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b — svv decay

MSSM contributions at large tan g

— tan 8 -enhanced contributions from gluino and H=*

correlation to b — sv

— gluino loops, chargino loops, H* loopSs

Bs — puTu~ for H* loops



FCNC processes are very important to probe the physics
pbeyond the SM

* No tree-level SM contributions
= sensitive to new physics contributions

FCNC in B physics
BgsBas mixings, b — sy, b— slTl™, Bog—ptp™, ...

Here we consider the decay b — svr in the MSSM, at large
tang = (Hy)/(Hp) > 1 and for general flavor mixing of squarks.



b— svv (B — Xsvv) decay ( B- — K®—wp, ...)

Generated by Z-penguin and box diagrams.
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* Dominance of short distance contrib. by hard GIM cancellation
* Inclusive branching ratio Br(B — Xsvv):

small uncertainty from hadronic/nonpertubative corr.

= theoretically clean prediction “Golden mode”



Experimental search for b — svv

Search for B — (K, K*,---) 4+ (missing energy):
not observed yet

Upper limits:
Br(B — Xs+ E,,ss) < 6.4 x 1074 (ALEPH, 2001)
Br(B~ - K~ 4+ E,,ss) < 1.4 x 107° (Belle, 2007) etc.

Still much larger than the SM predictions (sum over v = ve ;, 1)
Br(B — Xsvi)gy = (3.7 +£0.2) x 107> (Bobeth et al, 2005)
Br(B — Kvi)gy = (3.8732) x 1076 (Buchalla et al, 2001)

Br(B — K*uvir)gy = (1. 3+0 3) x 107> (Buchalla et al, 2001)

A target at Super B factory
expect 20% precision for Br(B~ — K~ vi) at 50-100 ab—!



MSSM(minimal supersymmetric standard model)
a very promising extension of the standard model

* All particles in SM have the “superpartners” (SUSY parti-
cles), which have the same gauge charges and different spins
by 1/2.

da — squarks Grq,qra(a =1 —6)
[ — sleptons [

g — gluino g

W+ H* — charginos X3,

v,Z,HY 5 — neutralinos ¥%_,

Flavor mixing of squarks: not governed by CKM matrix
New sources of FCNC processes



* Having two Higgs doublets
Hp = (HY,Hp), Hy = (H, HY),
(HD)? 4+ (HD)? = 2miy /g5, (HQ)/(HD) =tanp
(Hp) — myg, my (Hrr) — my (at tree level)

For large tan3 > 1, Yukawa couplings of b/b become large.
Interesting in phenomenology

mp
Yi~ — ~
*" (Hp) cosp

Y,(SM)



SUSY /Higgs contributions to b — svv

Bertolini et al; Grossman et al; Goto et al; Buchalla et al; ...

(1) Z9 penguin diagrams by 1-loop Z3b vertex (quark-Higgs,
squark-ino)
main parts of SUSY /Higgs contributions

Need 3 — 2 flavor changing and

0
4 v SU(2) breaking in the loops

Xl

(2) Box diagrams
usually small for SUSY loops
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Effective Hamiltonian for b — svrv

QGFOé *
Hefr = —ﬁ;KtsKtb[CvOL + CI//OR]7

O = (spAPbr)(vryuvr), Or = (Gpy"'br)(ryuvr)

Simple structure

Cy, = C,(SM) + Cu(new),C, = Cl(new) (CL(SM) ~ —6.8)

Branching ratios
Y Br(B — Xswb) o |Cu]?+|Cl|%
14

Y Br(B — Kvv) o« |Cy— Ol
1%



SUSY /Higgs contributions in MSSM

* Chargino-squark loops (Zsb vertex @ box)
SU(2) breaking by A-term mixings tp — ¢y, tg — ¢:

Dominant MSSM contrib. at small/moderate tan g
(main target in previous studies)

* Gluino-squark loops (Z3sb vertex)

SU(2) breaking by G;, — gp mixing for § = (b,5) o« mputanf
enhanced by tang8 > 1 and b — § flavor mixing



* (H*, t) loops (Z3b vertex)

AC, (by — s1): suppressed by 1/tan?g
AC!, (bp — sg): induced by tan B-enhanced one-loop effective
sptrH— coupling ~ (Y;)23, which can be much larger than

tree-level ~ mgtan B (see later)

Z

C!(HT1) may be relevant at tan 8 > 1 and with 5z —bp mixing

Cf. Similar tan S8-enhanced H* contribution to K — wvw: Isidori, Paradisi,



tan g-enhanced one-loop quark flavor violation

Hempfling; Hall et al.; Carena et al.; Blazek et al.; Babu, Kolda; Foster et al.; ...

Effective interactions of d;pr = (d, s,b) g to two Higgs doublets,
after squarks are integrated out

Lint = —(Ya)ijdirg;r Hp — (AYy)ijdirg; L Hfr
Hy ~ h°(SM — like), Hp ~ (H?, A%, H*) at tan8 > 1
AY; = 0 at tree-level by SUSY, but are induced by squark loops with soft
SUSY breaking.
* quark mass matrix: set to flavor-diagonal
mqg(SM);; o [Yavg + AYguu]i; o< [Ya + tan BAY,];

* (H9, A, H*, Hp)-couplings to dgr;: determined by Y
Not diagonal in quark mass basis

tan B-enhanced effective flavor-changing higgs-(s)quark cou-
plings, not governed by CKM matrix, are generated.
Numerically important at large tang



Constraints on b — svv from b — sv

b — sv:

enhanced by the SU(2)xU(1) breakings and 3 — 2 flavor
changing in the loops (similar to b — svv)

= experimental bound on b — sv should give constraints on
the SUSY /Higgs contributions to b — svw.

especially important at large tan g

Very rough estimation of the constraints:
Requiring Wilson coeff. (AC7, AC%)(uy ) for b — s from each
SUSY /Higgs sector to be not larger than C7(SM, uy) ~ —0.2



/ /
Numerical correlation between C,S) and C§)

Scan over 2-3 flavor mixing parameters in squark mass matri-
ces (6%,,0%p, 6% p, (Au)33,32)

1 O 0
M§xx = M§ ( 0 1 (6%x)23 ) + (m§®)2 + Dy,

0 (6% )23 1
(XX =(LL,RR),Q = (U, D)),
; 0 O O
M3, = |0 0 0 |
0 mi(Au)z> mi(Ay)33z — pmgcotp
0
MZ%)RL = —,umc(i)tanﬁ

mc(zo) ~ Yy “bare” quark mass matrix, not necessarily diagonal.



(1) Gluino-squark contribution to (Cy, C})

Both scale with bp — 57 mixing o< myutan s

Requiring |AC7(g)] < |C7(SM, uw )| ~ 0.2 constrains ACL(g)
much smaller than C,(SM) ~ —6.8.



AC, — AC7 corr. (gluino-squark loops)

[tan 8 = 50, Mz = 500 GeV, mz = 500 GeV, u = [-550,550] GeV, (8{; pp)2z =
[-0.3,0.3] ]
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Gluino contributions cannot be large, even at tang > 1 and
with large b — 5 mixing




(2) Chargino-squark contributions

main parts
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ACy increases with (Ay)33 (tg—11) and (Ay)3o (I —Cr) Mix-
iNgs

AC7(%E) also increases with (Ay)33,32 as well as with tan g,
but AC, — AC7 correlation is not so strong due to their dif-
ferent dependences on ((Ay)33, (Ay)32)



AC, — AC7 corr. (chargino-squark loops)
[tan3 = 50, M; = 500 GeV, M, = 300 GeV, u = 500 GeV, mz = 400
GeV, (8}.)23 =[-0.3,0.3], (d%p)23 =0, (Au)3332 = [-1500,1500] GeV |
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AC, ~ %1 possible while |AC§,)| < 0.2
~ 30% deviation from SM?




(3) HE contributions for tan8 > 1

(by loop-generated effective H~sgrt; couplings)
4 /
/

bp — @ Sk b, — ® SR

/ /
Constraints from ACQ(H"‘) are not so strong as ACP(Q’),
since ACQ(H"‘) are not tan g-enhanced.



/
AC!, — ACY) corr. (HE —t loops)
[tang = 50, M; = 500 GeV, M3 = 500 GeV, p = —500 GeV, (A,) = 0,
8¢, pr = [-0.3,0.3], my= = [400,1000] GeV ]
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Bs — pTp~ constraint on C/,(H¥)

Effective HT5pxt; coupling for C/,(H*) is associated with (H°, A9)5Rb;,
by SU(2) symmetry.

Large “tree-level” contributions to Bs — u T~ are induced by
Higgs penguin.

bR \ o SR bL - ‘ . SR
\\ // HO7AO i

Cy H™ % Y~

Z

Br(Bs — ptu~) < 1077 (Tevatron, 2007) (cf. 4x1079 in SM)
— |(Yg)32]? + [(Yg)23|* < 0.2 cos? B(m 4/500 GeV)*

= C/(H%) < 0.15x(corr. to HYE;bg) for tan 8 = 50, my <
1 TeV
negligible compared to Cp,(SM) ~ —6.8



Conclusions

* In the MSSM at large tan 8 and with general flavor mixings
for squarks, the b — svv decay may receive potentially siz-
able, O(10)% contributions from the gluino and H* loops, in
addition to the chargino contribution, through the Z penguin
diagrams.

* However, their magnitudes are strongly constrained by other
FCNC processes of the b mesons, b — sy, Bs — ,u"',u_, .

* Requiring AC7(SUSY) < C7(SM) for b — sy and [Higgs
penguin] < [Experlmental upper limit] for Bs — /fl'u give
strong suppression ACS (g, HT) < C,(SM).



Things to do

* Estimation of SUSY contributions to b — svv with wider
parameter scan and imposing other constraints (Bs—Bs mixing,
Ap, etc.):

NOW in progress

* Comparison with related FCNC processes:
b— sltl— K — nvv



