


Models with additionsl neutral vector bosons arise in most
versions of compactification of higher dimensional theories/l/.

For instance, the heterotic Esx Eg string may yleld a super-
s.{mmetric E6 grand-unified theory « The E6 group 1s then broken
~down_ to some subgroup G. -

In the simplest case, & 1s rank 5 wlth only one extra neutral
vector boson z,

G =SU.C) xSULD A U, 1) s U, (¥ [w/=4 345Y] (L)

and no further sym;netry breaking is introduced at intermediate scales.
To compare (1) with the usual standard model, processes that
are experimente.l]# aocessible and most likely to give diﬁereyt
results in the presence of the added: Zg  have been studied
However, the existence of Zg also implies a new Majorama.
particle: its superpartner 5’; . Such a state 1s added to the four
Majorana partioles that already appear in the minimal supersymmetric
model - 5/ —tha.t 1s, the superpartners of the two neutral gauge -

bosons (F and Z ) and of the two neutral Higgs scalars (& 17' )-

and to the SU(3)xSU(2)xU(1) scalar singlet N .

Since supersymmetry 1s expected to be broken at present energles
(1 TeV), the physical (massive) states X; of the neutral fermions —
the neutralinos—= should be some mixture of all these S = 1/2 neutral
states /4/ H

Cplyl -y, - (5,2, % ﬁ"fZ',’;) (2)
K =18 d ¢ € )
Here Ny; are elements of the neutralino mixing matrix, which are
determined by the specific mechanism of supersymmetry breaking.

As it will become clear further on, we can neglect the Higgs
superpartners in Eq.(2). The number of neutral Higgs scalars and
their superpartners 1s therefore irrelevant to our result.

If CP oonservatlon is not imposed, the N;: 4n (2) are in
general some complex. numbers. It 1s then possible to use the -
GP-violating asymmetry ' E ) o
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induoed by them to disentangle new physios produced by the extra
neutralino .

A non-zero value of @&,, requires at least l-loop radiative
correotions in order to have an absorptive part 1n the amplitude
and a mixing leading to at least one surviving CP-violating phase.

Such a phase 1s avallable neither in the standard model nor in
the presence of massive neutrinos,

In the minimal supersymmetrlc extension of the standard model,
the photino and the higgsinos effectively decouple (their couplings
being zero or of the order of the leptons masses) and only the z
appears in the loop corrections to the wi_,g2 3, decay. Conse-
quently, the lonly phase present can always be rotated away, and
again Q,, = 0, This 1s a result of interest because it would provide
an indirect test of the N = 1 supersymmetric standard model.

Instead, the presenoe of an additional neutral boson, by enlar-
glng the neutralino mixing matrix (see Eq.(2)), gives a non—vanishing
result, Note that the additional neutral boson Zg does not provide
by itself any contribution to the asymmetry @,

Q ., 1s thus a senstive probe for the exlstence of an additio-
nal neutralino and—by means of supersymmetry-— for the presence of an
assoclated extra neutral bosomn. :

Three dlagrams oontribute to the absorptive part of the
supersymmetrloal 1l-loop corrections to (3) with, respectively,
(€.-%), (w* -%) and (7i*-H°) as the intermedlate states that are
put. on mass shell (no diagram with e -exchange contributes because
of chirality).

’l'he(ﬁz- ﬁ')dia.gram is proportional to the neutrino mass and
therefore vanishes.

Similarly, the X in the (W‘ X ) diagram couples to the w*
only by the Z and not by the Z; (no Z-%¢ mixing 1s assumed
because of 1ts smallness as 1t 1s suggested by neutral current data
and present measurement on the Z mass )t no remaining phase is
thus expected from this diagram. .

Hence, only the (3;_-3") diagram of the figure contributes,

The relevant lagrangian 1s obtalned in two stepst first the
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standard model actlon is supplemented by new terms giving rise to

the additiona® neutral current — thelr structure being determined
by the gauge group of the low-energy model /3 3 secondly, the
lagrangian thus obtalned 1s supersymmetrically extended following
the usual procedure 50 the super-partner ?, of the extra U,(l)
gauge boson 1s added, 1ts coupling being left unohanged. The massive
states x‘; are 1ntroduced in the lagrangian by expressing the
interaction eigenstates Y. in terms of them (Eq.(2)). Thus, the
lagrangian responsible for the CP-violating diagram in the figure i1s:

. e
=€ s 2 (6 e e Y*) ¢ h.c.,
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e;=NMz * 3 /V"a) di"ﬂ/f-’a "5""/'3; , (5)
s, =5imb,, ¢, =¢0s6,.
' e
~ / "ﬁ_a.nd /’{:3 are
eL/ strongly model depen-
” I dent. Our phenomeno-—
r\/\;/\/\‘<\ ' x‘i logloal analysis
CowWe ~ | requires that neither

:? N » of them 1s zero,

' The interferenoe
of the absorptive part
of the dlagram in the
figure with the tree
level dlagram implies
for the asymmetry

Fig. The (é’,_—; ) loop dlagram
responsible for CP-violation
in Wt——ctv‘ decays.
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where I (the absorptive part of the loop) 1is given by

T- A [x +,3L(’*’<‘e)€'" X ], ‘ N
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where
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A= [My = (g v [ - =om5)”

and & 1is the CP violating phase defined by ,
PS> _ (9)
L J
e, =leid:|e

For maximal CP violation (i.e., sin S = 1) the asymmetry (6)
is a funotion of the three masses of the superparticles in the loop.
These three masses appear as the only adjustable parameters and any
bound on ., 1s refleoted by bounds on them.

The sneutrino mass has to be assumed muoh lighter ‘than M N
otherwlse, for the existing bounds on ma s & Non-zero ay would '
not be kinematioally allowed., This assumpticn 1s also compatible
with the ourrent bounds on My M3 2 1.7 GeV. In this case the

. main oontribution to the asymmetry oomes from the dlagram in whioh X

is the lightest superpartiole.
Negleoting the ¥ and X masses ( NG, Ty R My we
obtain

2. 2

’ -ma
lo B = -—‘i- ;d ! €e sf:"?é\. )
v oe. S, Mw - (10)

For W{-(UJ)MW a.nd’NaJ- ,Nib" 1/2, (10) gives (sin & = 1)

a,® .42 x 107 (11)



that 1s a number comparable to other CP—vioé7ting asymmetries that
have been already experimentally obserzgd

While the approximate number of Ws needed to measure a ( N>
1/awB) 18 —for a branching ratio B. of ,I0— probably too large
for the expacted production rate per year at LEP II 9/ 5 1t should
be within reach of a hadronic superoollider

Onoe mixing between the neutralinos is assumed, there remain
only two possibilities for a,,to be zero: elther the masses of the
virtual sleptons are large enough to push the threshold for the
decay higher than the W mass or there is no extra gaugino and (1)
18 not a oorreot extension of the standard model.

We thank Professor S,M,Bilenky for discussing with ué some of
these results, We are also grateful to Professor V,G,Kadyshevsky
for our stay at the Laboratory of Theoretical Physics of the JINR.
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. Macc CJIENTOHOB OONMYCKawT, 4YTOO6H BeJHYHHA COOTBeTCTBYIOlIleH

XpucroBa E.X., ®Ga66pukeau M.E.

CP-HapymeHHe B CcynepCHMMETpPHUYHBIX MOZEIISAX
C JONOJHHUTEJIbHLIMH HeHTpanbHbLIMH TOKaMH.

Pacnag Wt - Rivl

CymecTBOBaHHe MO XpaliHell Mepe OOHOI'O LONOJIHUTEJIBHOI'O
HeHTpanbHOI'O BEKTODHOI'O 6030HA MPHUBOOHUT K IOSBJIEHHW OIHO—
netieBoit (SUSY) mompaBku K pacmamy WE - ﬁiVQ, KoTopas
HapymaeT CP-mHBapuaHTHOCTH. CymecTByoOmMe I'DAHHUIH OIS
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acuMveTpHM focTHrana mnopspka 1073,

PaGQTa BomosIHeHa B JlaGopaTopuu TGOpETquCKOﬁVQHSHKH
oufan., - -
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Christova E.C., Fabbrichesi M.E. E2-88-495
CP Non-Conservation in Supersymmetrical Models

with Extra Neutral Currents: the WY + 27 vy Decay

The existence of at least one extra neutral vector
boson provides a 1-loop (SUSY) correction to the w++2iv£
decay which violates CP invariance. The existing bounds
for the slepton masses allow the corresponding asymmetry
to be as large as 1073,

The investigation has been performed at the Laborato-
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