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Higgs-mediated leptonic decays oB¢ and By mesons as probes of supersymmetry
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If tan B is large, down-type quark mass matrices and Yukawa couplings cannot be simultaneously diagonal-
ized, and flavor violating couplings of the neutral Higgs bosons are induced at the one-loop level. These
couplings lead to Higgs-mediated contributions to the deBaysu ™« andBy— 7* 7, at a level that might
be of interest for the current Fermilab Tevatron run, or possiblg,fattories. We evaluate the branching ratios
for these decays within the framework of minimal gravity-, gauge- and anomaly-mediated supersymmetry
breaking models, and also BU(5) supergravity models with nonuniversal gaugino mass parameters at the
grand unified theory scale. We find that the contribution from gluino loops, which seems to have been left out
in recent phenomenological analyses, is significant. We explore how the branching fraction varies in these
models, emphasizing parameter regions consistent with other observations.
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[. INTRODUCTION even for very large values of SUSY mass parameters.
As pointed out by many authofg—14), this flavor vio-
SupersymmetrySUSY) provides a promising way to sta- lating neutral Higgs boson coupling results in a potentially
bilize the electroweak scale if the superpartners are lighteobservable branching fraction for the dedy—u ™~ me-
than O(1) TeV [1]. All SUSY theories[2] necessarily con- diated by the neutral Higgs bosoris,H andA. If tanB is
tain many scalar fields, resulting in multiple potential sourcessufficiently large the most important contribution to the am-
of flavor violation. Indeed, in constructing phenomenologi-plitude for this decay then scales as %an two of these
cally viable models, care has to be taken to make sure thd@ctors arise via the down type quark and lepton Yukawa
flavor violation is sufficiently suppressed. Within the frame-couplings which are eachr1/cosp=tang, while the last
work of the minimal supersymmetric standard modelfactor arises _because. the offset between thga down quark
(MSSM) with conserveR parity, this is ensureéat the tree Yukawa coupling matrices and the mass matrices discussed

level) by requiring that the matter supermultiplets with weak @P0Ve also increases with tan , , ,
. : B . o Within the SM, the branching fraction for this decay is
isospin T;=1/2 couple only to the Higgs superfield,,

) ; o . X ~3.4x10°° [15]. This is very far from its current experi-
while those withTs=—1/2 couple just to the Higgs super- mental upper limit of 2.6 10 ° obtained by the Collider

field hy. i Detector at FermilaiCDF) Collaboration[16]. Within the

At the one-loop level, however, a coupling lof to down ~ SUSY framework, however, this branching fraction can be
type fermions is induced. This induced coupling leads to a&nhanced by a very large factor and the SUSY contribution
new contribution[3], proportional to(h,), to the down type may dominate its SM counterpart if t@nis sufficiently
fermion mass matrix. Although this contribution is sup- large. Indeed, the CDF bound on this branching fraction al-
pressed by a loop factor relative to the tree-level contribuready constrains some portions of the SUSY parameter space
tion, this suppression is partially compensated if the ratid11,10,17. It is, therefore, reasonable to expect that the data
(hy)/{hgy=tang is sufficiently large. As a result, down type from the Fermilab Main Injector will probe significant
Yukawa coupling matrices and down type quark mass matriranges of SUSY parameters. Moreover, because the SUSY
ces are no longer diagonalized by the same transformatiommplitude does not decouple for large sparticle masses, it is
and flavor violating couplings of neutral Higgs scalhrsH possible that the CDF or D@xperiments may detect new
andA emerge. Of course, in the limit of large,, the Higgs  physics via a measurement B{B,— x* 1 ~) even without
sector becomes equivalent to the standard m(ld) Higgs  direct detection of sparticles at the Tevatron.
sector with a light Higgs bosoh=hg,,, and the effects of Many of the analyse$6—9,12,13 of B.—u " u~ have
flavor violation decouple from the low energy theory. Thebeen performed within the MSSM framework. Since spar-
interesting feature is that the flavor-violating couplingshpf ticle mass matrices as well as soft SUSY breaking scalar
H and A, do not decouple for large superparticle mass pa-coupling matrices both include intrinsic sources of flavor
rameters being dimensionless, these couplings depend onlyiolation, strictly speaking the framework is too broad to be
on ratios of these mass parameteasid so they remain finite predictive? Even with assumptions that set tree-level flavor

These not only include sparticle masses, but also the superpoten?lt would, of course, be possible to obtain constraints on flavor-
tial paramete and also the soft SUSY breakifgparameters. mixing elements of the squark mass matrixfoparameters.
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violating effects to zero, the model still has too many freestructed. MoreoverB pair production is not kinematically
parameters to correlate the branching fraction 8¢  accessible at thB factories currently in operation at SLAC
—utu” decay with other observables. or KEK. The BELLE and BABAR experiments at these fa-
This situation is in sharp contrast to that in highly predic-cilities have already accumulated70M B4 mesons, and this
tive scenarios such as the minimal supergralifBUGRA) sample is expected to increase tb00—1000M Bys in a
model [18], the gauge-mediated SUSY breakit@MSB) few years. These considerations motivated us to also exam-
model[19], or the minimal anomaly-mediated SUSY break- ine the branching fraction fdBy— 7* . Although this de-
ing (MAMSB) model[20] in which much of SUSY phenom- cay is suppressed by Kobayashi-Maska#1) matrix ele-
enology is analyzed these days. In each of these scenariqgents relative to corresponding decaysBaf this is offset
SUSY is assumed to be dynamically broken in a *hiddenpy the Jargerr Yukawa coupling to the Higgs bosons. We are
sector,” comprised of fields that interact with SM particles ot gware of any studies of the sensitivity of BELLE or

(and their superpartnerenly via gravity. It is the mecha- BABAR to By— "7~ decays. We will, therefore, confine

nism by which SUSY breaking is communicated to the SUgurselves to mapping out the branching fraction for this de-

perpartners of SM particles that distinguishes these framecan without making any representation of its detectability in
works from one another. These models are all completel wperiments aB factories
specified by just a handful of parameters, usually defined at P '

scale, much higher than the weak scale, where the physics js The same ﬂavor-wo_latlng couplings of neutral _nggs
simple. bosons that we have discussed can also lead to significant

The main goal of this paper is to examine the prospectgontributions to other processes, such as the exclusive decays

for observing the decaB,— u ™ 1~ in Tevatron experiments Bs_>K€++€ ~and Bs— (" (" y, the semi-inclusive decay
within the framework of well-studied supersymmetry mod-Bs—Xs¢" ¢, and to AF=2 processes likeBys and
els. We also consider gravity-mediated SUSY breaking modK-meson mixing[23] that may be probed by experiment.
els based or8U(5) where the order parameter for SUSY Their leptonic cousins lead to— uup andu—eeedecays
breaking also breaks the grand unified theory GUT symmetryvith branching fractions that might potentially be within
[21], leading to nonuniversal GUT scale gaugino mass pareach of future experimen{24].
rameterd 22]. With an integrated luminosity of 2 fif, ex- The remainder of this paper is organized as follows. In
periments at the Fermilab Tevatron are expected to be sensbec. Il we describe our computation of the amplitude for the
tive to a branching fraction below 10~ 7. With a still bigger ~ decay, focussing on the improvements that we have made,
data sampl€that is expected to accummulate before theand on the approximations that we have used to simplify the
CERN Large Hadron Collide(LHC) begins operationthe  analysis. Section Il contains our main results. Here we ana-
sensitivity should be even greater. lyze the branching fractions for the deca#s—u" = and

Of course, while detection of a signal would point to newBg— 7" 7~ within the MSUGRA, MGMSB and MAMSB
physics, it would not necessarily establish this new physicenodels, as well as i8U(5) supergravity models with non-
to be supersymmetry. Within these specific scenarios, howdniversal GUT scale gaugino masses. We also comment on
ever, it is possible to predict other signals that might also bether observablegwith emphasis on the other flavor-
simultaneously present if an observBg— u* ™ signal is  violating decayb—sy) for parameter regions whei@(Bg
to be attributed to any particular supersymmetric framework— u "« ~) may be observable at the Tevatron. We conclude
The first examination of the Higgs-mediatBg— .+ x~ de-  in Sec. IV with a summary of our results.
cay in the supersymmetric context that we know about was
performed within the MSUGRA framewofld]. However, it
is only in the past year that the observability of this signal as Il. HIGGS-MEDIATED LEPTONIC DECAYS
a function of MSUGRA parameters has been systematically OF B4 MESONS
investigated 10,11]. A corresponding studf14] of this sig-
nal within the gauge-mediated and the anomaly-mediated At tree level, the down(up) type quarks couple to the
SUSY breaking scenarios also appeared while this paper wadggs fieldhg (hf) via the Yukawa coupling matrify (f,).
in preparation. As far as we are aware, there is no study dflavor violation in Higgs field interactions occurs because
this decay in models with nonuniversal gaugino masses. Asouplings of the fielch) to down type quarks is induced at
discussed in the next section we have improved upon ththe one-loop level. There are two distinct sets of SUSY
existing phenomenological analyses, which consider flavosources of this coupling at the one-loop lel&]. Down type
violating effects just from chargino loops, in that we alsoquarks can couple tb8 via
include effects from gluino loops which we find to be sub- (1) a chargino up-type squark loop, with the Higgs field

stantial. attaching to the squarks via th&f, elements of the soft
The Higgs-mediated mechanism for tjepair decay of SUSY breaking trilinear scalar coupling matrix, or
B, mesons also allows the dec&¢— 7" 7. In fact, since (2) via a gluino down-type squark loop, with the Higgs

the leptons couple via their Yukawa interactions, the branchfield attaching to the squark via supersymmetric interactions
ing ratio for the latter decays would be expected to be enproportional to the matriufy. We ignore analogous contri-
hanced by (nT/mM)Z. Unfortunately, identification of pair  butions from neutralino loops; see however, R&g].

decays oBg would be very difficult in Tevatron experiments ~ The gluino loop, at first sight, appears to give no flavor
because their invariant mass cannot be accurately recomiolation. In the flavor basis, gluino interactions are flavor
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diagonal, so that the Higgs-squark-squark coupling is thén the basis of superpartnersaf, andZg=1. This may be
only source of flavor violation. Since the flavor structure of seen by noting that the one-loop renormalization group equa-
this coupling is proportional to the down quark Yukawa ma-tion for the singlet down squark mass matrix depends only
trix fq (i.e. the same as the tree-level Yukawa matiixdoes  on the down-type Yukawa coupling matrix. The same is not
not lead to flavor violation. This reasoning is incorrect be-the case for the doublet squarks since the renormalization
cause the down-squark matrices need not be flavor diagonajroup equation now depends also on the up-type Yukawa
In other words, the gluino contribution to flavor violation couplings. In all such models, gluino-induced flavor viola-
depends on the a priori unspecified structure of the dowrtion depends only upon the mass splittings in the left squark
squark mass matricehe flavor-violating coupling from the sector. Note that all the models that we consider all fall in
chargino contribution above depends on #ssentially un- this category.

knownmatrix Af,. These considerations make it clear why it

is difficult to make predictions of the flavor violating branch- A. Flavor-violating Higgs boson interactions
ing fractions without resorting to specific models, although ) i
as we said it is possible to constrain certéiavor-mixing In our analysis we follow the approach in R¢§] and

matrix elements in a more general analysis. We will, in thedevelop an effective Lagrangian to describe the induced fla-
following, focus on the four models introduced in Sec. 1. TheVOr Violation in the neutral Higgs boson sector. We will as-

reader should, however, keep in mind that our results for théUme that squarks with the same quantum numbers have a
branching fraction are specific to these models, and thgfommon mass at some energy scale, and further that super-

simple modifications to the flavor structure in the sparticlePotential Yukawa interactions are the sole source of flavor

sector could lead to a very different answer. violation in the remainder of this analysis. We take the
It is instructive to analyze the flavor structure of the SU(3) gaugino mass parameter to be positive by conven-
gluino-induced flavor violation. Following Ref5], we will ~ tion: other gaugino mass parameters may have either sign.

work in the quark basis where the up-type Yukawa coupling®s in Ref.[5], we work in the basis wherfg, is diagonal and
matrix is diagonal, and the down quark Yukawa Coup"ngneglect masses fat ands quarks. Neglecting terms that are
matrix has the formfd:DVLM whereD is the matrix ob- Second order in the Wolfenstein parameterthe effective

couplings of down quarks to the Higgs fields of the MSSM

tained by diagonalizin and V is the Kobayashi-
y dlad dfa K y can be written &5

Maskawa matrix(uncorrected for SUSY contributionsin
the mass basifd|; ,dg;] for quarks, the flavor structure of

the gluino contribution can be written as — Let=DrfpQ g+ SRfD[agMng a,MYUflfy
. . +a,M"]Q_ h} +H.c., 3)
(Zr)(ZRDZ L) k(Z)kiColmg MG M), ()
with
wheremgLk (ngl) is thekth (Ith) eigenvalue of the squared
mass matrix for leftright) type squarksZ, (Zg) is a unitary _ 2as _ 1 A _ g°
matrix that transforms the superpartnersdyf (d;) to the a9~ 3 KMy, 8u= 16772'“ t aw_l&Tz“ 2
basis in which the leftright) down squark squared mass (%)
matrix is diagonal ancC, is a loop function defined by
and
~ 1 y2 y2 22 22 ‘ ' . ‘
ColxyD= e ey e) Tz )| Me=diagCRL. 85,08, O =Colmg ),

)

The following features are worth noting: MU=diag0,0Cq4), Cpa= Co(,u,r‘rﬁR,rmL), (5
If the different types of left and right down squarks have

common massesn, and mg (not necessarily equal the

function C, will be independent ok and| and the flavor W=diagCY,,C%Y,,CY)), CY'=Cy(Ms,,u,m ).

violating contribution from Eq(1) vanishes. M Co..Co2Cod) 0;= Co(M2.st u“L)
In a wide class of models the lefand, separately, the

right) squark mass squared matrices are proportional to thfﬁe right squark index in the matriM9 in Eq. (3) is fixed
unit matrix at some scale, and only Yukawa interactions dis

S R by the corresponding quark; matrix multiplication is implied
tinguish between flavorsThen, the matmmaR is diagonal  \ith the left squark index of the “diagonal matrixA19.

The second term of E@3) contains the loop-induced cou-

pling of hﬂ to down quarks. The first entry in this term comes
30perationally, this means that the squark mass matrices have the

form, mgL:HE[HchgfdJr c/f'f,] and m§R=E§[1+ crfofil, with
c_, ¢[ andcg as constants. “This is the analogue of Eq7) of Ref.[5].

The loop functionCy(x,y,z) is given in Eq.(2). Note that
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from the gluino loop, while the last two entries arise due to 1.

. . . ~. _'b * T * ;
chargino loops. We see immediately thaQif, have a com- Lecne= sng VibVisxrcbrsL(cospB hi —sin g hg)
mon mass, there is no flavor violation from the gluino term

since it then has exactly the same flavor structure as the fy, . _

tree-level term. The term depending @ is proportional = mvmvtsXFchSL[COS(,BJF a)h

to the squared top Yukawa coupling, and arises from the

Higgsino components of the chargino, with the fermion —sin(B+a)H—iA], (6)

chirality flip proportional to the Higgsino mags. The last ) o ) )
term in Eq.(3) comes from gaugino-Higgsino mixing and wherea is the mixing angle in the neutral scalar Higgs bo-
again vanishes if left-type squarks have a common mass. fon sectorfy, is the “physicalb Yukawa coupling” defined
is, generally speaking, much smaller than the other twdy [5]
terms.

The flavor changing coupling between second and third
generation down quarks is given by

fo=f[1+(a,CY3+anChata,ChsfItansl,  (7)

and

[ag(C§3—C83) +au(Chs—Cpo) +a,C4f{tanp
[1+(agCY3+anChtanBl[ 1+ (agCd3+a,C s+ aChof)tans]

)

XFC™ —

We have checked that if we multiply) by v, we recover the SUSY correction to thequark mass as given by Piereeal.
[25]. For degenerate squarks, we recover the expressioggfoin Ref.[5] by settinga,,=0 in the denominator of Eq8).

The flavor violating couplings between first and third generation down squarks are obtained by obvious substitutions. If
squarks of the first and second generations are degeriasai®the case in many models, including all models we consider in
this paper we can replaces; by d, without changingygc. Therefore, for theB, calculation we only have to repladg,

—V,q in Eq. (6), keeping everything else the same.

Equation(8) ignores intra-generation squark mixing. Assuming that this is significant only for third generation squarks, we

find the modified result

N
XFC™ — Etanﬂv (9)
with
N=ag[ Co(mig M5, Mp,) — $;Col M, M, , M ) — CECo( Mg , M, M, )1+ @, f£Col .M, ;)

+au[cfCo(My, M ) +S7Co( Mz, 1,M;,) = Co( M, 1,15 )],

D ={1+agtanB[s;Co(Mg,mp Mg ) — C;Co( Mg, M, Mz )] +a,tanBCo( My, u,1mg )}

*{1+agtanCo(mg,mp,, M) +aytanBLc;Co(Mz, i, M ) + ¢ Co(Mz, 1, )]+, FitanSCo( ., )},

(10)
|
where sy, (=siné,, Cc,;=c0sé,;, and 6, are the bottom Finally, the leptonic couplings of the neutral Higgs bosons
and top squark mixing angles, respectively. h, H and A of the MSSM that are needed to complete the

We should note that our calculation includes only termsevaluation of Higgs-boson-mediated leptonic decayBabr
that are most enhanced by powers of garOur calculation B, are given by
is, therefore, valid only when tg8=25-30. We will subse-
guently see that for smaller values of {arthe branching gm
fraction of interest is too low to be of interest at the Tevatron, Luie=— ¢
so that this is not a serious handicap for the purpose of our 2Mycosp
analysis. We remark that in the loop functions we have as-
sumed that the chargino masses are well approximated by
IM2| and|ul. 2Mw

[hsina+H cosa]¢¢

igm,tanS—
‘ometanfz yslA. (1)

115003-4



HIGGS-MEDIATED LEPTONIC DECAYS OFB; AND By . ..

B. The branching ratio for std—>€"‘€_ decays

The effective Hamiltonian[15] for By —€ ¢~ ,d’
=s,d, is given by

Gr
H = Evrd,vtb[cloolo'f' CQ1Q1+ CQ2Q2] + H.C.,

with the relevant operators being given by

2
ec __ _
Oloz_zdﬁ’)’“bLg Yu¥st,
41

[
Qi=- 4_772d|,_bR€€-

2

e
Qo= — md,’_bR€y5€. (12

PHYSICAL REVIEW D66, 115003 (2002

B(By—{€"¢7)

GEa’mg  7s,,f3 am;
_ d " Bd B, 2 ¢
- 3 |thVId’| 1- 2

647 mg
"
_ , 5
4m; Mg,
X 1=— Cq,
| de, mb+md/
2
2m€ de;
+ Ci0— Cq,| |- (15

C. Comparision with other studies

A complete calculation of the one-loop chargino-induced
flavor violating MSSM Higgs boson couplings, along with
the corresponding result for the coefficietn.‘tél and Cq, in

Eqg. (14), may be found in Ref.8]. In comparision, we have
only retained leading terms in tgh so that our simplified

The coefficientc,, that encapsulates the SM contribution is c@lculation is valid only if tag=25—30. We have checked

given by[15]

Y (%)
Cio=—~
Sw

~—4.2.

(13

The functionY(x;) that appears here is defined in Ref5].

that our result for the contribution to the coefficien@ly, ,

from the chargino graphs indeed reduces to Eql13 of

Ref. [8], with mg, =|M,| and|u|. The results of Ref|8]
have been used for the recent phenomenological analysis
[10,11] within the MSUGRA frameworR. Our calculations
improve upon these in that we include contributions from the
gluino-mediated flavor violating contributionevhich we

The SUSY contributions can be obtained by applying they see are significantfirst discussed by Babu and Kolda
matching condition between the amplitude given by the ef{5] e found it difficult to tell whether or not these contri-

fective Hamiltonian and the one obtained using Es.and
(11). We find

2 m,m; cod B+ a)sina
C = —_—
QT o XFC cog B sirt B m?
sin( B+ a)cosa
- —) , 14
my
2’/'T mbmg 1
Co.=—Xrc——=— —5 -
% a XFCcosZB ma

Note that agnpy—, a+ B— w/2 andmy=m,. This then

implies co. = —Cqo., an observation that will prove useful
Q; Q,

later.
Finally, using the hadronic matrix elements

<O|H3"u75d'(x)|Bd,(P)>:ide,p#efiP-x’

2
mg,,

(0lbysd’ (x)|Bg (P))y = —ifg, ———
mb+md/

we can write the branching ratio for the deday, — € "¢~
as

butions were included in the recent phenomenologial analy-
sis of the MGMSB and MAMSB scenarios by Baekal.
[14]: they do not give any formulas nor do they discuss how
their calculation was performed.

While we were preparing this paper, Rgf2] appeared.
This study includes a complete calculation of gluino-induced
and also analogous neutralino-induced contributions to flavor
violating Higgs boson couplings, but again within the frame-
work of the MSSM with specific assumptions about sfermion
mass matrices. It is pointed out that it is possible to find
special regions of MSSM parameter space where due to large
cancellations between gluino and chargino contributions,
neutralino diagram$which are usually smallcan no longer
be neglected. Indeed, in this case even the ratio of the
branching fraction8(By— u " 1~ )/B(Bs—u* 1) may be
different from that expected from ratios of Kobayashi-
Maskawa matrix elements.

. B(Bsyd—>€+€_) IN SUSY MODELS: RESULTS

We are now ready to proceed with the evaluation of
B(Bsg— ¢ €7) in the various SUSY models discussed
above. For a given point in the parameter space of these
models, we use the prograrsaJET v.7.63[26] to evaluate

5The earlier studief7,6,9 were performed within the MSSM for
particular choices of parameters.
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the corresponding MSSM parameters that we need for all mSUGRA, m, = 300 GeV, m,, = 300 GeV
phenomenological analysis, including the computation of o JAARULARRS RABASRALLE LARRF RARAN RARL, =
this branching ratio. This then allows us to assess the ranges +. 10 4.- a) Ay =0GeV i — n>03 b
of model parameters where signals fr&{Bs 4— ¢ "¢ ~) de- T i S eemmeemeemmeenT W <O 10 T
cays may provide evidence of deviation from the SM. A clear m'v 2
advantage of this approach is that for agiyen modelit is & ], &
also possible to compute SUSY contributions to other ob- = Re
servables; e.gB(b—sy) or g,—2 that have already been Ji S
constrained by experimeri27,28. Moreover, constraints - .
from the non-observation of any sparticlgg9] or Higgs S U P P P P PO P
bosons[30] which yield lower limits,mg, =103 GeV, g 0 25 30 3% 4 4 sgan 55
=100 GeV, m;.1>76 GeV, mh>113 GeV and Mp o 10.3-II=‘l‘|I||||||||||||||||||||||||||||||||- =
=100 GeV, on their masses can be readily incorporéted. 10 4r w, Danp=40  — uzg 1 102 '?
ISAJET 7.63 includes several improvements over previous T sE -'*.-'\;‘ -------------------- ksl 410
versions. From our point of view, the most important of these U R b —sy 2
is the improvement of the bottom Yukawa coupling that en- & 10 6'_ 1 1
ters the computation ah, . We see from Eqg14) and(15) o B — 410 1x
that the value ofm, plays an important role in the determi- 10 g 510 23
nation of the branching ratio of interest. There are regions of 1 8F 1 3
parameter space where, because of cancellatigsnay be rodooboo boobo o boabooBied g9
considerably smaller than other sparticle masses. Especially -1000 750 -500 250 0 250 520 (7(5}‘;‘1,‘)'00
for these parameter ranges, the improved computation of the o
Yukawa coupling plays a crucial role. FIG. 1. Branching fractions for the decaBs— u*x~ andBy

The numerical values of various meson masses, lifetimes,. 7+ 7= in the MSUGRA model withm,=300 GeV andm,,
decay constants and Kobayashi-Maskawa mixing matrix el=300 GeV for >0 (solid line) and x<0 (dashedl In (a) we
ements that we use as inputs to our analysis ar@fane-  show the branching fractions versus farfior A,=0, while in (b)
sons: we show these versu, for tang=40. Also shown is the branch-

ing fraction for the decayp— sy which is to be read off using the
mg =5.3696 GeV, fg =0.250 GeV, 75 =1.493 ps, scale on the right. The squares mark the limits of the experimentally
allowed regions as discussed in the text.
for By mesons:
massm,, all gauginos have a mass;», and all soft SUSY
breaking scalar trilinear couplings have a common valge
Electroweak symmetry breaking is assumed to occur radia-
tively. This fixes the magnitude superpotential paramgter
V| =0.999, |V,|=0.039, |V4|=0.009. The soft SUSY preakin'g bilinear Higgs boson mass param-
eter can be eliminated in favor of t# so that the model is
completely specified by the parameter set

de=5.2794 GeV, de=0.208 GeV, TBd:1-548 ps,

and for Kobayashi-Maskawa matrix elements:

A. Minimal supergravity model (MSUGRA)

SUSY is assumed to be broken in a hidden sector consist- Mg, My, Ao, tanB, sgriu). (16)

ing of fields that interact with usual particles and their super- i
parners only via gravity. SUSY breaking is communicated tol Ne weak scale SUSY parameters that enter the computation

the visible sector via gravitational interactions, and softof sparticle masses and couplings required for phenomeno-
SUSY breaking sparticle masses and couplings are genef2dical analyses can be obtained via renormalization group
ated. Without further assumptions, the scalar masses can ¥olution between the scale of grand unification and the

arbitrary leading to flavor changing processes in conflict withWeak scale.
experiment. We use the programsAJET to evaluate these MSSM pa-

Within the MSUGRA grand unified framewoild 8], it is ~ fameters, and via these the various masses and mixing angles

assumed that at some high scdfeequently taken to be that enter the flavor violating couplingec given by Eg.

~Mgyr) all scalar fields have a common SUSY breaking(lo)-(w)‘e required partial width can then be computed using
Eq. (15).

In Fig. 1 we show the dependenceRfB.— .t 1) and

SAlthough the exact limits on sparticle masses depend somewh&(Ba— ') on (@ tang for A,=0, and _(b) Ao for
on the model, and also on where we are in parameter space, t@n8=40. We fix mo=m;,=300 GeV, and illustrate the
limits indicated here are applicable for a wide class of models. Théesults for both positivésolid) and negativédashed values
lower limit of 114 GeV on the mass of the SM Higgs boson has toOf 4. Values of tarB (|Ao|) larger than the corresponding
be translated into the limit om,. Except whenA is light, his  Vvalue denoted by squares on the curves are where a sparticle

essentially the SM Higgs boson and this limit applies essentiallyor Higgs boson masgn this case, it is alwaysn,) falls
without modification. below its experimental bound. The uppermost set of the
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dashed and solid lines corresponds to the branching fraction mSUGRA, A, =0 GeV
for the decayb—svy, the scale for which is given on the
right-hand axis. Our purpose in showing this figure is to
understand the behavior of the leptonic decayB pandBg,

so that the fact thaB(b—svy) appears to be outside the
allowed range should not bother the reader. Several features
are worth noting.

(1) Since we have neglected contributions from neutralino
loops [12], the branching ratio folBq— 7" 7~ decays is
larger than that folB.— " u~ decays by just a constant
factor fixed by SM parameters.

(2) Focussing for the moment on the low tarend of the mo(GeV)
B(B.—u*u”) curves, we see that the solid and dashed — —~1800
lines lie on either side of the SM value, reflecting the fact @ 1600
that the sign of the SUSY contribution flips with the sign of %1400

u, and its interference with the SM contribution goes from E=1200
destructive fore <0 to constructive for positive values gf. 1000
Of course, this becomes irrelevant for very large values of 800
tanB where the SUSY contribution dominates. 600
(3) A striking feature in both frames is the very sharp rise 400
in the branching ratio foru<<0. Naively, we expect the 200 7T BN
SUSY contribution to behave as ﬁjﬁimi.7 The dashed 200 400 600 800 1000 1200 1400 1600
curves in framga) indeed roughly show this scaling behav- my(GeV)

ior as long as we stay away from the lower range ofan . .
values where interference with the SM amplitude is signifi-  FIG. 2. Contours of constant branching fraction for the decays
cant. But this is somewhat fortituous because the dashe'éls*"““T_h(SOIIOI “Irt]e) a”dBdh_’FTT (dt?;:ed Ilntemlarked ?‘ntt:e

v in fram ri m h f r than w I naivel curves. e results are snown In —myy plane o e
curves ame(b) rise much faster tha ould be naively MSUGRA model with Ag=0 for (8 tan8=50u>0 and (b)

expected. This is because it is also very important to tak(i)an,8=45vu¢<0. The dotted contour labeled 19 shows the result

into account differences in other MSSM parameters, mo%r B(B.— u*u ") if the gluino loop contribution discussed in the

notably A; and u that enter viaa, and g in Eq. (3). _ln text is set to zero. The dark-shaded region is excluded by theoretical
general, the dashed curves are steeper than t.he solid CUNV&Shtraints on EWSB. In the slant-hatched regibnjs not the LSP.
because, fop. <0, m, decreases sharply as tanincreases:  The region covered by open circles is excluded by experimental
there is no corresponding decrease of positive valugs.of  constraints on sparticle masses orrog, as discussed in the text.
(4) It is interesting to see that bof(Bs—u"x«~) and  Below the dotted-dashed curve labeledm,<113 GeV. In(a)
B(By— s 77) can be potentially very largéand even ex- below the solid curve labellel—sy, B(b—sy)<2X 107“. Be-
ceed the current upper limifor values of parameters where low the corresponding curve i), B(b—sy)>5x10"*.
there are ndalirect signals for SUSY or Higgs bosons. This
region of parameters is also excluded by the experimentavhen|A,| becomes large. As in the,=300 GeV case, the
value of the inclusive branching ratiB(b—svy) [27]. It rapid rise is driven by the rapid drop m, .
should be understood, though, that our purpose in showing Having used this pedagogical illustration to obtain an idea
this is pedagogical. of how and why the branching fractions vary with param-
(5) We have also examined the case withg=1 TeV and  eters, we now turn to an exploration of these branching ratios
other parameters as before, except that the allowed range 6Ff MSUGRA parameter space. Because the sparticle spec-
A, is much larger. For positive values gf and A,=0,  {rum is most sensitive ton, andm,,, the mg—m,, plane
B(Bs—u"u") varies between (4—-108)10°. For u<0, Provides a convenient way of displaying the results, as illus-
this branching fraction is close to or smaller than the smtrated in Fig. 2 forA;=0 and(a >0, tanf=>50 and(b)
prediction, except when 46tang=<48 when the branching #<0tang=45. The dark-shaded regions are excluded by
fraction shoots up by over two orders of magnitide. Fortheoretical constraints: charge-breaking minima or lack of
tanB=40 as in Fig. 1) and x>0, the corresponding de- Slectroweak symmetry breaking. In the slant-hatched region,
pendence or\, is qualitatively similar to that the figure. For Z; is not the lightest supersymmetric partidleSP). The
negative values oft the branching fraction is close to its SM region covered by open circles is excluded by lower limits
value for|Ao|<1.2m,, but rapidly shoots up to beyond 10  on sparticle masses or an,. Below the dotted-dashed line
labeledh, m;, is smaller than 113 GeV: we show this sepa-
rately because this limit is modified h,=150 GeV. Our
"Recall that the contribution frorh exchange is very small as main results are the contours B{Bs—u "« ™) (solid) and
long ash is a SM-like Higgs boson, and further, tha,~m, inthe ~ B(Bq— 7" 77) (dashed within the MSUGRA framework.
same limit. The contours are labeled by the values of the corresponding
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branching fractions. In fram&), the innermost dashed con- mSUGRA, A, =0 GeV

tour corresponds to a branching fraction of £0 From S 450

frame(a) we see that even in the region allowed by all these L 400 au>0 3
constraintB(Bs—u " u”) [B(By— 7" 7)] may be as large Qé 350 — BRB, > W'Y = 10:_5
as 107 (10°%), while from frame(b) the corresponding E= --- BR(By > 1'1)=10" 3
branching fraction may be considerably larger. Also shown 300 E
are contours of fixed branching fraction for the deday 250 R E
— Sy computed using the calculation of R¢81] with im- 200 B —i

provements described in Rdfl7]. Below the contours la- 150 E

beledb— sy in frame (a) [frame (b)] the branching fraction

3 A et
is smaller(largen than 2<x10 # (5x10 %), and appear to 100100 150 200 250 300 350 400 450
be comfortably outside our assessment X16 *<B(b mo(GeV)
—85y)=<4.34x 10 “[17] for the allowed experimental range §~12°° (4552525255255

[27] of this branching fraction. We caution the reader that the v
SUSY contribution, for large values of t@#h may have con- =
siderable theoretical uncertainty, so that this “constraint” E= 800
should be interpreted with some cére.

The dotted curves are contours @(Bs—u'u™)
=108, obtained by calculating the branching ratio by re-
taining just the chargino-loop in evaluating the SUSY con-
tribution to the decay, i.e. iy in Eq. (3) is set to zero. We 1 g
remind the reader that it is just this contribution that has been 100 200 300 400 500 600 700 800 900 1000

— BR@B, > W) =10
-~- BRB,—> 1'1) = 10°

included in recent analysd40,11. We have checked that m,y(GeV)
the dotted contour in fram@) is in good agreement with the .
corresponding contour in Fig. 3 of RgfL0]. This provides FIG. 3. Contours in then,—m;, plane of the MSUGRA model

quantitative confirmation of the validity of our approxima- With A=0 where the branching fraction foBs— " u” (Bq
tions, relative to the complete calculation of RES]. More 7 7 ) is 107" (10°7) for several values of tad. Shaded re-
importantly, the difference between the dotted contour and'®"S ar€ as in Fig. 2. Ife) we takex>0, while in (b) we take
the corresponding solid contour highlights the importance 01“< '
retaining the effect of gluino loops whose contribution ap- o )
pears to interfere destructively with the chargino contribu-f0 yield a better SUSY sensitivity than direct searcf@3|
tion. Thus, earlier conclusio40,11] about the SUSY reach for an integrated luminosity of-2 fo™*. _
of Tevatron experiments may be over-optimistic. From Fig. 2 and Fig. 3 we note the following:

To see how the sensitivity of these experiments varie? The br_anchlng fraction under study is §|gn|flcantly larger
with tanB, we show in Fig. 3 contours dB(B,— " u") or negative v_alues ofe. We have traced thls_ to the structure
—10"7 (solid liney and B(By—"7)=10 ¢ (dashed of the denominator ofg¢ in Eqg. (10). Changing the sign of

lines) for the values of ta@ that label the contours. We take K c_h_anges the sign of all tha;, so that a suppression for
Ay=0 and show results fofa) x>0 and(b) u<0. The positive u changes to an enhancement fo« 0. Notice that

hatched region corresponds to fas 35. The lines in frame ;’;’12”2 ourg dr?aqtzn?imziitt()i: Lalf?(ta?; ;?g;cﬁsa;?ntga;ﬁi%ﬁ%éﬂ
(a) terminate at the corresponding boundaries of the theoreti; Pprop ’ . )
does not have they term in the second factdrQuantita-

cally forbidden regions. As expected, the region over which. . . 0
the branching fraction may be probed at the Tevatron is ver vely, this qud; to dlﬁerenpes @(10%) and does not af-
ect the qualitative conclusions.

sensitive to taB. Even for tan3=35, this channel appears Although 12<0 is generally thought to be disfavored by

the determination of the muon anomolous magnetic moment
by the E821 experimerj28], we advise caution in this re-
gard: in contrast to conventional wisddi83] a conservative
estimate{ 34] of the theoretical error suggests that there is a

unknown physicsin the squark sector could lead to large differ- reg'ﬁ_n aII_or\]Ned[17] by thk:s ConStraTt'}hOUQh perhaps in
ences in the predictions fob—sy, and for that matterB,  CON ict withB(b—sy), whereBs— "~ decays may pro-

—.¢*¢~ decays. For this reason, we urge our experimental colVide the first hint of new physics if tg8=42 or so. This
leagues to view theorists’ assessment of “excluded regigespe- ~ €gion would expand as Tevatron experiments accummulated

cially when these are excluded due to SUSY loop effects as opMmore data.

posed to direct searchescluding those in this paper in the proper

perspective. It is logically possible that small deviations from the

defining assumptions of a particular framework such as MSUGRA °Reference 8], which is a strict diagrammatic calculation, does
may permit much larger signals without being in conflict with cur- not have this denominator. Dedesal.,, who use the results of Ref.
rent constraints. [8], include a denominator correction in their formulas.

8t is also worth emphasizing that unlike constraints from direct
searches, constraints froB{b— svy) are very sensitive to details of
the model. For instance, small amount of flavor mix{ifrgm some
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mSUGRA, -3 m, <A < 3m, large. For large values afny,, however,B(Bs—u"u™)

. may even exceed 10 for parameter values allowed Hy
a)tanPB=55,u>0 —svy constraints. For the slightly smaller value of f&an

‘ shown in frame(c), we see that these large valuesB{B,

—utu”) are possible over a wide range 1of ;.

(4) In all frames we see that although the branching ratio
may be much larger than the SM value for some set of SUSY
parameters, it never falls below about half the SM value.
Experiments at the LHC beauty experimg¢htHCb) should
be sensitivdat the 3r level) down to this branching fraction
[35], so that a non-observation of this decay in these experi-
ments would ségnal new physics other than the scenarios
considered here.

(5) A striking feature of the figure is the “gap” for small
m,,, values in frameg@). It appears that for positivee and
very large values of taf the branching ratio in MSUGRA is
unlikely to be at the SM value. Of course, when,, (and
hencem,) is very large, the branching ratio tends to the SM
value. The gap is absent fpr<0. The existence of this gap
can be qualitatively understood by focussing on the chargino
contribution (proportional to thea, term) and recognizing

200 300 400 500 600 700 800 that models with positivex allow both signs ofA;, while
m,, (GeV) models with negativew almost always havé\;<0. As a
result, the SUSY contribution may interfere constructively or

FIG. 4. The branching fraction for the decBy—u "~ fora  destructively with the SM contribution whep>0, while
scan of the MSUGRA parameter space over the range mentioned f@r negative values of. the interference is almost always
the text. We show results versus, for (a) tang=55u>0, (b)  destructive. Of course, the interference is important only
tan=45u<0, and(c) tan3=40u<0. Each cros¢dop) denotes  \yhen the SUSY and SM amplitudes have comparable mag-
a mod_eL whereB(b—sy) lies within (outside the range (2 pjtydes. For the large values of tarin this figure, this hap-
5)x107% pens only ifm, is large (otherwise the SUSY amplitude is
much larger than the SM ojeln this case, the coefficients
Co, andcg, in Eq. (15) have the same magnitidéin units

BR(B, — p* 1)

From these figures, we see that a sensitivity of 4.6or
B(By— 7" 7) would roughly yield the same reach as an o
order of magnitude better sensitivity that is expected to bdvnere the SM contribution in the square brackets of &g)
attained at the Tevatron with an integrated luminosity of'S 1, if we write the cq, contribution as x=
~2 fb~*. We do not know whether experimentsifacto- ~ —Cq,Mp /2C1gM,,, the partial width is determined b¥
ries will be able to attain this sensitivity. =x%+(1+x)2. This has a minimum of 1/2, explaining why

Up to now, in our scan of MSUGRA parameter space, wethe branching fraction does not fall below about half its SM
have only considered models wi#py=0. To understand just value. Moreover, as long asis positive and not smalas is
how large the branching ratio f@s—u "~ can become the case for small values aiy;,) F significantly exceeds the
for other values ofA,, we have scanned MSUGRA models SM value. Ifx<0, F becomes large only ii| is very large,
with mgy between 100 GeV and/S—Oml,z and —3my<A, thereby accounting for the gap for positive valuesuofFor
<3my. In Fig. 4 we showB(Bs—u"x~) as a function of negative values of, there is no “positivex branch,” and
my,,, for (@) tanB=55, u>0, (b) tanB=45, ©<0, and(c)  hence, no gap.
tanB=40, u<0. Models are accepted only if they satisfy  (6) Although we have not shown this, the scatter plot for
the theoretical and the experimental constraints from directan8=50, «>0 is very similar to framda), except that the
searches for sparticles and Higgs bosons. For each model, wgap” is somewhat less pronounced. In other words, the dif-
put a cross(dot) if B(b—svy) lies within (outsidg (2— ference between the distribution of dots and crosses in
5)x 10 *. We note the following: frames(b) and(c) is absent.

(1) Although we have shown ju®(Bs— " u ™) in this
figure, the range oB(By— 7" 7), which differs only by a  B- Minimal gauge-mediated SUSY breaking mode(MGMSB)
constant factor, can easily be estimated. In these models, SUSY breaking is again assumed to oc-

(2) We see that foru>0, in frame (a) the branching cur in a hidden sector which somehow couples to a set of
fraction is typically smaller than I, and never exceeds

~3x10"8 for models loosely satisfying the—sy con-

straint. But for this constraint, it can be as high as 10 10admittedly we have not scanned all parameter space. However,
(3) Turning to frame(b) we see that for negative values of if tan g is small the SUSY contribution is reduced, and we would

w the branching fraction can be as large as%,(ut most of expect the branching fraction to be closer to its SM value.

these points are excluded by the experimental measurement!This really follows because of the properties of the MSSM

of b—sy because the predicted branching fraction is tooHiggs sector, and so should be true in other models also.
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messenger particles that couple not only to this hidden sec- GMSB,M=3A,n;=1
tor, but also have SM gauge interactions. The coupling to the .4 80
hidden sector induces SUSY breaking in the messenger sec-

tor, which is then conveyed to superpartners of usual par- 70
ticles via SM gauge interactions. Messenger particles are as- 60 ‘ 107---
sumed to occur ims complete vector representations of

SU(5) with quantum numbers & U(2) doublets of quarks 50
and leptons. We assumm<4 since otherwise gauge cou-
plings do not remain perturbative up to the scale of grand
unification. The messenger sector mass scale is characterized 3
by M. The soft SUSY breaking masses for the SUSY partners

of SM particles are thus proportional to the strength of their 20
corresponding gauge interactions, so that squarks are heavier 20 40 60 80 100 120 140
than sleptons. Gaugino masses satisfy the usual “grand uni- 60 A(TeV)
fication” mass relations, though for very different reasons. o :

SR N T P

Within the minimal version of this framework, the couplings E 55
and masses of the sparticles in the observable sector are de- 50
termined(at the messenger scadl¢) by the parameter set, 45

A,M, s, tanB,sign 1), Cyra, - (17 40

35

A sets the scale of sparticle masses and is the most important 30
of these parameters. The paramelgy,, =1 and enters only 25
into the partial width for spatrticle decays to the gravitino and 20 H« NN N B
is irrelevant for our analysis. The model predictions for soft- 20 40 60 80 100 120 140
SUSY breaking parameters at the sddle@re evolved to the A(TeV)
weak scale usingiSAJET and used to computeéB(By, _ _
—.¢*¢7) as before. FIG. 5. Contours of constant branching fraction for the decays

The novel feature of the GMSB framework is that SUSY Bs—# " #~ (solid andBy— 777~ (dashedwith values marked on
breaking can be a relatively low energy phenomenon if théhe curves in the\-tang plane of the minimal GMSB model. We

. - . ... _take the messenger scéle=3A andns=1 in this figure and show
messenger scale is small. It is in this case that the grawtmfr)zsults for(@) >0 and(b) x<0. In both frames the dark-shaded

can be an ultra-light LSP. In such a scenario heavy sparticles, . . X ; ) . ;

de d to th t lightest i " fegion is excluded by theoretical considerations discussed in the
cascade decay 1o the next ightest supersymmetric par ICIt%xt. In the slant-hatched regiom; <76 GeV, in the region cov-
(NLSP) which then decays to the gravitino and an ordinary . 1 . )

. 7 . ered by open circlesr; <100 GeV, and in the region covered by
particle. The NLSP may be the lightest neutralino or thetrian les,m,<<100 Gesl The open-circle region extends all the
stau? SUSY signatures at the Tevatrf®6] are sensitive to 9 A " p o gl' hateh .
the nature of the NLSP. In our considerations we will focus, >, to the smallest values df (as does { e slant-hatched region

del ith relati .I I les f hi hbut has been terminated &t=30 TeV for clarity. To the right of the
on mode's with relatively 1ow MesSenger scales for WniChy, g, labelledb—sy in (b), B(b—sy) is in the range (2
the collider phenomenology differs the most from theS)xlO“‘. It is in this range all over the plane i@).
MSUGRA model.

An important difference between this framework and thevalues OfB(quﬂe_'—f—) relative to corresponding results
MSUGRA model is thaA parametersat the scaléV) which ~ for MSUGRA in these scenarios. This branching fraction
are generated only at two loops are much smaller than scalarould, for the same reasons, increase logarithmically with
and gaugino masses. The weak scale paramfgtehat is  increasing messenger scale.
obtained by renormalization group evolution from the mes- Our results for the branching fraction within the GMSB
senger scale is typically smaller than in MSUGRA if the framework are shown in th&a —tang plane in Fig. 5. Here,
messenger scale is not large. We thus expectah#état sets  we fix M =3A, ns=1 and illustrate the results for both signs
the scale of the chargino contributions in E8) is signifi-  of u. As before, the dark-shaded region is excluded by the
cantly smaller than in the MSUGRA framework. We also theoretical considerations on EWSB discussed previously.
expect that the gluino contribution to the loop decayBgf ~ The bulge on the left comes fromgl<0, while in the hori-

would also be smaller than in MSUGRA because there is not . . i

. o zontal strip at high tap that extends to large\ values,
enough room to run and induce large mass splitting betweerr}]2<0 In the slant-shaded reai ~76 GeV. while in
the differentQ, s by renormalization group evolution if the A =" glanz, '

messenger scale is low. Therefore, we typically expect lowefhe slivers covered by triangles along the boundary of the
horizontal dark-shaded regiom,<<100 GeV. Finally, val-

ues of A up to A~53 TeV (covered by open circlesare

12For low tang values not of interest to us the sleptons of differ- €xcluded becauser, <100 GeV, and possibly also by con-
ent generations are essentially degenerate leading to the so-callstraints on the chargino masszt decay propertieg37]. To
co-NLSP scenari$36]. the left of the dot-dashed contour labeledm,<113 GeV.
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GMSB,M =3 A, tan § =40 violate any of the constraints discussed previously. For very
large values ofng the branching fractions approach the SM
values becausm, tends to be large. For smaller values of
my the branching fractiongfor a given value ofni) do
depend onns. Nevertheless, it seems thdte range over
which these vary is insensitive to the choice gfso that our
general conclusions drawn from parameter scannige 1
should, broadly speaking, remain unaltered.

C. Minimal anomaly-mediated SUSY breaking model(AMSB)

Within the supergravity framework, sparticle masses al-
ways receive loop contributions originating in the super-
Weyl anomaly when SUSY is broken. These loop contribu-
tions are generally much smaller than tree level masses.
There are, however, classes of models where these loop con-
tributions may dominat¢20]. These include models where
there are no SM gauge singlet superfields that can acquire a
Planck scale vacuum expectation val&EV) and the usual
supergravity contribution to gaugino masses is suppressed by
an additional factor Mgysy/Mp relative to mgp
=M2,s/Mp or higher dimensional models where the cou-
pling between the observable and hidden sectors is strongly

500 1000 1500 2000 2500 3000 suppressed.
mg(GeV) The anomaly-mediated SUSY breaking contributions to
gaugino masses are proportional to the corresponding gauge

FIG. 6. The dependence of the branching fractions for the degroup 8 function, and so are nonuniversal. Likewise, scalar
caysB,—pu"u” andBy— "7 on the parametens. We plot the masses and trilinear terms are given in terms of gauge group
branching fractions versus a sparticle masge choosen) rather — and Yukawa interaction beta functions. As a result sparticles
than the theoretical parametar for reasons discussed in the text. with the same gauge quantum numbers have a common mass
We show our results fofa) »>0 and(b) ©<0. Other parameters so that flavor changing effects from this sector are naturally
are as shown on the figure. small. Slepton squared masses, however, turn out to be nega-
tive (tachyonig. A “minimal” fix that does not upset the

The branching fraction for the decdy—sy is between (2 resolgtion of t2he flavor problemi is to assume an add.itional
—5)x 10 4 over the entire plane in fram@), while it is in c.ontr|but|onmO for all scalars. Since the magnitude @fis
this range to the right of the corresponding contour in framdixed by the observed value &1z, the parameter space of
(b). Contours of B(B¢—pu' ) and B(By—r'r ) are the model then consists of
shown as solid and dashed lines, respectively. These are la-
beled by the value of the corresponding branching fraction.
We see that over almost the entire plaBéBs— ™t ™) Weak scale SUSY parameters can now be computed via
[B(Bq— 7" 7)]is smaller than 10° (10"") confirming our  renormalization group evolution, anB(By—¢*¢~) can
earlier expectation that the branching fractions will beagain be calculated using E@5).
smaller than in MSUGRA. It would be difficult to probe For small values ofn,, the scale of sparticle masses is set
these decays at this level at existing facilities. It is only forby m,,, which cannot be much smaller than about 35 TeV. In
the largest values of tgh where we approach the region Fig. 7 we show the branching ratio f&,—u*x~ andBy
wherem3 dives to very small values that these branching— "+ decays versus tg®, with ms,=40 TeV and(a)
fractions might be accessible: however, this region in framen,=400 GeV and(b) my=1 TeV. The solid (dasheg
(b) is “excluded” by the experimental value @(b—svy). curves correspond to positivaegative values ofu. As be-
In contrast, direct SUSY searches should be sensitivk to fore, the squares mark the experimentally allowed upper
values of 118-145 TeV depending on the integrated lumilimit on tanB. Also, shown by the right-hand scale in the
nosity that is accumulatef36,38. Direct searches at the figure is the branching fraction for the dechy-sy.
LHC will easily probe the entire plan&g9]. We see from Fig. 7 that for positive values pf the

Up to now, we have assumeds=1. Since scalar B(Bq,ﬂ€+€‘) is close to its SM value, and is relatively
(gauging masses scale witkin (ns) we would expect large insensitive to the value of taB. For negative values of,
sensitivity tong if we show the results in terms of. To  these branching fractions can indeed become large, again
avoid a proliferation of figures, in Fig. 6 we show the when m, dives to low values. However, for the range of
branching fractions versusy for ns=1-4. We have fixed tang whereB(b—sy)<5x10 *, the branching fraction for
M=3A and tanB=40 and illustrated the results for both B,— " u~ decay will be difficult to detect in Tevatron ex-
signs of u. The curves are terminated at valuesngf that  periments. We have also examined the dependence of these

Mo,Mgp2,tanB and sgiu). (18
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“ AMSB, m,, = 40 TeV AMSB, tanp =42, p< 0
":\ 10 LILIL I LELILELI I LELILILI I LELELEL I LELELEL I LILILI 7 /S\.
+ 10.55 a) my=400GeV ; —u>034 =
T 7 Tbosy . <0z 17
Toqp O s PRPER Yt . E 2
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— = E > V)
o st b my=1TeV} —u>034 » m, (Ge
Tk 4 e <0 3 1
. 6F b — ‘:’ 3 5 P FIG. 8. Contours of branching fraction for the decaBg
ook 5Y....- ] —3 4 2 —utu” (solid) andBy— 7" 7~ (dashedlin the my— mg, plane of
< 1 7E + i 33 3 the MAMSB model. The values of the branching fractions are men-
= 4 Bd =TT . 3 1 s tioned in the text. The dark-shaded region is excluded by theoretical
10 8r B —»ut I - considerations. Along the squares and triangles running along the
!- S u _l',t.v" - 1 .
- E boundary of the upper dark-shaded regiom, and m,, respec-
10 bodosdoedboduodsodaobaaboad g tively, fall below their experimental bound. In the region covered by

20 25 30 35 40 45 S0 55 gn gs open circlesmq\,l< 100 GeV. Finally, in the region covered by dots
close to where the squares and triangles &B¢b—sy)>

FIG. 7. Branching fractions for the decaBs— " u~ and By 5x 1074, while over the unshaded region it is in the range-(2
— 7t~ within the framework of the minimal anomaly-mediated 5)*10™*.
SUSY breaking model. We show the branching fractions versus
tang for (a) my=400 GeV andb) my=1 TeV, and other param- parameter plane. The dec®¢— "~ may be probed in
eters as labeled on the figure. Also shown is the branching fractiofevatron experiments only over the limited range where
for the decayb— sy which should be read using the scale on theis diving to relatively low values. With a large integrated
right. luminosity, there is a limited parameter ran@eonsistent
with other collider constrainjsvhere this decay may be the
harbinger of new physics at the Tevatron. With just 10%b
of integrated luminosity direct searches for sparticles at the
LHC should be sensitive40] to mg,,~70-90 TeV, depend-
ing on the value om,.

For larger values of tag andu <0, the situation is quali-
tatively similar except that the region excluded by the theo-

however, for the range ah,, whereB(b—svy) is not too ; ) :
large, the branching fraction can be as large as several tim&gtical constraints expands leaving a yet narrower wedge of
“allowed parameters.”

108 and may be accessible at the Tevatron, but would re-
quire considerable integrated luminosity.
In Fig. 8 we show contours foB(Bq,waf) in the D. SU(5) models with nonuniversal gaugino masses

Mo-Mgy; plane, where we have fixed t@n-42. We show Since supergravity is not a renormalizable theory, there is
results.only fow<0 since for positive values of the 4 eason to suppose that the gauge kinetic funcfign
branching fraction appears to be cIo_se to the SM one eVell 5 Indeed, if the gauge kinetic function develops a
for very large values of taﬁ..We.remlnd the reader that in g;gy breaking VEV that also breaks the GUT symmetry,
the AMSB framework negative: is also favored by the re- ,niversal gaugino masses result. Expanding the gauge
sult of the E821 experimef8]. The dark-shaded regionis . . . B -

Linetic function asfap= Sap+ Pan/Mpianckt - - .. Where

excluded by theoretical constraints and in the open circl ] R ) }

region mg, <100 GeV. Along the line of squares and tri- the fields ®,, transform as left handed chiral superfields

andles ruﬁnin diagonallv across the fi or M re- under supersymmetry transformations, and as the symmetric
g 9 g y gimg A product of two adjoints under gauge transformations, we pa-

spectively, fall below their experimental bounds. Finally, X rametrize the lowest order contribution to gaugino masses b
cept in the narrow region covered with dots that follows the gaug y

boundary of the upper shaded region whBf&— svy) is too

large, the branching fraction for the dechy-svy is in its Ljf d2 oWawe
“allowed range” of (2—5)x 10 . The three solid contours

correspond toB(Bs—u"u")=10"85x108 and 107,

while the dashed contours correspond B¢By— 7" 77) .

=107, 10 % and 10°°. We see that the branching fractions WhereW? is the superfield that contains the gaugino fiefd

within the AMSB framework are small over most of the andF is the auxillary field component @b that acquires a

branching fractions om;,. For positive values oft, and
tanB=40-60, they are once again always close to the cor
responding SM value, independentrof;,. For negative val-
ues ofu, B(Bs—u" ™) increases rapidly witms,, and
even for tanB=40 andmy,=1 TeV can be as large as 19

) F
3 Ly c:ﬂm\%

Planck o MPIanck
(19
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TABLE I. Relative gaugino masses lltg ;1 andM in the four non-univ, m, = 400 GeV, A, =0 GeV, tan =40
possible irreducible representations tkaf could transform as. —~ L B o e e
=1
Mgut Mz 3 L 2jp>0
Fq M M M M M M B e——
: ® 13 2 : 1 : 36 22 11 ;m 10 e 200DR . ! DR'E
~ ~ ~ Newr’ - < -
24 2 -3 -1 ~12 ~—-6 ~-1 g Eﬁ ---------- N
75 1 3 -5 ~6 ~6 ~-5 i i
200 1 2 10 ~6 ~4 ~10 9
o7 Y| NI EPPIPEN I I
100 200 300 400 5(3)0 600
SUSY breaking VEV. In principle, the chiral superfiedd Mg (GeV)
which communicates supersymmetry breaking to the ~ & L S N L B
gaugino fields can lie in any representation contained in the f" C BHp<0 ]
symmetric product of two adjoints, and so can lead to 3 07
gaugino mass terms that break the underlying gauge symme- T
try. We require, of course, that SM gauge symmetry is pre- em
served. g
In the context ofSU(5) grand unification,F4 would E 7
most generally be a superposition of irreducible representa- Cienm- 200DR ----------------- .
tions which appears in the symmetric product of t4s, T R | WP EPEPIPEN I IPIPIN IO
100 200 300 400 500 600
(24X 24) symmenic= 16 24@ 756 200, (20 Mg (GeV)

where only 1 yields universal gaugino masses as in the £ g The branching fraction for the decBy— x* 1~ versus
MSUGRA r_nodel. The relations amongst the various _GUTthe GUT scale gluino mass parameMf in SU(5) supergravity
scale gaugino masses have been worked out, e.g. in Refodels with nonuniversal gaugino masses. As discussed in the text,
[21], and are listed in Table | along with the approximatethe models are characterized by the gauge transformation property
masses after renormalization group equatiR&E) evolu-  of the auxiliary fieldF, whose VEV breaks SUSY and gives rise to
tion to Q~M;. Motivated by the measured values of the gaugino masses. We show the branching fraction for the case where
gauge couplings at LEP, we assume that the VEV of thehis field transforms as a singlédotted, a 24 dimensional repre-

SUSY-preserving scalar componentfbﬁs neglible. Each of ~sentation(solid) and a200 dimensional representatiddashed of
these three non-singlet models is as predictive as the canontJ(5) for (@ x>0 and(b) u<0.

cal singlet case, and all are compatible with the unification of - ,
gauge couplings. Although superpositions are possible, fofl®@ MSUGRA framework wher@ transforms as a singlet of
definiteness we only consider the predicitive subset of sce>Y(5). while the solid and dashed lines show the result for

narios whereF,, transforms as one of the irreducible repre- the cases wherd transforms as @4 or 200 dimensional
sentations ofSU(5). The model parameters may then be representation, respectively. Tii& case is theoretically ex-

chosen to be cluded for our choice of parameters. Indeed, we see that the
branching fraction is sensitive to the underlying pattern of
me, M3, Ay, tang and sgiiw), (21)  nonuniversality®> Especially striking is the dip atM$
=200 GeV in framgb). We have checked that this is due to
whereM{ is the SU(i) gaugino mass at sca®=Mgyr:  an almost complete cancellation between the chargino and

M9 and M? can then be calculated in terms Bf§ using  gluino loops, which as far as we can ascertain is completely
Table I. The sparticle masses and mixing angles can then keccidental. Individually, either the chargino or the gluino
computed using th@onuniversal SUGRAption inISAJET.  loop contribution would be much larger than the SM one
An illustrative example of the spectrum may be found in Ref.(m, is only 175 GeV, but the total SUSY amplitude is com-
[41] where this framework is reviewed. We see from Table Iparable to the SM one and the two interfere destructively to
that the pattern of gaugino masses at the weak scale diffeggeld a branching fraction which is close to its minimum
quite significantly from the MSUGRA expectation. This sug- value (recall our discussion at the end of Sec. I). Ahis
gests that the relative contribution of the chargino andcase highlights the importance of including the gluino loop,
gluino-mediated contributions t8s— " x~ decays, and without which the branching fraction would be almost an
hence the branching fraction may differ significantly from order of magnitude bigger. We should also mention that con-
their values in the MSUGRA framework. tributions from neutralino loops that have been neglected in
To illustrate this, we shoB(Bs— " w7) as a function our analysis may now be significant, in which caB€By
of the input GUT scale gluino mass parameter in Fig. 9 for
the various models in Table I. We fisny=400 GeV, A,
=0, tanB=40 and show our results for both signsof The Byalues ofM3 smaller than 200 GeV300 GeV are “excluded”
dotted line labeled 1 DR shows the branching fraction withinfor the 200 (24) model since these yielth,<113 GeV.
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non-univ, tan = 55,-3my< Ay < 3my u>0 non-univ, tan f =45,-3my< Ay < 3my u<0

[y [y
< <

-
]

~b) 75 DR

-
]

BR(B, — 1" 1)
°. [—]

-
]

-
]

-
]

10

10
200 300 400 500 600 700 800 200 300 400 500 600 700 800
M: (GeV) M: (GeV)

FIG. 10. The branching fraction for the decBy— u* u~ for a FIG. 11. The same as Fig. 10, except for 0.
scan of the parameter space ®U(5) supergravity models with
nonuniversal gaugino masses over the range mentioned in the tesgignals in thefy, jets+1¢+E;, and possiblyjets+Zz°
We takeu>0. We show results versus the GUT scale gluino mass—¢ "¢~ +E; channels if Mgs 175 GeV and my=<400

parameteM  for the () 24 model,(b) 75model, andc) 200model ~ —500 GeV [42]. For u<0 [43] favored by the measured
discussed in the text. Each crogot) denotes a model where value of the muon anomalous magnetic moment, the branch-
B(b—sy) lies within (outside the range (2-5)x 10" “. ing fraction tends to be within a facter2 of its SM value.

(2) The branching fraction foB.— u* u~ decays can be
s large for the75 model, regardless of the sign ef. For
—pen) [12] Lo _ positive values ofu favored by the E821 experimefi28],

To see how largd(Bs—~u ") could be in these sce- g . + ) can be as large as 16, which is just a little
narios, we scanned over the parameter space of tf(}ese mod er a factor of 2 from its current upper limit. The gap in
We allow mq to vary between 100 GeV and50M3 and Fig. 10b) is presumably for the same reason as in the
—3mo<Ag<3A,. In Fig. 10 where we take =55, we ~ MSUGRA case. It is, however, more pronounced because
show results for.>0 for the three cases of nonuniversality sma)| values ofA,| are not allowed. For thés model, direct
discussed above. The corresponding result for the MSUGRAysY searches at the Tevatron can give observable signals
case was shown in Fig(#@. Analogous results fop <0 and oy in the £ channel, and that, too, only K18 andm, are
tanB=45 are shown in Fig. 1_1 W|_th the Corr_espor!dlng result.oiher small. In this caseng,, mz. andms. are all rather
for the MSUGRA case now in Fig.(8). Again, points that . v
satisfy other experimental constraifftsbut where B(b ~ close in mass, so that decaysWwf andZ, typically lead to
—sy) falls within (outside the range (2-5)x 10 4 are de-  very small visible energy42]. .
noted by a cros¢dot). The following features of these fig-  (3) For the200model,B(Bs— " u ") can exceed 10/,
ures are worth noting: even for very large values d\‘/lg for both signs ofu and

(1) For the 24 model, the branching fraction is always parameter values consistent with the measured value of
smaller than about 210 8 at least for the tap values B(b—sy). As in the 75 case, direct SUSY signals at the
shown, and would be difficult to probe at the Tevatron. How-Tevatron, for the most part, will be restricted to e chan-
ever, in this scenario the Tevatron experiments should seel [42].

—7 7 ) would not have the canonical ratio witB(Bg

IV. SUMMARY

n the case of th@5 and 200 models the mass gap between the
chargino and the LSP is small, and CERNe™ collider LEP con- If tan B is large, substantial flavor violating couplings of
straints onmg,, cited here may be too stringent; see, however, theneutral MSSM Higgs bosons to down type quarks are in-
discussion in Ref[42]. duced at the one-loop level via diagrams with squarks and
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charginos or squarks and gluinos in the loop. These inducetivity to B(By— 7" 7~) is no more than an order of magni-
interactions, in turn, lead to new Higgs-boson-mediatedude worse than the Tevatron sensitivityBOBs— u™* u ).
SUSY contributions to the amplitude for the decaBs Our main results are summarized in Figs. 2—4 for
—utu” andBy— 7" 7. Depending on model parameters, MSUGRA, in Figs. 5 and Fig. 6 for the GMSB model, in
the branching fraction for the decays may be several ordersig. 8 for the AMSB model, and in Fig. 10 and Fig. 11 for
of magnitude larger than its corresponding SM expectationSU(5) models with nonuniversal GUT scale gaugino
Moreover, while the SUSY contribution to the decay de-mMasses. We will not elaborate on the details here. Generally
couples wherm, becomes largéso that the Higgs sector of speaking, in the GMSB and AMSB frameworks, the branch-

the MSSM reduces to that of the SM with a light Higgs ing fraction for this decay is significantly smaller than in the
boson, it does not decouple for heavy sparticles. MSUGRA model. Within the GMSB and AMSB scenarios,

The CDF experiment has already established Bd, the FeaCh.Of Tevatron experiments via this dec_ay will be
. 5 . relatively limited. A branching fraction close to 10is pos-

—u u)<2.6x10"° and with the data sample of .
~2 fb~?! that is expected to be collected after 2 to 3 yr ofSlble only for regions of parameters wherg, tends_ to be
Main Iniect i il b itive 10 b hing f small due to accidental cancellations. In supergravity models
" an njec”or tc;]pera :;m’tm;@ $hsen3| 'V_‘:’_ 'ct) r‘?l'?% ING TaC~ ith nonuniversal gaugino masses, the size of the signal is
lons smafler than abou - ' Ne sensitivity Will D& eVen — cangitive to the gaugino mass pattern. Indeed, in7thand
greater as Tevatron experiments approach their goal

_ : e : . 00models the signal can be very large for values of param-
~ 1 . . .
15 1o~ This then opens up the .pOSS'b'“ty of discovering eters consistent with other constraints. In all these models

new physics at the Tevatron even if sparticles are heavy aniq e are varying regions of parameters that are not in con-
their signals from direct production are below the level offlict with observations, wherB,— u* .~ should be observ-
’ S

observability. . . . -~ able at the Tevatron, and where there are no direct sparticle
These considerations led us to examine predictions 1‘0{)r Higgs boson signals

i o ; I
B(Bs—u " u~). This is, however, not possible within the — o decayB,—u*u~ andBy— "7 may also be in-

context of the gen_eri_c MSSM since SUSY amplitudes ar€isive probes ofSO(10) SUSY models with Yukawa cou-
sensitive to thea priori unknown flavor structure of squark ling unification since these require tarto be large. These

mass matrices and trilinear couplings. In other words gener odels have recently received considerable atterfu
p.rbeldlctlogs(as a fur;ctlon o{ tspartlcli'mas%e!ie Inof[hpos- especially in light of the interpretation of the atmospheric
SIDIE, and one has 10 resort 1o Specitic modets. In IS papefq, 4y data[47] as neutrino oscillations originating in a

we have examined this branching ratio within the framewor o : oo
of several popular models of SUSY breaking: the MSUGR&'on trivial flavor structure of the neutrino mass matrix. Since

- . . Yukawa coupling unification is possible only in very special
model, the minimal gauge-mediated SUSY breaking model, _ . : ; -
and the anomaly-mediated SUSY breaking mddate also regions of parameter space that require extensive scanning to

: ! : o . find, we defer the analysis CB(quH€+€_) within this
examined the range of this branching ratio in SUpergraV'“?ramework to a dedicated study of the phenomenology of
SU(5) models with nonuniversal gaugino masses. Specmfhese models that is currently in progress

; 4o : , .
cally, we studied how thB(Bs— " ) varies with param- = “goore concluding, we again emphasize that the branch-

eters, and delineated regions of parameter space Where-ht - : - ;
o ; : ing fractions that we have examined are sensitive to details
might be observable at the Tevatron. Without making any J

. f th del in that Il deviati i f th -
representation about the sensitivity of BELLE and BABAR, of the model In fhat small deviations in Some of the assump

h | ined the b hing fraction for th lat tjons (about sfermion flavor structure at the high s¢cdleat
we have asc+) examined the branching fraction for the relalefafine the framework could result in considerable changes in
decayBy— 7" 7 . Since the coupling of the Higgs boson to

. . i : ~ the answer. Our point here is that we should use various
SM fermions is proportional to the fermion mass, the part'al“model predictions” only for guidance, or as benchmarks,
width fgr this decay is enhance@elative to that forBs | keep open the possibility that the real world may be
—utu”) by a factor m,/m,)?, but reduced by a factor ; ;

3 - Ut o Y . somewhat different. By the same token, accurate determina-
(IVidl/[Visl)® that originates in the flavor violating Higgs yion of flavor violating processes serves as a sensitive probe

b(_)”sgn vertex. Our “."E of thumb is that thes_ef ehxperimer_\t%f flavor structure at very high scales. The observation of
will be competitive with Tevatron experiments if their sensi- jocacces such aB,p*u- at the Tevatron orBq

— 7" 77 atB factories is important not only because it would

herald new physics, but also because they may serve as

1 . . . .
5\NeT did not separately examine the gaugino-mediated SUSYyrobes of flavor physics at scales not directly accessible to
breaking framework44]. This is a model based on extra dimen- experiment

sions where usual matter and SUSY breaking fields reside on dif-
ferent spatially separated branes, while gauge fields live in the bulk.
As a result, gauginos which directly “feel” the SUSY breaking ACKNOWLEDGMENTS
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