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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

. . . . 2
We consider a scenario with sizable (M%; rp 11)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 £ (in superCKM basis)

dL dR
LD —(dy 35 bp)Mip |30 | —(dy 3k bR)Muig| 3k |+
br / br
dr,
+(dp 8§, br)My, | 5L | +he
br,
m% ie’m% 0 O —-Ai¢ O
M%{R = —ie’mg m% + eZm% em=* MQRL =wvg | A1€f Age  Aye
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SUSY br scale = m}? A-term scale = A
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Parameters

2
: RL,RR,LL __ (MRL,RR,LL)32,23
efine ¢ =
32,23 mg

izeg: SRL  _ —4 JRL RR _ RR
Natural sizes: 3553 = 6.82 X 107 d3} 3 dz5° = 0.02d35

SUSY spectrum: (“effective” SUSY)

mo 1000 tan 3 5
mp o i 100 ) 200 e? 22
mg - 1000 Mo 250
R>SR
meg, 1000 Mg 300
A 1000 M+ 250
d§,2R 9 132 dé%QR 1.75¢i 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 « Vg g

® gwMm, Hj:, X:I:

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

® Gluino (g)

Example: AB =1 B; — X~

oq Ly
s

Y
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B-meson (and K) FCNC

CNC Effects in:

® AS=2:
* K% - K% mixing (ex)
°* AB=2:

® BdBd mixing (Ade), B — ’(st (Sin 26)
* B,B, mixing (Ampg)
® AB =1 (B.R. and C.P. Violation):
® By — Xsv,Ba— Xsg
® B, — X4t~
® By — ¢Ks
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Recent sin 25 data
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mit: Amp_ > 14.4ps™! @ 95% C.L. [PDG2004]
prediction: 14 ps~™! < Amp_ < 20 ps™—!

Dilepton asymmetry: Aﬁq = ﬁﬁgjg‘;;lﬁggﬁ;

(15, 25, 40) ps—! contours of Amp_ (104,

AB =2: B,B, mixing

SM prediction: A* ~ 10~4

10~2 and 10~2) contours of |4}

arg (d™ arg (df3;)
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AB = 1: Bd—>XS”}/, Bd—>XSg

R.(Bg — Xsv) = (3.527055) x 107* [HFAG-ICHEPO4]

Bg—Xsv/sy _ D(Bg—Xsv)-T(Bg—X57) _ Bg—Xs~y 0
(0) = F(B; X)) T (B Xar) 0.07 < As% < 0.07 @ 95% C.L.
with E., > (1 — §) Emas

g contrib strongly constrains 6£F

(-7,-3,3,7) % cont of A_d "7 (1, 7.5, 15 %) cont of B.R.(By — X5 g)

arg (d-R3;) arg

O r N W »~ O O —

O r N W~ 01 O
I

LR
[d™"32 | g 10 !d" a2 |
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AB =1: By — ¢K,

r (Bd(t) — ¢KS) —I'(Bg(t) — oK)

Ag?;“st = _
I (Ba(t) — ¢Ks) + T (Ba(t) — ¢Ks)
= —Cyk cos (Ade t)+S¢KSin (Ade t)
Experiment [HFAG-ICHEPO4] | SM prediction
B.R.(Bq — ¢K3) 8.3712 x 10~ ~ 5 x 1076
SeK 0.34 £0.2 0.725 £ 0.037
Cox —0.0440.17 0
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B; — ¢K,and B; — X,y scan

Acp (%)
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Linear collider signatures

b, t production

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

If 7 is LSP
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If 7 is LSP
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Conclusions

onsidered Effective-SUSY with sizable (M%; pr )32,

Is consistent with B-meson (and K) FCNC data
...can explain B; — ¢K, “anomaly”

Await more data (improved accuracy) in:
B.B, mixing, A% 7, By — 6K,

Outlined ILC signatures - details to be worked out

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

[Barbieri, Dvali, Hall]

u [c
d |s
L =m3hsts + 2% 92 ety + 32 qb“%aw + 23 §abe oy,

%, plabl giadb} - 17 (2) tensor “flavon” fields

O }
0
1

t

a,b=(1,2)
U(2) index

U(2) symmetric mass:

u 0 d
eenffo, e

U(2) breaking (gives 15¢ & 2% gen mass):

2
o> _ <S> = n0.02 <62 =~ 0.004
" 0-¢ 0 d 0-¢ 0
M=mie e ¢ M=mje e ¢
0 ¢ ] 0¢e ]

(in the Gauge Basis: W= diagonal)

Gauge baSIS - Ma‘SS BaSIS Implles CKM matrlx B-physics and Linear Collider signaturesoflight Stop and Shottom — p.17




SUSY U(2)

USY and U(2) dictate structure of the theory

SY preserving Superpotential:
B a ab a b ab
W = GHY + S Hba + G Hy + S vaHiy + S daHiby + pHu H

ViHY; = QiUSH, + UFQ; Hy — QD5 Hy — DQ;Hyl

B-physics and Linear Collider signaturesoflight Stop and Shottom — p.18




\O
o

e}
(e)

)
=)

) (GeV/c?)
N [@))
(e) (@]

D
M(x]
~
3

— [\ O8]
o (e o
I

(e}

" BR (b, - b+ X)) = 100%
TR 8.)=0.0
oON . H

C é*\ /7 OPAL
L &3 /j" Vs=189 GeV; CDF - 88 pb-l
B N 95% CL
r A

N

o
,@ S
e
%
ie

7//\\‘\\\‘\\\‘\\\‘\:\\‘\\i‘\\\‘\

0 20 40 6 80 100 120 140

M(b,) (GeV/c?)

Shottom mass [ GeV/c?]

Tevatron bounds

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

[hep-ex/0404028]

| BR(t - c+x?) = 100%|
|\ DO Run 1b/lc Results //2
80 — CDFE Run_1b/1c Results
— LEP
NA
L
S 60
3 [
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Operator product expansion (OPE)

xample: AB = 1 effective Hamiltonian

(& GF *
Rpor = — Ve tb< > a-(u)@-(u)+cm<u>om<u>+csg<u>osg<u>>
i=1...6,9,10
Oz = (Sc)v—a(cb)v—_a
07'7 — 68?:5 §LO"quRF’u,V
Osg = g;:;b SLoM T brGE,

Renormalization group evolution from high scale to m,,

New physics contribution to Wilson coefficients:

Co = c5M
Cry = CZM 4067072 (Mw) + 0.09CES™ (Mw)
Cgg = CEM +0.70CE" (M)
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Recent sin 25 data
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Additional corrections?

Beneke, Neubert - 2005
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AS = 2. Kaon mixing

P violation due to mixing: |ex| = (2.284 4 0.014) x 103 [PDG2004]
® Constrains MFV contributions (SM, H*, xT)

® NMFV gluino contributions not constrained

About 25 % uncertainty in calculating hadronic matrix element (in Bag factor B )

6MFV
(1.05, 1.1, 1.2) contours of —E-:
€
K
\2 Mg
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250 |~
250 RN ~ -
200 h T
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150 100 \\\\\\\ I
100 0 N

5
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AB =2: B;B; mixing

mg = 0.502 & 0.007 ps—!
pic, = 0.725 £0.037 (sin 23 in SM) [PDG2004, HFAG-ICHEPO4]

VIFV constraints similar to Kaon case

For large dr3r (squark) mixing, NMFV (§) contrib strongly constrains 6 %4
About 15% uncertainty in decay constant fg
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AB =2: B,B, mixing

N(BgBg)—N(BgBg)

(15, 25, 40) ps—! contours of Amp,

32 |

— N(BgBq)+N(ByBg)

mit: Amp_ > 14.4ps™! @ 95% C.L. [PDG2004]
prediction: 14 ps~™! < Amp_ < 20 ps™—!

SM prediction: A* ~ 10~4

For large dg3r mixing (with BB, mixing constraints): Amp_ = 22 ps—!

For small d 5 mixing (no By B, mixing constraints):
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AB=1: B;— X0

Experiment [HFAG-ICHEPO4] | SM prediction
B.R.(Bg — Xs0147) 4.4610 08 x 1076 5.3 x 1076

(py+ —}—pe_)2 > (0.2 GeV)2

(5.25, 6.25, 7.25)x 10~ % contours of By — X 14~
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B; — ¢K,and B; — Xy scan

r small d3r mixing (no new phase in BB, mixing):
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