i

UHCTUTYT SOEPHOA ®U3NKK
CO AH CCCP

WHAT IS THE VALUE OF THE NEUTRON
ELECTRIC DIPOLE MOMENT IN
THE KOBAYASHI-MASKAWA MODEL?

I,B.Khriplovich and A.R.Zhitnitsky

MPEMPUHT 81-115




e 2

WHAT IS THE VALUE OF THE NEUTRON ELECTRIC DIPOLE

MOMENT IN THE KOBAYASHI-MASKAWA MODEL?
I.B.EKhriplovich and A.,R.Zhitnitsky

Ingtitute of Nuclear Physics,
630090, Novosibirsk 90, USSR

ABSTRACT

A new mechanism is considered due to which the neutron
electric dipole moment Jr arises in the Kobayashi-Maskawa
model, This mechanism leads to the estimata‘ﬂm’*2'10'32e-cm,
by two orders of magnitude larger than the contributions
conaidered previously.
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The search for the electriﬁ dipcle moment(edm) of the neu-
tron, beiné%arried out for many years, have allowed to restrict
essentially the class of possible models of CP-violation, Due
to the well-lmown successes of the renormalizable theory of
electromagnetic and weak interactions the attempts to describe
CP~violation within the same approach appear to be the most na-
tural. Now two mchemes of this kind are discussed intensively.
In one of them CP-viclation arises in the Higgs sector of the
model /1,2/, in another- in the fermion sector /3/.

The edm of the neutron in the most popular version of the
model of the first type, suggested by Weinberg /2/,was congide-
red in Refs, /2,4=T/. In Ref/7/ the neutron edm .J, was shown to
be due in this mﬂdéi wainly to the contribution of the strange
guarks, The estimate J&ﬁr-9-10-25 e.cm'’ obtained in this way,
formally contradicts already the last experemential data /8/

Jp=(2.32 2.3)10"25 e-cm, Due however to the ambiguities in the
value of the model parameters which are extracted from the K>
27 decay, only order of magnitude of the theoretical esti-

mate can be guaranteed, but not its sign. Nevertheless, the
improvement of the accuracy of the experement on the neutron
edm by 3~4 times(it can be expected within the next few months)
would finally decide the fate of the Weinberg model of CF=vioe
lation /2/.

In the present work we discuss the value of the neutron edm

1)In the Ref./7/ we have made an error in the sign of the

strange quarks contribution that has led to the estimate

D, ~+7:107%° e.cm,



in the Kobayashi-Maskawe (K-M,)model /3/., In the first papers
on this topic /9-=11/ it was realized that 2. does not arise
here in the first order in the Fermi constant G. . Then
Shabalin /12/ has shown that a quark edm vanishes algo in the
two=loop approximation®. 2) In Ref./12/ it was noted also that )
can arise due to weak interaction gtween quarks constituting
the neutron, The investigation of corresponding diagrams(see
Fig.1) has led to the estimate O,~10">%e.cm./15/, Other , lar-
ger velues for this contribution /16,17/ are overestimated,

In the present work &another mechanism leading to the neu-
tron edm and due to the interquark weak interasction is consi-
dered., Following the idea used in Ref./18/ to calculate
the neutron edm in another model (see also Refs,/19,7/), we
shall look for the contribution to J, singular in the chiral
limit., This contribution, proportiomal to 52 ﬁg, arises from
the diagrams Ea'h « The symbol O represents here the usual
non-leptonic weak interaction described by the phenomenological
Hemiltonian

: (1)
HGr @y (484 )0, &

A=-1.93(1) B :-065(7)
We :t'al__],r_:uw the convention on the signs of the amplitudes of non-
-leptonic decays adopted in Ref,/20/.

As to the CP-odd 77 X interaction ,represented at Figs.
28sb by the symbol @ ,it is determined by the quark disgram

3(here the dashed line refers to the gluon) where we only

JEw.r:-:-n taking into acco@nt ﬂ[:rang—interactinn radietive correc=
tions, one camnot get & quark edm exceeding 10 34e-cmf13f.lar-

ger predictions/14/ for ),obtained in this way are perhaps
overestimated.

retain the structure

m a g
r‘?’_r /9 tm’
77 < j3f < }#:

In the formula (2) we follow the convention on the K,-M, matrix
adopted in Ref,/21/. Note that at «¢/»/-dithe correction factor
A in the operator (2), arising due to strong interaction at
small distances, constitutes A =43. It only slightly deviates

from unity since the characteristic virtual momenta are here
large enough so that «y is small., The operator(2) is essentially
the well=known "penguin" diagram which was used for the first
time in Ref./20/ in another commexion, for the description of
non-leptonic decays of hyperons and kaons.
.-. d’éaﬂ SR

Unlike another CP-odd structure, s%g{ffﬁ-ﬂ" S ,arising
from this diagram, here the ca.nce:l;ation between c~quark and
t=quark contributions in the limit mc=m_b ieaﬂa not to the fac-~

(7 - Yy ~10"" , but to  In 7 Which at 7 =306¢)
/7, =f.56e¥ is equal to 6.

The matrix element <577” /#,/#)> 1is calculated in the stan-

darg way by factorizing the pion, The result is

-7* O F eih 3 #{,{m&mﬂ}w
KT He /2> P s 4628 8,5, 556, -.43? e

- e, (4<4p 5F ,,//z{,;

Here o= 0.64 is the relative weight of D-coupling in the inte~
raction of baryon and meson octets; ﬁ"' =1.,25; 7 is the pion
momentum . One should pay attention to the factor "X A/ ¢ - /
( #% is the kaon mass) at the - structure, It is due to
the effective pseudoscalar in axial current.

Using the expressions(1),(3),we find by standard calculati-
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ons the contribution of the diagrams 2810 to the neutron edm:

* 2 4
Dy =-€ 8 23d 5,5, ,sagr.fg”);a _&gﬁ?ﬁm J&“JJ{?“’ gz% (4)
We neglect in this expression the term 6:;:13 -0,08 in com=
parison with A(éx-£/¢;= -0.T. The numerical estimate by the for-
mle (4) at &85 148 =102, <5/%/ =0,2, 4 =1.3, e X =1 gives
Dn o 2:10""%e . cn,

Calculating the contribution of the diagrams Ea'b, we
have omitted the analogous diagrams with the 7~5" intermediate
gstate. The reasons are as follows, The s-wave amplitude of the
corresponding decay is very small, 4{2**.«?#’7 =0,06(1), and can
be neglected, But if in the CP-even vertex the amplitude £ is
retained only, in another vertex, CP-odd one, only the scalar
structure is easentlal. The last structure turns to zero both
in the limit of zero pion momentum, as can be checked by direct
calculation of the corresponding commutator in PCAC technique,
and in the pion factorization approach, The proof of the vali-
dity of these arguments is that they can be applied as well to
the CP-even amplitude ;4[£+?!!3'7which is very small indeed.

It is useful to explain why our estimate for J. is by two
orders of magnitude larger than that obteined in Ref./15/.
Firstly, as it was pointed above, the cancellation of the
diagrams 3 with c- and t-quarks in the llmlt,#%_“ﬁgz 15 guaran-
teed here by the factor £z 3%:6 inatead ot P 2001, Second-
ly, due to the preaence of rlght-handed currents in the operat-
or (2), the factor Rﬁ/?{ﬁahquE arises, And finally, there is

a factor of the same order of magnitude in the amplitude A
compensating in it the smalliness of the Cabibbo angle, Taken
together, they overweight with odds «s and a small numerical
factor arising due to the extra loop (Fig. g By

There is a problem of the contribution of the diagrams 4ﬂ’b
where the symbol (@) refers to a CP-odd scalar vertex of the
second order in G., and the dot refers to the usual strong T
vertex. It contains also the factors &W and 4‘:@@%{; the
absence of the last large factor is companaated numerically by
a large value of the constant aﬂn¢@;313. However, we do not asee
any grounds to expect that such & contribution should cancel
out that obtained above.

Therefore, we arrive at the estimate for the neutron edm

in the K.-M. model:

Dr & 2.107%¢.cm (5)

We consider this estimate as a conservative one. In
-particular, account for rannrmalizntian group currantiﬂna due
to gluons of virtuality from m tufu a~ (0.2 Ga‘f} leads to the
increase of the estimate (5) by about two times.

REFERENCES

1. T.D.Lee, Phys.Rev, 08,(1973),1226.

2. S.Weinberg, Phys.Rev,Lett, 37,(1976),657.

3. M.Kobayashi, T.Maskawa, Progr.Theor.Phys. 49,(1973),652,

4, A.A.Anselm, D.I,D'yakonov, Nucl.Phys. B145,(1978),271.

5. A.A,Anselm, N,G.Urelisev, Yad,Fiz. 30,(1979),465,

6. A.R.Zhitnitsky, Yad.Fiz. 33,(1981),1320.

7. I.B.Khriplovich, A.R.Zhitnitsky, Yad.Fiz. 34,(1981),167.

8. I.S.Altarev et al., Phys.Lett. glgg,{1981),13.

9. L.Maiani, Phys.Lett, B62,(1976),183.

10. J.Ellis, M.K.Gaillerd, D.V.Nanopoulos, Nucl.Phys. B109,
(1976),213.

11. B.W.Lee, Phys.Rev, D15,(1977), 3394,

12, E.P.Shabalin, Yad.Fiz. 28,(1978),151.

13. E.P.Shabalin, Preprint ITEP-87,(1979).

14, J.Ellis, M.K.Gaillard, Nucl.Phys. B150,(1979),141,

15. E.P.Shebalin, Yad.Piz. 32,(1980),443.

16, B.F.Morel, Nucl.Phys. B157,(1979),23.

17. D.V.Nanopoulos, A,Yildiz, P.H.Cox, Ann.Phys., 127,(1980),126,

18. R.J.Crewther, P.Di Vecchia, G.Veneziano, E.Witten,
Phys.Lett. B88,(1979),123; B91,(1980),487E.

19. G.Barton, E.D.White, Phys.Rev., 184,(1969),1660.

20. A.I.Vainshtein, V.I,Zakharov, M,A,.Shifman, Zh,Eksp.Teor,.Fiz,
12,(1977),1275; Sov.Phys.- JETP 45,(1977) 4,670,

21, L.B,0kun', "Leptons and Quarks", Moscow, Nauka, 1981,



PaGora nocrymuia - 5 okra6ps 1981 r.
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