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Introduction

In supersymmetry (SUSY) ...
scalar-quark sector can have non-trivial flavor structure

what if its not aligned with quark sector?

If new phases are big, 1st and 2nd generation squarks must be heavy
....in order to escape neutron EDM constraints
“Effective-SUSY” with only 3rd generation (right-handed) scalars light

We consider a scenario with sizable (M2

RL,RR,LL)32,23

...motivated by U(2) flavor symmetry
[see: S.G & C.-P.Yuan, hep-ph/0410181, Phys.Rev.D71:035012, 2005]

Here, focus on the effective theory

What are the implications to rare B decays?

What are the collider signatures (ILC, LHC)?
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SUSY flavor structure

Without worrying about what generates this flavor structure...

...consider an effective SUSY breaking L (in superCKM basis)
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Parameters

Define δRL,RR,LL32,23 ≡ (M2
RL,RR,LL)32,23

m2
0

Natural sizes: δRL32,23 = 6.82 × 10−4 dRL32,23 δRR32 = 0.02 dRR32

SUSY spectrum: (“effective” SUSY)

m0 1000 tan β 5

m
b̃R,t̃R

100 µ 200 ei 2.2

m
d̃R,s̃R

1000 M2 250

mq̃L
1000 Mg̃ 300

A 1000 mH± 250

dLR32 2 ei 3.2 dRR32 1.75 ei 1.6

All masses are in GeV

Neutron EDM suppressed in effective SUSY in spite of new O(1) phases
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Flavor Changing Neutral Currents
(FCNC)

• Minimal flavor violation (MFV)
• A-terms aligned w/ SM Yukawas. So FCNC ∝ VCKM

• SM, H±, χ̃±

• Non-minimal flavor violation (NMFV)
• General A-terms. So FCNC ∝ new phases

• Gluino (g̃)

Example: ∆B = 1 Bd → Xsγ
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B-meson (and K) FCNC

FCNC Effects in:

• ∆S = 2:
• K0 − K̄0 mixing (εK)

• ∆B = 2:
• BdB̄d mixing (∆mBd

), Bd → ψKs (sin 2β)
• BsB̄s mixing (∆mBs

)
• ∆B = 1 (B.R. and C.P. Violation):

• Bd → Xsγ, Bd → Xs g

• Bd → Xs`+`−

• Bd → φKs
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Recent sin 2β data

-2 -1.5 -1 -0.5 0 0.5 1 1.5

– ηf
 × Sf

cc
 K

0
φK

0
η, K

0 S
f 0K

0 S
π0 K

0 S
ω

K
0 S

K
K

K
0 S

K
0 S
 K

0 S
 K

0 S

BABAR 04

Belle 04

Average (charmonium - all exps.)

BABAR 04

Belle 04

BABAR 04

Belle 04

BABAR 04

Belle 04

BABAR 04

Belle 04

BABAR 05

Belle 04

BABAR 04

Belle 04

BABAR 05

Belle 04

Average (s-penguin)

0.722 ± 0.040 ± 0.023

0.728 ± 0.056 ± 0.023

0.726 ± 0.037

0.50 ± 0.25
 + 0.07

– 0.04

0.06 ± 0.33 ± 0.09

0.30 ± 0.14 ± 0.02

0.65 ± 0.18 ± 0.04

0.95
 + 0.23

– 0.32 ±
 0.10

–0.47 ± 0.41 ± 0.08

0.35
 + 0.30

– 0.33 ±
 0.04

0.30 ± 0.59 ± 0.11

0.50
 + 0.34

– 0.38 ±
 0.02

0.75 ± 0.64
 + 0.13

– 0.16

0.55 ± 0.22 ± 0.12

0.49 ± 0.18
 + 0.17

– 0.04

0.71
 + 0.32

– 0.38 ±
 0.04
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Moriond 2005

B-physics and Linear Collider signaturesoflight Stop and Sbottom – p.7



∆B = 2: BsB̄s mixing

Limit: ∆mBs
> 14.4 ps−1 @ 95% C.L. [PDG2004]

SM prediction: 14 ps−1 < ∆mBs
< 20 ps−1

Dilepton asymmetry: A
Bq

ll
≡ N(BqBq)−N(B̄qB̄q)

N(BqBq)+N(B̄qB̄q)
SM prediction: ABs

ll
≈ 10−4

(15, 25, 40) ps−1 contours of ∆mBs
(10−4, 10−3 and 10−2) contours of |ABs
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∆B = 1: Bd → Xsγ, Bd → Xs g

B.R.(Bd → Xsγ) = (3.52+0.3
−0.28) × 10−4 [HFAG-ICHEP04]

A
Bd→Xsγ
CP

(δ) =
Γ(B̄d→Xsγ)−Γ(Bd→Xs̄γ)

Γ(B̄d→Xsγ)+Γ(Bd→Xs̄γ)
− 0.07 < A

Bd→Xsγ
CP

< 0.07 @ 95% C.L.

with Eγ > (1 − δ)Emaxγ

g̃ contrib strongly constrains δRL32

(-7, -3, 3, 7) % cont of ABd→Xsγ

CP
(1, 7.5, 15 %) cont of B.R.(Bd → Xs g)
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∆B = 1: Bd → φKs

A
Bd→φKs

CP
≡

Γ
`

B̄d(t) → φKs
´

− Γ (Bd(t) → φKs)

Γ
`

B̄d(t) → φKs
´

+ Γ (Bd(t) → φKs)

= −CφK cos
`

∆mBd
t
´

+ SφK sin
`

∆mBd
t
´

Experiment [HFAG-ICHEP04] SM prediction

B.R.(Bd → φKs) 8.3+1.2
−1.0 × 10−6 ∼ 5 × 10−6

SφK 0.34 ± 0.2 0.725 ± 0.037

CφK −0.04 ± 0.17 0
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Bd → φKs and Bd → Xsγ scan
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Linear collider signatures

b̃, t̃ production

e b, t
∗ ∗γ ,Z

b, t
∼ ∼

∼∼+

e−

[See recent paper: Carena et al, hep-ph/0508152]
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b̃R decay
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t̃R decay
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Conclusions

Considered Effective-SUSY with sizable (M2

RL,RR,LL)32,23

Is consistent with B-meson (and K) FCNC data
...can explain Bd → φKs “anomaly”

Await more data (improved accuracy) in:
BsB̄s mixing, ABd→Xsγ

CP , Bd → φKs

Outlined ILC signatures - details to be worked out

LHC signatures - future work
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BACKUP SLIDES
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U(2) Flavor Symmetry

[Barbieri, Dvali, Hall]

d
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U(2) index

L = m3 ψ̄3ψ3 + λ1

M
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U(2) symmetric mass:
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(in the Gauge Basis: W± diagonal)
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SUSY U(2)

SUSY and U(2) dictate structure of the theory

SUSY preserving Superpotential:

W = ψHψ + φa

M
ψHψa + φab

M
ψaHψb + φaφb

M2 ψaHψb + Sab

M
ψaHψb + µHuHd

h

ψiHψj ≡ QiU
c
jHu + Uci QjHu −QiD

c
jHd −DciQjHd

i
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Tevatron bounds
Source: [D. Bortoletto, C. Rott]

[hep-ex/9910049, 0410007]
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Tevatron bounds
[hep-ex/0404028]
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Operator product expansion (OPE)

Example: ∆B = 1 effective Hamiltonian

Heff
∆B=1 = −GF√

2
VtsV

∗
tb

0

@

X

i=1...6,9,10

Ci(µ)Oi(µ) + C7γ(µ)O7γ(µ) + C8g(µ)O8g(µ)

1

A

O2 = (s̄c)V−A(c̄b)V−A

O7γ =
emb

8π2
s̄Lσ

µνbRFµν

O8g =
gsmb

8π2
s̄Lσ

µνTabRG
a
µν

Renormalization group evolution from high scale to mb

New physics contribution to Wilson coefficients:

C2 = CSM2

C7γ = CSM7γ + 0.67Cnew7γ (MW ) + 0.09Cnew8g (MW )

C8g = CSM8g + 0.70Cnew8g (MW )
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Recent sin 2β data
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Additional corrections?
Beneke, Neubert - 2005
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∆S = 2: Kaon mixing

CP violation due to mixing: |εK | = (2.284 ± 0.014) × 10−3 [PDG2004]

• Constrains MFV contributions (SM, H±, χ̃±)

• NMFV gluino contributions not constrained

About 25 % uncertainty in calculating hadronic matrix element (in Bag factor BK )
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∆B = 2: BdB̄d mixing

∆md = 0.502 ± 0.007 ps−1

aψKs
= 0.725 ± 0.037 (sin 2β in SM) [PDG2004, HFAG-ICHEP04]

MFV constraints similar to Kaon case

For large d̃Rs̃R (squark) mixing, NMFV (g̃) contrib strongly constrains δRR32

About 15% uncertainty in decay constant fB
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∆B = 2: BsB̄s mixing

Limit: ∆mBs
> 14.4 ps−1 @ 95% C.L. [PDG2004]

SM prediction: 14 ps−1 < ∆mBs
< 20 ps−1

Dilepton asymmetry: A
Bq

ll
≡ N(BqBq)−N(B̄qB̄q)

N(BqBq)+N(B̄qB̄q)
SM prediction: ABs

ll
≈ 10−4

For large d̃Rs̃R mixing (with BdB̄d mixing constraints): ∆mBs
≈ 22 ps−1

For small d̃Rs̃R mixing (no BdB̄d mixing constraints):

(15, 25, 40) ps−1 contours of ∆mBs
(10−4, 10−3 and 10−2) contours of |ABs
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∆B = 1: Bd → Xs`
+`−

Experiment [HFAG-ICHEP04] SM prediction

B.R.(Bd → Xs`+`−) 4.46+0.98
−0.96 × 10−6 5.3 × 10−6

(p`+ + p`−)2 > (0.2 GeV)2

(5.25, 6.25, 7.25)×10−6 contours of Bd → Xs`+`−
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Bd → φKs and Bd → Xsγ scan

For small d̃Rs̃R mixing (no new phase in BdB̄d mixing):
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For large d̃Rs̃R mixing (with new phase in BdB̄d mixing):
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