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_ Abstract

Rﬁdiative correcfinns, due to the P-odd part of
electroweak interaction, transform the T-odd, but
.P—_even interaction into a T-odd and P-odd one. The
experimental information about T-odd, P-odd effects is
sufficiently rich to obtain in this way new limits on
the parameters of T-odd, P-even electron-nucleon and
nucleon-nucleon interactions, ‘as well as on some
B-decay parameters. These limits are much better than
those known previously. For identical splm: 1/2
particles'thére is no local T-odd, P-even interaction
at all. .
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1.The direct ekﬁerimental information on the T-odd,
P-even interactions'is rather poor. Best limits on the
relative magnitude of the corresponding admixtures to
nuclear forces lie around 10_3 [1-4]. We shall relate
below éll interadticns to the Fermi weak interaction
constant G. Since the nuclear scale of ' weak
interactions is ‘Gmi ~ .2-1[}_?, those limits can be
formulated as 1048. Recent experimental project I[5]
aims at improving these limits by three orders of
magnitude. |

The .information on the correspahding
electron-nucleon interaction is practically absent at
all. One can mentién'here:only recent suggestion of an
atomic experiment . which can hopefully reach an
accuracy ~ 3-10%G [6] (see also [71).

As to T-odd,

P-even electron—-electron

interaction, @ its possible manifestations in
positronium are discussed in Ref. [8].

And at 1last, wupper 1limits on the relative
magnitude of T-0dd,_P—even correlations in B-decay lie
at best around 10 [9-14].

Below it will be shown that experimental data on
the T- and P-odd effects lead to much more strict
upper limits on the T-odd and P-even NN, eN and
B-decay interaction constants, As to the corresponding
local electron-electron interaction, it simply does

not exist.

T

2. Let us start from the consideration of the T-odd
and P-even scattering amplitude for fermions of spin
1/2. To find the number of these amplitudes it is
convenient to gd over to the annihilation channel and
to classify the particle-antiparticle states of a

given total angular momentum j with respect to P- and

CP-parity: |

e, Ty PE e O e
dis el =g Ry = e
e e T R R R
PR BN RN I e D e (e D

There are, obviously, two CP-odd and P-even amplitudes:

| 2
By the way, the number of P-odd amplitudes, both
CE=even and. CP-odd, . is larger, “fout..ln both cases
(see, e.g., book [15]). .
To construct explicitly T-odd, P-even amplitudes
we recall that T-odd, P-odd interaction of an electric
dipole moment d with an electromagnetic field strength

Eo .is (see, ecp. S]]
U

d

Vd =5 /] ?SFNVw va )
Substituting ~a » fermion . veector 'eurrent  for '  the
vector-potential, we would get four-fermion T-odd,
P-odd interaction. Obviously, to obtain T-odd, P-even

one, we have to substitute for the vector-potential an
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axial current. .In this way we get two following

four-fermion operators:

[G/VE]{q /2m ) a ig @ (p P, ) ¢ $2?“?5w2, g (210

{G/f?]{q /2m ) wlqug5¢1 w xﬁapp{p -pg)vwz. (3)

As it was mentioned above, we measure the interaction

discussed in the units of the Fermi weak interaction
constant G; m is the prﬁton mass, its choice as the
necessary dim;;sional parameter being also a matter of
convention; q _ are dimensionless.

This inter;ction could arise through the exchange
by a neutral pseudovector boson, if its vertices
contain the mixture of the operators 1#15 and
iqﬁwuv[p’—p]v of opposite CP-parity [16].

On mass shell the above spinor structures can be

transformed into

iy [p_ +p1}# “ i : (2a)

pw5x17 [p P, ] : | _ (3a)

We omit here EVJdent general scalar factors and field
operators wl 2;' the first and second spin-momentum
operators in both expressions refer to the first and

- second particles respectively. The representation

(2a),(3a) is more convenient for most calculations -

and will be used below.
It should be pointed out that for identical

fermions ($1=$2) the interaction discussed vanishes in

=

the local Iimit, ko-ibei s mone wexact, L AT L ql.s.. are

' independent of the momentum transfer. Technically, the

direct and exchange amplitudes cancel after Fierz
transformation. The following identities are useful

for this proof and calculations below:

B, (Rigpy 2 g (R By, X - (4)

+ -
a5 wuws(p Pi) EWEFMPx¢“u+x5¢“V{p1 lepxq“. (5)

Let us note in the conclusion of this section
that T—odd, P—éven quark-gluon and quark-photon
intéractions do not exist at all (see, e.g., [15]).

3. We go over now- to the calculation of the
electroweak radiative corrections to the operators
(2), (3). Some hint on the gain in the limits that
can  be obtained in this way, is g.iven by the
following argument, close in spirit to the
corresponding estimates from Refs.[17,18]. Let us
consider the contribution to the neutron electric
dipole moment from the combined action of the usual
P-odd, I-even weak interaction and the discussed T-odd
and P-even interaction, the strength of the latter
being q times smaller than that of the previous.one.

This contribution constitutes obviously
d /e ~ m (Gm ) q ~ 10"%"q cm. (6)

From the comparison with the last experimental

result[19]



d /e < 172500 em,. (7)

we get the limit q<102 which is about two orders of
magnitude better than the above mentioned direct
limits. This estimate is obviously of a very crude
nature. In particular, the dipole moment arises here
alt least in one-loop approximation which leads to a
small geometrical factor. It suppresses the above
estimate at least by an order of magnitude. But even
with all the uncertainties taken into account, this
example is quite instructive. Below we shall
concentrate not on the large-distance effects as in
this example, but on the short-distance ones. The
electroweak corrections to the operators (2),(3) are
G _the " order | o/m (up to some chiral suppression
factor, quite essential one; see beiﬂw]. but not Gmi,
and at least part of these corrections can be
calculated reliably.

Let us consider the radiative corrections to the
operators (2), (3) due to the Z-boson exchange. The

Z-boson interaction Lagrangian looks like

E 7 .
~ 2sinBcose me?m(V+a75]w e (8)

where e is: the ielectric. charge, 2] is the
electroweak mixing angle, v and a are the fermion
vector and axial charges. Along with the vertices

generated by the Lagrangian (8), we get additional
6

ones by making the derivatives in the operators

(2), (3) covariant with respect to the Z-field:

[ =
pp¢ [pu— P oEEE (v+a?5]2“1w (9)

which modifies the vertices in the two different forms

of the T—cdd interaction discussed as follows

; 0S5 1 B e
i?sip +p)Pl 1?5(p +p)

B 2sinBcose 2v2“175, (10)

1?s¢“v(p —plv+ y

+1g5¢pvtp -p)u_ 2sinBcosH (hzanviFuv' (11)

After this modification the results of calculations
are independent of the form of the operators, (2), (3)
or (2a), (3a). .

The corrections to the vertex ?H?E in the
operators discussed arise obviously only when the
fermion mass or the momentum transfer are taken into
account. But the corresponding Feynman integralé
converge so well that the corrections mentioned become
proportional not to w/m, but to G, and are therefore
negligible.

CP-even corrections to the CP-odd vertex
iars(p’+p)FJL cannot transform it into CP-even structures
r“ and Epp{p’—p]p_ The only structure that can arise,
is i(p’-p]“. The representation (11) for the initial
axial vertex is more convenient here for the

calculations. The first term in it leads automatically

7



to the conserved vector current and cannot therefore
induce the structure i(p’—];:‘;]]u non-conserved at
non-vanishing momentum transfer. Only the second term
in vertex (11) is operative here and leads through the
diagrams 1la,b to the following contribution to the

induced T- and P-odd interaction:
p 2

G_ mz : 1Dg-£é[q1fm }[—Zmévial](lxiqs} (12)
V2 16 m sin“@cos’® M 5
Here M is the Z-boson mass, A is a cut-off

parameter, e.g., the mass of the pseudovector boson
mediating the T-odd interaction. he secut-off
dependence of our results is due to the
ncnrenormalizabilitf of the T-odd, P-even interaction
discussed. The same nonrenormalizability leads to much
stronger divergencies in higher loops. E.g., diagram 2
for the induced electric dipole moment diverges
quadratically. Ecrisob s ihe quite modest cut-off wvalue
A ~ 100 Gev this two-loop diagram leads to the upper
limit for the constant q at _ the level 10_4. However,
-in the absence of a self-consistent theory for the
interaction discussed, we prefer not to rely on the
estimates obtained through the calculations with
power—-like divergencies. We shall consider (at least
in this paper) one-loop diagrams only. Moreover,
trying to be as conservative as possible in our

numerical estimates, we shall assume the log arising

to be of the order of unity.

8

To simplify the formulae we shall assume for the
mixing parameter the approximate value sin‘e = 0.25.
Then the weak vector and axial charges of electron, u-

and d-quarks are respectively:

4= 2F1 4sin @) 0, -
coidoxe  Sigaee 1 el

vuf 2{1 351n.ﬂ] g, a= 5, (13)
Mol e e it Ahypgid!

Yay 2(1 351“'B] U

In furmula'(IZJ vi and a are the charges of the first
particle to which the unit operator 1 corresponds, m,
is the mass of the second fermion, its operator being
135.. :

The calculation of the so to say irreducible
diagrams of the type 3a-c is quite straightforward. It

is worth mentioning that the term 'qan/Mz in the

~vector boson propagator does not work here due to the

vector cﬁrrent conservation for which the inclusion of
vertex (10) (or (11)) is essential. The net result for
the induced T- and P-odd amplitude is

a1 e
G o A ; L
——:~~§E—lugr—5—(qi/mp}{2m2V1[332135x1 {al+a2)1x135] -~
i /8 el
. (14)

- a vz[m.lw o xo -1 (pl-plivxyp}}.

1 2 5 ur  up ?Swuv

We keep here only the terms of the order of o/
neglecting fhﬂse ~ s

A consistent, gauge-independent calculation of

the W-boson exchange contribution to the induced

9



amplitudes is much more model-dependent and will not

be discussed here in detail. It can be expected

however to be even larger than that of the Z—EXQhange |

due to small numerical values of the weak charges v

and a (see (13)). Se, the Z-exchange contribution

serves as an estimate from below for the effect
discussed. As to the Higgﬁ boson exthange, in the
standard model it conserves parity and is therefore of
ﬁo interest to us. | |

4. We start our concrete estimates from the case of
the electron-nucleon interaction. Here the induced

electron—-quark operator is
i 7

i log L vig [ =— iy ¢ '—&l—i?'w {pk—p-} XY ]4
=i GwTnE1 Y s e Zm 5 pu pu 2RI NDLEY SafnD S
V2 M . p pha
(15)
m& ! | :
fq—ﬁ-[(l—Za]lwsxl - 3-1xlgs]}.
P

Here m and m are the quark and electron masses
i 4 o | _

respectively, v and a are the quark vector and axial
chérges, q_ and q'are the dimensioglesé constants in
the T-odd, P-even operators with the explicit momenta
belongingltﬁ Electfons and quérks reépéctively..ln all
the products the fifst.operator refers to electrons;
the second one to quarks. The operator (15) should be
summed over u- and d- quarks and ' the expectation
values should be taken of it over a nucleon and then
over a nucleus. o

In the static approximation for nucleons the only
1@

term in (15) that depends on both electron and nucleon

spin is ¥ o ' We can ‘roughly estimate the

5 pv uv _
nucleon expectatlon value of the quark operatnr o, as
o .

N@# N. Then the..estlmate' for the dimensionless
effective constant of Tre@diand e P=oda tensof

electron=neutron inferaétiun is
e Iy -6
ET v'q ~ 10. q,- | (16)

k ==X —
- s -

= ?g——log

- The upper 1limit on the-constant-kE that follows from

the experlment w1th.l'gHg_[203 leads to the following

result

b T ' (17)
We assume here for the d—quark mass the ‘value m = 74
MeV. About the same llmit on q follows from the
experlment with TIF {21] |

We go over now to the nualear spin-independent
elffects. The correspondlng analysis of the term
17, “v[p P, )i :ac:yrll at u = 0 leads to somewhat weaker
than (17) llmlt on q . So, let us consider the term
irEXI_ The profon and neutron expectation values for

the d-quark scalar operators are [22-24]

<p|ldd|p> = 5, <njdd|n>.=6. (18)
So, we get the fcllnwing result for the expectation

value of this operator over a heavy nucleus:

<dd> = 5.5 A. (19)
Then the dimensio'nless constant of the T- and P-odd

electron-nucleus - 1nteract10n independent of nuclear
- i



spin is
e o log ﬂ? me
Ml gE g ME mp

-6
=P 20
k 11vdqd 2-10 d, (20)

The experiments with '~ Hg[20], TIF[21] and Cs[25]

lead to comparable upper limits on k1 ~on the level

1077, So, we get in this way

qﬂ < D (21)

Ael ok Phe ! *laat ¢t term ian: cformrlal sE151), o the

expectation values of the guark operators over a
nucleon are at small momentum transfer
£ 8. |
— = “ '._.
<N|iuy_u|N> = - <N|idy d|N> = ——iNy TN (22)
5 5 = 53
fZ(mu+md)

The u-quark mass is m = 4 MeV, the m-meson constant
e

f = 130 Mev, the strong coupling constant 2= 13.6,
(L |

. is the isotopic spin. For the corresponding

3

constant k_ (see Refs.[26,15]) we get now the

fnllowing value:

o : ﬂz me = fﬂgr

log =
ik MEr s v2(m +m )

k=
"

¢ 199
The upper limits on k3 from the experiments with

Hg
and TIF [20.21] constitute about 10 & - 10 °. So, in
this way we obtain

q Rl = Aol (24)

u,d

The éstimates perfnrmed: independently by

M.G.Kozlov and myself show that the account for the
long-distance effects in the interplay of the usual

=49

1 N' -4 _1 #
{—Equ-qdl=10 ( 54, qd] (23)

B o T

e

e L e

bl 1

neutral current weak interaction and the discussed

T-odd, P-even interaction leads to the limits on the

constants q
e,u,d

obtained above via the short-distance mechanism.

which are much weaker than those

S. We go over now to the discussion of T—cdd, P-even

quark—-quark interaction. The

number of the
corresponding independent structures increéses here
due to the possibility to suppiy the tensor operators
with the color matrices t5. 0 .

In the case of identical quarks we can get rid of

thé tensor

interaction by means of the Fierz
transformation: |
380 c c_ 128 4
i i __5__5 WL _ T.—-—g——S + 35 (25)
where '
fheam Tt o S 4 TC=;iy e to%e ta,
5 MY MY 5 UV 137
g L 'C:_. a _a.
S = 175x1, : G A p— 175t o e R

Then the induced T- and P-odd interaction (14)

transforms to

o W - _
e g_nlng_*‘"‘*__ 2 val-m( —:.133_8+4s°}+m, (26)
V2 M p
G o A of 128 o
._:_.iﬁlgg-—g-%%ava[-m(-ug——S-ESC]+DG], (27)
V2 M P :
where #



The operators (26) and (27) correspond respectively to
the cases when the initial T-odd, P-even interaction
does and does not contain t° matrices.

We shall consider now, following Ref.[27], the
contribution of the operaiors (26), (27) to the

neutron electric dipole moment and to T- and P-odd

nuclear forces, in fact in the latter case to the T-

and P-odd m NN vertex.

When calculating the neutron dipole moment by the
factorization method [27], the operator S° s
equivalent to %S. As to the factorizable contributions
of the operators D and D° to both neutron dipole
moment and m NN vertex, they are proportional to the
quark masses, but enter the results with much smaller
numerical factors than the total contributions of S
and S° (see below). The nonfactorizable contributions
of the operators D, D° are of course much lafger than
the factorizable ones. ' But according +to - rough
estimates these nonfactorizable terms are still of the
same order of magnitude as the net contributions of S
and S°. The explanation of this suppression consists
in small'geametrical factors appearing due_to loops in
the corresponding Feynman diagrams. If these
contributions of D and D° turned out to be larger, our
limits would be only better. As to the serious
cancellation between these contributions and those of

S and S°, it looks extremely unlikely. So, we shall

14

not attempt here more sophisticated estimates of these
nonfactorizable contributions (say, by the sum rules
method] and neglect from now on D and D° at all.

Then the curly bracket in (26) becomes equivalent
to  -10mS, that in (27) to _~-§9ms [inciuding the
factorizable contributions of D and D°would change the
factors slightly, from 10 to 9 and from —%E to: 12)
So, we come to the operators iuwﬁu-uu and idwgdwhi

ﬁith the dimensionless constants (G/v2 is singled out)

o Aaah W 310" °q)
Rttt oyt {0 by Sl (S T0GS Ve R0 022)
u,d 3m 2 m u,d u,d u, d -5 W
M p 10 q,
when starting from operator (26), and
-6 C
k =-E—log A" Imhdv a (—-quc e W i (29)
u,d 3 ME mp u,d u,d 3 ey d 14_10—5qc

when starting from (27). According to the calculations
ofi s Refu 127]) . ahe 1imit | (7) son . the neutten' dipole

moment gives the following bounds on the constants

| AL
u,d

ki 19774, k < 12 4bis (30)
o :
So, we come in this way to the following upper limits

on the constants q :

W W c c
q_< 30, q,< 12, q < 25, q,< 10. 31
For the comparison of the induced interactions
(26),(27) with the upper limits on the T- and P-odd
nuclear forces we wuse again the factorization

approximation. When calculating the 7 NN coupling
15



constant the equivalence between the operators looks

as follows: Sﬁd——%g—s. Then the dimensionless

constants k are (compare with (28)-(29)):
. urz m ' 10”°q"

e d#%—lﬂg hé mu,d e d(__'?_qz d}E *: W (32%)

'll, M p ul T.l, ] . 4.10
when'starting from operator (26), and :

% -6 ¢

: o ﬂz mu,-ﬂ A a0 qu
g oy log =ik e d{- =—d d] I (33)

o SR T W liaB. Sqr

when starting from .(27) (including the factorizable
contributions of D and D° would only slightly change

from _1%_ to -12 and from -z% to

the coefficlents, = 5 =

ad g

The limits on the constants q that follow from

the experiments with '~ Hg and TIF (the corresponding

data on the constants k can be obtained using the

u,d
calculations from Ref.[27]) are comparable or slightly

weaker than (31). However, in the near future one can

expect a considerable progress -in the searches for
T—violation in atomic experiments and therefore a
considerable improvement of the accuracy for the
constants q.
6. In the case of different quarks the 1induced T-
and P-odd operator is (note that here al+az= 0)

2

g “ 1 g-ﬁé—g—a {Gm.v 11 sl Y [m 1? o X0

2 In 2 1’ 3
T Mo T iyl

s 16

-ire e g 1) (34)

There is of course one more operator, with color
matrices t° in both factors.

In our estimates below for the neutron dipole
moment we shall follow the approach of Ref.[28] where
limit.

it was calculated in the chiral The only

contribution . singular in. the mw-meson mass m.

originates here from the diagrams 4a,b where one of
the mNN vertices, g V2 135, is the strong interaction
r g

one, the second, gv2 1, is CP- and P-odd. The neutron

dipole moment arising in this way is
g g

= l—log-l— (3%5)
2 m m
A p 8

d /e
In

§ CE=S A P-odd constants £ generated by the

operators
T B c A a it~ |
kud{ulwsu}[dd]. kud{ulwﬁt u) (dt 'd),

a

k (uiy ¢ uw)(de d), k' (uiy o t7u)(de t3d) (36)
£ 5 MV [Th% t 5 MV uv

(the factors G/¥2 omitted for brevity) are obtained
easily by the factorization and constitute

=c 1

g AxF 24 k me f /{Iﬂ m, ) g e k me f /{m +m ),
s K L e o ,
gt—zkthmﬂf“/[mu+md}r B, Siak, meanX[mu+md}. (37)

The factor p=[m.__r'-m5_]fmq is very close to unity (m_, Me
S i £




and m
s
s-quark respectively).

Comparing (37) with the experimental result (),
we get the following limits on the constants K
b -4 c -4 =
Kalae5e10 Ty - Koo A Ker SEpES
c -5
ks 20 = (38)

The J
results on }ﬂm’ kt are comparable to those

obtained in Ref.[27], the limits (38) on k° . Kk
ud:l

are
t

much stronger.

- As follows now from (34) and (37), the induced T-
and P-odd constants are |

2 m

12 o A 2 q12

o 3“10g~;5-ﬁ—6az{v1—2v2] g (39)
12 5 q
12
In this way we get
C
qud( 10’ qdu{: 20' qud< ?* q:u{ 15 (40)

To obtain the limits on these constants from the

T- and P-odd nuclear forces we use again the results

of Ref.[27]. Here the operator iy o xe is
ineffect ' KA
ective. So, we get for the constants k the
J : ud, du
following expressions:
; o A2 o -3-10" % ;
ud,du 3T o8 ME "I 6Vu,dad,uqud,du: -6 v (41)
p -4-10 qd
I

The 1limit on the constants k
ud, du

following from the

atomic experiments, k

-4
deu< 10 °, leads therefore to

18

are the masses of Z-hyperon, Z-hyperon and

<

which is somewhat worse than (40).

The contributions of the operators iﬁﬁtaxta and
i?éﬁpvtaxaupta to the T- and P-odd nuclear forces are
so small that the limits on the constants qidﬁhl
obtained in this way are extremely weak.

7. Now, having got the above limits on the T*Odd and
P-even quark-quark interaction, what can we say about
the corresponding nucleon—nuciean interaction? T- and
P-odd nuclear forces are dominated by . n°-meson
exchange. But T-odd, P-even m NN vertex simply does
not exist. The effective T-odd, P-even niNN coupling,

being Hermitian, looks like
— + Lo -
py Dm - Ny pw (43)

and does not lead to NN scattering in the one-boson

‘exchange approximation, since after the interchange of

this vertex and the strong one, . the corresponding
diagrams cancel out. By the same reasons the exchange
by vector bosﬁns; both neutral and charged ones, with
one vertex being usual strong and the second T-odd and
P-even, also does not lead to NN scattering. Vanishing
of the one-pion exchange in the T-odd, P-even NN
scattering was pointed out previously in Ref.[29].
One-boson exchange of ‘this type starts therefore with
pseudovector mesons. Being mediated by heavier bosons,

the effective NN interaction is suppressed as compared

£9



to simple estimates. : :

On the other hand, . it follows already from
general = formulae (2),(3) that a T-odd, P-even
nucleon—-nucleon scattering amplitude contaiﬁs an extra
power of p/mp as compared to the vsual P—ﬁdd weak

interaction. It means again rougiily an order of

magnitude suppression as compared with the mentioned

! : 2
naive estimate 'Gmnq.

Thus, even taking into account the uncertainties

of our calculations, including the neglect of the

- W-boson ~exchange .and of the nonfactorizable
contributions of the operators D and D°,one can expect
that the relative strength of the T-odd, P-even
nuclear fordes does not exceed lﬂGmi.

One 'should have in mind however that the
‘'observable effects of the T-odd, P-even nuclear forces
may well ‘happen to be much larger than this estimate,
due to; so to say, Ipng;distance-enhancement factors,
'such as small energy intervals between resonances
mixed by the interaction discussed.

8. Some information can be obtained in an analogous
way concerning even f-decay constants. To relate them
to the eN T- and P-odd interaction one should
éyidently switch on W-exchange. As has been mentioned
already, this procedure is more ambiguous than the
switching on of Z-exchange used in our previous

consideration. One can hope, however, that the

20

estimates made below are valid at least by an order of
magnitude.

The diagrams transforming pB-decay interaction
into T- and P-odd eN dné are presented at Figs.5a-d.
In our estimates we shall assume for the W-boson
propagator the simple Feynman form 6pv/(q2_Mi} with
the hope that the term —qpqu/Mz in the nominator will

W
somehow cancel out at more accurate calculations.

We shall restrict here to the T-odd quark-lepton
B-decay interaction without derivatives. Then, to
obtain the radiative correction of the order of
magnitude o/m, but not G, the quark mass in the
propagator should be neglectedi Let us note that all .
T- and P-odd eN interaction operators without
derivatives change the chirality of both. fermions.
Since the W-exchange vertices contain left projectors,
we can investigate iﬁ this way, neglécting the quark

masses, the chirality changing quark-lepton operators
only:
{ﬁd}[E(C5+Cé?5}V1+(U75d][E(CF?5+CP]F]“
e e : 0] e S i o (44)
—E{UFuvdJEE(CT+¢T?5}Fuv
So,. dn. this apﬁrcximétion nothing can be said about
axtal and vector constants. On the other hand, P-even

part of the electroweak correction allows us to obtain

information on the P- and T-odd B-decay constants as

well.
21




The effECtive T- and P-odd 1nteract10n. of "an

electrcn with -u-quark arlslng from (44) through the
- W-exchange (see diagrams 5a,b) is
G AT e
-—-.-§E*1og-_“1mzstc +C fi= {C G ) [C +C Y
VQ : M
. ;. (45)
2 (i +1x] iy o 3. it
[ (1y5x1 1x135]+1?§¢”px¢ s
Again in each operator product the first factor référs
to the electron, the second one. . refers to the

quark. The corresponding effective upEratﬂr for fhé

interaction between electron and d-quark [see dlagrams-
5e,d) is

G« N e
7 S 10g-;-21m[(c +C = [c +c ]][1? w]— lxir ] {&6]

L

In this way we get for the effective constant k

(see the discussion of formulae (16), (17)) the

expression
2

-§~—log—i—-lm[6(C +C2)=(C4C2)=(C#C2)], - (47)

L.

k

Il?

and the following 1limit on the B—decay canétanfs:
I iy ~3 -3
ImIE(CT+CT} {CS+CS} (CF+CP}]<4-1D : (48)

Using the same results (18), (19),
following value for the constant k :
1

we obtain the

2 "
_ o A ; |
kl -zi-lcg~;5—5.5 Im{S(CT+CT}-(CP+CP)], (49) 1

W
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.and'_a limit on another

:‘THE upper limit on the

combination of B-decay

constants:
! ! ; . -3
] il ) { - . :
_ Im[S(CT+CT) ;CP+CP]] et (1) (50)
And at last, using formula (22), we come to the
expression for the_constant k_:
o AEI f‘l‘[gr

"k =——1log
Sy Mi

Im[3(C_+C:)-(C+C2)].  (51)
VZ(m +n_)

combination of B-decay
constants in Square brackets, obtained in this way, is
slightly Worse than (50).

| - It would be natural to say ‘that, up to the

pﬁ551b111ty of some cancellatiqns, the final result

‘for the constants discussed can be formulated as

TH(C,¥C1) <.0.5:0075 11 IEAE) < 10510,
In(C_+C}) <ebifow 0L )
The limits nbﬁained from - direct experiments
{9 11,13-14] 1lie roughly between 107> and unity,
dependlng on the combination of ‘the T-odd . constants
All of those combinations differ, ‘however, from ours.
But what is more essential, our limits are, so to say,
ofi. less quantitatiﬁe character, being: depéndent on

some assumptions made in calculations. Nevertheless, I

believe that the limits (52), being much stronger than

direct ones, are quite interesting. ~

Here again it should be noted that T-odd
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correlations in the nuclear B-decays may be enhanced
considerably due to "long-distance" effects in a
nucleus. In this connection I wish to mention the
possibility of such an enhancement due to the presence
of an anomalously close nuclear level of opposite
parity admixed by T-  and- P-odd nucleon-nucleon
interaction to the initial or final level.

The last remark refers to the flavour-changing
quark-lepton interaction which differs from (44) by
the substitution of the é—quark for d-quark. In this
case also the T-odd constants are limited from above
by the results of atomic experiments. The limits are
roughly five times worse than (52] due mainly to the
presence of the Cabibbo angle in the flavour-changing
W-exchange. As to the chirality-changing strange quark
operators Es, : Eiwss, Ewpus, their nucleon
expectation values are of about the same magnitude as
those for d-quarks [23,24]. Quite meaningful limits
follow in this way even on the T-odd constants for
B-decays of heavy quarks:: ¢ » dev, b = uev, t -» dev.
But here again "long-distance" effects, well-known in
these cases, lead to tremendous enhancement of CP-odd
phenomena in the semileptonic decays of neutral

mesons, observed long ago in the decays k% wlv.

24

Acknowledgements.

My interest to the problem of T-odd, P-even
interactions originated to a large degree from the
discussions with -J.D.Bowman, D.A.Budker, R.S.Conti and
H.Weidenmueller. On some theoretical points I had
helpful discussions with V.L.Chernyak, M.G.Kozlov and
A.R.Zhitnitéky. To éll of them I owe my deep

gratitude. To H.Weidenmueller I am grateful also for

_the kind invitation to and warm hospitality at the

Max-Planck Institute of Nuclear Physics, Heidelberg,

where this work was started.

References
1. N.K. Cheung, H.E. Henrikson and F. Boehnm,

Phys. Rev. Cl6 (1977) 2381
2. J. Bystricky, F. Leah and P. Winternitz, J. Phys.
45 (1984) 207

C.A. Davies et al., Phys. Rev. C33 (1986) 1196
J.B. French, A. Pandey and J. Smith, in Tests of
Time Reversal Invariance in Neutron Physics, ed.
IN.R. Roberson, C.R. Gould and J.D. Bowman {Horld
Scientific, 1987) '

5; J.D. Bowman et al., Research Proposal. Search for
Parity and Time Reversal Symmetry Violation Using

Polarized Neutron-Nucleus Interactions (Los Alamos,

1989)




6.

10.

{4 4%

12

135

14.

M.G. Kozlov and S.G. Porsev, Phys. Lett. Al42

- (1989) 233;Yad.Fiz. 51 (1990) 1056

. A.N. Moskalev and S.G. Porsev, Yad. Fiz. 49 (1989)

1266

. R.S. Conti, S. Hatamian and A. Rich, Phys. Rev.

A33 (1985) 3495

wsR .l Steinberg,_P. Liaud, B. Vignon and V. Hughes,

Phys.Rev. D13 (1976) 2469

B.G. Erozolimsky, Yu.A. Mostovoi, V.P. Fedunin,
A.I. Frank and 0.V. Khakhan, Yad. Fiz. 28 (1978)

98 (Sov. J. Nucl. Phys. 28 (1978) 48)

A.L. Hallin, F.P. Calaprice, D.ﬁ. MacArthur,

L.E. Piilinen, M.B.Schneider, and D.F. Schreiber,

Phys.Rev.Lett. 52 (1984) 337 |
T.J. Bowles, in Tests of Time Reversal fnvariance

in Neutron Physics, ed. N.R. Roberson, C.R. Gould
and J.D. Bowman (World Scientific, 1987)

M.B. Schneider et al., Phys.Rev.Lett. 51 (1983) 1239
M. Scalsey and M.S. Hatamian, Phys.nev. C31 (1984)

2218

26

15%

16.

178

18.

e

20.

il

22

23.

24,

28

I.B. Khriplovich, Parity Noncnnservatioﬁ in Atomic
Phenomena (Moscow, Nauka, 1988; Gorﬁan and Breacﬁ,
in press)

E.C.G. Sudarshan, Proc.Roy.Soc. A305 (1968) 319

L. Wolfenstein, Nucl.Phys. B77 (1974) 375

P. Herczeg, in Tests of Time Reversal Invariance
iﬁ Neutron Physics, ed. N.R. Roberson, C.R. Gould
and J.D. Bowman (World Scientific, 1987)

K.F. Smith et al.,Phys.Lett. B234 (1990) 191

S.K. Lamoreaux, J.P. Jacobs, B.R. Heckel, F.J. Raab
and E.N. Fortsﬁn, Phys.Rev.Lett. 59 (1987) 2275

D.Cho, K. Sangster and E.A. Hinds, Phys.Rev.Lett.

63 (1989) 2559
T.P. Cheng, Phys.Rev. D13 (1976) 2161
J.F. Donoghue and Ch.R. Nappi, Phys.Lett., B168

(1986) 105

V.M. Khatsymovsky, I.B. Khriplovich and

A.R. Zhitnitsky, Z.Phys. C36 (1987) 455
S.A. Murthy, D.Krause,Jr., Z2.L.Li and L.R. Hunter,

Phys.Rev.Lett. 63 (1989) 965

27




26,

27

28.

29,

V.V. Flambaum and I.B. Khriplovich, Zh.Eksp.Teor.

Fiz. 89 (1985) 1505 (Sov.Phys.JETP 62 (1985) 872)
V.M. Khatsymovsky, I.B. Khriplovich ‘and

A.S. Yelkhovsky, Ann.Phys. 186 (1988) 1

R..J. Crewthér, P.5 g Vecchia, 'G.. Veneziano and

E. Witten, Phys.Lett. B88 (1979) 123: B91 (1980)

487TE

M. Simonius, Phys.Lett. B58 (1975) 147

28




e |

30



I.B. Khriplovich

WHAT DO WE KHOW ABOUT T-ODD,
BUT P-EVEN INTERACTIONS?

U.B. XpunmgoBudY

YTO M3BECTHO HA CAMOM JIEIE O T-HEYETHHIX,
HO P-METHHIX B3AMMOIENCTBHUAX?

Pabora mocTymuia - 11 uoHA 1990 r.

OTBEeTCTBeHHble 3a BhHIYCK: C.I.IIomnos .

[lognucaHo K nevyaTrtu 19.06. 1990 r. MH 08728
¢opmMaT 6yMarm 60x90 1/16
yeun. 1,0 n.u., 0,9 y4y.-u=0O. 4.
Tupax 220 3k3. becmjaTHO. 3akaz 69.

PoranpuHT UA® CO AH CCCP, r. Hosocubupck 90.



