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Abstract. We consider the gluino-mediated SUSY contributions to B0–B0 mixing, B → J/ψKs and B →
Xdγ in the mass insertion approximation. We find that the (LL) mixing parameter can be as large as
|(δd

13)LL| � 2 × 10−1, but the (LR) mixing is strongly constrained by the B → Xdγ branching ratio and
we find |(δd

13)LR| � 10−2. The implications for the direct CP asymmetry in B → Xdγ and the dilepton
charge asymmetry (All) are also discussed, where substantial deviations from the standard model (SM)
predictions are possible.

1 Introduction

Recent observations of large CP violation in B → J/ψKs

[1,2] giving
sin 2β = (0.79 ± 0.10) (1)

confirm the SM prediction and begin to put a strong con-
straint on new physics contributions to B0–B0 mixing and
B → J/ψKs, when combined with ∆mBd

= (0.472 ±
0.017) ps−1 [3]. Since the decay B → J/ψKs is dominated
by the tree level SM process b → cc̄s, we expect that
the new physics contribution may affect significantly only
the B0–B0 mixing and not the decay B → J/ψKs. A
model independent study of B0–B0 mixing has been dis-
cussed recently by Laplace et al. [4]. However, in the pres-
ence of new physics contributions to B0–B0 mixing, the
same new physics would generically affect the B → Xdγ
process. The new physics effects on the B0–B0 mixing
and B → Xdγ are in principle independent and one may
adopt a model independent analysis based on effective La-
grangian with dimension 5 or 6 operators (for example, see
[5] for the model independent study of the correlation be-
tween B → Xsγ and B → Xsl

+l−. The second paper in
[5] includes a new CP violating phase in the C7γ Wilson
coefficient.). This approach would introduce four new in-
dependent complex parameters: two in the B0–B0 mixing,
and two in the B → Xdγ. Having too many independent
parameters, one would not be able to get definite predic-
tions based on this approach.

In this work, we do not attempt a completely model in-
dependent study with too many new independent param-
eters. Instead, we consider B0–B0 mixing, B → J/ψKs

and Bd → Xdγ, in general SUSY models, where flavor
and CP violation due to the gluino mediation can be im-
portant. The chargino–stop and the charged Higgs–top
loop contributions are parametrically suppressed relative

to the gluino contributions, and thus are ignored follow-
ing [6]. (See however [7,8] for the inclusion of such effects.
Another popular approach which is orthogonal to our ap-
proach is the minimal flavor violation model, which is dis-
cussed in [9] in the context of B physics.) We use the mass
insertion approximation (MIA) for this purpose. Compre-
hensive work has been done for the first two observables
in the MIA considering ∆mBd

and sin 2β constraints only
(see [2] for the most recent studies with such an approach).
In our work, we also include the dilepton charge asym-
metry All and the Bd → Xdγ branching ratio constraint
extracted from the recent experimental upper limit on the
B → ργ branching ratio [10] Br(B → ργ) < 2.3 × 10−6,
and rederive the upper limits on the (δd

13)LL and (δd
13)LR

mixing parameters assuming that only one of these gives a
dominant SUSY contribution in addition to the standard
model (SM) contribution. In addition we study the direct
CP asymmetry in Bd → Xdγ on the basis of our result
for the SUSY contribution, and discuss how much devi-
ations from the SM predictions are expected. Although
we confine ourselves here to the gluino-mediated SUSY
contributions only, our strategy can be extended to any
new physics scenario with a substantial constribution to
B0–B0 mixing and B → Xdγ.

2 Effective Hamiltonians
for B0–B0 mixing and B → Xdγ

2.1 Effective Hamiltonian for B0–B0 mixing

The most general effective Hamiltonian for B0–B0 mixing
(∆B = 2) can be written in the following form [2]:

H∆B=2
eff =

5∑

i=1

CiQi +
3∑

i=1

C̃iQ̃i, (2)
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where the operators Qi are defined by

Q1 = d̄α
Lγµb

α
Ld̄

β
Lγ

µbβL,

Q2 = d̄α
Rb

α
Ld̄

β
Rb

β
L,

Q3 = d̄α
Rb

β
Ld̄

β
Rb

α
L,

Q4 = d̄α
Rb

α
Ld̄

β
Lb

β
R,

Q5 = d̄α
Rb

β
Ld̄

β
Lb

α
R, (3)

and the operators Q̃i are obtained from the Qi by the
exchange of L ↔ R. α, β are color indices, and qL,R ≡ (1∓
γ5)q/2. The Wilson coefficients Ci receive contributions
from both the SM and the SUSY loops: Ci ≡ CSM

i +
CSUSY

i .
In the SM, the t–W box diagram generates only a con-

tribution to the operator Q1, and the corresponding Wil-
son coefficient CSM

1 at the mt scale is given by [11]

CSM
1 (mt) =

G2
F

4π2M
2
W (V ∗

tdVtb)2S0(xt), (4)

where

S0(xt) =
4xt − 11x2

t + x3
t

4(1 − xt)2
− 3x3

t lnxt

2(1 − xt)3
, (5)

with xt ≡ m2
t/m

2
W . Performing the RG evolution down to

mb scale incorporating the NLO QCD corrections [12], we
get CSM

1 at mb

CSM
1 (mb) =

G2
F

4π2M
2
W (V ∗

tdVtb)2η2BS0(xt)[αs(mb)]−6/23

×
[
1 +

αs(mb)
4π

J5

]
. (6)

The definition of J5 can be found in [13], and we use the
value of the QCD correction factor η2B = 0.551 therein.
Evaluating the matrix element of Q1, we set the bag pa-
rameter B1(mb) in the MS(NDR) scheme to 0.87 [14],
which is numerically equal to the value in the RI-MOM
scheme in (12).

If the deviation of the squark mass matrix from uni-
versality is small, the SUSY contribution from the gluino–
squark loop is best studied in the mass insertion approx-
imation, which renders the flavor structures of the pro-
cesses manifest. Flavor violations in the squark sector are
parameterized by the sizes of the off-diagonal mass matrix
elements relative to the average squared squark mass,

(δd
ij)AB ≡ (m̃d

ij)AB/m̃
2, (7)

where i and j are family indices and A and B are chirali-
ties, L or R. The mass matrix is understood to be in the
super-CKM basis so that the quark–squark–gluino inter-
action vertex preserves flavor. This method is applicable
to a model independent study of flavor and/or CP vio-
lation in the squark sector when the series expansion in
terms of (δd

ij)AB is meaningful. In the presence of general
(but small) flavor mixings in the down-type squark mass

matrix, the squark–gluino box diagrams give the Wilson
coefficients [6],

CSUSY
1 = − α2

s

216m̃2

(
24xf6(x) + 66f̃6(x)

) (
δd
13

)2
LL ,

CSUSY
2 = − α2

s

216m̃2 204xf6(x)
(
δd
13

)2
RL ,

CSUSY
3 =

α2
s

216m̃2 36xf6(x)
(
δd
13

)2
RL ,

CSUSY
4 = − α2

s

216m̃2

×
[(

504xf6(x) − 72f̃6(x)
) (
δd
13

)
LL

(
δd
13

)
RR

− 132f̃6(x)
(
δd
13

)
LR

(
δd
13

)
RL

]
,

CSUSY
5 = − α2

s

216m̃2

[(
24xf6(x) + 120f̃6(x)

)
(8)

× (
δd
13

)
LL

(
δd
13

)
RR −180f̃6(x)

(
δd
13

)
LR

(
δd
13

)
RL

]
.

The other Wilson coefficients C̃SUSY
i=1,2,3 are obtained from

CSUSY
i=1,2,3 by exchange of L ↔ R. The loop functions f6(x)

and f̃6(x), evaluated in terms of x ≡ m2
g̃/m̃

2, are given by

f6(x) =
6(1 + 3x) lnx+ x3 − 9x2 − 9x+ 17

6(x− 1)5
,

f̃6(x) =
6x(1 + x) lnx− x3 − 9x2 + 9x+ 1

3(x− 1)5
. (9)

These Wilson coefficients are calculated at µ ∼ mg̃ ∼ m̃,
and evolved down to the mb scale. A complete NLO RG
evolution formula of these Wilson coefficients is available
in [2]. The initial condition (8) is at LO in αs, but it would
be no problem to include the NLO correction. For this we
use

Cr(m
pole
b ) =

∑

i

∑

s

(
b
(r,s)
i + η c

(r,s)
i

)
ηai Cs(MS), (10)

where the SUSY scale is defined by MS = (m̃ + mg̃)/2,
and η = αs(MS)/αs(mt). The list of “magic numbers” ai,
b
(r,s)
i , and c(r,s)i , in the RI-MOM scheme, can be found in

[2]. RG running of C̃1−3 is done in the same way as for
C1−3.

Each matrix element of the ∆B = 2 operators in (3)
is taken to be a product of its value in vacuum insertion
approximation and the corresponding bag parameter:

〈Bd|Q1(µ)|B0〉 =
2
3
m2

Bd
f2

Bd
B1(µ),

〈Bd|Q2(µ)|B0〉 = − 5
12

(
mBd

mb(µ) +md(µ)

)2

× m2
Bd
f2

Bd
B2(µ),

〈Bd|Q3(µ)|B0〉 =
1
12

(
mBd

mb(µ) +md(µ)

)2

× m2
Bd
f2

Bd
B3(µ), (11)
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〈Bd|Q4(µ)|B0〉 =
1
2

(
mBd

mb(µ) +md(µ)

)2

m2
Bd
f2

Bd
B4(µ),

〈Bd|Q5(µ)|B0〉 =
1
6

(
mBd

mb(µ) +md(µ)

)2

m2
Bd
f2

Bd
B5(µ).

Here we use the lattice improved calculations for the bag
parameters in the RI-MOM scheme [14]:

B1(mb) = 0.87(4)+5
−4, B2(mb) = 0.82(3)(4),

B3(mb) = 1.02(6)(9), B4(mb) = 1.16(3)+5
−7,

B5(mb) = 1.91(4)+22
−7 . (12)

In addition, we use the following running quark masses in
the RI-MOM scheme:

mb(mb) = 4.6 GeV, md(mb) = 5.4 MeV. (13)

The bottom quark mass is obtained from the MS mass
mMS

b (mMS
b ) = 4.23 GeV. For the Bd meson decay con-

stant, we assume fBd
= 200 ± 30 MeV.

The above ∆B = 2 effective Hamiltonian will con-
tribute to ∆mB , the dilepton charge asymmetry and the
time dependent CP asymmetry in the decay B → J/ψKs

via the phase of the B0–B0 mixing. Defining the mixing
matrix element by

M12(B0) ≡ 1
2mB

〈B0|H∆B=2
eff |B0〉, (14)

one has ∆mBd
= 2|M12(B0

d)|. This quantity is dominated
by the short distance contributions, unlike the ∆mK for
which long distance contributions would be significant.
Therefore the data on ∆mexp

Bd
will constrain the modulus

of M12(B0
d). On the other hand, the phase of the B0–B0

mixing amplitudeM12(B0) ≡ exp(2iβ
′
)|M12(B0)| appears

in the time dependent asymmetry:

Amix
CP (B0 → J/ψKs) = sin 2β

′
sin∆mBd

t. (15)

Since there may be large new physics (SUSY in this work)
contributions to both K0–K0 and B0–B0 mixings, the
CKM fit may change accordingly. Only those constraints
that come from semileptonic processes may be used, since
these will be dominated by the SM contributions at tree
level (unless one considers R-parity violation). Therefore
the angle β

′
need not be the same as the SM angle β(=

φ1), and the angle γ(= φ3) should be considered as a free
parameter in the full range from 0 to 2π in principle. This
strategy was also adopted in some earlier work [15,2].

Finally, the dilepton charge asymmetry All is also de-
termined by M12(B0), albeit a possible long distance con-
tribution to ΓSM (B0). Defining the mass eigenstates of
the neutral B0 mesons by

|B1,2〉 ≡ 1√
1 + |η|2

[
|B0〉 ± η|B0〉

]
,

Table 1. Input values for the parameters

mBd 5.279 GeV
mt 174 GeV
|Vcb| (40.7 ± 1.9) × 10−3

|Vub| (3.61 ± 0.46) × 10−3

fBd 200 ± 30 MeV
αs(MZ) 0.119

with η ≡ ((M∗
12 − iΓ ∗

12)/(M12 − iΓ12))1/2, we can derive
the following relation:

All ≡ N(BB) −N(B̄B̄)
N(BB) +N(B̄B̄)

= −|η|4 − 1
|η|4 + 1

=
Im(Γ12/M12)

1 + |Γ12/M12|2/4
≈ Im(Γ12/M12). (16)

Here M12, Γ12 are the matrix elements of the Hamiltonian
in the (B0, B0) basis:

1
2mB

〈B|Hfull|B〉 = M12 − i
2
Γ12.

In the SM, the phases of M12 and Γ12 are approx-
imately equal and ∆MSM ≈ 2|MSM

12 |, ∆ΓSM ≈ 2|Γ SM
12 |.

The quantity Γ SM
12 is given by [16]

Γ SM
12 = (−1)

G2
Fm

2
bMBd

BBd
f2

Bd

8π

×
[
v2

t +
8
3
vcvt

(
zc +

1
4
z2
c − 1

2
z3
c

)
(17)

+ v2
c

{√
1 − 4zc

(
1 − 2

3
zc

)
+

8
3
zc +

2
3
z2
c − 4

3
z3
c − 1

}]
,

where vi ≡ VibV
∗
id and zc ≡ m2

c/m
2
b . Varying fBd

, |Vub|,
and |Vcb| in the range quoted in Table 1, and γ inside the
range given by (54.8 ± 6.2)◦ [17], we get the SM value
−1.54×10−3 ≤ ASM

ll ≤ −0.64×10−3, whereas the current
world average is [4] Aexp

ll ≈ (0.2 ± 1.4) × 10−2.
In the presence of SUSY, the phases of M12 and Γ12

may be no longer the same, and potentially a larger dilep-
ton charge asymmetry may be possible. In particular, M12
could be affected strongly by SUSY particles, whereas Γ12
is not, i.e. MFULL

12 = MSM
12 + MSUSY

12 whereas ΓFULL
12 ≈

Γ SM
12 . In this case, the dilepton charge asymmetry could

be approximated as

All = Im
(

Γ SM
12

MSM
12 +MSUSY

12

)
. (18)

The possible ranges of All in a class of general SUSY mod-
els were studied in [18].

2.2 Effective Hamiltonian for ∆B = 1 processes

The effective Hamiltonian relevant to ∆B = 1 processes
involves four quark operators and b → dγ and b → dg pen-
guin operators. Since we are not going to discuss ∆B = 1
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non-leptonic decays due to theoretical uncertainties re-
lated with factorization, we shall consider the inclusive
radiative decay B → Xdγ only. The relevant effective
Hamiltonian for this process is given by [19]

Heff(b → dγ(+g))

= −4GF√
2
V ∗

tdVtb

∑

i=1,2,7,8

Ci(µb)Oic(µb) (19)

+
4GF√

2
V ∗

udVub

∑

i=1,2

Ci(µb) [Oiu(µb) −Oic(µb)] ,

with

O1c = dLγ
µtacLcLγµt

abL, O1u = dLγ
µtauLuLγµt

abL,

O2c = dLγ
µcLcLγµbL, O2u = dLγ

µuLuLγµbL,

O7γ =
e

16π2mbdLσ
µνFµνbR,

O8g =
gs

16π2mbdLσ
µνtaGa

µνbR. (20)

Here the renormalization scale µb is of the order ofmb, and
we have used the unitarity of the CKM matrix elements
V ∗

cdVcb = −(V ∗
udVub + V ∗

tdVtb), which should be valid even
in the presence of SUSY flavor violations.

In the SM, all the three up-type quarks contribute to
this decay, since all the relevant CKM factors are of the
same order of magnitude. The strong phases are provided
by the imaginary parts of one loop diagrams at the order
O(αs) by the usual unitarity argument. Varying fBd

, |Vub|,
and |Vcb| in the range quoted in Table 1, and γ between
(54.8±6.2)◦ [17], we find the branching ratio for this decay
in the SM to be 8.9 × 10−6–1.1 × 10−5. The direct CP
asymmetry in the SM is about −(15–10)% [19]. We have
updated the previous predictions by Ali et al. [19] using
the present values of CKM parameters.

The CP averaged branching ratio for B → Xdγ in the
leading log approximation is given by [19–21]

Br(B → Xdγ)
Br(B → Xceν)

=
∣∣∣∣
V ∗

tdVtb

Vcb

∣∣∣∣
2 6α
πf(z)

|C7(mb)|2, (21)

where f(z) = 1 − 8z + 8z3 − z4 − 12z2 ln z is the phase
space factor for the b → c semileptonic decays and α−1 =
137.036. Neglecting the RG running between the heavy
SUSY particles and the top quark mass scale, we get the
following relations:

C7(mb) ≈ −0.31 + 0.67Cnew
7 (mW ) + 0.09Cnew

8 (mW ),
C8(mb) ≈ −0.15 + 0.70Cnew

8 (mW ). (22)

The new physics contributions to C2 are negligible so that
we use C2(mb) = CSM

2 (mb) ≈ 1.11.
In general SUSY models considered in the present work,

the Wilson coefficients Cnew
7γ and Cnew

8g are given by [15,
22,8]

CSUSY
7γ (mW ) =

8πQbαs

3
√

2GFm̃2V ∗
tdVtb

×
[
(δd

13)LLM4(x) − (δd
13)LR

(
m̃

√
x

mb

)
4B1(x)

]
, (23)

CSUSY
8g (mW ) =

2παs√
2GFm̃2V ∗

tdVtb

×
[
(δd

13)LL

(
3
2
M3(x) − 1

6
M4(x)

)
(24)

+(δd
13)LR

(
m̃

√
x

mb

)
1
6

(
4B1(x) − 9x−1B2(x)

)]
.

Here we have ignored the RG running between the squark
and the gluino mass and the mW scale. Note that the
(δd

13)LR contribution is enhanced by mg̃/mb compared to
the contributions from the SM and the LL insertion due
to the chirality flip from the internal gluino propagator
in the loop. Explicit expressions for the loop functions Bi

and Mi can be found in [15,22,8].
In order to generate a non-vanishing direct CP asym-

metry, one needs at least two independent amplitudes with
different strong (CP -even) and weak (CP -odd) phases. In
B → Xdγ, strong phases are provided by quark and gluon
loop diagrams, whereas weak phases are provided by the
KM angles (α, β, γ) and (δd

13)AB . The resulting direct CP
asymmetry in B → Xdγ can be written as [19,20]

Ab→dγ
CP (in%) =

1
|C7|2

[
10.57Im (C2C

∗
7 )

− 9.40Im ((1 + εd)C2C
∗
7 ) − 9.51Im (C8C

∗
7 )

+ 0.12Im ((1 + εd)C2C
∗
8 )

]
, (25)

where

εd ≡ V ∗
udVub

V ∗
tdVtb

≈ (ρ− iη)
(1 − ρ+ iη)

in the Wolfenstein parametrization for the CKM matrix
elements.

A remark is in order for the above CP asymmetry in
B → Xdγ. Unlike the B → Xsγ case for which the |C7γ |
is constrained by the observed B → Xsγ branching ratio,
the B → Xdγ decay has not been observed yet, and its
branching ratio can be vanishingly small even in the pres-
ence of new physics. In that case, |C7γ | ≈ 0 so that the
denominator of Ab→dγ

CP becomes zero and the CP asym-
metry blows up. This could be partly cured by replacing
the denominator |C7γ |2 by KNLO(δ) defined in [20]:

KNLO(δ)(in%) = 0.11|C2|2 + 68.13|C7|2 + 0.53|C8|2
− 16.55Re(C2C

∗
7 ) − 0.01Re(C2C

∗
8 ) + 8.85Re(C7C

∗
8 )

+ 3.86Re(C(1)
7 C∗

7 ), (26)

for the photon energy cutoff factor δ = 0.3. Here C(1)
7 is

the next-to-leading order contribution to C7γ(mb) [20]:

C
(1)
7γ ≈ 0.48 − 2.29Cnew

7 (mW ) − 0.12Cnew
8 (mW ). (27)

This prescription will render the denominator of (25) fi-
nite.
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a LL mixing only b LR mixing only

Fig. 1a,b. The allowed ranges in a the LL and b the LR insertion cases for the parameters (Re(δd
13)AB , Im(δd

13)AB) for different
values of the KM angle γ with different color codes: dark (red) for 0◦ ≤ γ ≤ 90◦, light gray (green) for 90◦ ≤ γ ≤ 180◦, very
dark (blue) for 180◦ ≤ γ ≤ 270◦ and gray (magenta) for 270◦ ≤ γ ≤ 360◦. The region leading to a too large branching ratio for
Bd → Xdγ is colored lightly and covered by parallel lines

3 Numerical analysis

In the numerical analysis, we impose the following quan-
tities as constraints:

(1) ∆mBd
= (0.472 ± 0.017) ps−1: This constrains the

modulus of M12(B0) through the following relation:
∆mBd

= 2|M12(B0)| [3].
(2) Amix

CP = (0.79±0.10): This constrains the phase 2β
′
of

M12(B0) by Amix
CP = sin 2β

′
, where 2β

′
is the argument

of M12(B0) [4].
(3) Br(B → Xdγ) < 1 × 10−5: At present, there are

limits only on the exclusive decays: Br(B → ργ) <
2.3 × 10−6. We assume a modest upper bound on the
branching ratio for the inclusive radiative decay as
Br(B → Xdγ) � 1 × 10−5. This is also well below the
experimental uncertainty in the B → Xsγ branch-
ing ratio. This puts a strong constraint on both LL
and LR insertions, as we shall see. Especially the LR
insertion is more strongly constrained, since its contri-
bution is enhanced by mg̃/mb due to the chirality flip
from the gluino in the loop compared to other contri-
butions including the SM one. This is a new ingredient
compared to the work in [2].

(4) Aexp
ll = (0.2 ± 1.4)%: This is related to the B0–B0

mixing through the relation (16). Although we do not
use this constraint to restrict the allowed parameter
space, we indicate the parameter space where the re-
sulting All falls out of the 1σ range. It turns out that
both LL and LR mixing scenarios are already strongly
constrained by the B → Xdγ branching ratio rather
than by All, as can be seen in Figs. 2a,b.

We impose these constraints at 68% C.L. (1σ) as we
vary the KM angle γ between 0 and 2π. In all cases, we set
the common squark mass m̃ = 500 GeV and x = 1 (mg̃ =
m̃). Finally for the mass insertion parameters (δd

13)AB ,
we consider two cases. In the first case (the LL case), only
(δd

13)LL is non-vanishing among the mass insertion param-
eters, and in the second (the LR case), only (δd

13)LR. It
would be straightforward to consider other possibilities
such as (δd

13)LL = (δd
13)RR etc. in a similar way.

The parameter space searching is done in the following
way. We vary γ from 0 to 2π, and (δd

13)AB inside the bound
depicted in [2]. For a given set of values of γ and (δd

13)AB ,
we search for those fBd

and (ρ2 + η2)1/2 ≡ |Vub|/λVcb

(with λ = |Vus|) that satisfy 1σ constraints on ∆MB

and sin 2β′. The search region is the 1σ range in Table 1.
If no such pair exists, the (γ, (δd

13)AB) point is excluded
from the plots. Points that are not excluded are plotted in
Fig. 1. Using these γ, (δd

13)AB , fBd
, and (ρ2 +η2)1/2 found

above, we plot Br(B → Xdγ) and Ab→dγ
CP . Uncertainties

in B1−3(mb), which are actually used in our analysis, are
only several per cent, while that in fBd

is 15%. Moreover
the matrix elements (11) are proportional to f2

Bd
Bi(mb),

so we do not take into account the uncertainties in the
bag parameters.

In Figs. 1a,b we show the allowed parameter space in
the (Re(δd

13)AB , Im(δd
13)AB) plane [(a) LL insertion and

(b) LR insertion, respectively] for different values of the
KM angle γ with different color codes: dark (red) for 0◦ ≤
γ ≤ 90◦, light gray (green) for 90◦ ≤ γ ≤ 180◦, very dark
(blue) for 180◦ ≤ γ ≤ 270◦ and gray (magenta) for 270◦ ≤
γ ≤ 360◦. The region leading to a too large branching ratio
for Bd → Xdγ is covered by parallel lines. And the region
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a LL mixing only b LR mixing only

Fig. 2a,b. The possible ranges of the dilepton charge asymmetry in a the LL and b the LR cases as functions of the KM angles
γ. The black rectangle around γ � 55◦ is the SM prediction. Those parameters which lead to Br(B → Xdγ) > 1 × 10−5 are
denoted by the gray (magenta) region, and those for Br(B → Xdγ) < 1 × 10−5 by the dark (blue) region. The 1σ range for the
world average of Aexp

ll = (0.2 ± 1.4)% is shown to lie between the short dashed lines

where All falls out of the data within 1σ range is already
excluded by the B → Xdγ branching ratio constraint. For
both the LL and LR mixing cases, our results are the same
as those in [2], if we impose only the ∆mBd

and sin 2β
constraints. By adding a constraint from B → Xdγ (and
All), the allowed parameter space is further reduced, and
the effect is even larger for the LR mixing case. For the LL
mixing [Fig. 1a], B → Xdγ does play some role, and the
All gives a moderate constraint. The KM angle γ should
be in the range between ∼ −60◦ and ∼ +60◦, and All can
have the opposite sign compared to the SM prediction,
even if the KM angle is the same as its SM value γ � 55◦.
For the LR mixing [Fig. 1b], Br(Bd → Xdγ) puts an even
stronger constraint on the LR insertion, whereas the All

does not play any role. In particular, the KM angle γ
cannot be too much different from the SM value in the
LR mixing case, once the Br(Bd → Xdγ) constraint is
included. Only 30◦ � γ � 80◦ is compatible with all the
data from the B system, even if we do not consider the εK
constraint. The resulting parameter space is significantly
reduced compared to the result obtained in [2]. The limit
on the LR insertion parameter will become even stronger
as the experimental limit on Bd → Xdγ will be improved
in the future.

In Fig. 2, we show the predictions for All as a function
of the KM angle γ: (a) LL insertion and (b) LR insertion
only. For the LL insertion case [Fig. 2a], one can expect a
large deviation from the SM prediction for All for a wide
range of the KM angle γ (∼ −60◦ � γ � +60◦), even after
we impose the B → Xdγ branching ratio which is more
constraining than the All (the short dashed lines indicate
the 1σ range for Aexp

ll ). Also even if the KM angle γ is close
to the SM value (γ ≈ 55◦), the dilepton charge asymmetry
All can be different from the SM prediction by a significant
amount due to the SUSY contributions from (δ313)LL. On
the other hand, for the LR insertion case [Fig. 2b], the
B → Xdγ constraint rules out essentially almost the whole

parameter space region, and the resulting All is essentially
the same as for the SM case.

In Figs. 3a,b we show the branching ratio of Bd →
Xdγ and the direct CP asymmetry therein, respectively,
as functions of the KM angles γ for the LL insertion
only. The SM predictions Br(Bd → Xdγ) = (0.9–1.1) ×
10−5, Ab→dγ

CP = −(15–10)% are indicated by the black
boxes. In this case, the KM angle γ is constrained in the
range ∼ −60◦ and ∼ +60◦. The direct CP asymmetry
is predicted to be between ∼ −15% and ∼ +20%. In the
LL mixing case, the SM gives the dominant contribution
to Bd → Xdγ, but the KM angle can be different from
the SM case, because SUSY contributions to the B0–B0

mixing can be significant and the preferred value of γ can
change from the SM KM fitting. This is the same in rare
kaon decays and the results obtained in [15] apply without
modifications. If the KM angle γ is substantially different
from the SM value (say, γ = 0), we could anticipate large
deviations in the Bd → Xdγ branching ratio and the direct
CP violation thereof.

In Figs. 4a,b we show the branching ratio of Bd → Xdγ
and the direct CP asymmetry therein, respectively, as
functions of the KM angles γ for the LR insertion only.
As before, the black boxes represent the SM predictions
for Br(Bd → Xdγ) and the direct CP asymmetry therein.
In the LR insertion case, there could be substantial devia-
tions in both the branching ratio and the CP asymmetry
from the SM predictions, even if the ∆mB and sin 2β is
the same as the SM predictions as well as the data. For the
LL insertion, such a large deviation is possible, since the
KM angle γ can be substantially different from the SM
value. On the other hand, for the LR mixing, the large
deviation comes from the complex (δd

13)LR even if the KM
angle is set to the same value as in the SM. The size of
(δd

13)LR is too small to affect the B0–B0 mixing, but is still
large enough to affect B → Xdγ. Our model independent
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a Br(B → Xdγ) b Ab→dγ
CP

Fig. 3a,b. The possible ranges of a Br(Bd → Xdγ) and b Ab→dγ
CP as functions of the KM angle γ in the LL insertion case. The

black rectangle around γ � 55◦ is the SM prediction. Those parameters which lead to Br(B → Xdγ) > 1×10−5 are represented
by the gray (magenta) region, and those for Br(B → Xdγ) < 1 × 10−5 by the dark (blue) region

a Br(B → Xdγ) b Ab→dγ
CP

Fig. 4a,b. The possible ranges of a Br(Bd → Xdγ) and b Ab→dγ
CP as functions of the KM angle γ in the LR insertion case. The

black rectangle around γ � 55◦ is the SM prediction. Those parameters which lead to Br(B → Xdγ) > 1×10−5 are represented
by the gray (magenta) region, and those for Br(B → Xdγ) < 1 × 10−5 by the dark (blue) region

study indicates that the current data on ∆mB , sin 2β and
All do still allow for large deviations in B → Xdγ, both in
the branching ratio and the direct CP asymmetry thereof.
The latter variables are indispensable to test completely
the KM paradigm for CP violation and get ideas on possi-
ble new physics with new flavor/CP violation in the b → d
transition.

4 Conclusions

In this work, we considered the gluino-mediated SUSY
contributions to B0–B0 mixing, B → J/ψKs and B →
Xdγ in the mass insertion approximation. We find that
the (LL) mixing parameter can be as large as |(δd

13)LL| �
2 × 10−1, but the (LR) mixing is strongly constrained by

the B → Xdγ branching ratio: |(δd
13)LR| � 10−2. The im-

plications for the direct CP asymmetry in B → Xdγ are
also discussed, where substantial deviations from the SM
predictions are possible both in the LL and LR insertion
cases for different reasons. For the LL insertion case, the
SUSY contribution toB → Xdγ is not so significant, but is
still constrained by the current upper limit on B → Xdγ.
(If the upper limit were Br(B → Xdγ) < 5 × 10−5, then
the allowed region for the KM angle γ is the whole range
from 0 to 2π, as can be seen from Fig. 3a. In this case, the
All will provide a more important constraint for the LL
insertion.) Also the global KM fitting can change because
SUSY can affect B0–B0 mixing in a significant manner.
By the same reason, there is still ample room for large de-
viations in the All for the LL insertion case. On the other
hand, for the LR insertion case, the SUSY contribution to
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B → Xdγ is enhanced by the factor mg̃/mb and the size of
(δd

13)LR is strongly constrained. The resulting effect is that
the KM angle cannot differ too much from the SM case.
Still large deviations in the branching ratio for B → Xdγ
and direct CP violation thereof is possible due to large
SUSY loop effects on B → Xdγ. Thus it turns out that all
the observables, All, the branching ratio of B → Xdγ and
the direct CP violation thereof are very important, since
they could provide information on new flavor and CP vio-
lation from (δd

13)LL,LR (or any other new physics scenarios
with new flavor/CP violations). Also they are indispens-
able in order to ultimately test the KM paradigm for CP
violation in the SM.

Note added in proof: While this work was being fin-
ished, we received a preprint [23], in which similar pro-
cesses (the exclusive B → ργ and various asymmetries
thereof, and All) in a certain class of SUSY models are
considered.
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