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ABSTRACY - Hé argue that the existence of flavour changing Higgs
bosnn'codplings. within the éxperimenta1 boundé, is

_.sufficient to increase by mény OderS_Of magnitude, the e]éctric.

dipo]e moment of the ne;tron, in the model where -CP violation

occurs only in the weak charged current.
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"~ shown in Figurés_! and 2. "In-the'abs?ncé'of'f1aVOur changing

“l-

In the minimal Weinberg-Salam model of the electroweak

iﬁteracfions nl, with one Higgs doublet and at least three gener-

o ationsrqf fermions, the only source of CP violation are the'compiex"

couplings in the weak charged current.[EJ. In.this model, it has
been shown that the e1ect;icjdipo1e moment (EDM} of a quﬁrk is
strictly zero at the two-loop level [3] . Strong radiative
corrections [4,5] modify thfs result giving however an EﬁM which
is still very small, being of the order of 10 2Secm. Recall }hat

the experimental upper limit is Dn <6 x 107 ecm f6]. Anothef

_possible mechanism for generating a neutron EDM in the Kobayashi-

-Mzskawa (K.M.) modél, has been proposed by several authors [7.8,9]
but again, this gives a small EDM, of the order 107 Yecm. *
In this letter we would like to point out that the -

introduction of flavour changing coupfings in an extended'Higg§

‘sector, has significant effects upon the EDM of a quark calculated

at the two-loop level, with CP violatien in the charged current.
. Let us recall the motivation for enlarging the Higgs sector.

Any grand unified model for the strong and electroweak imteractions

‘will have a fairly complex Higgs system [10]. It is also desirable

to extend the Higgs sector if one wishes to be—éb?e to calculate
mixing angles and fermion masses in the,tﬁeory*1. A phenomenological
analysis of the virtual effects of Higgs parficles has been’
performed by McWilliams and Li 11], Qho showed that it is posﬁib]e.

to have flavour changing couplings comsistent with the existent

experimental bounds, provided the Higgs particle be guite heavy,

with mass greater than 100 GeV.

" To appreciate our point, let us consider the diagrams .

codp]ings {a + 83 o+ a), the charged current couplings are

strictly realt? and tﬁefefore”theré is no contribution to the EDM,

We will assume, as usval [11], that the Kiges couplings are pro=
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i portiona1 to the fermion masses to which they couple, in which case

$3

',the diagram in F\g 1 . is less impartant than the ene in Fig. 2

‘ therefore in the follow1ng we will cons1der only the latter.
| .'_ . In erder to estrmate the order .of magnitude -of the d1agram
.in Fig. 2, we make the fo?\0w1ng assumptions:
: {1} the Higys- ferm1on coup11ngs are of the order
(m + mB)GF s
(i1} the charged current coup11ng is of the order e times
“the .dppropriate matrix e1ement'of U, o -
i) the neutral Higgs coupling with the W' is of order
ezééz. -

(iv) for every loop in the diagram we have a factor of

(Bﬂ’) ,
with these assumpt1ons we obta1n for the EDM of a d- quark the fol1ow—
ing estimate 4,
-2 1 ;_i/ - . . . .
Dd =.(8n2) z e'(mbeg)(ezﬁF M 2. $;C,5,C,s5ind . . (1)‘

' where M is a mass of the order of the gauge boson mass. We assumed

the Huggs boson to have a mass comparable to the W-boson mass’ 0.

'USIng in (1), my, = 4.5 Ge?, SlCzSzCsS?ﬂG‘-O .5 X10 [13]. we obtaln.

Dy = bx 1077 ecn - - o ' . e (2)
lThie‘wou1d.§mply an EDM for the neutron of the same order of
megeitude. : .
| - We conc1ude.that, if in the fulure, experimenta1ists find
_an'Ebﬁ for tﬁe neutron which is much larger- than 10777 ee¢m, this
-doeslndt rule out CP violation in the charged current 3 La Kobayashi-
-Méskawa; efovided we allow, as we have shown in this 1etter,.$or '

.small flavour changing couplings in an extended Higgs sector.
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. sector coming only from the scalars.

-3
FOOTNOTES
We COUId ﬁaVe, of course, CP violation in such:extended Higgs

in the following, our intention is to work with CP viglation 2

: 1afKobayashi-Maskawa.

LU Ut which is real.

In this case the charged current coﬁpiings have the form,

a8

12

Th1s fact had been not1eed before by Bjorken and He1nberg in

a different ‘context [12] Notice that the spin structure of

- Fig. 1 requires a mass 1nsert1on, g1ving as- a net resutt a

dependence on the th1rd power of a ferm1on mass.,

Since we assumed (i), the flavour changing transition which is
favoured is d + b,
Qur simple estiﬁate, eq'(i) ddés net take into account the
t- quark contribution, since -its 1arge mass (m > 18_GeV) could

1nval1date our est1mate

¥We ignore this possibility’

Here U is the Kobayashi-Maskewe matrix

dug to relatively large mass of the b-guark.



~ FIGURE CAPTIONS -

FIG. 1 - A two ~Toop contr1bution to the EDM of a quark of - f]avour

_'u, The suhscr1pts ! and R denote the handedness of the
ferm1on. H is the neutra] H1ggs boson and W the charged

gauge boson.

F{G, 2 - Same as Fig. 1. MNotice that the spin structufe of this

" diagram does not require a mass insertion, as.in Fig. 1.
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