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e MSSM with R-parity

— too many free parameters (124): mostly come from the
flavor sector in the soft SUSY breaking Lagrangian

— generic FCNC and CP problems

— soft terms are thought to be originated from more
microscopic theory.

e MSUGRA model is a benchmark scenario:

— with the radiative electroweak symmetry breaking condition
it is described by 5 parameters

mo, My, Ap, tanf, sign(p).
— if we assume all the parameters are real, SUSY FCNC
and SUSY CP problems can be evaded.
— My :My:M;=~1:2:6. LSP is B—like neutralino.
— FCNC is uncontrollable beyond minimal Kahler potential:
AVA
/ d40cz-j@¢j¢j.

e Mediation models of SUSY breaking which predict flavor
conserving soft terms

— Gauge mediation (GMSB)

— Anomaly mediation (AMSB)

— Gaugino mediation (gMSB)/ no-scale supergravity
— Dilaton-domination in string theory

— Dilaton/modulus mediation in heterotic M theory



e Generic soft SUSY-breaking Lagrangian

1 o 1 o
Losg = §M>\)\)\ — (m2)fz’z;k — gAijkzszzk.

e GMSB

M. Dine, A. E. Nelson (1993)
M. Dine, A. E. Nelson, Y. Shirman (1995)
M. Dine, A. E. Nelson, Y. Nir, Y. Shirman (1996)

G.F.Giudice, R. Rattazzi (1999)

— N flavors of messenger superfields U;, U¢ eg. ~ (5 + 5) of
SU(5) couple to gauge singlet superfield X which aquire
VEV in the scalar and F-component: (X) = M + 0*F

— Parameters (w/ rewsb)
N, M, A=F/M, tanp, sign(u).

— Soft terms are generated through usual gauge interactions

B a, (M) F
Mo = N A M’
2 2
2NG j i (M) E
(m )z - 2N522a:0a( 47T > (M )

— flavor universal because gauge interaction is flavor-blind
_ . s . _ F

gravitino is LSP (ms/ = —x/§Mp1)
— NLSP can be neutralino, stau or sneutrino.
— perturbativity of gauge interactions up to Mgyt requires

1 N . M
~ 24, — — log —L
aGguT 2 M
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— N <5 for M =100 TeV.

— Requiring the gravity contribution is suppressed at per
mille level,

1l «

5 Wﬂ pl ™~ 1015 GeV.

e AMSB

L. Randall, R. Sundrum (1999)
G. Giudice, M. Luty, H. Murayama, R. Rattazzi (1998)

J. L. Feng, T. Moroi (2000)
— SUSY breaking is mediated by superconformal anomaly

— Soft terms are proportional to the corresponding beta

functions
1
M, = b 2]\4aux
A 16727
. 1.
()] = (M
Aijk — _(/YZmijk: + /YJmYVzmk + ﬁYITgnY;jm)Maux

. 1 . .
167y = SYima Y™ = 20]g°C(0).

— RG invariant (pure AMSB)
— Sleptons are tachyons.

— minimal AMSB
(m?)] = (m?)] +mgo!

]

— Parameters
Mo, mg, tanf, sign(p).
- Ml . MQ . M3 =28:1: —83, I.e. M172M3 <0



— |Ms| < [My| < |p| — W-inos are LSPs, X ~ wo,

D. E. Kaplan, G. D. Kribs, M. Schmaltz (2000)
Z. Chacko, M .A. Luty, A. E. Nelson, E. Pontén (2000)

— Supersymmetry breaking on ‘source’ brane is mediated to
‘matter’ brane through an extra dimension by bulk
gauge/gaugino fields.

— Parameters
L_17 M1/27 tanﬁ, Slgﬂ(ﬂ)

— Soft terms at compactification scale L™!:

My My M;s 1 F

— — M= ——=),
9 9 9:?( V2 = 3 )

mQ‘g = 0, Az’jk = 0.

P . _ F
— gravitino LSP in most of parameter space (mg/; = \/E—Mpl)
stau NLSP
— If L=t ~ M, gMSB is similar to no-scale supergravity.
e Dilaton domination in string theory
— Parameters
Mo, tan(, sign(p).
— Soft terms at Mgyt ~ 2 x 1016

M)\ = \/gMauxa ng — |]\4aux|2 537 Aijkz = \/gMaux

— CCB minimum — entire parameter space is excluded

e Heterotic M theory with dilaton/moduli mediations



— Parameters
msy, sin@, €, tanf, sign(u).

— soft terms at string scale

3
M, = \/_m?’/z [sinﬁ—kicosﬁl,
I+e V3
3
Aijk = —\QT?’M [(3—26)Siﬂ9—|—\/§0080],
€
(m2)j = 5jm§/2 [1(34‘6)2<6(6+6) sin @ + (3 + 2¢) cos 6

—92v/3sin 6 cos 0)] )



|Indirect Searches of the I\/ISSI\/II

e Indirect searches:

— can probe particles running in the loops, even ones too
heavy to be produced at colliders.

— sensitive to flavor structure.
— complementary to the direct search for SUSY particles.
— We study

(9g—2),, B—=Xs+7v, Bs—up~, B-— XJIT

at large tan .
e Large tan 3:
— Yukawa coupling unification

— Large v, correction (HRS effect)

B gmy, 1
b V2my cos 1+ Aptan 5
with
200
Ay ~ - pMs I(mg ,mg ,mgz).
°(g—2),
— New Physics contribution to a, = (g, — 2)/2
Lerr = ; 7/7\15 pot (CrPr+ CLPL) piFu,
2
5au = A2 (CR + CL)

— MSSM contribution



Sa, > 0 if My > 0.

— BNL E821
a® = 11659203(15) x 107"
—a® —ad" = (26+16) x 107"

1.60 deviation from the SM calculation.

e Effective Hamiltonian for
B— Xoy,B; =0t~ B— X J0T(:

4Chr

Hor = — 7 VébVi’Z Y. GiwQi(w),
=1,---,10,5,P
where
Q1 = (SamuPres)(@sy" Prsa)
Q2 = (SavuPrca)(@sy" Prsp)
Qs = (anPrba) > (@57"Pras)
q=u,d,s,c,b
Qs = (SavuPrLbp) Z @BVMPL(]a)
q=u,d,s,c,b
Qs = (5a7uPrba) Z (357" Prag)
q= c,b
Qs = (Ea%PLbﬁ) Z (@57 Pr4a)
u,d,s,c,b
Q7 = - mbgao— PRbaF;LV
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Q8 - 1g7r aﬁS/BG
62 -
Coy = = (5o Prba) (17"1)
62 —
QlOA = 1671'2 (SafY,uPLb ) (l7'u75l)
62 -
QRs = 162 my (§aPRba> (ll)
62 —
Qp = 62 (SaPrba) (I7s1)
2
QT = # (EO’HVPRb) (lO"uVPRl)

o3 — Xv
— SM prediction:

B(B — X,v)sm = (3.29 £0.33) x 107*

— Current experimental bound:

B(B = XsV)exp = (3.21 £ 0.43(star) + 0.27 ,  F010)) X 1077,

CLEO(2001)
:strong constraint to New Physics.
— MSSM contribution: .
o -

7, X" contributions are negligible.
H*-contribution constructive with the SM.
Y T-contribution destructive with the SM if M5 > 0 .



o B, =TI~
— (5 and Cp dominate:

2 2
B(Bs = p*p~) = 875x107° < Vis| ) <L>

0.040 210MeV

2m
X {|MBSCS|2+|MBSCP+ MMCIOAF}]
B

S

— SM predictions
B(B, — ptp™)=(3.7£1.2) x 1077
— Experiments (CDF at Tevatron Run-I)
B(B, — ptu™) < 2.6 x107%  (@90%CL)

— Tevatron Run-Il
For B(B, — [T]17) ~ 5 x 1078,
~ 5 events 2 fb~! (Run-lla)
~ 25 — 50 events 10-20 fb~*. (Run-1lb)

— Enhancement of ‘Higgs penguins’ at large tan :

H uA

Cs.p's are no longer negligible.
B(B, — ptp~) o tan® 3

— sensitive to tan 8, mu, t1, A;.
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e Numerical Analysis:

— Direct search limits:

M'>113.5 GeV, mz > 72 GeV,

- 20< B(B — Xyy) <45
— We did not impose neutralino LSP, nor no-CCB minima.
e mSUGRA:
— Large B(B — ptp™) (25 x 107®) possible for large da,
A. Dedes, H.K. Dreiner, U. Nierste (2001)

e B(Bs — ) is sensitive to SUSY breaking mediation
models.
— AMSB (¢ > 0) — pM5 <0
* B(B — X,v) too strong because chargino contribution is
constructive to the SM.

* HRS effect constrains tan § < 35.
* B(Bs — ptu~) is small.
— My is sensitive to tan
Wha 95 O g M2 — 3N Abf? + 3, +m +m)
— m%{d can be even negative for large tan 3.
* m% =~ 2|p* + my, +mi is lowered at large tan 3.
* Due to its small gauge interaction, 7 can be easily driven

*

to negative !l
dm% 12
dt — EO&1|M1|2—2)\ (|AT|2—|—de—|—m% —I—m~)

* mSUGRA: can satisfy both small m4 and mz, > 0
simultaneously (mg, m1/2)

11



GMSB (gMSB): both scalar and gaugino masses are
controlled by a single mass parameter A (M 2)

* In GMSB, large M is favored < long running distance
makes scalars lighter.
For large IV, scalar masses are suppressed relative to
gaugino masses — B(B, — u ) is enhanced.

AMSB
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pw>0

tanp
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GMSB
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| Conclusionsl

- (9 —2).B(B = Xsv), B(Bs = ptp™), in several
mediation models of SUSY breaking

— Large enhancement of B(B, — p* ) is possible in some
scenarios at large tan

— If B, — pup~ is discovered at Tevatron Run-Il, with
BR~ 5 x 1078, mAMSB, GMSB with low N, gMSB will be
excluded.
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