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DESY 06-033Constraint on Right-Handed Squark Mixingsfrom Bs � �Bs Mass Di�ereneMotoi Endo1;2 and Satoshi Mishima31Deutshes Elektronen Synhrotron DESY, Notkestrasse 85, 22607 Hamburg, Germany2Institute for Cosmi Ray Researh, University of Tokyo, Chiba 277-8582, Japan3Shool of Natural Sienes, Institute for Advaned Study, Prineton, NJ 08540, U.S.A.AbstratWe point out that the right-handed squark mixings an sizably enhane SUSY on-tributions to �Ms by taking into aount renormalization group e�ets via the CKMmatrix. The reent result of �Ms from the D� experiment at the Tevatron thus impliesa strong onstraint on the right-handed mixings.



E�ets of the underlying physis at high energy sale are imprinted not only in avorstrutures of the matters in the standard model (SM), but also in those of their superpartnersby extending the SM to inlude supersymmetry (SUSY). They evolve from the uto� saleto a low energy via the renormalization running, and are reognized through signals of theavor-hanging neutral urrents (FCNCs).The ~b� ~s mixings of the right-handed squarks have attrated a lot of interests [1℄ in thelight of the disovery of the neutrino osillations with large mixing angles [2℄, and the suessof the supersymmetri grand uni�ation. The mixings are parameterized by the avor-hanging omponents between ~bR � ~sR and ~bL � ~sR in the mass matries, whih are alledthe RR and RL mixings, respetively. At the weak sale, they ontribute to b! s transitionproesses. Some golden modes have been already measured preisely in experiments, andtheir results are ompared to the SM preditions. Partiularly, the measured branhing ratioof the inlusive Bd ! Xs deay is known to agree well with the SM value [3, 4℄. Thus itprovides one of the severest onstraints on the down-type squark mixings, inluding the RRand RL mixings. Even with the onstraint from Br(b! s), there is still left large possibilityto detet sizable e�ets on some b ! s proesses, espeially, from the right-handed squarkmixings.Reently, the D� ollaboration have reported the updated result of the mass di�ereneof the Bs mesons [5℄: 17 ps�1 < �Ms < 21 ps�1 90% C:L: ; (1)whih is the �rst result with a diret two-side bound. Although the data inludes largeunertainties, this result is in agreement with the SM preditions, whih 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 enhane the SUSY ontributions to �Ms sizably [8℄. If the LL mixingis suppressed suÆiently, the urrent data of �Ms remains insensitive to the right-handedmixings [9℄.Among the squark mixings, the LL mixing at the weak sale generally reeives a or-retion of at least O(0:01). This is beause the SUSY breaking e�ets are usually mediated1



to the visible setor at the high energy sale. Atually in general supersymmetri SM atthe weak sale, we might hoose the down-type LL squark mixing to vanish. However, inrealisti models, the mixing will be indued beause the CKM matrix a�ets the left-handedmass matrix of the down-type squarks during the renormalization group evolutions. In alass of supergravity mediations, the LL mixing generally gets a orretion 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 disuss the mixings in the right-handed setor.We will show that even without any imprinted LL mixing, the RR squark mixing an a�et�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, whih orresponds to the SUSY ontributions, the mass di�erene between Bsand �Bs beomes �Ms = �MSMs j1 +Rj. Although the estimation of the SM value ontainslarge hadroni unertainties, the ratio �Ms=�Md an be predited 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 deay onstants andof the bag parameters [10℄. In above expression, we assume �MEXPd = �MSMd beause 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 SUSYontributions are favored to be in the region,0:55 < j1 +Rj < 1:37 ; (4)1Although the ratio �MSMd =�MEXPd may inlude 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 inluding a 40 % unertainty from the SM estimations, whih is mainly due to the ratioof the CKM matrix elements Vtd=Vts [6, 7℄.The SM ontribution, MSM12 , is obtained by exhanging the W boson and top quark.On the other hand, the SUSY ontribution MSUSY12 is by exhanging 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 theexpliit forms whih are relevant for the right-handed mixings). In ontrast, it is known thatthe hargino ontributions are muh suppressed ompared to the gluino ones [8℄. Thus weneglet 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 seond and third generations. The Bs � �Bs transition is then induedby pairs of the mixings: the RR(LL) and RL(LR) mixings, respetively. It is importantto mention that the ratio R is enhaned espeially by a pair of the LL and RR mixings,(m2~dLL)23 � (m2~dRR)23 [8℄.The LL squark mixing reeives the radiative orretions via the CKM matrix during therenormalization group evolution. The running from the uto� sale MX to the weak saleMW gives a mixing suh 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 typial values of diagonal omponentsof the salar and squark mass matries, and a0 is a trilinear oupling, At � a0Yt. We stressthat the mixing arises even when the mass matrix is diagonal at the uto� sale. Atually, insupergravity mediations withMX at the Plank sale or the GUT saleMG ' 2�1016 GeV,the renormalization group evolution indues (ÆdLL)23 ' 0:04. With this LL mixing, the RRsquark mixing an ontribute e�etively 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 matries3



at the uto� sale, and it is hard to suppress the LL mixing at the weak sale unless themixing is tuned at the uto� sale. 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 indued 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 fat,the SUSY ontributions are enhaned by large tan �, and sign(�H ) determines signs of thehargino and gluino ontributions ompared to the SM and harged-Higgs ones. As well asthe evaluations of �Ms, we evaluate the SUSY ontributions inluding 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)whih is rather onservative after taking into aount both the experimental and theoretialunertainties.We alulated the SUSY ontributions to �Ms as well as Br(b ! s). In Fig. 1, wedisplayed the regions whih is favored by the urrent result of �Ms, and that is exludedby 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 typial mass of the squarks. Here we assume all relevant softparameters inluding �H are msoft = 500 GeV, and tan� = 10. In order to larify the e�etsof 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 orretions in2If the LL mixing of >�O(0:01) is imprinted at the uto� sale, MSUSY12 will be enhaned too muh due tothe interferene with the RR mixing. The analysis, however, depends on the struture of the mass matriesespeially of the left-handed setor. In ontrast, the LL mixing of O(0:01) at the weak sale 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 deay amplitude of b! sll, whih is sensitive to the sign of C7,and has been already limited by the experiment [14℄. The bound is always satis�ed here beause 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 expliit forms of the double-mass insertions.4



the LL mixing an enhane the SUSY ontributions for �Ms extremely to the extent of themagnitude whih is implied by the urrent data (Fig. 1(b)), ompared to the result withoutthe e�ets (Fig. 1(a)).We also onsidered other two sets of the mass spetrum 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 oeÆient of the gluon-dipole operator, O8G. Sine the relevantontribution to Br(b! s) omes from the photo-dipole operator, O7, the mass pattern isfavored to enhane the SUSY ontributions for suh FCNCs with satisfying the bound fromBr(b ! s), namely, enhane C8G ompared to C7 [13℄. We estimated numerially �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, respetively.We �nd that although both the ontributions are suppressed by the heavy squarks, the �Msregion remains inside that exluded by Br(b! s).The seond mass spetrum is m~qL � m~qR. Suh a pattern an suppress the SUSYontributions to the eletri 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℄.Espeially it is very strong for the right-handed setor even when we allow large hadroniunertainties. In the above disussions, we impliitly assumed aidental anellations 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 deouple, the EDMbound an be relaxed to the negligible level. The numerial 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 beause the SUSY ontributionsto Br(b! s) as well as the EDMs an be negleted 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 anellation beomes 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 restrited by Br(b ! s). Instead, when we take tan � = 40, theremaining ontributions after the anellation beome enhaned for Br(b! s), while �Ms5



is insensitive to tan�. We heked that the favored regions by the observables beomenarrower for the RR mixing in both ases.There might be a large mixing in theRL omponent at the uto� sale. As already known,the avor mixings with hirality ipping annot indue large �Ms at the weak sale [8℄. Thisis beause 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 sale an ontribute sizably tothe RR mixing at the weak sale through the renormalization group running [22℄. Thus thesimilar arguments may be appliable for the RL mixing at the uto� sale as those of the RRase, though the detailed disussion depends on the parameters. Consequently, we onludethat the SUSY ontributions to �Ms is sensitive to the right-handed squark mixings at theuto� sale in the light of the urrent result of �Ms by onsidering the radiative orretionfor the LL squark mixing.Let us omment on impliations to other b! s transition proesses. The mixing-induedCP asymmetry of b ! q�qs deays has been measured by BaBar and Belle [3℄. Althoughthe results still ontain large theoretial/experimental unertainties, we obtain an importantimpliation from the measurements that all the values tend to shift to the same side from theSM values, whih is determined by b! �s modes. This feature is observed independentlyof the parity of the �nal states. If the displaements are due to SUSY e�ets, the resultsnaturally imply additional CP-violating mixings in the left-handed squark setor [19℄. On theontrary, in order to realize the same feature by the right-handed squark mixings, rather largeSUSY ontributions are required [23℄. We heked that suh mixings indue too large �Msto stay within the urrent data as long as we onsider the renormalization group e�ets. Thismeans that although the SUSY SU(5) GUT + �R model is one of the best andidates whihnaturally indue large SUSY ontributions to b ! q�qs deays [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-indued CP asymmetry of the b ! s deay andBs ! J= �. Sine they are sensitive to the right-handed squark mixings, we an still expetto detet signals of new physis at LHC/super B-fatory. We thus stress that measurementsof �Ms have impats 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 redued very well, and the result is found to be onsistentwith the D� value, thus the SM estimation. Even taking into aount the CDF result, theanalysis in this letter does not hange beause the unertainties in the analysis dominantlyome from the SM estimation. Although the unertainty may be redued by ombining theother measurements of the avor hanging proesses, suh an analysis is beyond the sopeof this letter and should be studied elsewhere.AknowledgementsThe authors would like to thank Ahmed Ali and Masahiro Yamaguhi for useful disussionsand omments. M.E. would like to thank the Japan Soiety for Promotion of Siene for�nanial support. This work was partly supported by the U.S. Department of Energy underGrant No. DE-FG02-90ER40542.
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Figure 1: Regions whih reprodue the urrent experimental value of �Ms for (ÆdLL)23 = 0(a) and (ÆdLL)23 = 0:04 (b), with the unertainties of 20% due to the SM estimations (Red,enlosed by solid lines). The star point orresponds to (ÆdRR)23 = 0. The shadowed regionoutside the dashed line is exluded 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 deoupled.11


