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b — svv decay in the MSSM: Implication of b — s7y at large tanf
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The decay b — svv is discussed in the minimal supersymmetric standard model with general flavor
mixing for squarks, at large tan8. In this case, in addition to the chargino loop contributions which were
analyzed in previous studies, tan3-enhanced contributions from the gluino and charged Higgs boson loops
might become sizable compared with the standard model contribution, at least in principle. However, it is
demonstrated that the experimental bounds on the new physics contributions to the radiative decay b —
sy should strongly constrain these contributions to b — sv, especially on the gluino contribution. We
also briefly comment on a possible constraint from the B, — u* u~ decay.
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L. INTRODUCTION

Recently, there has been significant experimental im-
provements in the measurements of flavor-changing neu-
tral current (FCNC) processes of B mesons at B factories
and Tevatron. For the b — s transition, experimental data
for b— sy and b — sltl™ (I = e, u) decays, B, — B,
oscillation, and B, — u* u~ decay have already started
to constrain possible contributions from new physics be-
yond the standard model.

Here we focus our attention to one of the b — s pro-
cesses, the decay into neutrino pairs [1,2],

b— svv. (D)

It is known that the decays of the B mesons induced by the
partonic process (1), especially the inclusive branching
ratio BR(B — X,v¥), have small theoretical uncertainty
due to the absence of photonic penguin and strong sup-
pression of light quark contributions. On the other hand,
experimental search of the decay (1) is a hard task. At
present, only the upper bounds are known for both inclu-
sive [3] and exclusive [4] branching ratios, at 90% C.L.,

ZBr(B — X, vp) < 6.4 X 1074,

ZBr(B+ — K yp) < 1.4 X 1075,
ZBr(EO — Kdvp) < 1.6 X 1074, (2)

ZBr(EO — K*Op) <3.4 X 1074,

> Br(B* — K*vp) <1.4 X 1074,
which are still 1 order of magnitude larger than the stan-

dard model predictions for the inclusive [5] and exclusive
[6] modes,
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ZBr(E — X, vP)gy = (3.7 £ 0.2) X 1077,
3 Br(B — Kvp)oy = (3.8742) X 1076, )
ZBr(E — K*vp)gy = (1.3704) X 1075,

Future upgrades of the B factories [7] will extend the
search region for the exclusive decays. For example,
Br(B* — K" vp) around the level of the standard model
prediction (3) is expected to be measured at the precision
of 20% with integrated luminosity 50—-100 ab~!. On the
other hand, a future e e~ collider running on the Z-boson
resonance (GIGA-Z) has a potential [8] to produce very
large number of Z — bb events, and possibility to greatly
improve previous studies of the inclusive modes [3] at the
LEP I, to measure the inclusive branching ratio.

In this paper, we consider the decay (1) in the framework
of the minimal supersymmetric standard model (MSSM)
[9] with general flavor mixing of squarks, and study the
contributions of new particles, namely, the supersymmetric
(SUSY) particles and Higgs bosons. In cases where the
value of tan B, the ratio of the vacuum expectation values of
two Higgs boson doublets in the MSSM, is not much larger
than unity, it is shown [10,11] that the chargino-squark
loops give main part of the new physics contributions to the
decay, and may become sizable when large flavor mixing is
present in the left-right mixing part of the up-type squark
mass matrix. Note that this is also the case for the SUSY
contributions to the related decays K — 7vv [12,13].

At large tanB, say similar to or larger than m,/m,; ~ 40,
the MSSM loop contributions other than charginos might
become also important, at least in principle. For example,
gluino-squark loop contributions are generated by
tanB-enhanced large left-right mixing of down-type
squarks. When, in addition, sizable mixing between
down-type squarks in the second and third generations
are present, gluino contribution might become sizable. It
is also possible that, as explained later, charged Higgs
bosons might give sizable loop contributions due to the
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flavor-changing effective Higgs-quark couplings, gener-
ated by O(tanB) SUSY loop corrections, as pointed out
in Ref. [14] for the K — 7rv ¥ decays. However, parameters
in the SUSY and Higgs sectors should receive stringent
constraints from existing measurements of the FCNC pro-
cesses, which might suppress possible magnitudes of their
contributions to b — sv . In this paper, we will present a
rough estimate of the possible constraints from the decay
b — sy, by showing correlations between the new physics
contributions to the Wilson coefficients for » — sv¥ and
those for b — s7, for each SUSY/Higgs sector separately.
We will also comment on the implication of the B, —
utu™ decay to the Higgs boson contributions.

The paper is organized as follows. In Sec. II, we present
basic formulas for the analysis of the b — sy ¥ decay in the
MSSM. In Sec. III, numerical results for the new physics
contributions in the MSSM to b — svv are presented as
correlations with those to b — sy for each new physics
sector. An additional constraint from the B, — utu~
decay on the Higgs boson contributions is briefly com-
mented on in Sec. IV. Finally, a conclusion is given in
Sec. V.

IL. b — svv DECAY IN THE MSSM

The b — svv decay is described by the effective
Hamiltonian, in the notation of Ref. [6],

4Gr
H = Kj; c,0, +C,0 4
et =~k Ku[C, 0, ®) 4)
where K;; is the Cabibbo-Kobayashi-Maskawa (CKM)

matrix. Here the relevant operators are

0, = ;(EL?’“bL)(ﬂLYMVL), %)
T

O = zi(fR?’“bR)(ﬁL%L vL). (6)
T

The inclusive branching ratio is then expressed in terms of
the Wilson coefficients (C,, C!) in Eq. (4) as [11]

K, K |*
Xceﬂe)—l |;? rzl
cb

X (G, 1> +1C,P), (7

ZBr(E — X, vP) ~

up to the QCD corrections and O(m2/m?) corrections to
the semileptonic decays B — X, ev,. Interference between
C, and C/, appears in the branching ratios of the exclusive
modes B — (Kvw, K*v, - - ) [2,6]. Note that, in the mass-
less quark limit, (C,, C) are independent of the renormal-
ization scale in QCD.

In the MSSM, the interaction (4) is generated by the
Z-boson penguin and box diagrams. The standard model
particles only contribute to C,, giving at the leading order
in QCD [1,2,6,10,15],
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C =——— [ +x—-2+3(x—2)1
v,SM SIHZHW 8()( _ 1)2 [X X (.X ) ng]
8)
where x = m?/m3,. Numerically, C, gy is about —6.8 for

m, = 171 GeV.
New particles in the MSSM, namely, the SUSY particles
and Higgs bosons, may contribute to both C, and C,,

C,=C,sm t C,(new),
C(,,)(new) = ij?g

C), = C)(new), o
+cV .+, + " .

v X 125 v,H
C(,,’)(new) consists of the contributions of the gluino §—-
down-type squark loops, chargino ¥~ —up-type squark
loops, i and
charged Higgs boson H*—top quark loops. Below we
list the analytic forms of these one-loop contributions for
each sector:

4g: t t
362K* K (FDL)zi(FDR)ik(FDR)kj
ts ™ tb

X (p)3Cau(d; d), ), (10)

CV’g - -

4l f
Clv,g = m (FDR)Zi(FDL)ik(FDL)kj

X (Tpg)3Caald;, d}, 8), (11)

Cx C
a ~a:
k2™ jI3
C,oe =

X 2e’K; K,

* Y e 1
+6;;Vi Vzl{cm(ui, XooXi) — Z}

[—akl(ran(rLL)wcm(ai, )

1
_—6 UklUll *m"*CO(uz’/\/k)X[ )i|

C*C 2

AippdinMy ~
21621(1;2 K, UnUpym *m”DO(”p Xk:)(l D),
(12)

— T TR
C,,,;(r = m[5k1(FUR)iy(FUR)ij24(Mi, Uj, X )

% ~ Mt o~ 1
+ 5ijUk1U11{C24(Mi, Xioo Xi) — 4_1}

1
—5 Vle“m~+m~+Co(u,, Xio Xi- )}

Cx*
blk2bll3mW

KK, Un U5 Dy, 36 7. 1), (13)
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N# N
C = Qi3
X 2e2KEK,,

% % ~ - 1
8ij(NisNiz — Nk4Nl4){C24(dir o) - Z‘l

|: 8kl(FDR)1y(FDR)y]C24(du ]» 2)

8,5 (NisNiy — NiaNiym oy Col(ds 70 70 }

a%ia%m}“v S R 7 <0 =0
+ e N*N D d'y Y ’ Y ’ 1%
ZezK;ksKtb |: Vi 27(d, X X1 )

| RS ~ 0 on L
+ 3 NelimymgDod, ¥ 3.9 | (14)

N# N
; biabiis
0

Cc o =_HJ5
»X 282K;<3K1h

* * 7 ~0 = 1
8:j(NaNj; — Nk4N/4){C24(di, i) - 4_1}

|:6k1(FDL)zy(FDL)7/C24(dv J? )(2)

5ij(NZ3N13 - NZ4NZ4)m;(2m)‘(?CO(d~i’ X Xi }

N#* LN
blkthl3

T 2KLK, [Nsz Dy (d, ¥, %), )

+ 5 NillimggmyDytd, 34, . )| (15)

h?cos’B x,y

Cop= = R P— (1 = x5 +logxy), (16)
o (?d)2aK;kaKz,B(Yd)§,BSin2,8 P
vHE 462K;ksKtb (XtH - 1)2
X (1 = x5 + logx,p), (17)

where X,z = m?/m2., h, = gym,/(~/2my sinB). We as-
sume flavor degeneracy in the lepton and slepton sectors.
The formulas (10)—(17) are derived from previous studies
of the b — svv decays in the MSSM [10,11], as well
as related works on the K — 7vv decays [12-14].
Conala b, c) = Co 2u(mz, my, m3) and Dy (a, b, ¢, d) =
Dyy7(m2, m3, m2, m3) are the three-point functions for
the Z-penguin diagrams and four-point functions for the
box diagrams, respectively [16], in the convention of
Ref. [17]. Ultraviolet divergence of C,4 cancels out in
the formulas (10)—(15). We ignore the masses of (u, d, ¢)
quarks, and include those of (s, b) only when they are
multiplied by tanB. In this approximation, the neutral
Higgs boson contributions to ') vanish.

The couplings and mixing matrices in Eqs. (10)—(17) are
given as follows: The squark mixing matrices (I'p;, I'gg)
(Q = U, D) give relations between the mass eigenstates
G; = (i, d;) (i =1-6) to the gauge eigenstates in the
“super-CKM” basis (14 Gra) (@ = 1-3), which are re-
lated to the mass eigenbasis of the quarks g, = [u, =
(u, ¢, 1),d, = (d, s, b)] by SUSY transformation, as
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dra = (FZL)ajqj‘» ra = (ng)ajq]'- (18)

These matrices are determined to diagonalize the 6 X 6
mass matrices of squarks in the super-CKM basis,

2 2\t
M2 = (MQLL MQRL) >
67 - ]

2 2
M ORL M ORR

2 — (0) (0)
+ 84p(l3,, — e,sin?0y)m% cos2,
2 — (12 ©)(,,,0) 19
(M2 ap = (3 ) ap + () (mg)'T (19
+ 8aﬁeqsinzﬁwm% cos2p,
0) x
m

In Eq. (19), off- diagonal elements of the soft SUSY break-

ing mass matrices (m% OLLRR, ;) induce flavor mixings

which are not constrained by the CKM matrix in general,
and may cause potentially large FCNC. (m(g))aﬁ are the
“bare” mass matrices of the quarks. For the up-type
squarks, it is just the running mass matrix (mU))Oz,B =
(my),p = diag(m,, m., m,) ~ diag(0, 0, m,) in the stan-
dard model. For the down-type squarks, in contrast,
(mg)))aﬂ may substantially deviate from the standard
model mass matrix (mp),p = diag(mg, m,, m;,), as ex-
plained later. The quark-squark- chargino and quark-
squark-neutralino couplings (a$,, 6%, al¥,. bY,) are
then given in terms of the mixing matrices for squarks
(18), for charginos (V, U), and for neutralinos N [18], as

= 22(Cyn)igViiKga — h(Lyr)iaVinKias

bSca_ ~(Cu)igUinK gy (Y o)y,

a?llwz = \/§<_ %NZZ + %NZI>(FDL)iOZ (20)
+ (Y gaNiz(Tpr)ig:
V2 .

bt = gY N (Cprlia + (Yy) apNis(Tor)ig,

Finally, N, = N), — tan?6,y Ny, in Eqgs. (14) and (15) de-
note the neutrino-sneutrino-neutralino couplings.

We need some explanation for (¥,), g» the bare Yukawa
coupling matrix for down-type quarks. We start from the
effective Lagrangian for the couplings of d;; to the Higgs
boson doublets (Hp, Hy;) in the MSSM, after integrating
out the SUSY particles,

Loy = _(Yd)ija_lm(djLHoD
— (AY,);;dig(d; HY + K}, s Hy) + (Hee).

2D

— Kiju Hpy)
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The couplings (AY,);; are forbidden at the tree-level by
supersymmetry, but induced by SUSY particle loops with
soft SUSY breaking. The running mass matrix in the
standard model (mp),p = diag(m,, m,, m;) is then given
by

\/imw

(mD)aB = COSB[Y,\d + tan,BAYd]aﬂ,

= [my) + 6mplags. (22)

Although the loop-generated AY, is suppressed relative to
the tree-level coupling Y, its contribution to mp, dmp, is
enhanced by tanf, as seen in Eq. (22), and may become
numerically comparable to the tree-level part m(g) x ¥ at
large tanf [19]. On the other hand, the couplings of
(dig, d;ig) to heavier Higgs bosons (H° A% H*) and
Higgsinos Hp are determined by Y,, as shown in
Egs. (17) and (20), without tanS-enhanced contributions
from AY,. As a consequence, at large tanf, these cou-
plings may significantly deviate from the tree-level values
[20] given in terms of (mp),g and, since AY, is not flavor
diagonal in general, include flavor-mixing parts not deter-
mined by the CKM matrix, even in the super-CKM basis.

The bare quark mass matrix mg) should be also used in the
mass matrix (19) of the down-type squarks, which also
receives no contributions from AY,. The correction (22)
therefore affects the masses and mixing matrices
(I'pz, Tpr) of the down-type squarks, generating addi-
tional flavor mixing for squarks. These tanB-enhanced
corrections to the down-type quarks and squarks are often
comparable to the tree-level contributions in the MSSM at
large tan 3, and should be included in a realistic analysis of
processes involving these particles [20,21].

Now we turn to the behavior of the SUSY and Higgs
contributions (10)—(17) to (C,, C',). The main part of these
contributions comes from the Z penguin diagrams through
effective Z,5;y*by and Z,5py* by vertices. Appearance
of these vertices needs both the mixing between the second
and third generations of quarks/squarks, and the SU(2) X
U(1) gauge symmetry breaking in the loops. For small or
moderate values of tang, the largest SU(2) breaking in the
loops are provided by the top quark and squarks. As a
consequence, C,, 5= (16) and C, y= (12) are relevant. The
former, however, is suppressed by 1/tan? and only rele-
vant for tanB ~ 1, which is disfavored by an experimental
lower limit on the mass of the lightest Higgs boson.
Therefore, only the latter, C,, =, is left as a potentially
important SUSY contribution to b — svv. Previous studies
have shown [5,6,11] that C,, 7t is enhanced by large M%]RL,
especially by its flavor-mixing parts. Similar behavior is
observed for the chargino contributions to the K — 7y v
decays [13].

At large tan 3, however, other contributions to b — svv
have the possibility to become sizable by the following
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reasons: First, the SU(2)-breaking left-right mixing of the

down-type squarks (M%RL) increases as tanf and may

enhance the gluino contribution. Second, off-diagonal
parts of the effective Yukawa coupling ¥, in Eq. (22)
induce the flavor-changing couplings of the down-type
quarks, which are enhanced by tan8 and not necessarily
suppressed by the corresponding CKM matrix elements or
quark masses. Especially, the element (Y,),3, induced by
flavor mixing in M% rr> Might give large Yukawa couplings
of s and enhance C’V - This is similar to the case of K —
mvy at large tanfB [14], where loop-induced couplings
(Y )13 (Y)a3) give large effective 3xdgZ coupling.
Therefore, the gluino (10) and (11) and charged Higgs
boson (17) contributions must be considered in the analysis
of b — svv at large tan.

ITI. SUSY AND HIGGS CONTRIBUTIONS TO
b — svv AND CORRELATION WITH b — sy

We present numerical results for the new physics con-
tributions (10)—(17) to the b — svv decay in the MSSM.
We concentrate on the cases with large tan3, which were
not considered in previous studies.

In the estimation of possible magnitudes of the new
physics contributions (10)—(17) to b — sy, we need to
take into account the constraints on SUSY and Higgs
parameters from other FCNC processes. In this section,
we consider the implication of the constraints from the
radiative decay b — s7y. This constraint is expected to be
crucial since the SU(2) X U(1) breaking and flavor mixing
between quarks/squarks in the second and third genera-
tions, which are necessary to enhance the contributions to
b — svv, may also give large contributions to b — s7y.
Another reason to focus on b — sy is the rather good
agreement between experimental data [22] and the stan-
dard model prediction [23] of the inclusive branching ratio
Br(B — X,7v). Indeed, the decay b — s7 in the MSSM has
been shown [10,21,24-29] to give strong constraints on
the Higgs and SUSY parameters. It should also be noted
that the SUSY contributions to b — sy are enhanced by
tanS [25,26].

Here we do not attempt precise calculation of the ex-
perimental constraints from b — svy. Instead, we present a
very rough estimation of the expected constraints in terms
of the Wilson coefficients (C, C5)(u) for b — svy, defined
as

4Gp

Heyp = — WK;}bi(Q(M)@ﬂM) + C7 () O5(w)),
¢ S v
0; = @mb(u)(wf“ br)F . (23)
€ S v
(9/7 = @”H;(M)(SRO'” bL)FW-

Below we show the correlations between CY)(new),
Egs. (10)—(17), and new physics contributions to Cg), Cg/)
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(new), for each sector of new physics, namely, the gluino-
squark, chargino-squark, and charged Higgs boson-top
quark loop contributions, varying squarks mixing parame-
ters which are relevant to b — svv. For simplicity, we
assume the flavor structures of the soft SUSY breaking
terms in the squark mass matrices (19) as

1 0 0
m2QXX = M2Q~ 0 1 (5;]()()23
0 (8%x)2s 1
(XX = LL, RR), 24)
0 0 0
m,, = mt<0 0 o0 ) (25)
0 (A)n (A)s

Since CP violation is not essential for the analysis in this
paper, all SUSY and Higgs parameters, including those in
Egs. (24) and (25) are set to be real. We also set m% RL = 0
in Eq. (19) since its contribution to M%RL is, when the
vacuum stability bounds [30] is applied, O(m,M ) and

subdominant compared to the second term mg)) purtanfB =

O(m,, tanBM ). Note that the condition (24) for m2Q L, may
be imposed only either 0 = Uor Q = D, due to the SU(2)

symmetry (m%, )ap = Kay(m},,)ysKps.

We calculate the new physics contributions to C') and
C(7/) at the leading one-loop order (see Refs. [10,25-27] for

the formulas of Cg/)), but improved by including the
tanB-enhanced corrections to the quark/squark Yukawa

couplings from Eq. (22) and, for C(I), also from the proper
vertex corrections' to the u;z couplings to (H°, A%, H*)
[28,29], in the effective Lagrangian formalism [28]. In
these formulas, we use the running quark masses and «;
at the renormalization scale u = M, calculated from
m,(pole) = 171 GeV, m,(m;,) = 4.2 GeV, m;(2 GeV) =
95 MeV, m,(others) = 0 and a,(mz) = 0.12, which give
C(,,/)(,u) and Cg)(,u) at the renormalization scale u = M.
For SUSY and Higgs parameters, we fix the following
parameters: tanf8 = 50, MQ = 500 GeV, mg =
500 GeV, M, = 300 GeV, M; = 150 GeV, while varying
other parameters. We also impose the bounds my- >
100 GeV and m; > 250 GeV, suggested by experimental
search limits for SUSY particles.

For each sector of the new physics, rough estimates of
the bounds on the contributions to (C,, C’,) are obtained by
requiring that the magnitudes of (C;, C}) (new) should be
smaller than the standard model contribution C7gy(u ~
my) ~ —0.2.

"These vertex corrections also appear in C, ,+. However, we
ignored the corrections in Eq. (16), since C,, g+ itself is strongly
suppressed by 1/tan?8 and numerically negligible.
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A. Gluino contributions

The gluino-squark contributions C g’)g are induced by the
flavor and left-right mixing of the down-type squarks. In
Fig. 1, the gluino contribution C, ; is shown as a correla-
tion with C;, for parameter scan over (8¢,)y, =
[-0.3,0.3], (84x)23 =[—0.3,0.3], and m=
[—550,550] GeV. (A,)s3 and (A,);, are set to O.
Correlation between C), ; and C _, for the same parameters
is obtained from Fig. 1 by changing the sign of the hori-
zontal axis. Large |C, ;| is obtained for large negative u
and large (8, gg)»3, Which cause large bg — 5, mixing. It
is seen that |C,, gl can be larger than 1, which gives about
30% correction to the standard model prediction of the
decay width (7). However, by requiring [C; gl <
|C7 sm(tew)| ~ 0.2, magnitudes of C, ; are constrained to
be much smaller than C, gy ~ —6.8. Therefore, without
very precise cancellation between new physics contribu-
tions to b — s7, gluino contributions to b — svv should
be completely negligible, even for tan >> 1, to satisfy the
bound from b — s7y.

Here we briefly comment on the neutralino contributions

C(V’);(O, Egs. (14) and (15). Similar to the gluino contribu-
tions, C(VI);(O are induced by the b — § mixing in the loops.
However, due to small couplings, these contributions are

. . . !
much smaller than the gluino contributions Cg,)g for most
parameter regions and therefore are not discussed here.

B. Chargino contributions

The chargino-squark loop contributions C,, =, Eq. (12),
have been studied in previous works [6,11] at small or
moderate value of tan. In these works, it has been shown
that they might give sizable contributions, larger than the

10

8k 4

6+ 4

C(gluino)

L L L L L
-1.5 -1 -0.5 0 0.5 1 1.5
C,(gluino)

FIG. 1. Correlation between C, .; and C;;. Parameters are
tanf = 50, u =[-550,550] GeV, (8¢, gg)rs =[—0.3,0.3].
Other parameters are given in the text. Horizontal lines indicate
the region |C7 4| <0.2.
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uncertainty of the standard model predictions (3), for large
flavor-mixing element of m%  in Eq. (25), especially its

URL
(g, ¢,)-mixing element (m%RL)n ~ (A,)zm,.
. . !
Figure 2 shows the correlation between C,, 3= and C(7 ))?1,

for varying parameters over (A,)33 = [—1500, 1500] GeV,
(A3 = [—1500, 1500] GeV, and (8%, ),; = [—0.3,0.3].
Other parameters are fixed at w = 500 GeV, mp: =
400 GeV, and (8%g),3 = 0. For these parameters, C’V 5

is negligibly small ( < 0.02) and not shown here. As is the
case of the gluino contributions, SUSY parameters which

give large C,, ;= tend to also give large C(/);(i. The resulting

R
v, X

constraint on C, - gets tighter as tanf increases, since

()
G v.X
Nevertheless, the correlation is not so strong as in the

gluino sector, as seen in Fig. 2. This is due to the different

are enhanced by tanB while C is not.

dependences of C and C(7’))~(1 on 2 A-term elements,

VX~
(A,)33 and (A,)3, in Eq. (25). In fact, as seen in Fig. 2, we
may have [C, ;=] >1 while keeping IC(/V))?il <0.2. An
even larger value of C, ;= might be possible by careful
choice of the SUSY parameters. The resulting deviations
of the decay widths from the standard model predictions
(3) could be proved at future B factories, if the theoretical
uncertainties of the exclusive widths in Eq. (3), mainly
coming from the meson form factors, are reduced.
However, one must note that the large chargino contribu-
tion is realized by the fine tuning between SUSY parame-

ters, especially (4,)s3 and (A,)s3,, to realize small Cg))?i.

C. Charged Higgs boson contributions

As discussed in the previous section, only C;/ o
Eq. (17), is relevant at large tanB. This contribution comes

4

.
IC/1<02 o
IC71502  x

C(chargino)

C,(chargino)

FIG. 2. Correlation between C,, ;= and C; 3+ for parameters
(A,)s = [—1500, 1500] GeV, (A,)s, = [~ 1500, 1500] GeV,
and (8%,),3 =[—0.3,0.3]. The points with IC’,;(:I smaller
(larger) than |C7gy| ~ 0.2 are denoted by dots (crosses). Other

parameters are set as in the text.

PHYSICAL REVIEW D 77, 014025 (2008)

0.8

06

04}

0.2

(€7.CAHY

04}

06}

08}

CyH)

FIG. 3. Correlation between C, y+ and C(7,)Hi at tanfB8 = 50,
(8¢, rr)23 =[—0.3,0.3], and my= = [400, 1000] GeV. Other
parameters are given in the text.

from the H ™ 5x1; coupling ~(¥ )2, K%, ~ (¥ )3, which is
generated by the flavor mixing involving §; through the
tanB-enhanced loop corrections (22). In Fig. 3, we show

the correlations between C’V H and C(7/,)Ht at u =
—500 GeV, (A4,)33 = 0 GeV, (A,)3 = 0 GeV, (8%, ) =
[—0.3,0.3], (842)23 = [—0.3,0.3], and my: =
[400, 1000] GeV. In contrast to the gluino and chargino
contributions to b — s7, the main parts of Cg,)Hi are not

enhanced by tanB. Moreover, the correlation between
c = and C7 = is severely affected by different parameter
dependences of two generation-mixing H* couplings: the
effective Szt H™ coupling ~(Y )3 in C/ e and C’7’ e
and O(tanB) proper vertex corrections to the §;tpH~
coupling [28,29] in C; y=. As a result, similar to the case

of chargino contributions, there is the possibility to have

sizable C’

| g+ While keeping C?Hi small.

IV. CONSTRAINT FROM B, — p* = ON THE H*
CONTRIBUTION

In addition to b — sv, several other b — s FCNC pro-
cesses have been measured in recent experiments. Since
most of these measurements show rather good consistency
with the standard model predictions, they should give
additional constraints on the SUSY and Higgs parameters,
and their contributions to b — sv¥. For example, measure-
ments of the B, — B, oscillation [31] impose constraints on
the b — § mixing, especially on (8¢, ),; and (8%,)»3 [32].
Here we just show a case of these constraints: implication
of the upper limit of the branching ratio for B, — u* u~
on the H* contributions C’V = at large tanf3.

As seen in Eq. (17), large value of C’ ... is obtained for
parameters which give large effective H™ 5zt; Yukawa
coupling ~(¥,),5. As discussed in Sec. II, the parameter
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(Y,); also gives the flavor-changing (H°, A°)5zb; cou-
plings of the heavier neutral Higgs bosons (H°, A?). On the
other hand, at large tangf, this coupling gives “tree-level”
contributions to the B, — w™u~ decay by the Higgs
penguin diagrams [21,33], which are often much larger
than the standard model contributions by orders of magni-
tude. Requiring that these Higgs penguin contributions do
not saturate the experimental upper bound Br(B; —
uTu”) <1077 at 95% C.L. [34], and neglecting mass
difference between (H°, A°), the condition

[(Y )nl? + 1(¥ 4)53]% < 0.2c0s B(m, /500 GeV)*, (26)

is imposed on the b —s mixing Yukawa couplings
((Y1)32, (Y7)23) at the renormalization scale wj ~ my. In
the approximation of neglecting the QCD running between
#p and M5, and also the O(tanf3)-enhanced correction to
the 7, bxkH™" coupling ~(¥ )33, Eq. (26) implies the bound
IC’V’HiI < 0.15 for tanB = 50 and m, < 1000 GeV, which
is completely negligible compared to C, gy. We expect
that this strong constraint still holds when the more rigor-
ous estimation of B, — u* u ™ is adopted.

V. CONCLUSION

We have studied the flavor-changing decay b — sv in
the MSSM at large tan8 and with general flavor mixing of
squarks. This case is interesting since the gluino and H™
loops, which are negligible at moderate value of tan8 and
with minimal flavor violation for squarks, are enhanced
and might give contributions to this decay, comparable to
the standard model and chargino loop contributions. This is
due to the tanB-enhanced SU(2) X U(1) gauge symmetry
breaking and flavor mixing in the down-type squark sector,
and loop-generated effective flavor-changing couplings of
the charged Higgs boson to quarks and squarks. However,
the contributions to » — svv by new physics should be
constrained by experimental data for other b —s
processes.

In this paper, we have focused our attention on the
constraints from the radiative decay b — s+, since both
of the b — svv and b — sy decays are enhanced by the
SU(2) X U(1) symmetry breaking and flavor mixing be-
tween the second and third generations of the quarks/
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squarks in the loops. As a very rough estimation of the
constraints by b — s, we have calculated the correlations
between new physics contributions to the Wilson coeffi-
cients C(,,/) and Cg) for the b — svv and b — sy decays,
respectively, for each new physics sector: gluino-squark,
chargino-squark, and charged Higgs-quark loops.
Calculation has been done at the leading order, but includ-
ing tanB-enhanced corrections to the quark Yukawa cou-
plings in the loops. It has been demonstrated that the
requirement that the new physics contributions Cg)(new)
for each sector are smaller than C; gy strongly constrains

the new physics contributions CY) (new). Especially, the
gluino contributions Cg)A are suppressed much below

C, sm due to their strong correlation with C(ly)g. In contrast,

although the constraints by C(7/) are also tight for chargino
and charged Higgs boson contributions, there still remains
a possibility that their contributions to Cg,l) become sizable,
0(10)%, while keeping contributions to C(7,) below C7 v
As an example of the constraints by other b — s pro-
cesses, we have also considered the Higgs penguin contri-
butions to the decay B, — u" u~, which might become
much larger than the standard model contribution at large
tanS. It has been shown that the present experimental
upper bound of the decay ratio may impose strong con-
straints on C’V s suppressing it much below C,, gy

For a more realistic analysis of b — svv in the MSSM
and estimation of the new physics contributions, we need
to scan over wider parameter space, including correlations
between different contributions to Cg), main parts of the
QCD corrections and hadronic effects, and constraints
from other flavor-changing processes using more precise
formulas of the new physics contributions. We leave such
studies for future works.

ACKNOWLEDGMENTS

The author thanks Francesca Borzumati for earlier col-
laboration. The work was supported in part by the Grant-
in-Aid for Scientific Research on Priority Areas from the
Ministry of Education, Culture, Sports, Science and
Technology of Japan, No. 16081202 and 17340062.

[1] G. Buchalla and A.J. Buras, Nucl. Phys. B398, 285
(1993); B400, 225 (1993); M. Misiak and J. Urban,
Phys. Lett. B 451, 161 (1999); G. Buchalla and A.J.
Buras, Nucl. Phys. B548, 309 (1999).

[2] P. Colangelo, F. De Fazio, P. Santorelli, and E. Scrimieri,
Phys. Lett. B 395, 339 (1997); D. Melikhov, N. Nikitin,
and S. Simula, Phys. Lett. B 410, 290 (1997); Phys. Rev. D

57, 6814 (1998); Phys. Lett. B 428, 171 (1998); T.M.
Aliev, A. Ozpineci, and M. Savci, Phys. Lett. B 506, 77
(2001).

[3] R. Barate et al. (ALEPH Collaboration), Eur. Phys. J. C
19, 213 (2001).

[4] K.FE. Chen et al. (BELLE Collaboration), Phys. Rev. Lett.
99, 221802 (2007).

014025-7



YOUICHI YAMADA

(5]
(6]

(7]

(8]

[13]

(20]

C. Bobeth et al., Nucl. Phys. B726, 252 (2005).

G. Buchalla, G. Hiller, and G. Isidori, Phys. Rev. D 63,
014015 (2000).

A.G. Akeroyd et al. (SuperKEKB Physics Working
Group), arXiv:hep-ex/0406071; J.L. Hewett et al.,
arXiv:hep-ph/0503261; M. Bona et al., arXiv:0709.0451.
A. Ali, D. Benson, I.1. Y. Bigi, R. Hawkings, and T.
Mannel, arXiv:hep-ph/0012218.

H.P. Nilles, Phys. Rep. 110, 1 (1984); H.E. Haber and
G.L. Kane, Phys. Rep. 117, 75 (1985).

S. Bertolini, F. Borzumati, A. Masiero, and G. Ridolfi,
Nucl. Phys. B353, 591 (1991).

Y. Grossman, Z. Ligeti, and E. Nardi, Nucl. Phys. B465,
369 (1996); B480, 753(E) (1996); T. Goto, Y. Okada, Y.
Shimizu, and M. Tanaka, Phys. Rev. D 55, 4273 (1997);
66, 019901 (2002); A.J. Buras, P. Gambino, M. Gorbahn,
S. Jéger, and L. Silvestrini, Nucl. Phys. B592, 55 (2001);
C. Bobeth, A.J. Buras, F. Kriiger, and J. Urban, Nucl.
Phys. B630, 87 (2002).

S. Bertolini and A. Masiero, Phys. Lett. B 174, 343
(1986); G.F. Giudice, Z. Phys. C 34, 57 (1987); L.L1. Y.
Bigi and F. Gabbiani, Nucl. Phys. B367, 3 (1991); G.
Couture and H. Konig, Z. Phys. C 69, 167 (1995).

Y. Nir and M. P. Worah, Phys. Lett. B 423, 319 (1998);
A.J. Buras, A. Romanino, and L. Silvestrini, Nucl. Phys.
B520, 3 (1998); G. Colangelo and G. Isidori, J. High
Energy Phys. 09 (1998) 009; A.J. Buras, G. Colangelo,
G. Isidori, A. Romanino, and L. Silvestrini, Nucl. Phys.
B566, 3 (2000); A.J. Buras, T. Ewerth, S. Jdger, and J.
Rosiek, Nucl. Phys. B714, 103 (2005); G. Isidori, F.
Mescia, P. Paradisi, C. Smith, and S. Trine, J. High
Energy Phys. 08 (2006) 064.

G. Isidori and P. Paradisi, Phys. Rev. D 73, 055017 (2006).
T. Inami and C. S. Lim, Prog. Theor. Phys. 65, 297 (1981);
65, 1772(E) (1981).

G. Passarino and M. J. G. Veltman, Nucl. Phys. B160, 151
(1979).

K. Hagiwara, S. Matsumoto, D. Haidt, and C.S. Kim, Z.
Phys. C 64, 559 (1994); 68, 352(E) (1995).

J.F. Gunion and H. E. Haber, Nucl. Phys. B272, 1 (1986);
B402, 567(E) (1993).

T. Banks, Nucl. Phys. B303, 172 (1988); R. Hempfling,
Phys. Rev. D 49, 6168 (1994); L.J. Hall, R. Rattazzi, and
U. Sarid, Phys. Rev. D 50, 7048 (1994); M. Carena, M.
Olechowski, S. Pokorski, and C.E.M. Wagner, Nucl.
Phys. B426, 269 (1994); T. Blazek, S. Raby, and S.
Pokorski, Phys. Rev. D 52, 4151 (1995).

M. Carena, S. Mrenna, and C. E. M. Wagner, Phys. Rev. D
60, 075010 (1999); K. S. Babu and C. F. Kolda, Phys. Lett.
B 451, 77 (1999); F. Borzumati, G. R. Farrar, N. Polonsky,
and S. Thomas, Nucl. Phys. BS55, 53 (1999); H. Eberl, K.
Hidaka, S. Kraml, W. Majerotto, and Y. Yamada, Phys.
Rev. D 62, 055006 (2000); M. Carena, D. Garcia, U.
Nierste, and C.E.M. Wagner, Nucl. Phys. B577, 88
(2000); H.E. Haber et al, Phys. Rev. D 63, 055004
(2001); M.J. Herrero, S. Pefiaranda, and D. Temes,
Phys. Rev. D 64, 115003 (2001); D.A. Demir, Phys.
Lett. B 571, 193 (2003).

(21]

[22]

(23]
[24]

[25]

(26]

[27]

(28]

(32]

[33]

[34]

014025-8

PHYSICAL REVIEW D 77, 014025 (2008)

A.J. Buras, P.H. Chankowski, J. Rosiek, and L.
Stawianowska, Phys. Lett. B 546, 96 (2002); Nucl.
Phys. B659, 3 (2003); J. Foster, K.I. Okumura, and L.
Roszkowski, Phys. Lett. B 609, 102 (2005); J. High
Energy Phys. 08 (2005) 094; G. Isidori and P. Paradisi,
Phys. Lett. B 639, 499 (2006); E. Lunghi, W. Porod, and
O. Vives, Phys. Rev. D 74, 075003 (2006).

E. Barberio et al. (Heavy Flavor Averaging Group (HFAG)
Collaboration), arXiv:0704.3575.

M. Misiak et al., Phys. Rev. Lett. 98, 022002 (2007).

S. Bertolini, F. Borzumati, and A. Masiero, Phys. Lett. B
192, 437 (1987).

N. Oshimo, Nucl. Phys. B404, 20 (1993); M. A. Diaz,
Phys. Lett. B 304, 278 (1993); R. Barbieri and G.F.
Giudice, Phys. Lett. B 309, 86 (1993); Y. Okada, Phys.
Lett. B 315, 119 (1993); R. Garisto and J.N. Ng, Phys.
Lett. B 315, 372 (1993); F. M. Borzumati, Z. Phys. C 63,
291 (1994); S. Bertolini and F. Vissani, Z. Phys. C 67, 513
(1995).

F.M. Borzumati, M. Olechowski, and S. Pokorski, Phys.
Lett. B 349, 311 (1995); R. Rattazzi and U. Sarid, Nucl.
Phys. B501, 297 (1997); H. Baer, M. Brhlik, D. Castafio,
and X. Tata, Phys. Rev. D 58, 015007 (1998); T. Blazek
and S. Raby, Phys. Rev. D 59, 095002 (1999).

F. Borzumati, C. Greub, T. Hurth, and D. Wyler, Phys.
Rev. D 62, 075005 (2000).

G. Degrassi, P. Gambino, and G.F. Giudice, J. High
Energy Phys. 12 (2000) 009; M. Carena, D. Garcia, U.
Nierste, and C.E.M. Wagner, Phys. Lett. B 499, 141
(2001); K.I. Okumura and L. Roszkowski, Phys. Rev.
Lett. 92, 161801 (2004); J. High Energy Phys. 10 (2003)
024.

F. Borzumati, C. Greub, and Y. Yamada, Phys. Rev. D 69,
055005 (2004); G. Degrassi, P. Gambino, and P. Slavich,
Phys. Lett. B 635, 335 (2006).

J.A. Casas and S. Dimopoulos, Phys. Lett. B 387, 107
(1996).

V.M. Abazov et al. (DO Collaboration), Phys. Rev. Lett.
97, 021802 (2006); A. Abulencia et al. (CDF—Run II
Collaboration), Phys. Rev. Lett. 97, 062003 (2006); A.
Abulencia et al. (CDF Collaboration), Phys. Rev. Lett. 97,
242003 (2006).

M. Ciuchini and L. Silvestrini, Phys. Rev. Lett. 97, 021803
(2006); M. Endo and S. Mishima, Phys. Lett. B 640, 205
(2006); J. Foster, K.I. Okumura, and L. Roszkowski,
Phys. Lett. B 641, 452 (2006); S. Baek, J. High Energy
Phys. 09 (2006) 077; R. Arnowitt, B. Dutta, B. Hu, and S.
Oh, Phys. Lett. B 641, 305 (2006).

S.R. Choudhury and N. Gaur, Phys. Lett. B 451, 86
(1999); K.S. Babu and C.F. Kolda, Phys. Rev. Lett. 84,
228 (2000); C.S. Huang, W. Liao, Q.S. Yan, and S.H.
Zhu, Phys. Rev. D 63, 114021 (2001); 64, 059902 (2001);
P. H. Chankowski and L. Stawianowska, Phys. Rev. D 63,
054012 (2001); C. Bobeth, T. Ewerth, F. Kriiger, and J.
Urban, Phys. Rev. D 64, 074014 (2001).

F. Scuri, arXiv:0705.3004.



