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Abstract:

Motivated by the first measurement on B(Bs — ¢utpu~) by the CDF Collaboration, we study the

supersymmetric effects in semi-leptonic Bs — ¢u™nu~ decay. In our evaluations, we analyze the dependences of the

dimuon invariant mass spectrum and the forward-backward asymmetry on relevant supersymmetric couplings in the

MSSM with and without R-parity. The analyses show that the new experimental upper limits of B(Bs — utu™)

from the LHCb Collaboration could further improve the bounds on sneutrino exchange couplings and (11, )23 as

well as (6EL’RR)23 mass insertion couplings. In addition, within the allowed ranges of relevant couplings under the
constraints from B(Bs— ¢utp7), l’)’(B—>K(*)uJr 1) and B(Bs— putp™), the dimuon forward-backward asymmetry
and the differential dimuon forward-backward asymmetry of B,— bu™ u™ are highly sensitive to the squark exchange

contribution and the (d1,)23 mass insertion contribution. The results obtained in this work will be very useful in

searching for supersymmetric signals at the LHC.
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1 Introduction

Flavor changing neutral current (FCNC) processes
can occur via penguin or box diagrams in the standard
model (SM) and are very sensitive to the gauge struc-
ture as well as various extensions of the SM. So they
can provide useful information on the parameters of the
SM and test its predictions. Meanwhile, they can of-
fer the valuable possibility of an indirect search of new
physics (NP). The transition b — sutu~, for instance,
is a FCNC process, present in the decays B— Kutu™,
B—Kutu™, Bi— ¢édutu™ and B, — utu~. The rates
for these decays could be changed by NP contributions,
and this would consequently alter the dimuon invariant
mass spectra and the forward-backward asymmetries for
these semi-leptonic decays from the SM predictions.

Recently, the first measurements of the branching ra-
tio [1] and the dimuon invariant mass spectrum [2] of
B, — ¢utp™ have been reported by the CDF Collabora-
tion. And its branching ratio is [2]

B(B,— putpu ) =(1.47£0.242£0.46)x10~% (1)

which is quite consistent with its SM prediction
BM(B, — dutu7) = (1.48129%) x 1075, Moreover, the
upper limit of B(B, — pu*u~) has been significantly im-
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proved by the CDF, CMS and LHCb Collaborations [3—
7]. The lowest published limit from the LHCb Collabo-
rations at 95% confidence level (CL) is [8]

B(B.—ptp)<4.5x107°, (2)

These observables are important to test the SM and con-
strain contributions of the possible NP models. Thus,
these processes have attracted much attention (for in-
stance, Refs. [9-15]).

In this paper, following closely the analyses of
Ref. [16], we will study R-parity violating (RPV) su-
persymmetric effects and the R-parity conserving (RPC)
mass insertion (MI) supersymmetric effects on the ob-
servables of B— ¢utp~ decay from the new experimen-
tal data in the minimal supersymmetric standard model
(MSSM). Using the experimental limits on B(B,—utu™)
from LHCb [8], B(B—K®™u*u~) from the Particle Data
Group [17] as well as B(B,—¢putu~) from CDF [2], we
will constrain the relevant new couplings and examine
the supersymmetric effects on the branching ratio, the
dimuon invariant mass spectrum, the forward backward
asymmetry, and the differential forward backward asym-
metry of By—¢utp~ decay.

The paper is arranged as follows. In Section 2, we
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briefly introduce the theoretical framework for Bq— ¢u™nu~ decay. In Section 3, we present our numerical analyses
and discussions. Section 4 contains our conclusion.

2 The theoretical framework of B— ¢putu~ decay

2

In the SM, the double differential branching ratio 4’5

for B,—¢uTpu~ may be written as [18]
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where p=pp+ps, s=¢* and ¢g=p,+p_ (p+ the four-momenta of the muons), and the auxiliary functions A—H can be
found in Ref. [18]. The hat denotes normalization in terms of the B-meson mass, mg_, e.g. §=s/mg_, m,=m,/ms,.

In the MSSM without R-parity, the double differential branching ratio including the squark exchange contribution
could be obtained from Eq. (3) by the replacements [19]
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The sneutrino exchange contributions are summa-
rized as

where W=—

VieVibmes, .

% = ;LiB[S {— mg; [Im(WBTS*) (A*%au—mg_s))
+Im (W CTS)AZ t—Im(W FT )\
+1m(WGT;)A%(1—m¢)}+|7;|2(§—2m3)}, (5)

with

ne[r e (-3
o () o

In the MSSM with R-parity, all the effects arise from
the RPC MIs contributing to C, C§T, Cy, and they are

OEPC:O;Diag_FC'?/H_'_nC';I\/H
(C;H)RPC:(5;8)Diag+(égeﬁ)MI+n(Céeﬁ)MI, (7)

O%Pczéﬁ)iag+6vi\gl+ncil(\j/ll,

where n=1 for the terms related to the form factors V'
and T; as well as n = —1 for the terms related to the
form factors Ay, A1, Az, T and T3 in By — dutp~ de-
cay. O;Diag,MI, (Cvgﬂ”)Diag,l\/II7 OPOiag,MI, C;MI, (CéCH)MI and
O3 have been estimated in Refs. [20-22]. The results
for B(By—¢utp™) including MI effects can be obtained
from Eq. (3) by the following replacements [9, 23]:

O7SM N CEM‘FOEPC,
(C;ff)SM _ (Cgff)SM_i_(C;ff)RPC, (8)
C! — ORI,

From the double differential branching ratio, we can
get the dimuon forward-backward asymmetry [18]
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3 Numerical results and analyses

In this section, we will investigate the above-
mentioned physics observables and study their sensitivity

to the new effects due to the MSSM with and without
R-parity. When we study the SUSY effects, we consider
only one new coupling at one time, neglecting the in-
terferences between different new couplings, but keeping
their interferences with the SM amplitude. The input pa-
rameters are collected in the Appendix, and the following
experimental data will be used to constrain parameters
of the relevant new couplings [2, 8, 17]

B(B,—pTp)<4.5x107? (at 95% CL),
B(B—Kup)=(0.4840.06)x 10,
B(B—K"uw pu)=(1.15£0.15)x 10",
B(B. -t )= (1.47+0.52)x 107,

To be conservative, we use the input parameters var-
ied randomly within 1o error bar and the experimental
bounds at 95% CL in our numerical results.

3.1 The RPV MSSM effects

Firstly, we consider the RPV effects in By— ¢putu~
decay. There are three RPV coupling products, which
are Ay, Ay, due to squark exchange as well as A2 \i5,
and A}, i, due to sneutrino exchange, relevant to B;—
ptu™, Bi—¢outp™ and B=K®utp~ decays. We com-
bine the experimental bounds in Eq. (10) at 95% CL to
constrain the three RPV coupling products. Compar-
ing with the bounds obtained in Ref. [16], we find that
Aisa A5y and Aj,Ais, couplings are further constrained
by a new upper limit of B(B; — utu~), and we obtain
| Aiz2 N335 Al Al | < 1.3x 1074,

Using the constrained parameter spaces from the ex-
perimental data in Eq. (10), we turn to analyze the con-
strained RPV effects on the observables of By— ¢dutu~
decay which have not been measured yet. The s-channel
sneutrino exchange couplings A\;20 A5, and Aj,, Aisy, which
are strongly constrained from B(B—u*™u~), have negli-
gible contribution to By — ¢utp~ decay. The t-channel
squark exchange coupling A5 A%;,, which is mainly con-
strained from B(B—K*utp~) and B(B,—¢utu), has
considerable contribution to B;— ¢dutu~. The effects of
the constrained A, A5:; in Bi—¢utpu~ are displayed in
Fig. 1 by the two-dimensional scatter plots, and the SM
predictions are also shown for convenient comparison.
The dimuon invariant mass distribution and the dimuon
forward-backward asymmetry are given with vector me-
son dominance contribution excluded in terms of dB/d3
and dArg/d$, and included in dB’/d$ and dA%g/d8, re-
spectively.

Now we discuss the plots of Fig. 1 in detail. Figs. 1(a)
and (b) show the constrained effects of the modulus and
weak phase of \y,,\5:, on Apg(Bs — dptp™), respec-
tively. One can see that such contributions could give
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large App(Bs — putu™) when |X),A\5;5] is large and
the corresponding |prpv| is near 0°. Figs. 1(c)—(f) dis-
play the constrained RPV effects on the dimuon invari-
ant mass spectrum and the differential forward-backward
asymmetry, and we can see that the constrained A}, A%,
still has remarkable effects on them. As for the dimuon
invariant mass spectrum, this observable has also been
measured as a function of the dimuon invariant mass
square ¢*> by CDF [2]. We do not impose the experimen-
tal bound from dB’'(B, — dputu~)/ds and leave it as a
prediction of the restricted parameter space of A, ,A\5,,
and compare it with the experimental results in Ref. [2].

The measurement is basically consistent with the SM
prediction. Nevertheless in the region of 2.00 < ¢*<8.68
(i.e., 0.07<§<0.31), the central value of the experimen-
tal data from CDF is smaller than one of its SM pre-
dictions. The prediction of dB'(B;—dbputp~)/ds includ-

ing A}, A5i, coupling is allowed by current experimental

data, and the effects of A}, A}, coupling may be further
constrained if the experimental bound of the dimuon in-
variant mass spectrum in Ref. [2] is considered.

3.2 The RPC MI effects

Next, we explore the RPC MI effects in Bq—dutu~
decay in the MSSM with large tanG. There are three
kinds of MIs (3})23, (681 )23 and (04 )23 contributing to
B.—utu , B=K®utu~ and B,— ¢utu~ decays at the
same time. The experimental data shown in Eq. (10) will
be used to constrain these three kinds of MI parameters.
Our bounds on the three MI couplings are demonstrated
in Fig. 2. Compared with the bounds in Ref. [16], the
allowed spaces of all three MI parameters are further
constrained by the new upper limit of B(B,—ptu™).
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Fig. 1. The effects of RPV coupling M55 A\55 due to the squark exchange in Bs— puu~ decay. ¢rpv denotes the

RPV weak phase of A\5;5\5;3 and w denotes 3. The limit of SM prediction is shown by the olive-colored horizontal

solid lines in plot (a) and (b).
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Then we analyze the RPC supersymmetric effects in
B, — ¢putp~ decay. Besides the MI contributions, the
SUSY predictions 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.
We find that non-MI couplings have a negligible effect
in App(B; — dutp~). The non-MI SUSY effects on
the dimuon invariant mass spectrum and the differen-
tial forward-backward asymmetry of By — ¢dutu~ are
shown in Fig. 3. As shown in Figs. 3(a)—(b), dB(B;—
ébutu)/ds could be increased slightly in the low §
region, but obviously decreased in the high § region.
Figs. 3(c)-(d) show us that the non-MI effects could
slightly suppress dApg(B; — dutu~)/ds at the low §
ranges.

Since the constrained (4} )23 and (dgg)2s MIs have
no obvious effects in B, — ¢utu~, we only show the
(63)23 MI contributions to Bi—¢utu~ in Fig. 4. Note
that the SUSY predictions in Fig. 4 also include the non-
MI contributions shown in Fig. 3. From Figs. 4(a)—(b),
one can see that Apg(B, — dpuTp™) is very sensitive to
(671)23s MI, and it increases with |(d}; )23] but decreases
with |y |- Figs. 4(c)—(d) show us dB(B,—¢bptp)/ds
is compatible with the theoretical uncertainties and thus
is indistinguishable from its SM prediction. As shown
in Figs. 4(e)—(f), the constrained (47} )5 MI effects on
dApg (B, — ¢utu)/ds could be significant. Note that
the theoretical uncertainty of dApg(Bs — dutu~)/ds
including (071 )23 MI is smaller than one of dApg(B —
K ptp~)/ds in Ref. [16].
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4 Conclusions

In this paper, we have studied By — ¢dptu~ de-
cay in the MSSM with and without R-parity. We have
found that the bounds of sneutrino exchange RPV cou-
plings as well as (0} )25 and (df, grr)2s MI couplings
are further constrained by the new experimental upper
limit of B(B,— u*tp~). The constrained RPV coupling
due to t-channel squark exchange still has significant ef-
fects in B, — ¢ptu~ decay, and Apg(B, — dutu™) is
sensitive to both the modulus and the weak phase of
this RPV coupling product. The constrained (dy)2s
MI could have large effects on Apg(B, — dutp~) and

Appendix A

Input parameters

The input parameters are summarized in Table 1. For
the RPC MI effects, we take the five free parameters mo =
450 GeV, my,o = 780 GeV, Ao = —1110, sign(p) > 0 and
tanfS=41 from Ref. [25]. All other MSSM parameters are then
determined according to the constrained MSSM scenario as
implemented in the program package SUSPECT [26]. For the
form factors involving the Bs— ¢ transition, we will use the

Table 1.

dApp(Bs — ¢dutu~)/ds in all § region, and besides,
Arp(By — $utp~) is very sensitive to both (07} )2s]
and (¢};), but the constrained (07 )23 MI has small
effects on dB(B, — ¢utp~)/ds. In addition, the con-
strained (0f| pg)23 MIs have ignorable effects on the ob-
servables of B,—¢utu~ decay, nevertheless d Apg(B,—
butp)/ds could be distinctly decreased by the SUSY
contributions which come from graphs including SUSY
Higgs bosons and sparticles in the limit in which we ne-
glect all the MI contributions. More precise measure-
ments at the LHCb and the future super-B factories
could test our results and further shrink or reveal the
parameter spaces of MSSM with and without R-parity.

light-cone QCD sum rules (LCSRs) results [27, 28], which are
renewed with radiative corrections to the leading twist wave
functions and SU(3) breaking effects. For the ¢® dependence
of the form factors, they can be parameterized in terms of a
simple formulae with two or three parameters. The expres-
sion can be found in Refs. [27, 28]. In our numerical data
analysis, the uncertainties induced by F'(0) are also consid-
ered.

Default values of the input parameters.

mp,=5.370 GeV, mp

u,d

=5.279 GeV, mw=80.425 GeV, mg¢=1.019 GeV,

mg+ =0.494 GeV, my0=0.498 GeV, my.+ =0.892 GeV, my«0=0.896 GeV,
i () = (4.1975-38) GeV, ms(2 GeV)=(0.10015535) GeV,
mu(2 GeV)=0.0017~0.0031 GeV, m4(2 GeV)=0.0041-0.0057 GeV,

Me=0.511x10"3 GeV, mu=0.106 GeV, my pole=172.9£1.1 GeV. 17
8, =(1.4660.059) ps, 7p,=(1.530+0.009) ps, Tp,=(1.638+0.011) ps. (17]
|Vib|20.99910, |Vis|=0.0416110:50612. [17]

sin?fw =0.22306, ae=1/137. [17]

fB.=0.230+0.030 GeV. [24]
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