange model,
pionless EFT, and pionful EFT.

Ther TRIV meson exchange potential in general involves exchanges of pions (J£ = 0,
m. = 140 MeV), n-mesons(J” = 07, m, = 550 MeV), and p- and w-mesons (J¥ = 17,
My, = 770,780 MeV). To derive this potential, we use the strong £ and TRIV Lyp

Lagrangians, which can be written as [8, 9]

L = g, Niyst* 7" N + g,NiysnN

\7 . XV v a .a
—gpN (7“ ~omn ot qu) TP N

G . XS v
—guN (7“ - 2%0“ qu) wuN, (10)



Lyp = NigPrn" +

+N[g"n +

Dy + gDy N

N T ]- — a a — — zZ a a vV
+N—[g070 + g0 + §@ (37700, — %) 0" 4,5 N

2mN

gWal + g (37770 — 797N

_ 1
+N— 39w, + 3w, 0" ¢ N,

2mN

where ¢,

(11)

= p, — P, xv and xg are iso-vector and scalar magnetic moments of a nucleon

(xy = 3.70 and xg = —0.12), and gﬁf ) are TRIV meson-nucleon coupling constants. Further,

we use the following values for strong couplings constants: g, = 13.07,

2.75, g, = 8.25.

gy = 2.24,

The meson exchange models from these Lagrangians lead to a TRIV potential

7 g, ™M, 95 g0 m,
Vip = | — mx In 1(2y) + MmN 4—Y1(a7“)
+ :—QQ%L”T—E i n)+92’(;2‘]qvp4—j (7))
. __ﬁff M)+ S0 )
N _—iii%—%www 94(7; fV"AI—jYA )
o[ i - i

where Tf, = 377715 — 11 - 7, Yi(x) = (1 + %)%

T - ToO_ T

,and x, = mgr.

9p =

3>

T4+0_ -

>

T_O4 T,

(12)

Comparing eq.(8) with this potential, one can see that the g;(r) functions in the meson
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exchange model are defined as

(0) 2 (0) 2
ME In " Gn My 9w’ Gu M,
= —Y] —2Yi(x,,
g () 2mpy 4w () + 2mpy 47w ()
(0) 2 —_(0) 2
ME gr " Gr My 9o Y9p p
— —Y1 (2, —tY]
g2 ( ) QmN 47T 1(I )_'_ QmN 47T 1(xp)
(2) 2 ~(2) 2
MFE gn Gr My 9o Gp 'y
= —Y1 (2 —tY]
1) = — 5L (o) + ST ()
(1) 2 ~(1) 2 —(1) 2 _(1) 2
ME gr ' Gr M7 9n " Gn My 9p "Gp My Jw” Gus MY,
—Y T —Y —Y —Y w
g4 ( ) 4mN 4 1( )+ 4mN 471- 1( n)+ 4mN 4 1( P)_l_ 2mN 47T 1(1' )
—(1) 2 (1) 2 (1) 2 (1) 2
ME( _ _ Y Gn My _Gn Gy My _ 9 90y, Yoo Go My
95 () = = T ) = e Vi) — T ) & 5y Vi),
(13)
For the TRIV potentials in the pionless EFT potential, these functions are
7 7 2 2
7 il i5(3) Ak By
9(r) = g g0 ) = g )
7 7 .2 2
Py~ 2 D@y Gl
(1) = 5o T8 (r) = — 2y )
7 7 .2 2
7 ¢ d 3 I L
95(r) = g~ g0 1) = g g Yler)
7 7 .2 2
TR S TC) _ Gl iy,
93(r) = g~ g0 M) = —g g Ylar)
7 7 2,2
oy G L@y Ly _GHH 14
() = 58 ) = — 2y ), (14

where the low energy constants (LECs) ¢ of the pionless EFT have the dimension [fm?]. In
our calculations with this potential, we use the Yukawa function (gYo(,ur), where Yy(x) =

“—) with the regularization scale 1 = m,, instead of the singular §G)(r) in paper [9].

The pionful EFT acquires long-range terms due to the one-pion exchange, in addition to
the short-range term expressions equivalent to the ones provided by the pionless EFT. Then,

ignoring two-pion exchange contributions at the middle range and higher order corrections,
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one can write the g;(r) functions for the pionful EFT as

T2 ,,2
n(r):_clu :u_le

91 2my A (pr)

g5(r) =~y ) — B e

G5(r) = — S I )~ O

G7(r) =~y — B

G5(r) =~y ) S (15

For this potential, the cutoff scale p is larger than the pion mass, because pion is a degree
of freedom of the theory. Therefore, in general the magnitudes of LECs and their scaling
behaviors, as a function of a cutoff parameter ¢7 () are different from the ¢7(y) scaling
behaviors.

One can see that all three potentials, which come from different approaches, have exactly
the same operator structure. The only difference between them is related to the different
scalar functions multiplying each operator. These, in turn, differ only through the presence
of different characteristic masses: m,, m,, m,, and m,. Therefore, to unify notations,

it is convenient to define new constants C¢(of dimension [fm]) and the scalar function

fo(r) = ng(,ur) (of dimension [fm™2]) as
gn(r) =) Crfalr), (16)

where the form of C? and f?(r) can be read from eq. (13), (14) and (15).

Since non-static TRIV potentials, with g,~5, do not appear either in the meson exchange
model or in the lowest order EFTs, they can be considered as higher-order corrections to the
lowest order EFT or related to heavy meson contributions in the meson exchange model.
Nevertheless, for completeness we estimate the contributions of these operators using f%(r)

functions with proper mass scales.

IV. CALCULATION OF TRIV AMPLITUDES

The non-perturbed (parity-conserving) 3-body wave functions for neutron-deuteron scat-

tering are obtained by solving Faddeev equations (also often called Kowalski-Noyes equa-
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tions) in configuration space [10, 11]. The wave function in the Faddeev formalism is a sum

of three Faddeev components,

V(z,y) = Yi(x1, Y1) + Ya(@2, Ys) + V3(3, y3). (17)

In the particular case of three identical particles (this becomes formally true for three-nucleon
system in the isospin formalism), the three Faddeev equations (components) become formally
identical. In terms of the three-nucleon force, which under the nucleon permutation might
be expressed as a symmetric sum of three terms: Vi, = V% —i—Vj"k+V,3i, the Faddeev equations

read:

(B~ Ho = Vi) e = Vi + ) + (Vi + VT, (18)

where (ijk) are the particle indices, Hy is the kinetic energy operator, V;; is the two body

force between particles ¢, and j, and vy, = 1;;x is the Faddeev component.

Using relative Jacobi coordinates &y, = (r; —r;) and y;, = %(rk - ”;’” ), one can expand
these Faddeev components in a bipolar harmonic basis:
Fo(w, i)
=¥ S }(zm (s:57),.),. (Lyse) jy>JM ® |(tit)),, te) . (19)

«

where the index « represents all allowed combinations of the quantum numbers present in
the brackets; [, and [, are the partial angular momenta associated with respective Jacobi
coordinates; and s; and t; are the spins and isospins of the individual particles. The functions
F,(zk,yy) are called partial Faddeev amplitudes. It should be noted that the total angular
momentum J as well as its projection M are conserved, but the total isospin T" of the system
is not conserved due to the presence of charge dependent terms in nuclear interactions.
Boundary conditions for Eq. (18) can be written in Dirichlet form. Thus, the partial

Faddeev amplitudes satisfy the regularity conditions:
Fa(O,yk) = Fa(l’k, 0) = 0. (20)

For neutron-deuteron scattering with energies below the breakup threshold, the Faddeev
components vanish for x; — oco. If yp — oo, then interactions between the particle £ and
the cluster ij are negligible, and the Faddeev components 1; and 1; vanish. Then, for the

component v, which describes the plane wave of the particle £ with respect to the bound



particle pair 47,

)

1
i s = 5[l o 05905, 0,1
j/ l/

n'n

=
=

i _
X3 [5lajzl,lnjnhz;l (Prua) = S, g1,1n T, (prnd)} ) (21)

where the deuteron, being formed from nucleons ¢ and j, has quantum numbers s; = 1,
ja=1,and ty = 0, and its wave function ¢4(x;) is normalized to unity. Here, r,q = (v/3/2)ys
is the relative distance between the neutron and the deuteron target, and hi are the spherical
Hankel functions. The expression (21) is normalized to satisfy a condition of unit flux for
the nd scattering wave function.

Using a decomposition of the momentum p which acts only on the nuclear wave function,

. . (S .
I—):M:E<g_g)+%%<$ﬂ_i€ﬂ>’ (22)

2 2 \oxr Ox

we can represent general matrix elements of local two-body parity-violating potential oper-
ators as

=(+) T R ~'(+) .
W |O|w;) T = (g)?,z [/ dea?dyy? <M) X(2) (M)

> o ) [alo@)),

(23)

where (4) means outgoing and incoming boundary conditions, and X (x) is a scalar function
or a derivative with respect to x acting on wave function. (Note that we have used the
fact that (F())* = F(H)) The partial amplitudes E(f),a(x, y) represent the total system’s
wave function in one selected basis set among three possible angular momentum coupling

sequences for three particle angular momenta:

Fipolz,y
Tl = LI N (o)) s, ) O ) (20

«

The “angular” part of the matrix element is

(alO()|8) = / di / VL5, 5)0@) Vs (2, 5), (25)

where Y, (%, 7) is a tensor bipolar spherical harmonic with a quantum numbers . One can

see that the operators for “angular” matrix elements have the following structure:
O(i) = (nom)(0:©0;) - (&, or Vg, or V), (26)

10



where ®,© = 4, x. We calculated the “angular” matrix elements by representing all op-
erators as a tensor product of isospin, spin, spatial operators. For details of the calcula-
tions of matrix elements, see paper [6]. Similar approaches have been successfully applied
for the calculations of weak and electromagnetic processes involving three-body and four-
body hadronic systems [12-17] and for the calculation of parity violating effects in neutron-

deuteron scattering [6, 18].

V. RESULTS AND DISCUSSIONS

Typical results for the contributions of different operators in a TRIV potential to matrix
elements are shown in Table I, where the mass scale was chosen to be equal to ;= 138 MeV'.
As was discussed, both the pionless and the pionful EFTs in the leading order, as well as the
meson exchange model, have only five operators which have non-zero coefficients. Taking
into account that the characteristic mass scale p for operators with g,>¢ should be at least
larger than twice the pion mass, the actual contributions of these operators are at least
one order of magnitude smaller than the values shown in Table I. Thus, one can neglect
contributions from the suppressed n > 6 operators provided the coupling constants satisfy
the naturalness assumption.

The possible contributions of different mesons to the TRIV amplitude at E,.,, = 100 keV
are summarized in Table II. Using these data, the observable parameters at the neutron
energy F., = 100 keV can be re-written in terms of TRIV meson coupling constants as

1 d¢TP
N dz

= (=65 rad - fm?)[g” + 0.12g%" + 0.0072\” + 0.0042g."
—0.00847 + 0.0044g." — 0.00995{ + 0.00064g."] (27)

and

PP _ Ao??  (—0.185 b)
B 2040t B 200t

—0.0071g%” + 0.0035g%" + 0.0019g” — 0.00063g"]. (28)

w

9 +0.2655 — 0.0012g\” + 0.0034g ")

For a comparison, the DDH model of PV interaction with the AV18+UIX strong potential
at E., = 100 keV gives

1 d¢P _ 2 1 0 1 0 1 1
N o = (95 rad - fm®) | AL+ (0.11) + hy(—0.035) + hQ(0.14) + h,(=0.12) + b, (—0.013)]
(29)
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st TP .
TABLE 1. Typical matrix elements of the TRIV potential, Re <(ly]y)"]|‘gl . Klyjy)"”, in the jj-coupling

scheme with the AV18 + UIX strong potential in the zero energy limit. The imaginary part of
2
the matrix element is zero in the zero energy limit. Scalar functions are chosen as Z=Y](mqr) for
2
operators 1 — 5, and %Yo(mwr) for operators 6 —16. O3 g 12 = 0 because of isospin selection rules.

All numbers are in units of fm?.

n (13[v/2]03) /p (13[01/2j03) /p (13[v%2)04) /p (13[v%/2(0%) /p
1 0.590 x 101 —0.787 x 107 0.151 x 10791 0.177 x 1079
2 0.627 x 10100 —0.863 x 107 —0.144 x 10100 —0.167 x 10790
4 —0.268 x 10700 0.107 x 10100 0.330 x 10~ 0.379 x 1071
5 0.321 x 10100 —0.267 x 1079 —0.199 x 10100 —0.691 x 1071
6 0.719 x 10~ —0.104 x 107 —0.115 x 10~ —0.141 x 1071
7 —0.206 x 1071 0.520 x 10792 0.337 x 10~ 0.384 x 107
9 —0.650 x 10~ 0.865 x 10792 0.238 x 10793 0.134 x 10792
10 0.106 x 10~ —0.932 x 10793 0.658 x 10793 0.622 x 10793
11 0.171 x 10~ —0.548 x 1079 —0.237 x 10792 —0.273 x 10792
13 —0.163 x 1079 0.111 x 10792 0.131 x 10793 0.288 x 1079
14 0.649 x 10792 —0.628 x 10792 —0.876 x 10792 —0.250 x 10793
15 0.338 x 101 —0.230 x 107 —0.293 x 107 —0.198 x 10792
16 0.128 x 10~ —0.816 x 1072 —0.119 x 107 —0.335 x 10793

TABLE II. The difference of scattering amplitudes, ( fIP - fTP )/(pCy) for the TRIV potential
operators n = 1, 2, 4, and 5 for mass scales corresponding to meson masses at F.,, = 100 keV. All

numbers are in units of fm.

0 AfT AT M Afe
p p p p
1 —0.615 — 70.0567 —0.317 —40.00738 —0.125 — 70.00329 —0.119 —70.00317
2 —7.58 +11.07 —0.761 + 20.0901 —0.302 4 ¢0.0361 —0.288 4 10.0345
4 3.14 —¢0.300 0.571 —0.0227 0.225 —¢0.00873 0.215 —20.00832
5 —4.99 +10.848 —0.262 4 ¢0.0717 —0.0934 +:0.0273 —0.0888 + 70.0260
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Ac? (0395 b) ,
PP = = AL 4+ Kh2(0.021) + A1 (0.0027) + 12(0.022) + hL (—0.043) + h'}(—0.012)] .
o o [ﬁ 0(0.021) + R,(0.0027) + RY,(0.022) + h.,(—0.043) + A, (—0.0 )]
(30)
These expressions correspond to
iM = (59 rad - fm*) [hL + h2(0.10) + h2(0.14)
N dz T P Wi

+hL(—0.042) + hL(—0.12) + h;1(0.014)] (31)

in the zero energy limit, and to

Ac¥ 140 b
ppr_ Aot _ (0140Db) [h% + h9(0.021) + hY(0.022)

2010t 2010t

+h1(0.002) + A (—0.044) + h;}(—o.om)] (32)

at E., = 10 keV, which were calculated using the DDH-II/AV18+UIX potentials in paper

[6]. The equations have the expected dependence of Ac”? and Ac? on neutron energy as

(E,)'/2. The angle of the spin rotation, being proportional to the scattering length, is not
sensitive to neutron energy in the low energy regime.

The results of Table II could also be considered as an illustration of the cutoff dependence

of matrix elements for the EFT calculations. However, physical observables do not depend
2

cf . .
on the cutoff due to the renormalization of C7 = —’T’i. In the pionless EFT with cutoft

1t = m,, the observables can be written in terms of dimensional LECs, cf (in fm?),

1 doT?
= ZZ = (—2.45 rad)[c] + ¢7(0.081) + ¢} (0.41) 4 ¢Z(0.66)],

prp_ Ad"F(-0.35)

2010t Otot

[ + T(—0.053) + ¢ (—0.28) + £ (0.79)]. (33)

For the case of the pionful EFT, the one-pion exchange contribution is considered explic-
itly, and all other cutoffs for contact terms should be larger than the pion mass. Therefore,
the results in Table II for pion, p, and w masses correspond to results for different u’s. For

example, choosing the cutoff scale ;1 = m,,, the expressions for TRIV observables are

i d¢TP

~ g = (~05 rad- fm?)[g'” + 0.12gM]

+(—3.05 rad) [} + ¢7(0.41) + ¢&(—0.75) + £ (0.31)] (34)

and
PP _ Ag?P  (—0.185 b)
2001 2040t
(—0.728)
_'_7

2010t

79 +0.2651]

€5 + 7 (—0.001) + ¢T(—0.24) + ¢ (0.76)]. (35)
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It should be noted that all existing calculations of TRIV couplings are based on the meson
exchange model, since EFT low energy constants for TRIV interactions are unknown. Using
the meson exchange model, one can predict TRIV effects for different mechanisms of CP-
violation, because the values of the TRIV meson-nucleon coupling constants depend on the
model of CP-violation.

The results of the calculations show that the dominant contributions to TRIV effects
come from the first five operators. Moreover, in the meson exchange formalism, the pion
exchange contribution is dominant, provided that CP-odd coupling constants for all mesons
have the same order of magnitude. Thus, comparing Eqs.(27) and (28) with Eqs.(29) and
(30), one can see that contributions from p and w mesons to TRIV effects are suppressed
by about one order of magnitude in comparison to the contributions of these mesons to PV
effects. This fact is especially interesting because, in the majority of models of CP violation,
TRIV pion nucleon coupling constants are much larger than p and w ones (for details see, for

example [19-22] and references therein.) Assuming that the dominant contributions come

1

T

from 7 -mesons and using the conventional parameter [8, 23] A = g,/h., one can describe

the TRIV observables in terms of the corresponding PV ones as

P _(0) )
o~ (1.2) (QL + (0.12)9L> :

oF h h
AP gy g

These ratios of TRIV and PV parameters do not depend on neutron energy.

It is useful to relate these estimates to the existing experimental constrains obtained
from electric dipole moment (EDM) measurements, even though the relationships are model
dependent. For example, the CP-odd coupling constant gfro) could be related to the value of
the neutron electric dipole moment (EDM) d,, generated via a m~ -loop in the chiral limit

[24] as

e A
d, = =(0) In —
47rmNg7r G L My (37)

7(r0) as less

where A ~ m,. Then, using the experimental limit [25] on d,,, one can estimate g
2.5 x 10710, The constant g4 can be bounded using the constraint [26] on the 1% Hg atomic
EDM as g\ < 0.5 x 10~ [27].

Theoretical predictions for A can vary from 1072 to 10710 for different models of CP

violation. See, for example, [8, 19-21, 23] and references therein. Therefore, one can estimate

14



a range of possible values of the TRIV observable and relate a particular mechanism of CP-
violation to their values. It should be noted that the above parametrization assumes that
the pi meson exchange contribution is dominant for PV effects. Should the 77 +p — d + ¥
experiment confirm the “best value” of the DDH pion-nucleon coupling constant il Eqs.(36)
can be considered as an estimate for the value of TRIV effects in neutron-deuteron scattering.
Otherwise, if hl is small, one needs to use h, or h, with corresponding weights, which will

increase the relative values of TRIV effects.
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