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We study the consequences of the large dimuon asymmetry observed at D0. Physics beyond the

standard model (SM) in Bs � �Bs mixing is required to explain the data. We first present a detailed analysis

for model independent constraints on physics beyond the SM, and then study the implications for

theoretical models which modify the SM results in different ways, such as Z0 with flavor changing neutral
current and R-parity violating supersymmetry contributions.
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I. INTRODUCTION

The D0 Collaboration, with 6:1 fb�1 of data, has re-
cently reported evidence for an anomalously large CP
violation in the like-sign dimuon charge asymmetry [1]
which is attributed to semileptonic decays of b hadrons
defined by

Ab
sl �

Nþþ
b � N��

b

Nþþ
b þ N��

b

; (1)

where Nþþ
b ðN��

b Þ is the number of events with two

b hadrons (b �b) decaying semileptonically into
�þ�þXð����XÞ. The D0 result [1], Ab

sl ¼ �ð9:57�
2:51� 1:46Þ � 10�3 with the first error being statistical
and the second systematic, is 3:2� away from the standard
model (SM) prediction of �0:2� 10�3 [2].

Ab
sl is related to the asymmetries ad;ssl in Bd and Bs decays

by

Ab
sl ¼

fdZda
d
sl þ fsZsa

s
sl

fdZd þ fsZs

; (2)

where Zq ¼ 1=ð1� y2qÞ � 1=ð1þ x2qÞwith yq ¼ ��q=2�q

and xq ¼ �Mq=�q, and fd and fs stand for the fragmen-

tation fractions for �b ! Bd and �b ! Bs, respectively.
Using known values of [1,3] fd ¼ 0:323� 0:037 and fs ¼
0:118� 0:015, xd ¼ 0:774� 0:008 and yd ¼ 0, and xs ¼
26:2� 0:5 and ys ¼ 0:046� 0:027, one has

Ab
sl ¼ ð0:506� 0:043Þadsl þ ð0:494� 0:043Þassl: (3)

In the above aqsl is the ‘‘wrong-charge’’ asymmetry,

aqsl �
�ð �Bq ! �þXÞ � �ðBq ! ��XÞ
�ð �Bq ! �þXÞ þ �ðBq ! ��XÞ : (4)

Using the current experimental value [1,4] adsl ¼�0:0047� 0:0046 which is consistent with zero and also
with the SM prediction [2] adsl ¼ ð�4:8þ1:0

�1:2Þ � 10�4 within

errors, one requires [1]

assl ¼ �0:0146� 0:0075; (5)

to obtain the D0 value of Ab
sl. This value is much larger than

the SM prediction [2] ð2:1� 0:6Þ � 10�5 for assl.
The CDF [5] measurement of Ab

sl, using only 1:6 fb�1 of

data, has a central value which is positive, Ab
sl ¼ ð8:0�

9:0� 6:8Þ � 10�3, but is still compatible with the D0
measurement at the 1:5� level because its uncertainties
are 4 times larger than those of D0. Combining in quad-
rature (including the systematic errors) the D0 and CDF
results for Ab

sl, one finds A
b
sl ’ �ð8:5� 2:8Þ � 10�3 which

is still 3� away from the SM value.
D0 [6] also performed a direct measurement of assl, but

the result does not show any deviation from the SM,
although the error bars are quite large: assl ¼ �ð1:7�
9:1þ1:4

�1:5Þ � 10�3. This value is much smaller than the one

given in Eq. (5). We could combine all these results to
obtain an average value ðasslÞave � �ð12:7� 5:0Þ � 10�3.

Even though the inclusion of the CDF dimuon asymme-
try and the D0 semileptonic wrong-charge asymmetry
reduces the deviation in assl derived from the D0 dimuon

asymmetry, the above result is still about 2:5� away from
the SM value [2] of ðasslÞSM. If confirmed, it is an indication

of new physics (NP) beyond the SM [7–21]. Several
theoretical attempts to explain the data have been made
[14–21].
We note that there could be charm contamination. It is

known that there is D0 � �D0 mixing, and this will modify
the asymmetry measured by D0 unless D mesons are
completely eliminated as a possible source of muons in
their data sample. To take this contamination into account
one would add terms proportional to fcuZ

c
u, related to charm

contribution, to the formula in Eq. (2). Here Zc
u is analo-

gous to Zi and is determined by the D0 � �D0 mixing
parameters xu and yu, and fcu is the fraction of direct D0

and �D0 production in p �p collisions. Using current values
[22] of xu ¼ ð0:98þ0:24

�0:26Þ% and yu ¼ ð0:83� 0:16Þ% for

D0 � �D0 mixing, the factor Zc
u can be determined. With

the central values we obtain Zc
u=Zd � 7:2, which is a large

number. In order to obtain a reliable result, the parameter
fcu should be carefully evaluated for the muon selection
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criteria. With a nonzero fcu, and small CP violation in
D0 � �D0 mixing, the asymmetry will be diluted making
the deviation from the SM even more severe.

II. CONSTRAINTS ON NEW PHYSICS
PARAMETERS

The required value for assl is much larger than the

SM prediction. Attributing the observed excess to a con-
tribution from Bs � �Bs mixing, one needs to explain what
type of new physics can produce the value ðasslÞave ��ð12:7� 5:0Þ � 10�3. Theoretically, in terms of the mix-
ing parameters in the Bs � �Bs system, to a very good
approximation assl is given by [2]

assl ¼
j�12

s j
jM12;SM

s j
sin�s

j�sj ¼ ð4:97� 0:94Þ� 10�3 sin�s

j�sj ; (6)

where �s and the phase �s are defined by M12
s ¼

M12;SM
s þM12;NP

s ¼ M12;SM
s �s ¼ jM12;SM

s jj�sjei�s . We
adopt the phase convention that �12

s is real.
Since the SM prediction for �Ms � 2jM12

s j agrees with
data well, j�sj is only allowed to vary in a limited region,
0:92� 0:32 fixed by the experimental value [3] �Ms ¼
ð17:77� 0:12Þ ps�1 and the SM prediction [2] ð19:30�
6:74Þ ps�1. In order to reproduce the D0 result, it would
seem naively that sin�s would have to exceed the physical
range j sin�sj< 1, as one needs sin�s ¼ �2:56� 1:16.
This situation calls for a more careful analysis considering
�s and j�sj simultaneously. Here we wish to point out that
Eq. (6) is only an approximation, and we now review the
derivation of the exact formula for the asymmetry.

Denoting the element in the Hamiltonian responsible for
Bs � �Bs mixing by M12

s � i�12
s =2, and working in a basis

where ��12
s ¼ j�12

s j is positive real, one can write the
same element as jM12

s jei�s þ ij�12
s j=2 [this is equivalent

to defining �s ¼ argð�M12
s =�12

s Þ]. We have

�Msþi��s=2¼2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðM12

s �i�12=2ÞðM12�
s �i�12�=2Þ

q
;

�Ms��s¼4jM12
s jj�12

s jcos�s;

�M2
s���2

s=4¼4ðjM12
s j2�j�12

s j=4Þ:
(7)

Note that the above definitions of �Ms and ��s are the
same as those in Ref. [1].

Further defining ws ¼ 2jM12
s j=�s, and zs ¼ j�12

s j=�s,
we have

w2
s � z2s ¼ x2s � y2s ; wszs cos�s ¼ xsys; (8)

which leads to

w2
s ¼ 1

2

�
x2s � y2s þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðx2s � y2sÞ2 þ 4x2sy
2
s

cos2�s

s �
;

z2s ¼ 1

2

�
y2s � x2s þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðx2s � y2sÞ2 þ 4x2sy
2
s

cos2�s

s �
:

(9)

The asymmetry assl in terms of ws, zs, and sin�s is given

by [9]

assl ¼
2wszs sin�s

w2
s þ z2s

¼ sin�sffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ ðx2s�y2s Þ2

4x2sy
2
s
cos2�s

r

¼ sin�sffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ ð1�ð��s=2�MsÞ2Þ2

4ð��s=2�MsÞ2 cos2�s

r : (10)

The fact that ws � zs allows one to write an approxi-
mate formula

assl �
2zs
ws

sin�s ¼ j�12
s j

jM12
s j sin�s: (11)

This is the formula that is often used and given in Eq. (6).
A careful expansion of assl in terms of xs and ys, reveals

that

assl ¼
8
<

:

��s

�Ms
tan�s

��s

�Ms
� cos�s

sin�s
��s

�Ms
� cos�s

: (12)

Note that the asymmetry can be as large as order one for
fixed �Ms and ��s.

In the SM, the phase in M12;SM
s is [2] 0:0041� 0:0014

which is too small to play a substantial role in explaining
the large asymmetry observed. New physics beyond the
SM may induce large CP violating phases and also change
the magnitudes for both M12

s and �12
s .

We now consider the constraints on the new physics

contribution toM12;NP
s ¼ jM12;NP

s jei�NP assuming that there

is no alteration to the SM prediction for �12
s . Defining R ¼

jM12;NP
s j=jM12;SM

s j and neglecting the small phase in

M12;SM
s , we can solve for sin�s and �s,

sin�s

j�sj ¼ R sin�NP

ð1þ 2R cos�NP þ R2Þ ;

j�sj ¼ ð1þ 2R cos�NP þ R2Þ1=2:
(13)

Whether there are physical solutions for R and�NP, should
be analyzed using the above equations with the constraints
for sin�s=j�sj and j�sj in the ranges (� 2:56� 1:16) and
(0:92� 0:32), respectively.
In Fig. 1 we show the ranges for j�sj and R for a given

value of � � sin�s=j�sj ¼ assl=4:97� 10�3 (or assl ¼
4:97� 10�3�) as a function of sin�NP. Since D0 data
requires that the asymmetry assl be negative, this restricts

sin�NP to be negative too. One can then see in which
quadrant �NP should be in order to reproduce the data.
To obtain a large size for �, a lower value of j�sj is
preferred, therefore the solution with cos�s < 0 is
preferred.
From the figures, we see that it is not possible for � to get

down to the central value �2:56 as this would require a
value for j�sj below its one sigma lower bound. We have
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checked that in order to have solution within the one �
region of j�sj, � can at most go down to �1:6. To have �
reach the D0 central value it is also necessary to modify
�12
s . The analysis, in general, will now be different [9].

However, since jM12
s j is much larger than j�12

s j, the change
of �12

s needed can be easily accommodated in Eq. (6) by

multiplying by a factor � ¼ j�12
s j=j�12;SM

12 j and modifying

the phase �s to include the contribution from �12
s . The

value for assl is then scaled by a factor �. The central value
of the D0 asymmetry is then obtained with � around 1.6,
which is allowed by the experimental data on ��s. It
should be noted that the usually quoted value for �12

s is
from a short distance SM contribution [2]; there may be
long distance contributions which modify the value. A
larger than SM short distance contribution to �12

s is still a
possibility. However, it is difficult to reliably calculate the
long distance contribution. It is also possible that a large
�12
s is due to new physics beyond the SM [8,11,14].
When we go beyond the SM, new contributions are in

general not known. It is therefore desirable to use experi-
mentally measurable quantities as much as possible. The
exact formula in Eq. (10) allows one to predict assl using the
measured values xs and ys, and a theoretically unknown

phase �s. Taking the experimental values [3] xs ¼ 26:2�
0:5 and ys ¼ 0:046� 0:027, one can ask what theoretical
values for jM12

s j, j�12
s j and sin�s are needed. We show the

results in Fig. 2.
The central value of dimuon asymmetry can be repro-

duced with sin�s around �0:96, and zs around 0.16. This
implies that �12

s is a factor of 3 larger than the usual SM
short distance contribution.

III. IMPLICATIONS FOR BEYOND SM
MODEL PARAMETERS

In order to reproduce the anomalously large dimuon
asymmetry observed by D0, new physics beyond the SM
is needed. There are different ways in which the dimuon
asymmetry in Bs � �Bs can be affected. For example Z0
models with tree-level flavor changing neutral current
(FCNC) [9,23,24] can easily induce a large modification
for M12, but have little effect on �12

s . R-parity violating
interactions in supersymmetry (SUSY) models can also
have tree level FCNC. Besides modifying M12, they can
induce modifications in �12

s [11]. However, taking into
account new constraints from various experimental data
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FIG. 2 (color online). From left to right assl, ws ¼ 2jM12
s j=�s, and zs ¼ j�12

s j=�s as functions of sin�s, respectively. In all cases we
use the experimental central values xs ¼ 26:2 and ys ¼ 0:046.
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[9,11,23–26], it is difficult to generate sizeable modifica-
tions in �12.1In the following we discuss these two types of
models and their contributions to M12

s and �12
s , taking into

account constraints from other possible data, in some
detail.

A. Z0 model with FCNC

In general a Z0 can couple to quarks with FCNC of the
form [24]

L ¼ g

2cW
�qi�

�ðaijPL þ bijPRÞqjZ0
�: (14)

In Z0 models, the new contributions to M12
s happen at tree

level, whereas the modification of �12
s only occurs at the

loop level and is therefore a smaller effect. We will con-
centrate on the tree level Z0 exchange contribution to M12

s

with constraints on the parameters from other processes
[23–25]. We begin from the known contribution to M12

from Z0 exchange [24],

M12;Z0
s ¼ GFffiffiffi

2
p m2

Z

m2
Z0
�6=23
Z0

1

3
f2Bs

MBs
BBs

�
a2sb þ b2sb þ ��3=23

Z0

� 1

2
asbbsbð2�� 3Þ þ 2

3
ð��3=23

Z0 � ��30=23
Z0 Þ

� 1

4
asbbsbð1� 6�Þ

�
; (15)

where �Z0 � 	sðmZ0 Þ=	sð�Þ is a QCD correction resulting
from the running scale frommZ0 to� ¼ mb. BBs

is the ratio

between the matrix element h �Bsj�s���5b�s���5bj �Bsi and
its value in factorization. Similarly, � is defined as � ¼
ð ~BLR=BBs

Þðm2
Bs
=ðms þmbÞ2Þ where ~BLR is the ratio be-

tween the matrix element h �Bsj�s�5b�s�5bj �Bsi and its value
in factorization. When needed, we will use � ¼ 1 in our
numerical results.

Using the central value from lattice calculation [27]

fBs

ffiffiffiffiffiffiffiffi
BBs

p ¼ 270 MeV, we obtain

�s ¼ 1þ 6:8� 104
�
mZ

mZ0

�
2 �

�
a2sb þ b2sb þ ��3=23

Z0

� 1

2
asbbsbð2�� 3Þ þ 2

3
ð��3=23

Z0 � ��30=23
Z0 Þ

� 1

4
asbbsbð1� 6�Þ

�
: (16)

To make sure that there are solutions for the required
value of assl determined from D0 data, we take a case with

bsb ¼ 0 for illustration. In this case we have

R ¼ 6:8� 104
�
mZ

mZ0

�
2jasbj2; �NP ¼ 2 argðasbÞ: (17)

As we have discussed earlier, within the one � allowed
region for j�sj it is not possible to obtain the D0 central
value for assl. To illustrate the range of assl that can be

obtained with this model, we consider a few specific values
of � ¼ sin�s=j�sj and restrict j�sj to be within its one �
allowed region.
A solution with an asymmetry within one � of the D0

result requires � to be less than �1:4. For illustration we
take � ¼ �1:5 [corresponding to assl in the range of

ð�0:78	�6:0Þ � 10�3]. With � ¼ �1:5, sin�NP is re-
stricted to be in the range �0:39	�0:59 and the corre-
sponding range for R is 1:37	 0:91, as can be seen in
Fig. 1. If the large asymmetry observed by D0 is confirmed,
the new physics parameters R and sin�NP need to be in the
above ranges. However, if it turns out that the asymmetry is
smaller, one needs to use a smaller �, in which case
solutions are much easier to obtain. We will concentrate
on the case with � ¼ �1:5. Applying the above ranges of
parameters to Eq. (17), we then have

argðasbÞ is in the range:

�



2
þ 0:19	 


2
þ 0:31

�
;

mZ

m0
Z

jasbj is in the range: ð0:0036	 0:0044Þ:
(18)

This range is comparable to other constrains on FCNC
from nonuniversal Z0 models [23], and, in particular, ad-
mits solutions with small jasbj, say of Oð10�2Þ. We note
that Z0 couplings to b�s quarks have very weak constraints
from the decays Bs ! �þ�� and Bd ! Klþl� which are
much lower than the values used above. In this case the Z0
mass can be in the several hundreds of GeV, a region that
can be studied at the LHC. We note that models with
natural suppression of flavor changing couplings exist in
the literature [25].
The case with asb ¼ 0 is the same as the case discussed

above, but with asb replaced by bsb. If both asb and bsb are
nonzero, the analysis is more complicated. For example,
for the special case with asb ¼ bsb the contribution from Z0
exchange to R is reduced by a factor of 0.6. This translates
into the coupling, asb ¼ bsb, being enhanced by a factor
1.3 and the phase range being the same as in the bsb ¼ 0
case.

B. SUSY models with R-parity violation

We now discuss an example which can modify �12
s , an

R-parity violating (RPV) interaction in SUSY models.
However, we find that existing constraints [26] will limit
the effect to levels below what is required to explain the
D0 data.
There are three types of R-parity violating terms [28]:

�ijk=2L
i
LL

j
LE

ck
R , �0

ijkL
i
LQ

j
LD

ck
R , and �00

ijk=2U
ci
RD

cj
R D

ck
R . Here

i, j, and k are the generation indices: LL, QL, ER, DR, and
UR are the left-handed lepton, quark, right-handed lepton,
down-quark, and up-quark fields, respectively. c c indi-
cates the charge conjugated field of c The contributions

1We thank C. Bauer and N. Dunn for bringing these new
constraints to our attention.
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of these interactions to ��12
s have been studied in detail

[11]. It is found that these interactions can induce a
nonzero M12

s at tree level. There are also couplings that
can induce a nonzero �12

s at one loop level without tree
level contributions to M12

s .
The contributions to zs can be grouped into several

categories according to particles exchanged [11]. For �0
couplings,these contributions are zsðSM� RPVÞ from in-
terference between SM and R-parity violating interactions,
zsðRPV� RPV; �Þ from exchanges of neutrinos and
down-type squarks, zsðRPV� RPV; lÞ from exchanges of
charged leptons and up-type squarks, zsðRPV� RPV; uÞ
from exchanges of light up-type quarks and charged slep-
tons, and zsðRPV� RPV; dÞ from exchanges of light
down-type quarks and sneutrinos. For �00 couplings, the
contributions are zsðSM� RPVÞ from interference be-
tween SM and R-parity violating interactions, zsðRPV�
RPV; uÞ from exchanges of up-type light quarks and down-
type squarks, and zsðRPV� RPV; dÞ from exchanges of
down-type light quarks and up-type squarks.

Although the couplings involved do not contribute to
Bs � �Bs mixing at tree level, they contribute to various B
decays, such as b ! s� and B ! MM (where M is a light
pseudoscalar meson). After applying these constraints, the
most likely large contributions are given by

zsðSM� RPVÞ ¼ �13ð�0
i22�

0�
i23 þ �0

i22�
0�
i13Þ

ð100 GeVÞ2
m2

~eiL

;

zsðRPV� RPV; dÞ ¼ �233� 28� �0
ijj0�

0�
i23�

0
i032�

0�
i0jj0

� ð100 GeVÞ4
m2

~�i
L

m2

~�i0
L

;

zsðSM� RPVÞ ¼ �2:9�00
221�

00�
231

ð100 GeVÞ2
m2

~d1L

: (19)

The constraints on these couplings that arise from B
decays, assuming sparticles with mass 100 GeV, are [26],
j�0

i32�
0�
i22j 	 j�0

i23�
0�
i22j< 2:3� 10�3, j�0

i13�
0�
i22j< 2:48�

10�3, and j�00
221�

00�
231j< 10�2. These numbers constrain

the three contributions in Eq. (19) to be less than 0.06,
0.03, and 0.03, respectively. All of them are smaller by
factors of 3–5 than the zs 	 0:16 required to explain the D0
asymmetry. We cannot rule out the possibility that all these
contributions (plus the SM) add up constructively to reach
the value required by D0 data, but at this stage it is fair to
conclude that this is not a favored explanation.

IV. TIME DEPENDENT CP VIOLATION
WITH A NON-ZERO ��

Finally, we comment on the CP asymmetry ATCP which
can be measured by studying the time dependent B !
lþ�X and �B ! l� �� �X decay rate difference,

ATCP ¼ 2e��s=2t
Af cosð�MstÞ þ Sf sinð�MstÞ
1þ e��st � A��

f ð1� e��stÞ ; (20)

where f is not a CP eigenstate. The notation follows
Ref. [24],

Af ¼ jAðfÞj2 � j �Að �fÞj2
jAðfÞj2 þ j �Að �fÞj2 ;

Sf ¼ �2
ImððqBs

=pBs
Þ �AðfÞA�ðfÞÞ

jAðfÞj2 þ j �Að �fÞj2 ;

A��
f ¼ 2

ReððqBs
=pBs

Þ �AðfÞA�ðfÞÞ
jAðfÞj2 þ j �Að �fÞj2 ;

jAfj2 þ jSfj2 þ jA��
f j2 ¼ 1:

(21)

In this equation, AðfÞ and �Að �fÞ are time dependent decay
amplitudes for Bs and �Bs decay into states f and �f in terms
of the Bs mixing parameters

qBs

pBs

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M12�

s � i�12�
s =2

M12
s � i�12

s =2

s

: (22)

Assuming that CP violation in A and �A is small, jAj ¼
j �Aj, one obtains

ATCP ¼ 2e��st=2
sin�s sinð�MstÞ

1þ e��st � cos�sð1� e��stÞ : (23)

If ��q ¼ 0, which is a very good approximation for Bd

decays, it is not possible to study the quantity A��
f in

totality. The time dependence is a simple sine function of
time and one cannot check the �� effect. Therefore this
CP violating observable is special to the Bs � �Bs system
because ��s is not zero. It offers a possibility to study the
exponential factor in the time dependence. In the SM the
phase �s is small [2], 0:0041� 0:0014, resulting in a very
small ATCP. If the D0 result is confirmed however, a large
phase is allowed as we saw earlier and a large ATCP is
possible. In Fig. 3, we show aTCP ¼ ATCPð��sÞ � ATCPð0Þ
as a function of t. We have chosen the value sin�s ¼ �0:5
with the phase in the third quadrant and the central value
�s ¼ 0:096 for illustration. We can see that at the few
percent level, there are differences with respect to the

0.0 0.5 1.0 1.5 2.0
0.04

0.03

0.02

0.01

0.00
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0.03

t ps

a T
C

P

FIG. 3 (color online). aTCP vs t (ps) with sin�s ¼ �0:5 and
cos�s < 0.
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��s ¼ 0 case, and such differences may be tested at the
LHCb or at a B factory, such as BELLE II with sufficient
high energy to produce Bs

�Bs pairs.

V. SUMMARY

The dimuon asymmetry reported by D0 is much larger
than the SM prediction although further experimental stud-
ies are needed to confirm this result. D0 � �D0 mixing may
contaminate the final results and it is therefore important to
carry out a detailed study with careful selection criteria for
the dimuon events. If the D0 result is confirmed, it repre-
sents clear evidence for new physics beyond the SM.

If new physics only affects M12
s , we can get an asym-

metry within one � of the D0 value, but it is not possible to
reach the central value. Modification of �12

s by new physics
may then play an important role. We studied the conse-
quences of the D0 dimuon asymmetry on a Z0 model with
tree level FCNC and in a SUSY model with R-parity

violating interactions. We find that the exchange of Z0
can significantly modify M12

s and bring the theoretical
prediction to within one � of the D0 allowed region. We
showed that there are R-parity violating terms which can
modify �12

s but that these modifications are probably too
small to account for the observed D0 asymmetry. We also
showed that the D0 result implies a large effect on time
dependent CP violation in Bs � �Bs mixing resulting in a
detectable nonzero ��s effect at the LHCb.
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