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[. Overview

« Experimental results

Observable BaBar Belle
Br (in 107°) 81131 4+0.8 87138 4+15
Spr 0.45+0.43+0.07 —0.96 & 0.50+0:99
Cyx s —0.80 4 0.38 £ 0.12 0.56 4 0.41 + 0.16

SM: Sy = 0.736 + 0.049

« Why B — ¢ K interesting?

— A possible deviation from SM prediction

— Information on the flavor structure



— The deviation, if ture, suggests one large FC parameter at high

scale

MSSM: Large off-diagonal element /splitting in squark

mass matrix
— Propagate in RGE running and induce more FC
— Clues/guidance for underlying theory

— Even if not confirmed, provide a paradigm to study interplay

between FC processes

« CP asymmetry of By — ¢Kg

A (t) — F<thys(t) — ¢KS) - F(thys(t) — ¢KS)
P T D(Blys(t) = 0Ks) + T(BYys(t) = ¢Ks)

= —Cyx cos(AMt) + Sy sin(AMt),
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. S4x implies a new phase!
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— 0 a complex parameter of new physics
— Rephasing invariant since Asx is physical

— MSSM: use 5§l§5LR, the invariant
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[I.B; = ¢Kg, B — Xgvy and Mercury EDM:
weak scale interplay

« Observables

- S¢KS
Gluino contribution
Csy = (Oip)z, (071)23(07R)ss
Ci, : (67R)3s2, (0%p)32(0%p)ss
|(627)23] ~ 0.01
Chargino contribution
— Mercury EDM: CEDM of strange quark d¢
eld’| < n-55x%x107% ecm

* Gluino contribution

Im((07 5)22, (071)23(07 )32, (071)23(071)33(0%)32)
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*x Chargino contribution

Im(Vis(07r)23, Vis(01r)32(0Rr)33)

+ double and triple mass insertion use (674)3 naturally O(0.01)

— Br(B — Xv)
2.0x107* < Br(B — X,y) < 45x 107"

* Gluino contribution does not strongly constrain Sgx

* Chargino contributions

(071)23

« The correlation



S¢KS BT‘(B — XS’)/) CEDM
(07 g)23
(071)23(09 5)33 (0%1)23 Vis(071)32(0%1 )33
(07 )32 : (071)23(8% g)32
(0%)32(0%1 )33 : (071)23(07 2)33(0% )32
. (5%’5)23| ~ 0(0.01) In SCKM basis
y m2)s3 + (M2)ag + 2(¥ )33 + 2(M3
(5L’£l)23 ~ nth)‘QCKM( Q>33 ( Q)22 ~2( U)33 ( Hu)
mq
~ 0.01
_ tw =t
TS Tl Y
ASCKM
e [(0%r)33] = nit=5i— ~ 0(0.1)

q q

« Fill in the table with generic features of fundamental

physics
« Must use the full mass matrices for EDM and B — X
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[I1. Generic features of boundary conditions at
high scale

o Bi-unitary transformation of Yukawas, trilinears and

soft masses

— Basis rotation
— Equivalence relation
Y/ = Kp Y- Kf, f=u,d
= K- Ay Kff
m%’ = K/ m?K /i
mé’ = LLméIQ
« Hermitian A term to suppress EDM

— Neutron and Mercury EDM

Im(6% p)11| < 6.7 x 107°
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Im (6% p)11] < 6.7 x 1073

Im(69 )29| < 5.6 x 107°

— IméL% |y =0

m ImA5CEM
my
0.1-200
~ 0.2
72002

ImoLf =

—1.4x107°

— Hermitian A — ImdZ%|, =0

A =AY

ASCEM. — (K AR (KLY K})

— RGE will not induce phase to 6%, with hermitian A

1 )
— Hermitian A equivalent to real diagonal A with corresponding

Y
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— Diagonal A is well-motivated

Yukawas are not functions of fields with non-vanishing F' term.

o (AT — AD)(KP)s3(K7)as
523 ~ 9 <1>

mg

. Flavor dependent parameters

(0rL)23, (ORR)23,

(0rr)23, (OLm)32, (OLR)33

— (0% R)33| ~ 0.1
- |(5%R)33| ~ mb—ﬁggﬁ ~ 0.1

— Ubiquitous (5%}2)23
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* Induce (69, )23 to enhance Br(B — X,v)

id Jd
2A33 A3
)
my

(67.)23 ~

.y Al
~ 277(5LR)237tan5

~ tan 6(5%}%)23 ~ 0(01)

* Enhance CEDM, if AL = A%

(0LRr)2s = %(%3)%
« Fill the table, continued
Sexs | Br(B = X,v) CEDM
(075)23 (0% )23 Vis(01R)23
(67.1)23(07 )33 (07 )23 Vis(071)32(0RL )33
(67 R)32 : (67.1)23(07 )32
(0%r)32(0% )33 : (67.1.)23(07 )33(0% )32

Blue due to RGE and/or high scale assumptions
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« Loophole: Used weak/high scale value to evaluate inte-

gral
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IV. Numerical study

« Nearly-universal boundary conditions

— Boundary conditions

m%“ — mg ’ Diag«m%)lv (m%)% (m%)3>7

M17 M27 M3 — m1/27

2 2 .2
my,, My, = Mg
tan8 = 16

— Five scenarios, characterized by non-zero MI at high scale

(0rr)23 : (Mmg)22 — (MGH)33

(677)2s (AL = AL) - (A7) — (A7)
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(67 R)2s (Ay # AJ) - (A7)2 — (Af)s
(67R)s2 : (A%)2 — (A%)3

(0%r)2s - ()22 — (M)33

— myo = 114.4 GeV — mg/y ~ 300 GeV
— Other flavor constraints satisfied

— Table again (Fig. 1)
. Tuning for 624 scenario (Fig. 2)

« Serve as a reference on how to avoid EDM and B —

Xy constraints
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(5LL)23 (5LR)23 <5LR)23 (5%R)32 (5%R)23
(Au=Aa) | (Au# Ad)
S 013 | —0.052 | —0.50 0.55 (0.16) | 0.54 (0.21)
Br(B —>me7) x10* | 45 |4.0 45 2.2 (2.5) | 2.2 (2.5)
CEDM(3xCEDM) | 0.58 |5.5 2.6 5.5 (16.5) | 5.5 (16.5)

x 10%ecm
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IV. Conclusion

. Beyond-SM Sy implies a new phase at weak scale

« Strong correlation among By — ¢Kg, B — X4y and
Mercury EDM

« A “large” high scale mass insertion feeds into other MlIs

« The correlation becomes even more interesting

« Loopholes in our argument provide reference for high

scale models

— More than one MI at high scale, cancellations
— A parameter change sign in running, reduce MI at low scale

— There are other parameters
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