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Search for new physics inAS=2 two-body (VV, PP, VP) decays of theB™ meson
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The AS=2 b—dss transition proceeds via the box diagram in the standard model with a branching ratio
calculated to be below 13, thus providing an appropriate testing ground for physics beyond the standard
model. We analyze thAS=2 two-bodyB~—K* "K*°, B~ K K° B~ —K* "K° andB~—K K*° ex-
clusive decays which are driven by the»dsstransition, both in the standard model and in several extensions
of it. The models considered are the minimal supersymmetric models with and withpatity conservation
and two Higgs doublet models. All four modes are found to have a branching ratio of the order'dfrithe
standard model, while the expected branching ratio in the different extensions vary betw&ean(10 ©.

PACS numbd(s): 12.60.Jv, 13.25.Hw

The intensive search for physics beyond the standarthe search of new physics. Although it appears tBat
model (SM) is performed nowdays in various areas of par- K ~K~ 7+ orB®—~K K~ 7"« are very good candidates
ticle F:jhy3|0$- Amo(rjlg these, raig Tes;_n decays are Sur?' to search for the\S=2 transitions, we investigate here an-
gested to give good opportunities for discovering new phys- s : i o
ics beyond the SMI1]. Recently, it has been sugges{@d-4] ?ﬁgi@%oszf;ltggg;;zeg li)servatlon of the-ssdtransition:
to investigate eﬁei:ts of new physics possibly arising from We consider thavV V.P and PP states. Although in

b—ssd or b—dds decays. As shown in Ref2], theb  principle two body decays would appear to be simpler to
—ssd transition is mediated in the standard model by thegnalyze, there is the complication P — K° mixing. Hence

box dlagralr? and its calculation resultg ina branchlng_rano OBne also needs a good estimate forhessd transitions as
nearly 10 *%, the exact value depending on the relative un-

S - well. Nevertheless, not all the two-body states involve neu-
known phase betweet) ¢ contributions in the box. The tral K’s and we shall return to this point in our summary.

—ddsbranching ratio is even smaller by a factor of 18ue  First, we proceed to describe the framework used in our

to the relative{V,4/V,4| factor in the amplitudes. In Ref5]  analysis in which we concentrate on MSSM, with and with-

different scenarios were used in the analysis ofihedds  out R-parity and two Higgs doublet models as possible al-

decay, which might be important iB*—K= decays. The ternatives to the SM.

authors of Refs[2,3] have calculated thb— ssd transition The minimal supersymmetric extension of the standard

in various extensions of the SM. It appears that for certaifmodel leads to the following effective Hamiltonian describ-

plausible values of the parameters, this decay may proceeddg the b— ssdtransition[2,7]

with a branching ratio of 10 and 107 in the minimal

supersymmetric standard mod®&SSM) and in two Higgs _ = et V(e

doEbIe¥models§3]. % H=Cussusy"du)(sy,bu), @)
Thus, decays related to the—ssdtransition, which was

calculated to be very rare in the standard model, provide &here we have denoted

good opportunity for investigating beyond the standard

model physics. In Ref[2] it was suggested that the most 2 89*

. — .. = s“12 “23 ~
suitable channels to see effects of the-ssdtransition are Cmssv=— I [24xfg(X) +66f6(X)] (2
the B-—K K 7" or B -K K #*#*% decays. More- d

over, when one considers supersymmetric models with
R-parity violating couplings, it turned out that the existing
bounds on the involved couplings of the superpotential di

not provide any constraint on the—ssd mode [2]. Re-
cently, the OPAL Collaboratiof6] has set bounds on these
couplings from the establishment of an upper limit for the e ) i ~
B-—K K 7' decay BRB™—K K n")<1.3x10°4  [2] thg couplzlngCMSSM is estimated to bgCyssy=<1.2
The long distance effects B~ —K K~ 7 decay[4] have =~ *10 " GeV “ for an average squark mass;=500 GeV
also been estimated recently and they have been found to §&dx=8, which leads to an inclusive branching ratio for
of the order 10'? comparable in size with the short- —ssdof 2X 10" 7 [2]. The corresponding factor calculated
distance SM contribution, thus leaving this decay “free” for in SM [2] is found to be

d/vith X= mglmg and the function$g(x) andfg(x) are given
in[7]. The couplingsﬁidj parametrize the mixing between the
down-type left-handed squarks. At the scaldafuark mass
and by taking the existing upper limits ﬁﬂ from [7] and
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1 2 2, mesons. In order to calculate the matrix elements of the op-
CSM=§[—2m\2NthVfS Vg Vit —2> erators appearing in the effective Hamiltonian, we use the
2@ m; factorization approximatiof12—14, which requires the
) — knowledge of the matrix elements of the current operators or
IRVIRY:. me [ My M 3) the density operators. Here we use the standard form factor
cd¥es \2Ng m2 'm3, representatiofil3,12 of the following matrix elements:
with f(x) andg(x,y) given in[2]. Taking numerical values (P"(p")]ajy*ail P(p))
from [8], neglecting the CKM phases, one estimgsy| m2—m3,
=4x10 2 GeV 2, =Fu(@®)| p+p' = ———(p*—p"")
The authors of2] have also investigated beyond MSSM q
cases by including-parity violating interactions. The part of m2—m2,
the superpotential which is relevant here {8V + FO(QZ)P—ZP(pM_ p'A), @

=)\i’jkLiQ]-dk, wherei,j, andk are indices for the families

andL,Q, andd are superfields for the lepton doublet, the i o

quark doublet, and the down-type quark singlet, respectivel)){"here':l andF, contain the cgntrlbutlonzof vector and sca-
Using the notation of9] and[2], the tree level Hamiltonian 'ar states respectively and®=(p—p’)®. Also, F(0)

has the form =Fo(0) [13]. For these form factors, one usually assumes
. pole dominanc¢13,15
CD-, ’ o =
H= =3 2D\ Faa(Seb) (s1dp) fe PO o Fo©) .
" = 1-gmg’ ° = 1—qg?/m3

! 1%
hngah g Sr) (50w @ and in order to simplify, we shall take, =ms. The matrix
The QCD corrections were found to be important for this€lement between pseudoscalar and vector meson is usually
transition[10]. For our purpose it suffices to follof2] re-  decomposed14] as
taining the leading order QCD resuftycp=2, for nm,

~100 GeV. (V(g,ev)|a;7(1~ ¥5)qi| P(p))
Most recently an upper bound on the specific combination 2V(Q?)
of couplings entering4) has been obtained by OPAL from a = e*"*Pey s
search for the8~ —K K~ 7" decay[6] pITV
z 7104 tieh QT QI A(Q) ~ AG(Q¥)] i my)
> \/|)\r,132>\’:21| +[ Nk fad “<107% 5 VR 2 $ 0 P
n
2 «-Q 2
Here we take the order of magnitude, while the OPAL result X | e* A(Q%) — S(P+A)*A(Q%) [, (9)
is 5.9x10°% based on a rough estimatd (B~ (Mp+my)
— — + — .
—K"K™ 7 )—1/4£(b—>SSG).. ' ' . whereQ=p—gq,
The decayp— ssdhas been investigated using two Higgs
doublet modelf THDM) as well[3]. These authors found o Mutmy o, My—My N
that the charged Higgs box contribution in MSSM is negli- As(Q%) 2my A(Q)+ 2my Ay(Q9)=0,
gible. On the other hand, THDM involving several neutral (10

Higgs boson$11] could have a more sizable contribution to

these modes. The part of the effective Hamiltonian relevan@nd A3(0)=A,(0). For thevector and axial vector form

in our case is the tree diagram exchanging the neutral Higgkctor we use again pole dominanfE3,15, and relevant

bosonsh (scalay and A (pseudoscalar parameters are taken frofi2,14 F5*(0)=0.38, AS** (0)
=0.32. For the calculations of the density operators we use

i 1 - 1 — _ .
HTHzlzgsbfsd —(sd)(sb)— — (sysd)(sysb) |, (6) the relations B B
M Ma 3%(Syab) =i(my—my)sh, 11)

with the coupling¢;; defined in[11] as a Yukawa coupling
of the flavor changing neutral curre@ECNC) transitions
di—d;. In our estimation we use the bounépésd/mé
>1019 GeV 2, H=h,A, which was obtained ifi3] by us-
ing the Amy limit on &,4/my and assumingl &,/my|

I*(SYaysb) =i(my+my)sysb. (12)

We will use also the following decay constants:

103 (V(ev,@)[a;7*ail0) =€ (a)gu(a?), (13
We proceed now to study the effect of Hamiltonidag _ _
(4), (6) on the various two bodj S=2 decays of chargeB (P(a)|gjy*ysqil0y=ifpq, (14
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with f,=0.162 GeV,gy«=0.196 Ge\ [14]. Now we turn  bound given in Eq(5) we obtain the estimation of the upper

to the analysis of the specific modes. limit of the branching ratioBR(B™—K* “K°) . to be 4.4
(@ B~ —K* “K*%decay. For the analysis of pseudoscalarx 10 8. This limit can be raised to 1:610 ° for the upper
meson decay to two vector mesons it is convenient to usbound on the couplings of 5:910™* given in[6].

helicity formalism (see, e.g.[16]). We denoteO= (sy*(1 The two Higgs doublet mod¢b) gives for the amplitude
— ¥5)d) (s7,(1- ys)b), and then we usé(=CO with ¢~ °f this decay
being 1/4~2MSSM, 1/4Cg),. Using factorization and the defi-

nitions given above, one finds the following helicity ampli- ~ Atroml B (Pe) =K (ko)K* ~(k_ ,€)]
tudes: i £
_ _ Ssbosd BKx (2 % .
HOO(Bi—>K*7E*O)ZCQK*(mB+mK*) _2 mi [me*fKAO (mK)E kO]
X[ @A ()~ BA(ME,)], (19) o Mkfk an
(Mg+mg)(Mg+my)’

H..(B™—K* K*%)=Cgys(mg+my«)
ek o . which gives for the limit|éguésd/m3>10"1°GeV 2, a
X[aAT" (M) FyVP (mi)] (160 pranching ratio of the order 18 Because of the specific
combination of the products of the scalpseudoscaladen-
where a=(1-2r%)/2r?, p=k*[2r?(1+r)?], y=(1 sities this is the only decay which has nonvanishing ampli-
—4r%) with  r=mg/mg, K=1+r*+t*-2r2=2t*>  tude within the factorization assumption.
—2r?%. The decay width is then (c) B-—K~K*° decay. For this decay mode the matrix
- element of the operatd® is determined to be

L e [pl
[(B™—K*"K*%) = ———[|Hod?+[H, [*+[H__|*]. — . )
8mmg (K*O(ko,€)K™(k_)|O|B™ (pg))
Within MSSM model the branching ratio becomess.2 =20y« fFTF* (MR, ) e* -k (18

x10°%, while SM gives this rate to be 6:810 % The
‘R-parity term described by the effective Hamiltonié#)  giving the branching ratio in MSSM with an upper limit
cannot be seen in this decay mode when factorization aFBR(B_HK_R*O)MSSM=5.9>< 10"° in comparison with
proach is used, since the density operator matrix elemergm result 6.5¢ 10~ 14,
(K*9|(sd)|0) vanishes. The two Higgs doublet model also The amplitude calculated in the MSSM includir@
cannot be tested in this mode due to the same reason.  breaking and the THDM vanishes, due to vanishing of the
(b) B~ —K* “K® decay. The matrix element of the opera- matrix element of the density operator figt° state.
tor O is calculated to bgK%(ko)K* ~(k_,€)|O|B (pg)) (d) B-—K KO decay. The matrix element of the opera-
= —2mys fABK (m2,)e* -ko.  Denoting the decay tor O becomes in this case
amplitude by A, one finds  =,q[A° _
= |C2F2| Ag(m2) [P\ (B ,m2 ,m2, ) with the X (a,b,c)=a2  (K%(ko)K ™ (k_)|O|B™ (pg))=ifcF5"(mZ)(mg—mg).
+b%+c?—2(ab+bc+ac). The branching ratio is straight-
forwardly found to be BR(B™—K* K%,ssv=1.6  The multiplication with the corresponding Tyssy gives
><10_9, which is Comparable to the SM prediCtion of Ref. the required amp“tuda The decay width is then
[12] for the AS=0B~ —K* “K° decay, given aBR(B~
—K*"K%=1x10"9, 5x10 °% 2x10 ° obtained for the I'(B™—K K% =(16mm3) *ymi—4amZ|A]2. (19
number of colordN.=2, N.=3, N.=«, respectively.
The SM ce&:ulation for theAS=2 transition leads to e branching ratio for MSSM is found to bBR(B~
BR(B__)K*._KO)SM:_1-7><10_14- The MSSM which in- — _ —0)  <23%10° in comparison with the 2.5
cludesR parity breaking terms can occur in this decy. They 10724 found in the SM. The matrix element of tiReparity

matrix element of the operatOIOR=(§(1+ vs)d)(s(1 breaking MSSM operato©(1)=(§75d)(§b) < found (o be
—vs)b) can be found to be

(KOko)K*~ (K .0)|O]B" (pa)) (K"KOW[B ") =(K%s750|0)(K " [sb|B")

2

mz f =i
(Ms+ mg) (Mp—my)

(Mgt mg)(Mg-+ mp)

fF&<(mE)(m3—mg)

(2my, €* ko) ASK" (m3).

Taking the values of the quark masses as[12] m, while the operator?y;,b)(aj) gives the same result with the
=4.88 GeV, mg=122 MeV, my=7.6 MeV and using the opposite sign. The decay width is then
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TABLE I. The predicted branching ratio for th&" AS=2 two- B—" D" “ K’ and the second weak verteisee e.g[4])
body decays calculated using the factorization approach withican be generally obtained from the three body decayd of
standard modelthe first columr),_mlnlmal supersymmetric stan- _,KKK. In Ref.[4] it was found that such contributions are
dard modelthe second columpminimal supersymmetric standard a|sg very small. Therefore, we are quite confident to suggest
model extended byR-parity breaking(the third columi, and o that the long distance effects are not important in the two
Higgs doublet mode(the fourth columi The values in columns body AS=2 B decays.
two, three, and four are upper limits, as determined from present Let us turn now to the possibility of detecting these decay
knowledge of upper limits for couplings involved. _ %0 _ 50

modes. TheB™ —K* “"K*® and B~ —K~K*"” modes have
Decay SM MSSM  MSSMR THDM clean signatures of AS=2 transition and therefore these
— ” 5 are the channels we recommend to look for. The other two
BT —K* K*? 6.9x10° 6.2x10 - - modes we discusseth) and(d) have aK® in the final states
B —K* K 17<10°* 16x107° 107-10° 10"  which complicates the possibilty of detection because of
B —K K*° 6.6<10°* 59x10°° - - K°-K° mixing. Separating the desired amplitude requires the
B~ K K° 25x10 1 2.3x10°° 10 7-10° - measurement of the decays of bdfk and K, since one
can expres$l7]

- -KO I'B"—=K Kg)—-T'(B"—=K™K
I'(B™—K K% ( s) I 2 —Reyn(B~—KK"),
1 B I'(B~ =K Kg+I'(B~—K K,)
= Vmg—4mg (KK O W[B™)/4)? _
16mmg where Rep(B~—KK " )=A(B—K°K")/A(B—K°K™).
2
faco SN A o N a2 We summarize our results in Table I. The MSSM gives
m? |5, T2t n2t n21™ n32 rates of the order I and 10°8, while the R-parity break-

14

ing terms in the MSSM can be seen only in tiBe

The constraint in Eq(5) gives the bound 941078, while ~ —K* K® and B-—K K° decay. These are the modes
for the bound of 5.8 10~ for the coupling constan{$) the ~ Which as we mentioned are more difficult on the experimen-
rateBR(B’HK’EO)R can reach 3.8 10°6. tal side. The THDM model can give nonvanishing contribu-

The long distance effects are usually suppressed ifBthe tion only in the case 0B~ —K* “K® decay, with a rate too
meson decays. One might wonder if they are important iffmall to be seen. Thus, we conclude by stressing the possi-
decays we consider here. We have estimated the tree levellty of detecting physics beyond SM mainly in the
contribution of theD(D*) which then goes int&(K*) via ~ K* “K*% K~K*° decays.
weak annihilation. We found that these contributions give a We thank Y. Rozen, S. Tarem, and D. Zavrtanik for
branching ratio of the order 10 and therefore they can be stimulating discussions on experimental aspects of this in-
safely neglected. One might think that the exchange of twasestigation. This work has been supported in part by the
intermediate state®(D*) andK(K*) can introduce certain Ministry of Science of the Republic of Sloveni8.F) and
long distance contributions. In decaB—‘' D" ‘* K” by the Fund for Promotion of Research at the Technion
—“ K" K" the first weak vertex arises from the decay (P.S).
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