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The rare decays Bs ! �þ�� and B ! Kð�Þ�þ�� are sensitive to new particles and couplings

via their interferences with the standard model contributions. Recently, the upper bound on BðBs !
�þ��Þ has been improved significantly by the CMS, LHCb, CDF, and D0 experiments. Combining

with the measurements of BðB ! Kð�Þ�þ��Þ, we derive constraints on the relevant parameters of

the minimal supersymmetic standard model with and without R parity, and examine their con-

tributions to the dimuon forward-backward asymmetry in B ! K��þ�� decay. We find that (i) the

contribution of R-parity violating coupling products �0
2i2�

0�
2i3 due to squark exchange is comparable

with the theoretical uncertainties in B ! K�þ�� decay, but still could be significant in B !
K��þ�� decay and could account for the forward-backward asymmetry in all dimuon invariant

mass regions; (ii) the constrained mass insertion ð�u
LLÞ23 could have a significant contribution to

dAFBðB ! K��þ��Þ=ds, and such effects are favored by the recent results of the Belle, CDF, and

LHCb experiments.
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I. INTRODUCTION

Recently, using the 7 fb�1 data set, the CDF
Collaboration at the Fermilab Tevatron has observed
an excess of Bs candidates [1], which is compatible
with

B ðBs ! �þ��Þ ¼ ð1:8þ1:1
�0:9Þ � 10�8; (1)

and provided the corresponding upper limit of
BðBs ! �þ��Þ< 4:0� 10�8 at 95% confidence level
(CL).

At the same time, searches for Bs ! �þ��
have also been made by the CMS and LHCb
Collaborations [2–4], respectively, at the Large Hadron
Collider at CERN. The combined results of the searches
by the CMS and LHCb Collaborations in the upper
limits [5] are

B ðBs ! �þ��Þ< 1:08� 10�8 at 95% CL; (2)

B ðBs ! �þ��Þ< 0:90� 10�8 at 90% CL; (3)

which have improved the previous upper bounds [6]
significantly.

Bs ! �þ�� decay is a known sensitive probe to the
presence of new physics (NP). In the standard model (SM),
it occurs via penguin or box diagrams and is strongly
helicity suppressed. Its SM prediction is ð3:2� 0:2Þ �
10�9 [7]. Generally, NP could enhance the Bs ! �þ��
decay rate very much, and thus the upper bound of

BðBs ! �þ��Þ is taken as a strong constraint when a
NP model is discussed. As a cross-check, one usually
needs to investigate the semileptonic rare decays B !
K�þ�� and B ! K��þ�� which are also governed
by the flavor changing neutral current transition b !
s�þ�� but not helicity suppressed. Many observables

of B ! Kð�Þ�þ�� have been observed by several ex-
periments: BABAR [8], Belle [9], CDF [10], and
LHCb [11]. As many of them agree with the SM
predictions within their error bars, however, the di-
muon forward-backward asymmetry of B ! K��þ��
at the low region of the dimuon invariant mass is not
consistently measured by Belle [9], CDF [10], and
LHCb [11].
Any NP that alters BðBs ! �þ��Þ would necessarily

alter observables in B ! Kð�Þ�þ�� decays; examples of
the latter are the differential branching ratio and forward-
backward asymmetry. The NP effects in the b ! s�þ��
flavor changing neutral current transition have been ex-
tensively investigated, for instance, in Refs. [12–21]. In
this paper, following closely the analysis of Ref. [22], we
will update the constraints on the R-parity violating
(RPV) minimal supersymmetric standard model
(MSSM) in light of the new experimental data on Bs !
�þ�� and B ! Kð�Þ�þ��. Additionally, we will extend
our analysis to the R-parity conserving (RPC) MSSM
scenario with the mass insertion (MI) approximation
[23,24]. Using a combination of the limits of BðBs !
�þ��Þ from CDF, LHCb and CMS [1,5] as well as the

experimental bounds of BðB ! Kð�Þ�þ��Þ [25], we will
obtain the new limits on the relevant supersymmetric
coupling parameters. Then we will use the constrained
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parameter spaces to examine their effects on some ob-
servables in these decays, especially dAFBðB !
K��þ��Þ=ds.

The paper is arranged as follows. In Sec. II, we present
a very brief theoretical introduction to Bs ! �þ�� and

B ! Kð�Þ�þ�� processes. In Sec. III, we deal with the
numerical results. We display the constraints implied
by the new experimental data on the RPV and RPC
MSSM parameter spaces and discuss the implications

for the B ! Kð�Þ�þ�� invariant mass spectra and
forward-backward asymmetries. Section IV contains our
conclusion.

II. THE THEORETICAL FRAMEWORK FOR
Bs ! �þ�� AND B ! Kð�Þ�þ�� DECAYS

A. The leptonic decay Bs ! �þ��

The branching ratio for Bs ! �þ�� can be written as
[19,26]

BðBs ! �þ��Þ ¼ �Bs
m3

Bs
f2Bs

32�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� 4m2

�

m2
Bs

vuut
�
�
jFBj2

�
1� 4m2

�

m2
Bs

�
þ jFAj2

�
; (4)

where

FA ¼ 2m�

mBs

ðCA � ~CAÞ þmBs
ðCP � ~CPÞ;

FB ¼ mBs
ðCS � ~CSÞ:

(5)

The SM result for the branching ratio may be obtained

from Eq. (3) by setting ~CA ¼ CS ¼ ~CS ¼ CP ¼ ~CP ¼ 0
and

CA ¼ GF�effiffiffi
2

p
�sin2�W

VtbV
�
tsYðxtÞ: (6)

In the MSSM without R parity, the branching ratio may be
obtained by setting [22]

C0
A ¼ ��0

2i2�
0�
2i3

4m2
~uiL

; CS ¼ �CP ¼ � �i22�
0�
i23

4mbm
2
~�iL

;

C0
S ¼ C0

P ¼ � ��
i22�

0
i32

4mbm
2
~�iL

:

(7)

In the MSSM with R parity, the branching ratio can ob-

tained by using the expressions CS, ~CS; CP and ~CP can be

found in Ref. [19]; and ~CA ¼ 0 in this case.

B. The semileptonic decays B ! Kð�Þ�þ��

In the SM, the double differential decay branch-

ing ratios d2BK

dŝdû and d2BK�

dŝdû for the decays B ! K�þ��

and B ! K��þ��, respectively, may be written as
[27]

d2BK
SM

dŝdû
¼ �B

G2
F�

2
em

5
B

211�5
jV�

tsVtbj2fðjA0j2 þ jC0j2Þð�� û2Þ
þ jC0j24m̂2

�ð2þ 2m̂2
K � ŝÞ

þ ReðC0D0�Þ8m̂2
�ð1� m̂2

KÞ þ jD0j24m̂2
�ŝg; (8)

d2BK�
SM

dŝdû
¼�B

G2
F�

2
em

5
B

211�5
jV�

tsVtbj2
�jAj2
4

ðŝð�þ û2Þþ4m̂2
��ÞþjEj2

4
ðŝð�þ û2Þ�4m̂2

��Þ

þ 1

4m̂2
K�
½jBj2ð�� û2þ8m̂2

K� ðŝþ2m̂2
�ÞÞþjFj2ð�� û2þ8m̂2

K� ðŝ�4m̂2
�ÞÞ��2ŝ û½ReðBE�ÞþReðAF�Þ�

þ �

4m̂2
K�
½jCj2ð�� û2ÞþjGj2ð�� û2þ4m̂2

�ð2þ2m̂2
K� � ŝÞÞ�� 1

2m̂2
K�
½ReðBC�Þð1�m̂2

K� � ŝÞð�� û2Þ

þReðFG�Þðð1�m̂2
K� � ŝÞð�� û2Þþ4m̂2

��Þ��2
m̂2

�

m̂2
K�
�½ReðFH�Þ�ReðGH�Þð1�m̂2

K� Þ�þjHj2 m̂
2
�

m̂2
K�
ŝ�

�
; (9)

where p ¼ pB þ pKð�Þ , s ¼ q2, and q ¼ pþ þ p� (p� the four-momenta of the muons), and the auxiliary functions
A�H can be found in Ref. [27]. The hat denotes normalization in terms of the B-meson mass, mB, e.g., ŝ ¼ s=m2

B,
m̂q ¼ mq=mB.

In the MSSM without R parity, the double differential decay branching ratios including the squark exchange
contributions could be gotten from Eqs. (7) and (8) by the replacements [22]
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A0ðŝÞ ! A0ðŝÞ þ fB!Kþ ðŝÞ
W

X
i

�0
2i2�

0�
2i3

8m2
~uiL

; C0ðŝÞ ! C0ðŝÞ � fB!Kþ ðŝÞ
W

X
i

�0
2i2�

0�
2i3

8m2
~uiL

;

AðŝÞ ! AðŝÞ þ 1

W

�
2VB!K� ðŝÞ
mB þmK�

m2
B

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

; BðŝÞ ! BðŝÞ þ 1

W

�
�ðmB þmK� ÞAB!K�

1 ðŝÞ
�X

i

�0
2i2�

0�
2i3

8m2
~uiL

;

CðŝÞ ! CðŝÞ þ 1

W

�
AB!K�
2 ðŝÞ

mB þmK�
m2

B

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

; DðŝÞ ! DðŝÞ þ 1

W

�
2mK�

ŝ
ðAB!K�

3 ðŝÞ � AB!K�
0 ðŝÞÞ

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

;

EðŝÞ ! EðŝÞ � 1

W

�
2VB!K� ðŝÞ
mB þmK�

m2
B

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

; FðŝÞ ! FðŝÞ � 1

W

�
�ðmB þmK� ÞAB!K�

1 ðŝÞ
�X

i

�0
2i2�

0�
2i3

8m2
~uiL

;

GðŝÞ ! GðŝÞ � 1

W

�
AB!K�
2 ðŝÞ

mB þmK�
m2

B

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

; HðŝÞ ! HðŝÞ � 1

W

�
2mK�

ŝ
ðAB!K�

3 ðŝÞ � AB!K�
0 ðŝÞÞ

�X
i

�0
2i2�

0�
2i3

8m2
~uiL

;

(10)

where W ¼ �ðGF�e=2
ffiffiffi
2

p
�ÞV�

tsVtbmB.
The sneutrino exchange contributions are summarized

as

d2BK
~�

dŝdû
¼ �B

m3
B

27�3
fReðWA0T 0�

S Þð2m̂�ûÞ
þ ReðWC0T 0�

P Þð1� m̂2
KÞð�2m̂�Þ

þ ReðWD0T 0�
P Þð�2m̂�ŝÞ

þ jT 0
Sj2ðŝ� 2m̂2

�Þg; (11)

d2BK�
~�

dŝdû
¼ �B

m3
B

27�3

�
� m̂2

�

m̂2
K�

½ImðWBT �
SÞ

� ð��ð1=2Þûð1� m̂2
K� � ŝÞÞ

þ ImðWCT �
SÞ�1=2û� ImðWFT �

PÞ�1=2

þ ImðWGT �
PÞ�1=2ð1� m̂2

K� Þ�
þ jT Sj2ðŝ� 2m̂2

�Þ
�
; (12)

with

T 0
S ¼ fB!Kþ ðŝÞm

2
B �m2

K

mb �ms

X
i

��
i22�

0
i32

8m2
~�iL

þ �i22�
0�
i23

8m2
~�iL

 !
;

T 0
P ¼ fB!Kþ ðŝÞm

2
B �m2

K

mb �ms

X
i

��
i22�

0
i32

8m2
~�iL

� �i22�
0�
i23

8m2
~�iL

 !
;

T S ¼
�
i

2

AB!K�
0 ðŝÞ

mb þms

�1=2m2
B

�X
i

��
i22�

0
i32

8m2
~�iL

� �i22�
0�
i23

8m2
~�iL

 !
;

T P ¼
�
i

2

AB!K�
0 ðŝÞ

mb þms

�1=2m2
B

�X
i

��
i22�

0
i32

8m2
~�iL

þ �i22�
0�
i23

8m2
~�iL

 !
:

(13)

In the MSSM with R parity, all the effects arise from the

RPC MIs contributing to C7, ~C
eff
9 , ~C10 and they are

CRPC
7 ¼ CDiag

7 þ CMI
7 þ nC0MI

7 ;

ðCeff
9 ÞRPC ¼ ð ~Ceff

9 ÞDiag þ ð ~Ceff
9 ÞMI þ nðC0eff

9 ÞMI;

CRPC
10 ¼ ~C

Diag
10 þ ~CMI

10 þ nC0MI
10 ; (14)

where n ¼ 1 for decay B ! K�þ�� as well as for the
terms related to the form factors V and T1 in B !
K��þ�� decay, n ¼ �1 for the terms related to the
form factors A0, A1, A2, T2, and T3 in B ! K��þ��

decay. CDiag;MI
7 , ð ~Ceff

9 ÞDiag;MI, ~CDiag;MI
10 , C0MI

7 , ðC0eff
9 ÞMI, and

C0MI
10 have been estimated in Refs. [28–30]. The results for

BK and BK�
including MI effects can be obtained from

Eqs. (7)–(9) by the following replacements [17,20]:

CSM
7 ! CSM

7 þ CRPC
7 ;

ðCeff
9 ÞSM ! ðCeff

9 ÞSM þ ðCeff
9 ÞRPC;

CSM
10 ! CSM

10 þ CRPC
10 : (15)

From the total double differential branching ratios, we can
get the dimuon forward-backward asymmetries [27]

A FBðB ! Kð�Þ�þ��Þ

¼
Z

dŝ

Rþ1
�1

d2BðB!Kð�Þ�þ��Þ
dŝd cos� signðcos�Þd cos�Rþ1

�1
d2BðB!Kð�Þ�þ��Þ

dŝd cos� d cos�
:

(16)

III. NUMERICAL RESULTS AND ANALYSES

Wewill present our numerical results and analysis in this
section. When we study the effects due to MSSM with and
without R parity, we consider only one new coupling at one
time, neglecting the interferences between different new
couplings, but keeping their interferences with the SM
amplitude. The input parameters are collected in the
Appendix, and the following experimental data will be
used to constrain parameters of the relevant new couplings
[5,25]:
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B ðBs ! �þ��Þ< 1:08� 10�8ðat 95% CLÞ;
BðB ! K�þ��Þ ¼ ð0:48� 0:06Þ � 10�6;

BðB ! K��þ��Þ ¼ ð1:15� 0:15Þ � 10�6:

(17)

To be conservative, we use the input parameters varied
randomly within 1	 variance and the experimental bounds
at 95% CL. We do not impose the experimental bounds
from dAFBðB ! K��þ��Þ=ds and leave it as predictions
of the restricted parameter spaces of the two NP scenarios,
and compare them with the experimental results in
Refs. [9–11].

FIG. 1. The allowed RPV parameter spaces with 500 GeV sfermions, and the RPV weak phase ð
RPVÞ is given in degree.

TABLE I. Bounds for the relevant RPV coupling products
by B ! Kð�Þ�þ�� and Bs ! �þ�� decays for 500 GeV sfer-
mions, and previous bounds are listed for comparison.

Couplings Bounds Previous bounds [22]

j�0
2i2�

0�
2i3j � 8:2� 10�4 � 11:5� 10�4

j�i22�
0�
i32j � 2:0� 10�4 � 4:5� 10�4

j��
i22�

0
i23j � 2:0� 10�4 � 4:3� 10�4

FIG. 2 (color online). The constrained RPV coupling effects on BðBs ! �þ��Þ. The olive (violet) horizontal dotted (solid) lines
denote the limits of the 95% CL measurements (SM predictions).
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A. RPV MSSM effects

First, we will consider the RPV effects and further con-
strain the relevant RPV couplings from the new experi-

mental data of BðBs ! �þ��Þ and BðB ! Kð�Þ�þ��Þ
given in Eq. (16). As given in Sec. II, there are three RPV
coupling products, which are �0

2i2�
0�
2i3 due to squark ex-

change as well as �i22�
0�
i23 and ��

i22�
0
i32 due to sneutrino

exchange, relevant to Bs ! �þ�� and B ! Kð�Þ�þ��
decays.
Our new bounds for three RPV coupling products from

the 95% CL experimental data are demonstrated in
Fig. 1. And the upper limits for the relevant RPV coupling

FIG. 3 (color online). The effects of RPV coupling �0
2i2�

0�
2i3 due to the squark exchange in B ! Kð�Þ�þ�� decays. The$ denotes ŝ,

magenta ‘‘�’’ denotes the SM prediction within 1	 error ranges of the input parameters, olive solid line denotes the central value of
the SM prediction, and royal blue ‘‘j’’ denotes the SUSY prediction. The same goes for Figs. 4, 5, 9, and 8.
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products by BðB ! Kð�Þ�þ��Þ and BðBs ! �þ��Þ are
summarized in Table I. For comparison, our previous
bounds on these quadric coupling products are also listed.
From Fig. 1 and Table I, one can find that all three RPV
coupling products are restricted, and the upper limits of
j�i22�

0�
i32j and j��

i22�
0
i23j are improved by about a factor of

2 by the new experimental data. Notice that we assume
the masses of sfermions are 500 GeV. For other values of
the sfermion masses, the bounds on the couplings in this
paper can be easily obtained by scaling them by factor of

~f2 � m~f

500 GeV

� 	
2
.

Now we will analyze the constrained RPV effects on
BðBs ! �þ��Þ. The sensitivities of BðBs ! �þ��Þ to
the constrained RPV couplings are shown in Fig. 2. The
limits of the measurements at 95% CL and the SM pre-
dictions with 1	 theoretical uncertainties are also dis-
played in Fig. 2 for convenient comparison. Figures 2(a)
and 2(b), show the constrained effects of the modulus
and weak phase of t-channel squark exchange coupling
�0
2i2�

0�
2i3, respectively. As shown in Figs. 2(a) and 2(b), with

the contribution of �0
2i2�

0�
2i3 included, BðBs ! �þ��Þ is

lower than its experimental upper limit [5]. Besides the

constraints fromBðBs ! Kð�Þ�þ��Þ, �0
2i2�

0�
2i3 coupling is

not further constrained by the new experimental upper
limit from CMS and LHCb since its contribution to
BðBs ! �þ��Þ is suppressed by m2

�=m
2
B. Additionally,

the allowed parameter space of �0
2i3�

0�
2i2 would be ex-

cluded if the 68% CL experimental determinationBðBs !
�þ��Þ ¼ ð1:8þ1:1�0:9Þ � 10�8 [1] by the CDF Collaboration

were taken as a constraint. Two s-channel sneutrino ex-
change contributions to BðBs ! �þ��Þ are very similar
to each other. Wewould take the �i22�

0�
i23 contribution as an

example, which is shown by Figs. 2(c) and 2(d). We can see
that BðBs ! �þ��Þ is sensitive to both the modulus and
phase of �i22�

0�
i23, and BðBs ! �þ��Þ not only could be

increased but also could be decreased by the presence of
�i22�

0�
i23 coupling. Generally, the �i22�

0�
i23 coupling could

alterBðBs ! �þ��Þ significantly since its contribution is
not helicity suppressed by m2

�=m
2
B. Thus, the constraint on

�i22�
0�
i23 is due to the bound of BðBs ! �þ��Þ [5].

Then we turn to analyzing the constrained RPVeffects in

B ! Kð�Þ�þ�� decays. Using the new constrained pa-
rameter spaces shown in Fig. 1, we will give the RPV
effects on the dimuon invariant mass spectra and the

forward-backward asymmetries of B ! Kð�Þ�þ�� decays.
In Fig. 3, we present correlations between the dimuon

invariant mass spectra as well as the dimuon forward-
backward asymmetries and the parameter spaces of
�0
2i3�

0�
2i2 by the two-dimensional scatter plots. The dimuon

invariant mass distribution and the dimuon forward-
backward asymmetry are given with vector meson domi-
nance contribution excluded in terms of dB=dŝ and
dAFB=dŝ, and included in dB0=dŝ and dA0

FB=dŝ, respec-
tively. In Fig. 3, the magenta ‘‘�’’ denotes the SM pre-

diction within 1	 error ranges of the input parameters,
olive solid line denotes the central value of the SM pre-
diction, and royal blue ‘‘j’’ denotes the RPV supersym-
metry (SUSY) prediction including �0

2i2�
0�
2i3 coupling

within 1	 error ranges of the input parameters. The theo-

retical uncertainties of the SM predictions of dBðB !
Kð�Þ�þ��Þ=dŝ are quite large; nevertheless the theore-
tical uncertainties are canceled a lot in dAFBðB !
K��þ��Þ=dŝ.
The RPV effects on dA0

FBðB ! K��þ��Þ=dŝ are
shown in Fig. 3(f). This observable has been measured as
a function of the dimuon invariant mass square q2 by
BABAR [8], Belle [9], CDF [10], and LHCb [11], and the
current situation is specially exemplified in Fig. 4. As
shown in Fig. 4, the fitted dA0

FBðB ! K��þ��Þ=dŝ
from Belle is generally higher than the SM expectation
in whole q2 bins, and the CDF fitted result is consistent
with the SM prediction in some q2 bins and it is higher than
the SM prediction in some other q2 bins; nevertheless the
LHCb fitted result, which is the most precise to data, is in
good agreement with the SM prediction. Especially, in the
region of 0 � ŝ � 0:072 (i.e., 0 GeV � q2 � 2 GeV2),
the Belle measurement favors a positive value which is
not confirmed by CDF and LHCb, whereas the sign of the
SM prediction for dA0

FBðB ! K��þ��Þ=dŝ is negative.
One could find that the constrained RPV coupling �0

2i3�
0�
2i2

still could accommodate dAFBðB ! K��þ��Þ=dŝ from
Belle, CDF, and LHCb at all ŝ regions.
As for the s-channel sneutrino exchange couplings

�i22�
0�
i23 and ��

i22�
0
i32, the constraints from BðB !

�þ��Þ are rather restrictive. The �i22�
0�
i23 coupling effects

in B ! Kð�Þ�þ�� are displayed in Fig. 5; we see that

�i22�
0�
i23 coupling has negligible contribution to dBðB !

Kð�Þ�þ��Þ=dŝ, and the differences between the SUSY
prediction and the SM ones are due to the 95% CL
experimental constraints. Nevertheless, constrained

FIG. 4 (color online). AFBðB ! K��þ��Þ including RPV
coupling �0

2i2�
0�
2i3 versus the 95% CL data: CDF (blue dotted

line), Belle (purple solid line), and LHCb (red dashed line).

WANG et al. PHYSICAL REVIEW D 85, 094004 (2012)

094004-6



�i22�
0�
i23 coupling has some effects on dAFBðB !

K��þ��Þ=dŝ. ��
i22�

0
i32 coupling effects in B !

Kð�Þ�þ�� are similar to �i22�
0�
i23 effects; thus we will

not show them again.

B. RPC MI effects

Now we study RPCMI effects in Bs ! �þ�� and B !
Kð�Þ�þ�� decays in the MSSMwith large tan�. The eight

kinds of MIs ð�u;d
ABÞ23 with ðA; BÞ ¼ ðL; RÞ contribute to

B ! Kð�Þ�þ�� decays, but only three kinds of MIs

ð�u
LLÞ23, ð�d

LLÞ23, and ð�d
RRÞ23 contribute to Bs ! �þ��

decay. We will only consider the contributions of ð�u
LLÞ23,

ð�d
LLÞ23, and ð�d

RRÞ23 MIs to Bs ! �þ�� and B !
Kð�Þ�þ�� decays in this work. We take the best-fit values

of the constrained MSSM parameters from the LHC SUSY

search results [31]: m0 ¼ 450 GeV, m1=2 ¼ 780 GeV,

FIG. 5 (color online). The effects of RPV coupling �i22�
0�
i23 due to the sneutrino exchange in B ! Kð�Þ�þ��.
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FIG. 6. The allowed parameter spaces of ð�u
LLÞ23, ð�d

LLÞ23, and ð�d
RRÞ23 MI parameters constrained by BðBs ! �þ��Þ and BðB !

Kð�Þ�þ��Þ at 95% CL, and the RPC phases are given in degree.

FIG. 7 (color online). The constrained MI effects on BðBs ! �þ��Þ. The olive (violet) horizontal dotted (solid) lines denote the
limits of the 95% CL measurements (SM predictions with 1	 error bar).
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A0 ¼ �1110, signð�Þ> 0, and tan� ¼ 41. The experi-
mental data shown in Eq. (16) will be used to constrain
the three kinds of MI parameters.

MI coupling ð�u
LLÞ23 has some effects on BðBs !

�þ��Þ and BðB ! Kð�Þ�þ��Þ, and the bound of
ð�u

LLÞ23 is obtained from both BðBs ! �þ��Þ and
BðB ! K��þ��Þ. However, for ð�d

LLÞ23 and ð�d
RRÞ23 MI

parameters, the constraints by BðB ! Kð�Þ�þ��Þ are

rather weak, which are mainly derived from BðBs !
�þ��Þ. The constrained spaces of ð�u

LLÞ23, ð�d
LLÞ23, and

ð�d
RRÞ23 are displayed in Fig. 6. As shown in Fig. 6, both

phases and moduli of three MIs are obviously constrained

by the branching ratios given in Eq. (16), and the bounds on
the three moduli are jð�u

LLÞ23j � 1:0, jð�d
LLÞ23j � 0:28, and

jð�d
RRÞ23j � 0:22. Note that the very strong constraints on

the phases of ð�d
LL;RRÞ23 MIs arise from �Ms, ��s, and

FIG. 8 (color online). The constrained non-MI effects in B ! Kð�Þ�þ�� decays.
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J=c

s [32], which are about 
d

LL;RR 2 ½20�; 80�� [
½�160�;�100�� with m2

~g=m
2
~q ¼ 1. If considering the

strong constrained phases from �Ms, ��s, and 
J=c

s ,

we have jð�d
LLÞ23j � 0:24 and jð�d

RRÞ23j � 0:22.
Now we analyze the ð�u

LLÞ23, ð�d
LLÞ23, and ð�d

RRÞ23 MI
effects on BðBs ! �þ��Þ. The sensitivities of BðBs !
�þ��Þ to both moduli and phases of three MIs are dis-
played in Fig. 7. As shown in Fig. 7, all three couplings are

constrained by the upper limit of BðBs ! �þ��Þ, and
BðBs ! �þ��Þ has moderate sensitivities to both the

moduli and phases. The minimum value of BðBs !
�þ��Þ may present when jð�u

LLÞ23j 	 0:4 and j
d
LLj �

45�, jð�d
LLÞ23j 2 ½0:05; 0:15� and j
d

LLj � 45�, or

jð�d
RRÞ23j 2 ½0:02; 0:10� and j
d

RRj 	 120�. The differ-

ences between the SUSY predictions at jð�u;d
ABÞ23j ¼ 0

and the SM predictions come from contributions in the

FIG. 9 (color online). The constrained ð�u
LLÞ23 MI effects in B ! Kð�Þ�þ�� decays.
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MSSM with the Cabibbo-Kobayashi-Maskawa matrix as
the only source of flavor violation.

Then we analyze the constrained ð�u
LLÞ23, ð�d

LLÞ23, and
ð�d

RRÞ23 MI effects in B ! Kð�Þ�þ�� decays. Using the
constrained parameter spaces shown in Fig. 6, we will give
the MSSM predictions to the dimuon invariant mass spec-
tra of the decay width and the dimuon forward-backward

asymmetries of B ! Kð�Þ�þ�� decays in the MI approxi-
mation. Besides the MI contributions, the SUSY predic-
tions also include the contributions that come from graphs
including SUSY Higgs bosons and sparticles in the limit
in which we neglect all the MI contributions, which are
called non-MI contributions, and the non-MI SUSY ef-
fects are shown in Fig. 8. From Figs. 8(a) and 8(b), we
can see that dBðB ! K�þ��Þ=dŝ could be slightly sup-
pressed at all ŝ regions by the non-MI SUSY couplings.
As shown in Figs. 8(c) and 8(d), dBðB ! K��þ��Þ=dŝ
could be decreased a lot at the middle ŝ region by these
couplings. Figures 8(e) and 8(f) show us that the non-MI
SUSY couplings could slightly suppress dAFBðB !
K��þ��Þ=dŝ at the middle ŝ region.

The constrained ð�d
LLÞ23 and ð�d

RRÞ23 MIs have no ob-
vious effects in B ! Kð�Þ�þ�� decays. ð�u

LLÞ23 MI con-

tributions to B ! Kð�Þ�þ�� are presented in Fig. 9.
Note that the SUSY predictions in Fig. 8 also include the
non-MI contributions shown in Fig. 8. As shown in
Figs. 9(a) and 9(b), the constrained ð�u

LLÞ23 MI has no
obvious effects on dBðB ! K�þ��Þ=dŝ, which could be
slightly suppressed at all ŝ regions by only non-MI effects.
On the other hand, its contribution to B ! K��þ�� could
be significant, as shown in Figs. 9(c)–9(f), when theoreti-
cal uncertainties are considered. It is of interest to note that
the contribution to dAFBðB ! K��þ��Þ=dŝ is favored
by the current experimental measurements from Belle,
CDF, and LHCb [9–11].

IV. CONCLUSIONS

Motivated by the recent searches ofBðBs ! �þ��Þ by
the CDF, LHCb, and CMS Collaborations, we have studied

Bs ! �þ�� and B ! Kð�Þ�þ�� decays in the MSSM
with and without R parity. In the MSSM without R parity,

we have found that the bounds of sneutrino exchange RPV
couplings are significantly improved by the present new
measurements. The further constrained RPV coupling due
to t-channel squark exchange still has significant effects in

B ! Kð�Þ�þ�� decays, and the current measurements of
dAFBðB ! K��þ��Þ=dŝ could be accommodated by the
squark exchange coupling. The further constrained cou-
plings due to s-channel sneutrino exchange could have
large effects in Bs ! �þ��, but have negligible effects

in B ! Kð�Þ�þ�� decays.
In the MSSM with R parity, three MI parameters

ð�u
LLÞ23, ð�d

LLÞ23, and ð�d
RRÞ23 suffer the combined con-

straints from the present data of BðBs ! �þ��Þ and

BðB ! Kð�Þ�þ��Þ. The constrained ð�u
LLÞ23 MI could

give large contributions to dAFBðB ! K��þ��Þ=dŝ at
all ŝ regions in favor of the current experimental measure-
ments from Belle, CDF, and LHCb. The constrained
ð�d

LL;RRÞ23 MIs have ignorable effects on the observables

of B ! Kð�Þ�þ�� decays. dAFBðB ! K��þ��Þ=dŝ
could be slightly decreased at the middle ŝ region by the
SUSY contributions which come from graphs including
SUSY Higgs bosons and sparticles in the limit in which we
neglect all the MI contributions.
In the immediate future, the LHC is expected to become

sensitive to BðBs ! �þ��Þ. Accurate measurements of

the Bs ! �þ�� andB ! Kð�Þ�þ�� decays could further
shrink or reveal the parameter spaces of MSSM with and
without R parity.

ACKNOWLEDGMENTS

The work is supported by the National Science Founda-
tion (No. 11105115, No. 11147136, and No. 11075059)
and the Project of Basic and Advanced, Technology
Research of Henan Province (No. 112300410021).

APPENDIX: INPUT PARAMETERS

The input parameters are summarized in Table II. For the
RPC MI effects, we take the five free parameters m0 ¼
450 GeV, m1=2 ¼ 780 GeV, A0 ¼ �1110, signð�Þ> 0,
and tan� ¼ 41 from Ref. [31]. All other MSSM

TABLE II. Default values of the input parameters.

mBs
¼ 5:370 GeV, mBd

¼ 5:279 GeV, mBu
¼ 5:279 GeV, mW ¼ 80:425 GeV,

mK� ¼ 0:494 GeV, mK0 ¼ 0:498 GeV, mK�� ¼ 0:892 GeV, mK�0 ¼ 0:896 GeV,
�mbð �mbÞ ¼ ð4:19þ0:18

�0:06Þ GeV, �msð2 GeVÞ ¼ ð0:100þ0:030
�0:020Þ GeV,

�muð2 GeVÞ ¼ 0:0017
 0:0031 GeV, �mdð2 GeVÞ ¼ 0:0041
 0:0057 GeV.
me ¼ 0:511� 10�3 GeV, m� ¼ 0:106 GeV, mt;pole ¼ 172:9� 1:1 GeV. [25]

�Bs
¼ ð1:466� 0:059Þ ps, �Bd

¼ ð1:530� 0:009Þ ps, �Bu
¼ ð1:638� 0:011Þ ps. [25]

jVtbj � 0:999 10, jVtsj ¼ 0:041 61þ0:00012
�0:00078. [25]

sin2�W ¼ 0:223 06, �e ¼ 1=137. [25]

fBs
¼ 0:230� 0:030 GeV. [33]
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parameters are then determined according to the con-
strained MSSM scenario as implemented in the program
package SUSPECT [34]. For the form factors involving the

B ! Kð�Þ transitions, we will use the recent light-cone
QCD sum rules results [35,36], which are renewed with
radiative corrections to the leading twist wave functions

and SU(3) breaking effects. For the q2 dependence of the
form factors, they can be parametrized in terms of simple
formulas with two or three parameters. The expressions
can be found in Refs. [35,36]. In our numerical data
analysis, the uncertainties induced by Fð0Þ are also
considered.
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