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SCALAR FLAVOUR CHANGING NEUTRALCURRENTS IN MFV SUSY AT LARGE tan ��Piotr H. Chankowski and �u
ja SªawianowskaInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived May 16, 2003)We dis
uss the origin and phenomenologi
al 
onsequen
es of the �avourviolating 
ouplings of the neutral Higgs bosons to the down-type quarksgenerated in the minimal supersymmetri
 standard model (MSSM) for largevalues of tan�. We 
on
entrate on the s
enario with minimal �avour andCP violation (MFV) and demonstrate the tight 
orrelation of the B0s� �B0smass di�eren
e with BR(B0s ! �+��) and BR(B0d ! �+��). While the�rst 
orrelation holds also in the 
ase of non-minimal �avour violation, these
ond one is spe
i�
 for the minimal 
ase and 
an potentially serve as atest of the sour
es of �avour violation in supersymmetry.PACS numbers: 11.30.Hv, 12.15.Ji, 12.15.Mm, 12.60.Jv1. Introdu
tionSupersymmetry (SUSY) 
ontinues to be the best motivated extensionof the Standard Model (SM). Dire
t sear
hes of superparti
les, whi
h arepresumably mu
h heavier than initially expe
ted, will be again possible atfuture 
olliders (the LHC and linear ones). At present there is some hopeto dis
over the e�e
ts of new physi
s in rare �avour 
hanging neutral 
ur-rent (FCNC) and CP violating (CPV) pro
esses. Among these, the onesinvolving the b-quark, whi
h are being intensively studied in several experi-ments (Tevatron, Belle, BaBar), play a spe
ial role in the 
ontext of SUSYsear
hes. This is be
ause in the minimal supersymmetri
 extension (MSSM)of the SM the Yukawa 
ouplings of the b-quark to some superpartners of theknown parti
les and/or to the Higgs bosons 
an be rather strong. Thereforesupersymmetri
 
ontributions to the radiative b de
ays 
ould be substantial.An example is the radiative de
ay �B ! Xs
 whose experimentally measured� Presented at the Cra
ow Epiphany Conferen
e on Heavy Flavors, Cra
ow, Poland,January 3�6, 2003 and the Ringberg Workshop on Heavy Flavours, Ringberg Castle,Germany, April 27�May 2, 2003. (4419)



4420 P.H. Chankowski, �. Sªawianowskarate [1℄ agrees very well with the SM predi
tion [2℄ and, 
onsequently, putssome 
onstraints on the MSSM parameter spa
e. These 
onstraints be
omeparti
ularly stringent if the ratio vu=vd � tan� of the va
uum expe
tationvalues of the two Higgs doublets is large, that is when the 
oupling of theright-
hiral b-quark to 
harginos and the top squarks is enhan
ed: agree-ment with the experimental value 
an be then obtained either if the virtual
hargino-stop 
ontribution to the b! s
 amplitude 
an
els against the top-
harged Higgs boson 
ontribution � whi
h requires the more �ne tuning thelighter are these sparti
les � or, more naturally, if 
hargino and/or stops aswell as H+ are su�
iently heavy.SUSY s
enario with large value of tan� has nevertheless some attra
tivefeatures � it 
an explain large mt=mb ratio by the large ratio of the va
uumexpe
tation values rather than by large ratio of the 
orresponding dimension-less Yukawa 
ouplings, it 
an also lead to uni�
ation of the top and bottomYukawa 
ouplings whi
h may be required by the SO(10) GUTs whi
h in turnare very interesting in the 
ontext of the dis
overy of the neutrino masses �and it would be good if it 
ould be tested experimentally even if sparti
lesare rather heavy. Here we show that this is indeed possible: for tan� � 1the rates of the B0s ! �+�� de
ay 
an be signi�
antly bigger than in theSM, even for sparti
le masses in the TeV range, provided the mass s
ale ofthe Higgs boson se
tor (set e.g. by the mass of the CP-odd s
alar A0) is nottoo high 
ompared to the ele
troweak s
ale. In the same regime the B0s� �B0smass di�eren
e �Ms 
an di�er signi�
antly from the value predi
ted by theSM. The 
orrelation of BR(B0s ! �+��) with �Ms is therefore a testablepredi
tion of the large tan � s
enario. Moreover, if the CKM matrix remainsthe dominant sour
e of �avour and CP violation in the MSSM, �Ms andBR(B0s ! �+��) remain strongly 
orrelated with BR(B0d ! �+��) thuspotentially allowing to disentangle possible me
hanisms of �avour violationin supersymmetry. 2. S
alar penguinsIn the most general version of the MSSM 
ouplings of sfermions naturallyviolate �avour: if the mass matri
es of squarks are not diagonal in the samebasis as the quark mass matri
es, the strong 
ouplings quark�squark�gluino
hange the �avour leading to rates of the rare pro
esses that are generi
allyorders of magnitude bigger than the experimental limits or measurements.This imposes some restri
tions on the o�-diagonal entries of the sfermionmass squared matri
es. The restri
tions are usually quanti�ed in terms oflimits on the so-
alled mass insertions [3, 4℄. Most stringent limits applyto mass insertions generating transitions between the �rst two generationsof quarks whereas the ones responsible for transitions between the third
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ular b ! s transitions [5℄) aresubstantially weaker. In general, however, the pattern of supersymmetri
�avour violation 
an be mu
h more 
ompli
ated as the usually quoted limits[3,4,6℄ on mass insertions or their produ
ts do not take into a

ount possible
an
ellations between di�erent mass insertions. Su
h possible 
an
ellations
an be e�e
tively studied only in spe
i�
 models of soft terms [7℄.In view of the 
omplexity of the most general pattern of supersymmet-ri
 �avour violation it appears reasonable to 
ontemplate a more predi
tives
enario, in whi
h the e�e
ts of the mass insertions are negligible and theCabbibo�Kobayashi�Maskawa (CKM) matrix remains the dominant sour
eof �avour and CP violation. In this 
ase the predi
tions for rates of radia-tively indu
ed rare pro
ess di�er from the ones obtained in the SM due toadditional 
ontributions of sparti
les 
ir
ulating in loops; with the notableex
eption of the pro
esses like the already mentioned de
ay �B ! Xs
 thedi�eren
es de
rease with in
reasing value of tan � and usually rapidly vanishwith in
reasing 
hargino and stop masses [4, 9℄.C+bR
sL ~t~t S0(a) + bR

sL~t C+C+ S0(b) + bR
sLC+ ~t S0(
) + bR

sLC+ ~t S0(d) = bR
sL S0(e)Fig. 1. Perturbative 
al
ulation of the �avour violating neutral Higgs boson S0 =H0; h0; A0 
oupling to sL and bR quarks. Other �avour violating 
ouplings of S0are given by similar diagrams.For tan � � 1 there is however a spe
ial 
lass of 
ontributions to theFCNC pro
esses, whi
h do not ne
essarily vanish with in
reasing s
ale ofsupersymmetry breaking. They are due to the �avour 
hanging 
ouplings ofthe neutral Higgs bosons generated at one loop by the 
hargino-stop Higgsboson penguin diagrams: 1PI vertex diagrams and diagrams with �avour
hanging on external quark lines (Fig. 1). For tan� � 1 su
h 
ouplings ofh0 are negligible 
ompared to the ones of H0 and A0 to whi
h the dominant
ontribution 
omes from the diagram shown in Fig. 1(d), and whi
h in the
ase of e.g. the s! b transition are of orderyby2t "YV �tbVts tan� = g32p2 mbMW m2tM2W "YV �tbVts tan2 � ; (1)where "Y � O(1=16�2) is a dimensionless fun
tion of sparti
le masses and,hen
e, does not vanish forMspart !1. Sin
e tan� 
an be as large 50�60 (if



4422 P.H. Chankowski, �. Sªawianowskathe bottom quark Yukawa 
oupling is to remain perturbative up to the GUTs
ale), the �avour violating 
ouplings 
an be signi�
antly enhan
ed. Thus,for tan� >� 30 and not too high a mass s
ale of the Higgs se
tor, ex
hangesof H0 and A0 
an give important 
ontributions to the amplitudes of rarepro
esses involving the b-quarks.The potentially big terms 
ontaining extra powers of tan � (
omparedto the power of mb) appear in all orders of the perturbation 
al
ulus [8℄.Their origin is related to the two Higgs doublet nature of the MSSM andthe ne
essary breaking of the so 
alled Pe

ei�Quinn symmetry [10℄. They
an be understood by using the e�e
tive Lagrangian te
hnique [11�13℄ whi
halso allows to resumm them to all orders [8,13,14℄. To this end 
onsider �rstthe general 
ouplings of the down-type quarks to two Higgs doubletsL = �H(d) �dR � Y d � qL �H�(d) �dR ��uY d � qL +H:
: (2)After the ele
troweak symmetry breaking we de
omposeH0(d) ! vd + 
�H0 � s�h0 + is�A0 + : : : ;H0(d) ! vu + s�H0 + 
�h0 � i
�A0 + : : : ; (3)where vu=vd = tan� and the rotation by the angle � diagonalizes the massmatrix of the neutral Higgs bosons. Inserting (3) into (2) one obtains themass term Lmass for the down-type quarksLmass = � �dR � (vdY d + vu�uY d) � dL �H:
: (4)and their Yukawa 
ouplings LYuk to the neutral Higgs bosons in the form:LYuk = � �dR � �(
�Y d + s��uY d)H0 + (�s�Y d + 
��uY d) h0+i (s�Y d � 
��uY d)A0 + : : :� � dL +H:
: (5)The quark mass matrix is then diagonalized by the unitary rotations dL !DL � dL, �dR ! �dR �DyR:DyR � (vdY d + vu�uY d) �DL = diag ( �md; �ms; �mb) : (6)The physi
al masses �mdI must be distinguished from the eigenvalues mdI ofthe matrix vdY d. Sin
e in general the 
oupling matri
es 
�Y d + s��uY d,�s�Y d + 
��uY d and s�Y d � 
��uY d in (5) are not diagonalized by therotations DL, DR, the quark �avour is not 
onserved in the neutral Higgsboson verti
es.Due to the holomorphi
ity of the superpotential �uY d vanishes at thetree level in the MSSM. It is however easy to see that in the regime
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h sparti
les 
an be integrated out in theSU(2)�U(1) symmetri
 phase (that is, for vu = vd = 0), and in whi
hthe e�e
tive theory below the sparti
le mass s
ale is the two Higgs doubletmodel, �uY d arises from the threshold 
orre
tions represented by the di-agrams shown in Fig. 2. If the CKM matrix is the only sour
e of �avourviolation �uY d has the form(�uY d)JI = ydJ �"0ÆJI + y2t "YV �tJVtI� ; (7)"0 = �2�s3� �m~gH0 ; "Y = � 116�2 At� HY ; (8)where At is the parameter of the left- and right stop mixing, � is the 
harginomass parameter and H0, HY are fun
tions of the mass ratios. "0 arises fromthe �avour 
onserving gluino ex
hange diagram 2(a). (Of 
ourse, in the
ase of non-minimal �avour violation also the diagram 2(a) 
ontributes too�-diagonal entries of �uY d [15�17℄.)
dJR qILgs gs~g ~g~dJR ~qIL�� ydJÆJIH(u)

(a) dJR qJLydJ ytVtI~H(d) ~H(d)~qJL ~tRAtytV �tJH(u)
(b)Fig. 2. Threshold 
orre
tions generating (�uY d)JI in the SU(2)�U(1) symmetrylimit and vanishing ele
troweak gauge 
ouplings.Nonzero 
ouplings �uY d have the following 
onsequen
es.� With (7) one gets from (6)�mdJ � ydJvd + (�uY d)JJvu = mdJ (1 + tan �~"J) ; (9)where ~"d;s � "0 and ~"b � "0 + "Yy2t . The 
onstants ydJ enteringthe expressions for the �avour 
hanging (and also �avour 
onserving)
ouplings of the neutral Higgs bosons to the down-type quarks arerelated to the �measured� quark masses1 throughydJ � mdJvd = gp2 �mdJMW tan �(1 + ~"J tan�) : (10)1 By �measured� we mean here the MS running quark masses at the s
ale of de
ouplingof heavy sparti
les.



4424 P.H. Chankowski, �. Sªawianowska� Rediagonalization (6) of the mass matrix results in the 
hange of theCKM matrix in the W� 
ouplings: V ! V e� = V �DL. This givesV e�JI = V JI ��1 + "0 tan �1 + ~"b tan�� for (JI) = (13); (23); (31); (32) :(11)The remaining entries of the CKM matrix are pra
ti
ally un
hanged.� Rotations DL and DR indu
e the �avour violating 
ouplings of H0(d)of the form Le� = H0(d) �dJR � (tan��uY d)JI � dIL +H:
: (12)As follows from (7) and (10) these 
ouplings are enhan
ed by thefa
tor / tan2 �. Note that both, the denominator in (10) and thetan �-dependent fa
tor in (11) are important for the 
orre
t resum-mation of the potentially big terms / �mdJ tann � from all orders ofperturbation 
al
ulus [13, 14, 18℄. Be
ause for tan � � 1 s� � 0, itfollows from (3) and (12) that only H0 and A0 
ouplings 
an violate�avour signi�
antly.� Threshold 
orre
tion �uY d and the analogous 
orre
tion �dY u to the
ouplings of the up-type quarks modify also the verti
es of the 
hargedHiggs boson whi
h take the form [19, 20℄Le� = gp2MW uJ � V e�JI �muJ (1� "JIL ) 
ot � PL+�mdI (1� "JIR ) tan � PR� dIH+ ; (13)where the 
orre
tions "JIL;R / tan�. Similar 
orre
tions to the 
hargedGoldstone boson G+ vanish in this approa
h [20℄.The naive de
oupling approa
h to the 
al
ulation of the FV H0 and A0
ouplings des
ribed above allows for easy resummation of tan � enhan
edterms to all orders. It has however some limitations. More 
ompli
ated ap-proa
h, whi
h is not limited to the de
oupling 
on�guration MH � Mspartand 
ombines the resummation with the 
omplete 
al
ulation of the one loopdiagrams shown in Fig. 1 has been proposed in [20℄. Its 
omparison withthe simple approa
h des
ribed here shows that the latter is not very a

u-rate. Firstly and most importantly, for split squarks belonging to di�erentgenerations �avour dependen
e of "0 and "Y should be taken into a

ount.Se
ondly, in some situations the approximation based on negle
ting the ele
-troweak 
ouplings g and g0 turns out to be a bad one. Nevertheless, the
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h sket
hed here qualitatively 
aptures the main features of radiative
orre
tions for tan� � 1.Finally, it should be stressed that the generation of FV 
ouplings of H0and A0 is generi
 for SUSY with large tan� [15, 17℄. However, in the 
aseof non-minimal FV the 
orrelation of su
h 
ouplings responsible for b ! s,b! d and s! d transitions 
an be distin
tly di�erent from the one in theminimal FV. 3. Impa
t on �b! �s( �d)l+l� transitionsFor tan � � 1 the most important for B-physi
s phenomenology is thegeneration of the H0 and A0 FV 
ouplings:Le� = S0�bR [XRL℄bs(d) sL(dL) + S0�bL [XLR℄bs(d) sR(dR) ; (14)where S0 = H0 or iA0 and[XRL℄bs(d) = V e��tb V e�ts(d) �mb tan2 �(1 + ~"b tan �)(1 + "0 tan �) � mtMW �2 "Y : (15)The amplitudes [XLR℄bs(d) of the transitions sR(dR)! bL are given by simi-lar expressions but with �mb repla
ed by �ms(d) and are, therefore, suppressed.Despite this suppression, the amplitude of the transition sR ! bL provesimportant for the B0s� �B0s mixing [16, 18, 21℄. Being / tan2 �, the 
ouplings[XRL℄bs(d) are strongly enhan
ed for tan� � 50. For � > 0, �At > 0 (when"Y > 0, "0 > 0) this enhan
ement is partly 
ompensated by the fa
torsin the denominator [14℄. In 
ontrast, in the less plausible from the modelbuilding point of view s
enario with � < 0 the fa
tors in the denominatorfurther in
rease the magnitude of [XRL℄bs(d).The �rst 
onsequen
e of the 
ouplings (15) is a substantial 
ontribution ofthe neutral Higgs boson ex
hanges shown in Fig. 3 to the Wilson 
oe�
ientsCS (H0 ex
hange) and CP (A0 ex
hange) of the operatorsOS = �mb(�bRsL)(�ll) ; OP = �mb(�bRsL)(�l
5l) (16)of the e�e
tive Hamiltonian des
ribing �b! �sll transitions and similar oper-ators of the e�e
tive Hamiltonian for the �b! �dll transitions.The most spe
ta
ular e�e
ts of the neutral Higgs boson ex
hange 
on-tributions to the Wilson 
oe�
ients CS and CP is the dramati
 in
reaseof the rates of the B0s;d ! �+�� and B0s;d ! �+�� de
ays [13, 15℄. The
ontributions of CS and CP to the de
ay amplitudes behave as tan3 �=M2Aand for tan � >� 30 and not too heavy A0 and H0 dominate over the SM
ontributions of the Z0 penguin and W� box. As a result, the bran
hing
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H0,A0bLsR; dR l�l+tan2 � tan�

Fig. 3. Flavour 
hanging neutral Higgs boson 
ouplings 
ontribution to the ampli-tude of the B0s;d ! l+l� de
ays.fra
tions for the experimentally investigated de
ays into muons, for whi
hthe SM predi
tions read (see e.g. [22℄)BR(B0s ! �+��) = 3:8 � 10�9 � FBs238 MeV�2� jVtsj0:04�2 ;BR(B0d ! �+��) = 1:5 � 10�10 � FBd203 MeV�2� jVtdj0:009�2
an be in
reased even by 3�4 orders of magnitude (depending on the magni-tude of "Y / At and the sign of �). This is illustrated in �gure 4 for di�erentvalues of the SUSY parameters.The 
omparison of the 
omplete 
al
ulation of [20℄ with naive resumma-tion [14℄ based on the de
oupling shows that for � > 0 the latter tends tounderestimate the in
rease of BR(B0s;d ! �+��) by a fa
tor of � 1:5 whilefor � < 0 it leads to overestimation by a fa
tor whi
h 
an be as large as 5.Similar 
on
lusions apply also to the rate of the de
ay B0d ! �+��.The only di�eren
e is that for ea
h point of the MSSM parameter spa
ethe CKM matrix element V e�td has to be 
onsistently determined by thestandard unitarity triangle analysis (see e.g. [22℄) taking into a

ount theimpa
t of the FV Higgs 
ouplings on the B0s� �B0s mass di�eren
e (see the nextse
tion). Using the naive s
anning method as in [21℄ one �nds jV e�td j in therange (7�10)� 10�3 with the smaller (bigger) values 
orrelated with smaller(bigger) dire
t 
ontribution of the s
alar penguins to the B0d;s ! �+��amplitudes [16, 20℄.The rate of the de
ay BR(B0s ! �+��) turns out to be a powerful test al-lowing to dis
riminate di�erent me
hanisms of transmission of the supersym-metry breaking su
h as gravity mediation, anomaly mediation (AMSB), gug-ino mediation (~gMSB) or gauge mediation (GMSB). It has been shown [23℄that if B0s ! �+�� is observed in the RunII of the Tevatron, that is ifBR(B0s ! �+��) >� 2� 10�7, the s
enarios AMSB, ~gMSB and GMSB withsmall number of the messenger �elds will be disfavoured.
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Fig. 4. In
rease of the B0s ! �+�� rate as a fun
tion ofMH+ �MA0 for tan� = 50and tan� for MH+ = 200 GeV. The lighter 
hargino mass is 750 GeV, M2=j�j = 1and m~g = 3M2. Solid and dashed (dotted and dash�dotted lines) 
orrespond toM~t1 = 500 GeV and M~t2 = 800 GeV (600 and 700 GeV). � < 0(> 0) for solid anddotted (dashed and dash�dotted) lines. The stop mixing angle (/ At) is +(�)10Æfor � < 0(> 0).In the general MFV MSSM (when the sparti
le mass parameters arenot 
orrelated by some spe
i�
 assumptions and the requirement of radia-tive ele
troweak symmetry breaking ex
ept for keeping masses of squarks ofthe �rst two generations equal) the well measured rate BR( �B ! Xs
) =(3:23 � 0:42) � 10�4 (world average, [2℄) does not 
onstrain2 the possiblein
rease of BR(B0s;d ! �+��). The 
ontributions of the neutral Higgs bo-son ex
hanges to the amplitude of the de
ay B ! K�+�� 
an be non-negligible. However, in view of the un
ertainties related to the theoreti
al
al
ulations of rates of ex
lusive pro
esses it is not 
lear whether the ex-perimental result BR(B ! Kl+l�) = (7:6 � 1:8) � 10�7 (l = �; e) [24℄ 
anbe used to put interesting 
onstrain on the strength of the FV H0 and A0
ouplings [25℄. More promising in this respe
t 
an be the in
lusive modeB ! Xsl+l� or the ratio BR(B ! Xs�+��)=BR(B ! Xse+e�) (s
alarpenguin 
ontributions to its denominator are negligible) [26℄ but the exper-2 In 
omputing this rate we have also in
luded the 
ontribution/ tan3 �(mt=MW )2( �mb=MA)2generated by the 
ouplings (15) �bRsLH0(A0) [31℄.
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ertainty (BR(B ! Xsl+l�) = (6 � 2) � 10�6 for the dileptoninvariant mass > 0:2 GeV [27℄) is probably still too large. Thus, at present ofall j�Bj = 1 pro
esses the most stringent limits on the Wilson 
oe�
ientsCS and CP and, hen
e, on the 
ouplings (15) 
ome from the upper limitBR(B0s ! �+��) < 2:1� 10�6 [28℄ set by the CDF [25℄.4. Impa
t on �B = 2 transitionsAs has been noted in [21℄ another important 
onstraint on the magni-tude of the FV 
ouplings of neutral Higgs bosons 
omes from the j�Bj = 2pro
ess � the B0s� �B0s mixing. The e�e
tive Hamiltonian des
ribing the mix-ing of neutral B mesons 
onsists of eight operators [22℄. In the SM as wellas in the MSSM for tan � <� 30 only the Wilson 
oe�
ient of the operatorOVLL = (�bL
�qL)(�qL
�bL) where q = s or d is important. For large tan�potentially important be
ome also the diagrams shown in Fig. 5, whose 
on-tribution to the Wilson 
oe�
ients of the operators OSLL = (�bRqL)(�qRbL),OSRR = (�bLqR)(�qLbR) and OSLR = (�bRqL)(�qLbR) is proportional to tan4 �[12℄. However, as observed �rst in [13℄, CSLL whi
h is proportional to �m2bis suppressed by the fa
tor 1=M2A0 � 1=M2h0 � 0 (the same suppression ispresent in CSRR whi
h is anyway negligible being proportional to �m2s or �m2d).In turn CSLR is proportional to 1=M2A0 + 1=M2h0 but it is suppressed by onelight quark mass: CSLR / �mb �mq, where q = s; d. Despite this, it turns outit 
an be very important for the B0s� �B0s mass di�eren
e [21℄; numeri
allyCSLR(mt) � �4:5 ��200 GeVM2A0 �2�tan �50 �4 �16�2"Y�2 : (17)This should be 
ompared with the SM value of the CVLL 
oe�
ient:CVLL(mt) � 9:5. The importan
e of CSLR is further in
reased by the QCD
orre
tions: CSLR(mb) � 2:2CSLR(mt) whereas CVLL(mb) � 0:84CVLL(mt)[29℄.
H0,A0(dL)I (dR)J
(dL)I(dR)J H0,A0(dR)I (dL)J

(dR)I(dL)J H0,A0(dL)I (dR)J
(dR)I(dL)J

Fig. 5. Double penguin diagram 
ontributing to CSLL, CSRR and CSLR Wilson
oe�
ients, respe
tively in the MSSM with large tan�.
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e of �avour violation the B0d� �B0d andB0s� �B0s mass di�eren
es 
an be written as [22℄�MBd / B̂BdF 2Bd ���V e��tb V e�td ���2 jFdj�MBs / B̂BsF 2Bs ���V e��tb V e�ts ���2 jFsj (18)where the fa
tors Fd;s depend on the Wilson 
oe�
ients CVLL, CSLR, et
.evaluated at the low energy s
ale. In the SM as well as in the MSSM fortan � < 20 � 30, when only CVLL Wilson 
oe�
ient is relevant, Fd = Fs[9℄. For tan� >� 30 the value of Fs 
an be signi�
antly modi�ed by the
ontribution of CSLR. An important feature of CSLL is its always negativesign whi
h results in Fs < Fd � F SMs = F SMd . This is illustrated in Fig. 6.For tan� � 50, not too heavy Higgs se
tor and non-negligible stop mixingthe s
alar penguin 
ontribution dominates over the SM and the 
hargedHiggs boson box 
ontributions and signi�
antly de
reases the value of Fs.Sin
e (�Ms)exp > 14=ps (and the fa
tor V e��tb V e�ts is the same as in the SM),supersymmetri
 parameters leading to jFs=F SMs j < 0:52 are ex
luded [21℄(a Bayesian treatment of un
ertainties in (18) gives even stronger boundjFs=F SMs j > 0:71 [30℄). For �xed masses of A0 and H0 this puts strong
onstraint on the FV 
oupling [XRL℄bs (15). If all the FV is ruled by theCKM matrix the 
oupling [XRL℄bd is also 
onstrained be
ause it di�ers from[XRL℄bs only by V e�ts ! V e�td . As will be shown in the next se
tion, this
onstraint eliminates part of the MSSM parameter spa
e whi
h is allowedby the CDF limit BR(B0s ! �+��) < 2� 10�6.

Fig. 6. Fs=F SMs as a fun
tion of MH+ �MA0 for tan� = 50 and tan� for MH+ =200 GeV. Other supersymmetri
 parameters as in Fig. 4.



4430 P.H. Chankowski, �. SªawianowskaHowever, as the Fig. 6 shows, for large mass splitting of the two topsquarks and large their mixing (that is large At) and/or � < 0 (when FV neu-tral Higgs boson 
ouplings are enhan
ed by the denominator in the formula(15) rather than being suppressed) the 
ontribution of the double penguin toCSLR 
an reverse the sign of Fs yielding eventually �Ms 
ompatible with theexisting experimental limit. In this 
ase the magnitude of the FV 
ouplingsis 
onstrained only by the non-observation of the de
ay B0s ! �+��.5. Correlation of BR(B0s;d ! �+��) with �MsSin
e for tan � >� 30 both, BR(B0s ! �+��) and �Ms re
eive important
ontributions depending on the FV 
oupling [XRL℄bs, these two observablesmust be strongly 
orrelated in this regime. This 
orrelation is 
learly seenin Fig. 7(a) where we plot BR(B0s;d ! �+��) versus �Ms=(�Ms)SM fortan � = 50 andMA =MH = 300 GeV and a s
an over the MSSM parameterspa
e 
onstrained by the requirement Mspart > 500 GeV. Several 
ommentsshould be made here. First of all, the two distin
t bands of points 
orre-spond to Fs > 0 (the lower one) and Fs < 0 (the upper one). The upperband 
onsists entirely of points with � < 0 so that the FV 
oupling (15) isenhan
ed by the denominator3. Most of these points are eliminated by theCDF limit [28℄ (marked in the �gure) but this depends on the value of tan�and MA. In general for tan � >� 30 between the double penguin 
ontribu-tion (�Ms)DP to �Ms and the rate of the B0s ! �+�� de
ay the followingapproximate relation holds [18, 20℄:BR(B0s ! �+��) � 10�6 �tan�50 �2�200 GeVMA �2 ����(�Ms)DP12 ps�1 ���� ;(�Ms)DP � �12ps �tan �50 �4� m4tM2WM2A��� 16�2"Y(1 + ~"b tan�)(1 + "0 tan�)�2 : (19)Therefore for the same (�Ms)DP the rate of B0s ! �+�� is smaller forsmaller tan � and/or heavier A0.For the more likely from the model building point of view points, forwhi
h Fs > 0 the lower limit (�Ms)exp > 14=ps provides at present the3 We have reje
ted all points, for whi
h BR( �B ! Xs
) is outside the experimentallyallowed range. Therefore, for most of these points At < 0 (in our 
onvention At� > 0fa
ilitates the 
an
ellation of the 
hargino-stop and H+-top 
ontributions to the b!s
) amplitude). At < 0 may be di�
ult to obtain in the minimal SUGRA s
enariounless jAtj at the GUT s
ale is not very large, but it is not ex
luded in general.
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Fig. 7. Correlation of BR(B0s ! �+��) (left panel) and BR(B0d ! �+��) (rightpanel) with �Ms in the MFV MSSM for tan� = 50 and MA = 300 GeV.strongest restri
tion on the FV violating 
oupling [XRL℄bs. For tan� < 50the bound Fs=F SM > 0:52(0:7) then implies BR(B0s ! �+��) < 1:2(0:8) �10�6. It has to be stressed, that for tan� >� 30 the relation (19) dependsessentially only on the existen
e of the FV 
oupling [XRL℄bs and not on theparti
ular sour
e of FV in the MSSM. Sin
e for small tan � no signi�
antin
rease of BR(B0s ! �+��) is possible [15℄ measuring its value mu
h abovethe SM predi
tion and violating at the same time the above 
orrelationwould generally disfavour not only the large tan � s
enario but the MSSMin general.In 
ontrast the approximate proportionality of BR(B0d ! �+��) andBR(B0s ! �+��) (as we have mentioned in Se
. 3, the element V e�td 
andepend weakly on the point in the MSSM parameters spa
e and 
an deviateslightly from the value assumed in the SM whereas V e�ts is essentially �xed)and, 
onsequently, also the 
orrelation between BR(B0d ! �+��) and �Msshown in Fig. 7(b) is spe
i�
 for the CKM matrix as the dominant sour
e of�avour violation in the MSSM. In this s
enario the experimental upper limiton BR(B0s ! �+��) generally implies BR(B0d ! �+��) <� 8 � 10�8. Forpoints, for whi
h Fs > 0 the experimental lower bound (�Ms)exp > 14=pssets even the stronger limit: BR(B0d ! �+��) <� 3(2) � 10�8. Breaking ofthe 
orrelation of BR(B0d ! �+��) with BR(B0s ! �+��) and �Ms 
anbe easily realized in the non-minimal �avour violation s
enario, in whi
he.g. the 
hirality preserving mass insertions 
onne
ting the third generationwith the �rst and the se
ond ones are di�erent. It has been 
he
ked [16,17℄
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h a 
ase BR(B0d ! �+��) 
an even ex
eed the present experi-mental upper limit BR(B0d ! �+��) < 2:1 � 10�7 [32℄ respe
ting all other
onstraints on the magnitude of the (13) mass insertions. Therefore, �ndingthe de
ay B0d ! �+�� with the bran
hing fra
tion above 8�10�7 (and morelikely, even above 3(2)�10�7) will be a 
lear sign of non-minimal �avour vi-olation. The same 
on
lusion will of 
ourse follow if both, BR(B0d ! �+��)and BR(B0s ! �+��), are measured and their ratio di�ers signi�
antly fromthe SM value of jV e�td =V e�ts j2. The pre
ise assessment will then depend, of
ourse, on the statisti
al method used to determine how mu
h the MSSMand the SM values of V e�td 
an di�er.Finally, the 
orrelations of BR(B0s;d ! �+��) with �Ms may be alsohelpful in dis
riminating between the minimal and non-minimal �avour vio-lation. The ideas of ref. [33℄ may be useful here but in general the possibilityof more pre
ise test of the minimal �avour violation in this way 
ru
ially de-pends on how mu
h the un
ertainties of the nonperturbative parametersFBs , BBs , et
. 
an be redu
ed in the nearest future.We would like to thank A.J. Buras and J. Rosiek in 
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