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Search for new physics inDSÄ2 two-body „VV, PP, VP… decays of theBÀ meson

S. Fajfer
J. Stefan Institute, Jamova 39, P. O. Box 3000, 1001 Ljubljana, Slovenia

and Department of Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia

P. Singer
Department of Physics, Technion - Israel Institute of Technology, Haifa 32000, Israel

~Received 11 July 2000; published 7 November 2000!

The DS52 b→d̄ss transition proceeds via the box diagram in the standard model with a branching ratio
calculated to be below 10211, thus providing an appropriate testing ground for physics beyond the standard

model. We analyze theDS52 two-bodyB2→K* 2K̄* 0, B2→K2K̄0, B2→K* 2K̄0, andB2→K2K̄* 0 ex-

clusive decays which are driven by theb→d̄ss transition, both in the standard model and in several extensions
of it. The models considered are the minimal supersymmetric models with and withoutR-parity conservation
and two Higgs doublet models. All four modes are found to have a branching ratio of the order of 10213 in the
standard model, while the expected branching ratio in the different extensions vary between 1029 and 1026.

PACS number~s!: 12.60.Jv, 13.25.Hw
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The intensive search for physics beyond the stand
model ~SM! is performed nowdays in various areas of p
ticle physics. Among these, rareB meson decays are sug
gested to give good opportunities for discovering new ph
ics beyond the SM@1#. Recently, it has been suggested@2–4#
to investigate effects of new physics possibly arising fro
b→ssd̄ or b→dds̄ decays. As shown in Ref.@2#, the b

→ssd̄ transition is mediated in the standard model by
box diagram and its calculation results in a branching ratio
nearly 10211, the exact value depending on the relative u
known phase betweent, c contributions in the box. Theb
→dds̄branching ratio is even smaller by a factor of 102, due
to the relativeuVtd /Vtsu factor in the amplitudes. In Ref.@5#

different scenarios were used in the analysis of theb→dds̄
decay, which might be important inB6→Kp decays. The
authors of Refs.@2,3# have calculated theb→ssd̄ transition
in various extensions of the SM. It appears that for cert
plausible values of the parameters, this decay may proc
with a branching ratio of 1028 and 1027 in the minimal
supersymmetric standard model~MSSM! and in two Higgs
doublet models@3#.

Thus, decays related to theb→ssd̄ transition, which was
calculated to be very rare in the standard model, provid
good opportunity for investigating beyond the standa
model physics. In Ref.@2# it was suggested that the mo
suitable channels to see effects of theb→ssd̄ transition are
the B2→K2K2p1 or B̄0→K2K2p1p1 decays. More-
over, when one considers supersymmetric models w
R-parity violating couplings, it turned out that the existin
bounds on the involved couplings of the superpotential
not provide any constraint on theb→ssd̄ mode @2#. Re-
cently, the OPAL Collaboration@6# has set bounds on thes
couplings from the establishment of an upper limit for t
B2→K2K2p1 decay BR(B2→K2K2p1)<1.331024.
The long distance effects inB2→K2K2p1 decay@4# have
also been estimated recently and they have been found t
of the order 10212, comparable in size with the shor
distance SM contribution, thus leaving this decay ‘‘free’’ f
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rd
-

-

e
f
-

n
ed

a
d

th

d

be

the search of new physics. Although it appears thatB2

→K2K2p1 or B̄0→K2K2p1p1 are very good candidate
to search for theDS52 transitions, we investigate here a
other possibilty for the observation of theb→ssd̄ transition:
the two body decays ofB2.

We consider theVV, VP, and PP states. Although in
principle two body decays would appear to be simpler
analyze, there is the complication ofK02K̄0 mixing. Hence
one also needs a good estimate for theb→ss̄d transitions as
well. Nevertheless, not all the two-body states involve n
tral K ’s and we shall return to this point in our summar
First, we proceed to describe the framework used in
analysis in which we concentrate on MSSM, with and wit
out R-parity and two Higgs doublet models as possible
ternatives to the SM.

The minimal supersymmetric extension of the stand
model leads to the following effective Hamiltonian descri
ing theb→ssd̄ transition@2,7#

H5C̃MSSM~ s̄gmdL!~ s̄gmbL!, ~1!

where we have denoted

C̃MSSM52
as

2d12
d* d23

d

216md̃
2 @24x f6~x!166f̃ 6~x!# ~2!

with x5mg̃
2/md̃

2 , and the functionsf 6(x) and f̃ 6(x) are given
in @7#. The couplingsd i j

d parametrize the mixing between th
down-type left-handed squarks. At the scale ofb quark mass
and by taking the existing upper limits ond i j

d from @7# and

@2# the couplingC̃MSSM is estimated to beuC̃MSSMu<1.2
31029 GeV22 for an average squark massmd̃5500 GeV
andx58, which leads to an inclusive branching ratio forb

→ssd̄ of 231027 @2#. The corresponding factor calculate
in SM @2# is found to be
©2000 The American Physical Society02-1
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CSM5
1

2 H GF
2

2p2
mW

2 VtbVts* FVtdVts* f S mW
2

mt
2 D

1VcdVcs*
mc

2

mW
2

gS mW
2

mt
2

,
mc

2

mW
2 D G J ~3!

with f (x) andg(x,y) given in @2#. Taking numerical values
from @8#, neglecting the CKM phases, one estimatesuCSMu
.4310212 GeV22.

The authors of@2# have also investigated beyond MSS
cases by includingR-parity violating interactions. The part o
the superpotential which is relevant here isW
5l i jk8 LiQjdk , wherei , j , andk are indices for the families
and L,Q, and d are superfields for the lepton doublet, th
quark doublet, and the down-type quark singlet, respectiv
Using the notation of@9# and@2#, the tree level Hamiltonian
has the form

H52(
n

f QCD

mñn

2 @ln328 l8n21* ~ s̄RbL!~ s̄LdR!

1ln218 l8n32* ~ s̄RdL!~ s̄LbR!#. ~4!

The QCD corrections were found to be important for th
transition@10#. For our purpose it suffices to follow@2# re-
taining the leading order QCD resultf QCD.2, for mñ

5100 GeV.
Most recently an upper bound on the specific combinat

of couplings entering~4! has been obtained by OPAL from
search for theB2→K2K2p1 decay@6#

(
n

Auln328 l8n21* u21uln218 l8n32* u2,1024. ~5!

Here we take the order of magnitude, while the OPAL res
is 5.931024 based on a rough estimateG(B2

→K2K2p1).1/4 G(b→ssd̄).
The decayb→ssd̄has been investigated using two Hig

doublet models~THDM! as well @3#. These authors found
that the charged Higgs box contribution in MSSM is neg
gible. On the other hand, THDM involving several neut
Higgs bosons@11# could have a more sizable contribution
these modes. The part of the effective Hamiltonian relev
in our case is the tree diagram exchanging the neutral H
bosonsh ~scalar! andA ~pseudoscalar!

HTH5
i

2
jsbjsdF 1

mh
2 ~ s̄d!~ s̄b!2

1

mA
2 ~ s̄g5d!~ s̄g5b!G , ~6!

with the couplingj i j defined in@11# as a Yukawa coupling
of the flavor changing neutral current~FCNC! transitions
di↔dj . In our estimation we use the boundujsbjsdu/mH

2

.10210 GeV22, H5h,A, which was obtained in@3# by us-
ing the DmK limit on jbd /mH and assumingujsb /mHu
.1023.

We proceed now to study the effect of Hamiltonians~1!,
~4!, ~6! on the various two bodyDS52 decays of chargedB
11770
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mesons. In order to calculate the matrix elements of the
erators appearing in the effective Hamiltonian, we use
factorization approximation@12–14#, which requires the
knowledge of the matrix elements of the current operators
the density operators. Here we use the standard form fa
representation@13,12# of the following matrix elements:

^P8~p8!uq̄ jg
mqi uP~p!&

5F1~q2!S pm1p8m2
mP

2 2mP8
2

q2
~pm2p8m!D

1F0~q2!
mP

2 2mP8
2

q2
~pm2p8m!, ~7!

whereF1 andF0 contain the contribution of vector and sc
lar states respectively andq25(p2p8)2. Also, F1(0)
5F0(0) @13#. For these form factors, one usually assum
pole dominance@13,15#

F1~q2!5
F1~0!

12q2/mV
2

; F0~q2!5
F0~0!

12q2/mS
2

~8!

and in order to simplify, we shall takemV5mS . The matrix
element between pseudoscalar and vector meson is us
decomposed@14# as

^V~q,eV!uq̄ jg
m~12g5!qi uP~p!&

5
2V~Q2!

mP1mV
emnabeVn* paqb

1 i eV* •Q
2mV

Q2
Qm@A3~Q2!2A0~Q2!#1 i ~mP1mV!

3F eV
m* A1~Q2!2

eV* •Q

~mP1mV!2
~p1q!mA2~Q2!G , ~9!

whereQ5p2q,

A3~Q2!2
mH1mV

2mV
A1~Q2!1

mH2mV

2mV
A2~Q2!50,

~10!

and A3(0)5A0(0). For thevector and axial vector form
factor we use again pole dominance@13,15#, and relevant
parameters are taken from@12,14# F0

BK(0)50.38, A0
BK* (0)

50.32. For the calculations of the density operators we
the relations

]a~ s̄gab!5 i ~mb2ms!s̄b, ~11!

]a~ s̄gag5b!5 i ~mb1ms!s̄g5b. ~12!

We will use also the following decay constants:

^V~eV ,q!uq̄ jg
mqi u0&5em* ~q!gV~q2!, ~13!

^P~q!uq̄ jg
mg5qi u0&5 i f Pqm ~14!
2-2
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with f K50.162 GeV,gK* 50.196 GeV2 @14#. Now we turn
to the analysis of the specific modes.

~a! B2→K* 2K̄* 0 decay. For the analysis of pseudosca
meson decay to two vector mesons it is convenient to
helicity formalism ~see, e.g.,@16#!. We denoteO5„s̄gm(1
2g5)d… „s̄gm(12g5)b…, and then we useH5CO with C

being 1/4C̃MSSM, 1/4CSM . Using factorization and the defi
nitions given above, one finds the following helicity amp
tudes:

H00~B2→K* 2K̄* 0!5CgK* ~mB1mK* !

3@aA1
BK* ~mK*

2
!2bA2~mK*

2
!#, ~15!

H66~B2→K* 2K̄* 0!5CgK* ~mB1mK* !

3@aA1
BK* ~mK*

2
!7gVBK* ~mK*

2
!# ~16!

where a5(122r 2)/2r 2 , b5k2/@2r 2(11r )2# , g5(1
24r 2) with r 5mK* /mB , k2511r 41t422r 222t2

22r 2t2. The decay width is then

G~B2→K* 2K̄* 0!5
upW u

8pmB
2 @ uH00u21uH11u21uH22u2#.

Within MSSM model the branching ratio becomes<6.2
31029, while SM gives this rate to be 6.8310214. The
R-parity term described by the effective Hamiltonian~4!
cannot be seen in this decay mode when factorization
proach is used, since the density operator matrix elem

^K̄* 0u( s̄d)u0& vanishes. The two Higgs doublet model al
cannot be tested in this mode due to the same reason.

~b! B2→K* 2K̄0 decay. The matrix element of the oper
tor O is calculated to bê K̄0(k0)K* 2(k2 ,e)uOuB2(pB)&
522mK* f KA0

BK* (mK*
2 )e* •k0 . Denoting the decay

amplitude by A, one finds (poluAu2

5uCu2f K
2 uA0(mK

2 )u2l(mB
2 ,mK

2 ,mK*
2 ) with the l(a,b,c)5a2

1b21c222(ab1bc1ac). The branching ratio is straight
forwardly found to be BR(B2→K* 2K̄0)MSSM<1.6
31029, which is comparable to the SM prediction of Re
@12# for the DS50B2→K* 2K0 decay, given asBR(B2

→K* 2K0)5131029, 531029, 231029 obtained for the
number of colorsNc52, Nc53, Nc5`, respectively.

The SM calculation for theDS52 transition leads to
BR(B2→K* 2K̄0)SM51.7310214. The MSSM which in-
cludesR parity breaking terms can occur in this decay. T
matrix element of the operatorOR5„s̄(11g5)d…„s̄(1
2g5)b… can be found to be

^K̄0~k0!K* 2~k2 ,e!uORuB2~pB!&

5
mK

2 f K

~ms1md!~ms1mb!
~2mK* e* •k0!A0

BK* ~mK
2 !.

Taking the values of the quark masses as in@12# mb
54.88 GeV, ms5122 MeV, md57.6 MeV and using the
11770
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bound given in Eq.~5! we obtain the estimation of the uppe
limit of the branching ratioBR(B2→K* 2K̄0)R to be 4.4
31028. This limit can be raised to 1.531026 for the upper
bound on the couplings of 5.931024 given in @6#.

The two Higgs doublet model~6! gives for the amplitude
of this decay

ATHDM@B2~pB!→K̄0~k0!K* 2~k2 ,e!#

5
i

2

jsbjsd

mA
2 @2mK* f KA0

BK* ~mK
2 !e* •k0#

3
mK

2 f K

~ms1md!~ms1mb!
, ~17!

which gives for the limit ujsbjsdu/mH
2 .10210 GeV22, a

branching ratio of the order 10211. Because of the specific
combination of the products of the scalar~pseudoscalar! den-
sities this is the only decay which has nonvanishing am
tude within the factorization assumption.

~c! B2→K2K̄* 0 decay. For this decay mode the matr
element of the operatorO is determined to be

^K̄* 0~k0 ,e!K2~k2!uOuB2~pB!&

52gK* f KF1
BK* ~mK*

2 !e* •k2 ~18!

giving the branching ratio in MSSM with an upper lim
BR(B2→K2K̄* 0)MSSM55.931029 in comparison with
SM result 6.5310214.

The amplitude calculated in the MSSM includingR
breaking and the THDM vanishes, due to vanishing of
matrix element of the density operator forK̄* 0 state.

~d! B2→K2K̄0 decay. The matrix element of the oper
tor O becomes in this case

^K̄0~k0!K2~k2!uOuB2~pB!&5 i f KF0
BK~mK

2 !~mB
22mK

2 !.

The multiplication with the corresponding 1/4C̃MSSM gives
the required amplitudeÃ. The decay width is then

G~B2→K2K̄0!5~16pmB
2 !21AmB

224mK
2 uÃu2. ~19!

The branching ratio for MSSM is found to beBR(B2

→K2K̄0)MSSM<2.331029, in comparison with the 2.5
310214 found in the SM. The matrix element of theR-parity
breaking MSSM operatorO (1)5( s̄g5d)( s̄b) is found to be

^K2K̄0uO (1)uB2&5^K̄0us̄g5du0&^K2us̄buB2&

52 i
mK

2

~ms1md!~mb2ms!
f KF0

BK~mK
2 !~mB

22mK
2 !

while the operator (s̄g5b)( s̄d) gives the same result with th
opposite sign. The decay width is then
2-3



e
t i
le

e
e
tw

y

f
e
est
wo

ay

e
two

of
the

es

s
en-
u-

ssi-
e

or
in-

the

ion

th
-
d

e

BRIEF REPORTS PHYSICAL REVIEW D 62 117702
G~B2→K2K̄0!R

5
1

16pmB
2
AmB

224mK
2 u^K2K̄0uO (1)uB2&/4u2

3
f QCD

2

mñ
4 S (

i 5n
uln328 l8n21* u21uln218 l8n32* u2D .

The constraint in Eq.~5! gives the bound 9.431028, while
for the bound of 5.931024 for the coupling constants~6! the
rateBR(B2→K2K̄0)R can reach 3.331026.

The long distance effects are usually suppressed in thB
meson decays. One might wonder if they are importan
decays we consider here. We have estimated the tree
contribution of theD(D* ) which then goes intoK(K* ) via
weak annihilation. We found that these contributions giv
branching ratio of the order 10218 and therefore they can b
safely neglected. One might think that the exchange of
intermediate statesD(D* ) andK(K* ) can introduce certain
long distance contributions. In decayB→ ‘ ‘ D ’ ’ ‘ ‘ K ’ ’
→ ‘ ‘ K ’ ’ ‘ ‘ K ’ ’ the first weak vertex arises from the deca

TABLE I. The predicted branching ratio for theB2DS52 two-
body decays calculated using the factorization approach wi
standard model~the first column!, minimal supersymmetric stan
dard model~the second column!, minimal supersymmetric standar
model extended byR-parity breaking~the third column!, and two
Higgs doublet model~the fourth column!. The values in columns
two, three, and four are upper limits, as determined from pres
knowledge of upper limits for couplings involved.

Decay SM MSSM MSSM1R THDM

B2→K* 2K̄* 0 6.9310214 6.231029 2 2

B2→K* 2K̄0 1.7310214 1.631029 1027– 1026 10211

B2→K2K̄* 0 6.6310214 5.931029 2 2

B2→K2K̄0 2.5310214 2.331029 1027– 1026 2
io
.
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B→ ‘ ‘ D ’ ’ ‘ ‘ K ’ ’ and the second weak vertex~see e.g.@4#!
can be generally obtained from the three body decays oD
→KKK. In Ref. @4# it was found that such contributions ar
also very small. Therefore, we are quite confident to sugg
that the long distance effects are not important in the t
body DS52 B decays.

Let us turn now to the possibility of detecting these dec
modes. TheB2→K* 2K̄* 0 and B2→K2K̄* 0 modes have
clean signatures of aDS52 transition and therefore thes
are the channels we recommend to look for. The other
modes we discussed,~b! and~d! have aK̄0 in the final states
which complicates the possibilty of detection because
K0-K̄0 mixing. Separating the desired amplitude requires
measurement of the decays of bothKS and KL , since one
can express@17#

G~B2→K2KS!2G~B2→K2KL!

G~B2→K2KS!1G~B2→K2KL!
5Reh~B2→KK2!,

where Reh(B2→KK2)5A(B→K̄0K2)/A(B→K0K2) .

We summarize our results in Table I. The MSSM giv
rates of the order 1029 and 1028, while theR-parity break-
ing terms in the MSSM can be seen only in theB2

→K* 2K̄0 and B2→K2K̄0 decay. These are the mode
which as we mentioned are more difficult on the experim
tal side. The THDM model can give nonvanishing contrib
tion only in the case ofB2→K* 2K̄0 decay, with a rate too
small to be seen. Thus, we conclude by stressing the po
bilty of detecting physics beyond SM mainly in th
K* 2K̄* 0, K2K̄* 0 decays.
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Ministry of Science of the Republic of Slovenia~S.F.! and
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