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Constraints on heavyZ' couplings from AS=2 B™—K~ K~ #" decay
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The heavyZ’ boson with family nonuniversal couplings can introduce flavor changing effects. Constraints
on nondiagonaZ’ couplings coming from the.—e conversion in a muonic aton°-K° andB-B mixing, €
and €'/ e CP-violating coefficients have been already established. By using the OPAL upper bound of the
branching ratio for the8~—K K~ 7" decay, we indicate additional constraints on #lecouplings. We
comment also on the constraints&f couplings coming from thé— dds transition. The constraint obtained
here from the upper bound of ti&” —K K~ 7" decay involves a different combination of couplings than
those previously presented, but is much weaker.
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In the ongoing search of physics beyond standard modelery good candidates to search for signals of new physics,
(SM), many extensions have been discussed. Recently, thence theb— ssdtransition is very small in the SM having a
inclusion of an additional heavy neutidl gauge boson has pranching ratio of 10*>—10 ! [7]. Among the discussed
been analyzed in great detdil]. Heavy neutral bosong&’ AS=2 decay modes of theB meson [7,9], the B~
are one of the better motivated extensions of the standard:K K~ 7" decay provides a good opportunity for investi-
model and they appear in grand unified theories, superstringating physics beyond the SM. This is due to the fact that
theories and theories with large extra dimensiph®]. A  long-distance effects in this decay were shol@] to be
most appealing case is offered by the perturbative heterotismaller or comparable to the short-distance box diagram, re-
string models with supergravity mediated supersymmetngponsible for this decay in SI¥]. The OPAL Collaboration
breaking[3]. In this approach théJ(1)’ and electroweak has recently set an upper bound on the branching ratio of
breaking are both driven by a radiative mechanism. Br(B~—K~K™7")<8.8x10"° [11], which has also been

From the existing direct experimental limits of nonobser-used to obtain new limits oR-parity violating couplings in
vation of Z' at Fermilab or indirect limits from precision MSSM. -
data at the CERNe*e™ collider LEP one may dedudd] The extreme smallness bf—~ssdin SM leads us to con-
that mz,>0 (500 GeV} and the mixing angle oZ—Z' is  sider in this note the possibility of the occurrence of this
rather small||<103. Indeed, theZz’ mass is predicted in transition as a result o’ exchange. Such a tree diagram
many of the suggested models to be between 0.5 and 1 Te¥ediated byz’, i.e. bs—Z’—sd, is indeed allowed in cer-
[1-3]. Moreover, rather stringent limits on th& couplings  tain theoretical modelfl—3,13. Our aim would then be to
have been determined from various processes sugh—e8 .0 jate the predicted rate of tEé-inducedb— ssddecay:

conversion in muonic atom# °-K® andB°-B® mixing and  however, as we describe below, the information necessary
the € and €'/ e parameters o€ P violation [1]. On the other  for such a calculation in the form of upper limits for the
hand, arguments have been advanced rec¢hi®;4,9 that  couplings (or combination of couplingsinvolved is not
small apparent deviations from SM could be due to an extravailable presently from the previously determined limits on
gauge bosorZ" of mass between 400 and 800 GeV. Thesez’ couplings. Therefore, we shall use our calculation of the
analyses refer to parity violation in atomic cesif, vari-  z’.induced decay in conjunction with the OPAL result on
ous electroweak precision data including the couplingplof B~ —K~ K™« in order to obtain further constraints @
pairs[1,2] and the forward-backward charge asymmetry ofcouplings.
high-mass lepton pairs producedprp collisions[5]. Thus In the analysis oZ’ couplings we follow the assumptions
it appears that the existence oZ4in the<1 TeV regionis Of [1], namely theZ’ gauge coupling is family nonuniversal
still a viable possibility and the search for its effect on addi-as suggested by string mod¢B] and as a result there are
tional physical processes, or alternatively, further limitationalso flavor-changing couplings. We thus write th&=2
of its couplings is of obvious interest. effective nonleptonic Lagrangian induced Hy exchange
The rareB meson decays are very important in currentusing the same notation as in REL:
searches of physics beyond SM]. The study of theb

—ssd transition within SM, and its extensions such as the = ﬁy{Bgingyﬂdgy“bﬁ BgTnggdegyan
minimal supersymmetric standard mod®&SSM) without V2

and with’R parity violation[7] and two Higgs doublet mod- dodie 4 — drad— 4 —

els[8], have indicated thah S=2 rareB meson decays are +B,1B )35y, disy*brt BB sy, drsy b} (D)
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with m3—m3,

. <P’(p’)|5jy”qi|P(p)>=Fl(qz)(p”+p”‘—PT
y= (%) (py Sir? 0+ p, cos ) (2)
1

X (p“—p'*) | +Fo(a?)

andg;=e/sin 6, g, is the newd(1) gauge couplingd is a

Z-7Z' mixing angle and mf,—m,%, ,

X———(p*=p"*), )

M3, g

Pi= Mizcoé gw’ @ whereF; andF, contain the contribution of vector and sca-

Iar states respectively and?=(p—p’)2. Also, F;(0)
Fo(0) [14]. For these form factors, one usually assumes

whereM; are the masses of the neutral gauge boson eigen- bole dominancé14,16

states 0W is the electroweak mixing angle arig}; are the
unknown couplings.

The experimental results on meson mass splittings F.(g?)= F1(0) | E ()= Fo(0) 8
. l(q ) 2 O(q ) 2 ( )
Amyg, Amg and AmBS constrain the real parts of the L q .
squaredZ’ couplings to quark$l]: m\z/ mé
y|Re[(BdRL)2]|<1O‘8, y|Re[(BdRL)2]|<6>< 1078, wherem,,, mg are the masses of lowest lying vector and

scalar resonances. Note that for the transition we consider,
drir2 6 URLy2 - the amplitude factorizes in such a way that only the matrix
YIRE(B,51)%][<2Xx10°°,  y|Re(B,54)*]|<10 ", elements of the vector currents contribute. The relevant pa-
(4 rameters are taken fron{13,15,14 F2X(0)=FE5X(0)
=0.38, F5™(0)=F "(0)=0.996. The masses of the meson
while CP violating parameters in thi€ meson system bound poles are mp(17)=5.41 GeV, mg(0")=5.89 GeV,

the imaginary part of the squared-d-s couplings Mgs(17)=0.892 GeV ancmds(0+) 1.43 GeV[13,16. We
introduces= (pg—ky)?, t=(pg—ky)?=and u=(pg—p,)?>
y||m[(BdR 2] <8x 1011, (5)  and then calculate the matrix element
Other constraints obtained @] contain additional couplings (K™ (k)K" (kg)m (p,.,)|(57#d)(57 b)[B"(Ps))
(i.e. to leptons or with different coefficientand are not
relevant for the present calculation. It is then more suitable =FX"(s)F(s)| m3+mZ +2m2 —s—2t
for our purpose to rewrite the limit&}) and (5), related to
d ; ; ; . 2 2
B, ®t couplings, in the following form: mg —m2.
= - (m3—m2) |+ F5™(s)FEX(s)
y|(ReB{R)2— (ImBJ31)? <107, 22
K g
X (mg—m) +[st]. 9

y|(ReBJ&L)2— (Im BJR1)2|<2x 107,
When calculating the rate, we denote®y: the combination
of couplings appearing from E@1) in the decay:
y|(ReB%&L)(ImMB%L)|<4x 1071 (6) pings appearing @) y

Cor=Y[BoiBys+ BoiBoS+ByiByi+ ByfByLl. (10
We turn now to the calculation of the~ —K K™« tran-
sition viaZ' exchange and to explore the limits @ cou-  The numerical calculation gives for the branching ratio
plings provided by the existing experimental upper limit for
it [11]. BR(B-—K K 7")=3.5C,|% (11

The amplitude foB~—K K~ «" can be obtained using

the effective Lagrangian given in E(L). For the calculation Combining Eq.(11) with OPAL upper bound for theB™
of the matrix elements of the operators appearing in the ef~~K K~ x* decay of 8.8 10 ° one finds
fective Lagrangian we use the factorization approximation.
This requires the knowledge of the matrix elements of the |Cz/|2<2.5x10° 5. (12
current operators or the density operators. Here we use the
standard form factor representatifit8,14] of the following  The limit given in Eq.(12) may be rewritten in a form simi-
matrix elements: lar to Eq.(6) as
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y?{(ReBSL ReBJL — Im B Im BJS+ ReBj: ReB)R— Im B Im BS2+ ReBjRReB S5 — Im BSR Im BSL + ReBS? ReB3?

d

_ dr dry2 L dp d dp d. dr d. dr dr dp
ImB,fImB,3)“+ (ReB,; ImB,5+ImB,; ReB 3+ ReB,; ImB,Z+ImB,; ReB_;+ReB,f ImB_;

+1m BSRReBJ5 + ReB3? Im BSR+ Im B3 ReB)R) 2} <2.5x 10°°.

Inspection of the left-hand side of E¢L3) reveals that the

(13

experimental bound on the decay rate Bf — 7 7~ K™

necessary information needed to present an upper limit fogill limit the following combination y[B%B% + BB~

the Z' inducedB-—K K~ #" decay cannot be derived
from the relations summarized in E@), unless we assume
some of the couplings to vanish. Hence, ELB) should be

viewed as an additional constraint on the Z’' couplings, which

12713 12713

d iR, RdrpdL . ;
+B,5B,5+B,5B,3], which can also be expressed in a form

similar to Eq.(13).
In concluding, we remark that the rare decaBs

is not obtainable from the previously considered processesK K~ 7" andB™— a7~ K™ can provide additional in-

The existing upper limit on th& —K K~ 7" branching

formation on the couplings appearing in theinduced non-

ratio is rather poor at present and does not allow yet to obtaifeptonic Lagrangian, which is complementary to that ob-

a constraint on couplings in the same range as in(&q.

tained from mass differences a@P-violating parameters.

Now we briefly comment on possible constraints arisingThe new relation obtained here is given in Etd). Its limit

from thebeddgdecay. The effective Lagrangian contribut-
ing to this transition is

4G L
L= —y{BUBLdy, s dy*b, + BB

2 12P13 158150 7,SrAY*bRr
+ BBy, 5 dy be+ BBy, sedy b }. (14)

Instead of the combination of couplings given in E0) an

is much less stringent than those in E§), since the consid-

ered rare decays are less advantageous presently than the

mass differences in obtaining limits for couplings.
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