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eton, NJ 08540, U.S.A.Abstra
tWe point out that the right-handed squark mixings 
an sizably enhan
e SUSY 
on-tributions to �Ms by taking into a

ount renormalization group e�e
ts via the CKMmatrix. The re
ent result of �Ms from the D� experiment at the Tevatron thus impliesa strong 
onstraint on the right-handed mixings.



E�e
ts of the underlying physi
s at high energy s
ale are imprinted not only in 
avorstru
tures of the matters in the standard model (SM), but also in those of their superpartnersby extending the SM to in
lude supersymmetry (SUSY). They evolve from the 
uto� s
aleto a low energy via the renormalization running, and are re
ognized through signals of the
avor-
hanging neutral 
urrents (FCNCs).The ~b� ~s mixings of the right-handed squarks have attra
ted a lot of interests [1℄ in thelight of the dis
overy of the neutrino os
illations with large mixing angles [2℄, and the su

essof the supersymmetri
 grand uni�
ation. The mixings are parameterized by the 
avor-
hanging 
omponents between ~bR � ~sR and ~bL � ~sR in the mass matri
es, whi
h are 
alledthe RR and RL mixings, respe
tively. At the weak s
ale, they 
ontribute to b! s transitionpro
esses. Some golden modes have been already measured pre
isely in experiments, andtheir results are 
ompared to the SM predi
tions. Parti
ularly, the measured bran
hing ratioof the in
lusive Bd ! Xs
 de
ay is known to agree well with the SM value [3, 4℄. Thus itprovides one of the severest 
onstraints on the down-type squark mixings, in
luding the RRand RL mixings. Even with the 
onstraint from Br(b! s
), there is still left large possibilityto dete
t sizable e�e
ts on some b ! s pro
esses, espe
ially, from the right-handed squarkmixings.Re
ently, the D� 
ollaboration have reported the updated result of the mass di�eren
eof the Bs mesons [5℄: 17 ps�1 < �Ms < 21 ps�1 90% C:L: ; (1)whi
h is the �rst result with a dire
t two-side bound. Although the data in
ludes largeun
ertainties, this result is in agreement with the SM predi
tions, whi
h are estimatedas 21:3 � 2:6 ps�1 by the UT�t group [6℄ and 20:9+4:5�4:2 ps�1 by the CKM�tter group [7℄.In the supersymmetri
 SM, it is known that a 
ombination of the LL and RR mixings,(m2~dLL)23(m2~dRR)23, 
an enhan
e the SUSY 
ontributions to �Ms sizably [8℄. If the LL mixingis suppressed suÆ
iently, the 
urrent data of �Ms remains insensitive to the right-handedmixings [9℄.Among the squark mixings, the LL mixing at the weak s
ale generally re
eives a 
or-re
tion of at least O(0:01). This is be
ause the SUSY breaking e�e
ts are usually mediated1



to the visible se
tor at the high energy s
ale. A
tually in general supersymmetri
 SM atthe weak s
ale, we might 
hoose the down-type LL squark mixing to vanish. However, inrealisti
 models, the mixing will be indu
ed be
ause the CKM matrix a�e
ts the left-handedmass matrix of the down-type squarks during the renormalization group evolutions. In a
lass of supergravity mediations, the LL mixing generally gets a 
orre
tion of (ÆdLL)23 � �2,where � � 0:2 is the Wolfenstein parameter. In this letter, we want to emphasize that thistiny mixing is signi�
ant for �Ms when we dis
uss the mixings in the right-handed se
tor.We will show that even without any imprinted LL mixing, the RR squark mixing 
an a�e
t�Ms to the level of the SM value satisfying with the bound from Br(b! s
).Let us �rst review the SUSY 
ontributions to �Ms. The Bs� �Bs transition is representedby the transition matrix element,M12 = MSM12 +MSUSY12 � MSM12 (1 +R): (2)In terms of R, whi
h 
orresponds to the SUSY 
ontributions, the mass di�eren
e between Bsand �Bs be
omes �Ms = �MSMs j1 +Rj. Although the estimation of the SM value 
ontainslarge hadroni
 un
ertainties, the ratio �Ms=�Md 
an be predi
ted more 
leanly. Then R isgiven by j1 +Rj = �MSMd�MSMs �MEXPs�MEXPd = MBdMBs 1�2 ����VtdVts ����2 �MEXPs�MEXPd ; (3)where MBd;s are masses of the mesons, MBd = 5:279 GeV and MBs = 5:375 GeV, and� � fBs=fBdqBBs=BBd = 1:24 � 0:04 � 0:06 is de�ned by ratios of the de
ay 
onstants andof the bag parameters [10℄. In above expression, we assume �MEXPd = �MSMd be
ause theSUSY 
ontributions to b! d transitions is tightly limited by the experimental results [7℄ 1.From the experimental result in Eq. (1) and �MEXPd = 0:507 � 0:004 ps�1 [3℄, the SUSY
ontributions are favored to be in the region,0:55 < j1 +Rj < 1:37 ; (4)1Although the ratio �MSMd =�MEXPd may in
lude SUSY 
ontributions at � 10% [7℄, the following dis-
ussions remain valid. Similarly, even when we use �Ms itself instead of �Ms=�Md, the results are almostsame. 2



with in
luding a 40 % un
ertainty from the SM estimations, whi
h is mainly due to the ratioof the CKM matrix elements Vtd=Vts [6, 7℄.The SM 
ontribution, MSM12 , is obtained by ex
hanging the W boson and top quark.On the other hand, the SUSY 
ontribution MSUSY12 is by ex
hanging the gluino and down-type squarks. In the following analysis, we evaluate the SUSY 
ontributions by the fullexpressions, namely, without the mass-insertion approximation [11, 12℄ (see Ref. [13℄ for theexpli
it forms whi
h are relevant for the right-handed mixings). In 
ontrast, it is known thatthe 
hargino 
ontributions are mu
h suppressed 
ompared to the gluino ones [8℄. Thus wenegle
t them in the following.The 
avor violations are 
aused by the intermediating squarks in the diagrams. The massmatrix of the down-type squarks 
ontains the 
avor-
hanging 
omponents with/without 
hi-rality 
ipping, and the terms relevant for the b! s transitions are (m2~dRR(LL))23 at the mixingbetween ~s�R(L) and ~bR(L), and (m2~dRL(LR))23 between ~s�R(L) and ~bL(R), where L;R 
orrespond tothe 
hirality of the squarks, and the numbers outside the parenthesis means the mixing 
om-ponents between the se
ond and third generations. The Bs � �Bs transition is then indu
edby pairs of the mixings: the RR(LL) and RL(LR) mixings, respe
tively. It is importantto mention that the ratio R is enhan
ed espe
ially by a pair of the LL and RR mixings,(m2~dLL)23 � (m2~dRR)23 [8℄.The LL squark mixing re
eives the radiative 
orre
tions via the CKM matrix during therenormalization group evolution. The running from the 
uto� s
ale MX to the weak s
aleMW gives a mixing su
h as(ÆdLL)23 � (m2~dLL)23m2~q ' � 18�2Y 2t Vts 3m20 + a20m20 ln MXMW ; (5)where Yt is the top Yukawa 
oupling, m0 � m~q are typi
al values of diagonal 
omponentsof the s
alar and squark mass matri
es, and a0 is a trilinear 
oupling, At � a0Yt. We stressthat the mixing arises even when the mass matrix is diagonal at the 
uto� s
ale. A
tually, insupergravity mediations withMX at the Plan
k s
ale or the GUT s
aleMG ' 2�1016 GeV,the renormalization group evolution indu
es (ÆdLL)23 ' 0:04. With this LL mixing, the RRsquark mixing 
an 
ontribute e�e
tively to the ratio R. It should be stressed that the LLmixing of O(0:01) is rather general independent of the details of the squark mass matri
es3



at the 
uto� s
ale, and it is hard to suppress the LL mixing at the weak s
ale unless themixing is tuned at the 
uto� s
ale. In the following analysis, we will use (ÆdLL)23 ' 0:04 as arepresentative value 2.Let us 
onsider the bound of the squark mixings from Br(b ! s
). The SUSY 
ontri-butions to this mode are indu
ed through the gluino, 
hargino and 
harged-Higgs loops 3.They signi�
antly depend on tan � and a sign of the higgsino mass parameter, �H . In fa
t,the SUSY 
ontributions are enhan
ed by large tan �, and sign(�H ) determines signs of the
hargino and gluino 
ontributions 
ompared to the SM and 
harged-Higgs ones. As well asthe evaluations of �Ms, we evaluate the SUSY 
ontributions in
luding the gluino ones bythe full expressions [16, 17, 18℄ 4. In the following analysis, we take the bound,2:0 � 10�4 < Br(b! s
) < 4:5� 10�4; (6)whi
h is rather 
onservative after taking into a

ount both the experimental and theoreti
alun
ertainties.We 
al
ulated the SUSY 
ontributions to �Ms as well as Br(b ! s
). In Fig. 1, wedisplayed the regions whi
h is favored by the 
urrent result of �Ms, and that is ex
ludedby Br(b ! s
) for a range of the real and imaginary parts of the RR mixing, (ÆdRR)23 �(m2~dRR)23=m2~q, where m2~q is a typi
al mass of the squarks. Here we assume all relevant softparameters in
luding �H are msoft = 500 GeV, and tan� = 10. In order to 
larify the e�e
tsof the renormalization group evolutions, we show the result of (ÆdLL)23 = 0 in Fig. 1(a), andthat of (ÆdLL)23 = 0:04 in Fig. 1(b). Consequently, we �nd that the radiative 
orre
tions in2If the LL mixing of >�O(0:01) is imprinted at the 
uto� s
ale, MSUSY12 will be enhan
ed too mu
h due tothe interferen
e with the RR mixing. The analysis, however, depends on the stru
ture of the mass matri
esespe
ially of the left-handed se
tor. In 
ontrast, the LL mixing of O(0:01) at the weak s
ale is independentof the details of the models, and the following 
onstraint on the right-handed squark mixing is rather generi
.3Those diagrams also 
ontribute to the de
ay amplitude of b! sll, whi
h is sensitive to the sign of C7
,and has been already limited by the experiment [14℄. The bound is always satis�ed here be
ause the LLmixing is small enough, (ÆdLL)23 = 0:04 [15℄.4The single mass-insertion approximation of the gluino-mediated diagrams is not 
onsistent with thefull estimations for the dipole operators, C7
 and C8G, when we study the LL and/or RR squark mixings.Rather the dominant 
ontributions are provided by so-
alled the double mass-insertion diagrams even forsmall tan�, like tan � = 5. See Ref. [19℄ for the expli
it forms of the double-mass insertions.4



the LL mixing 
an enhan
e the SUSY 
ontributions for �Ms extremely to the extent of themagnitude whi
h is implied by the 
urrent data (Fig. 1(b)), 
ompared to the result withoutthe e�e
ts (Fig. 1(a)).We also 
onsidered other two sets of the mass spe
trum of the gluino and squarks. The�rst pattern is m~g � m~q. This type is interesting for the FCNCs whose amplitude isdominated by the Wilson 
oeÆ
ient of the gluon-dipole operator, O8G. Sin
e the relevant
ontribution to Br(b! s
) 
omes from the photo-dipole operator, O7
, the mass pattern isfavored to enhan
e the SUSY 
ontributions for su
h FCNCs with satisfying the bound fromBr(b ! s
), namely, enhan
e C8G 
ompared to C7
 [13℄. We estimated numeri
ally �Msand Br(b ! s
) in this 
ase: m~g � m~q. In Fig. 2, the parameters are set as the same asFig. 1(b), but the gluino and squark masses arem~g = 300 GeV and m~q = 1 TeV, respe
tively.We �nd that although both the 
ontributions are suppressed by the heavy squarks, the �Msregion remains inside that ex
luded by Br(b! s
).The se
ond mass spe
trum is m~qL � m~qR. Su
h a pattern 
an suppress the SUSY
ontributions to the ele
tri
 dipole moments (EDMs). It has been pointed out that the strongbounds are imposed on the CP-violating ~b � ~s mixings from the hadroni
 EDMs [20, 21℄.Espe
ially it is very strong for the right-handed se
tor even when we allow large hadroni
un
ertainties. In the above dis
ussions, we impli
itly assumed a

idental 
an
ellations amongthe additional SUSY 
ontributions for the EDMs. Another way out of the EDMs is tosuppress them by large squark masses. When the left-handed squarks de
ouple, the EDMbound 
an be relaxed to the negligible level. The numeri
al result is in Fig. 3, where theparameters are the same as Fig. 1(b) but m~qL � msoft. We �nd the favored regions by�Ms in the graph, though all the 
onstraints are satis�ed be
ause the SUSY 
ontributionsto Br(b! s
) as well as the EDMs 
an be negle
ted by large m~qL.Even when we take other sets of parameters, the results remain similar. Let us �rst 
ip thesign of �H parameter. Then the 
an
ellation be
omes worse among the SUSY 
ontributionsto Br(b ! s
). In 
ontrast, �Ms is insensitive to the sign(�H). Then the favored regionfrom �Ms starts to be restri
ted by Br(b ! s
). Instead, when we take tan � = 40, theremaining 
ontributions after the 
an
ellation be
ome enhan
ed for Br(b! s
), while �Ms5



is insensitive to tan�. We 
he
ked that the favored regions by the observables be
omenarrower for the RR mixing in both 
ases.There might be a large mixing in theRL 
omponent at the 
uto� s
ale. As already known,the 
avor mixings with 
hirality 
ipping 
annot indu
e large �Ms at the weak s
ale [8℄. Thisis be
ause the mixings are 
onstrained by Br(b ! s
) to the extent of the negligible levelfor �Ms. On the 
ontrary, the RL mixing at the high energy s
ale 
an 
ontribute sizably tothe RR mixing at the weak s
ale through the renormalization group running [22℄. Thus thesimilar arguments may be appli
able for the RL mixing at the 
uto� s
ale as those of the RR
ase, though the detailed dis
ussion depends on the parameters. Consequently, we 
on
ludethat the SUSY 
ontributions to �Ms is sensitive to the right-handed squark mixings at the
uto� s
ale in the light of the 
urrent result of �Ms by 
onsidering the radiative 
orre
tionfor the LL squark mixing.Let us 
omment on impli
ations to other b! s transition pro
esses. The mixing-indu
edCP asymmetry of b ! q�qs de
ays has been measured by BaBar and Belle [3℄. Althoughthe results still 
ontain large theoreti
al/experimental un
ertainties, we obtain an importantimpli
ation from the measurements that all the values tend to shift to the same side from theSM values, whi
h is determined by b! 
�
s modes. This feature is observed independentlyof the parity of the �nal states. If the displa
ements are due to SUSY e�e
ts, the resultsnaturally imply additional CP-violating mixings in the left-handed squark se
tor [19℄. On the
ontrary, in order to realize the same feature by the right-handed squark mixings, rather largeSUSY 
ontributions are required [23℄. We 
he
ked that su
h mixings indu
e too large �Msto stay within the 
urrent data as long as we 
onsider the renormalization group e�e
ts. Thismeans that although the SUSY SU(5) GUT + �R model is one of the best 
andidates whi
hnaturally indu
e large SUSY 
ontributions to b ! q�qs de
ays [1℄, the model is disfavoredin order to explain the 
urrent experimental result of �Ms as well as those modes. Otherinteresting b ! s observables are mixing-indu
ed CP asymmetry of the b ! s
 de
ay andBs ! J= �. Sin
e they are sensitive to the right-handed squark mixings, we 
an still expe
tto dete
t signals of new physi
s at LHC/super B-fa
tory. We thus stress that measurementsof �Ms have impa
ts on the squark-
avor mixings.6



Note Added: shortly after this letter, the CDF 
ollaboration reported the new result of�Ms. The experimental error was redu
ed very well, and the result is found to be 
onsistentwith the D� value, thus the SM estimation. Even taking into a

ount the CDF result, theanalysis in this letter does not 
hange be
ause the un
ertainties in the analysis dominantly
ome from the SM estimation. Although the un
ertainty may be redu
ed by 
ombining theother measurements of the 
avor 
hanging pro
esses, su
h an analysis is beyond the s
opeof this letter and should be studied elsewhere.A
knowledgementsThe authors would like to thank Ahmed Ali and Masahiro Yamagu
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ussionsand 
omments. M.E. would like to thank the Japan So
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ien
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Figure 1: Regions whi
h reprodu
e the 
urrent experimental value of �Ms for (ÆdLL)23 = 0(a) and (ÆdLL)23 = 0:04 (b), with the un
ertainties of 20% due to the SM estimations (Red,en
losed by solid lines). The star point 
orresponds to (ÆdRR)23 = 0. The shadowed regionoutside the dashed line is ex
luded by Br(b! s
). We take m~g = m~q = 500 GeV, �H = 500GeV, and tan � = 10.
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Figure 2: Same as Fig. 1(b), but m~g = 300 GeV and m~q = 1 TeV.

Figure 3: Same as Fig. 1(b), but m~qL de
oupled.11


