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1 Introduction

No evidence of SUSY at LHC

SUSY Scale may be high >>1 TeV

Then, we need Indirect Search for SUSY |

We examine the sensitivity of High Scale SUSY
in the FCNC of K and B mesons.



How is the present status of New Physics
in FCNC of B mesons ?

SM explains successfully CP violation of B° meson.

However,

there is still possibility to find
New Physics in the CP violation
phenomena in BY, Bs systems |



®Constraint to New Physics parameters in AB=2 processes

ML = (ML) + ()N Off diagonal amplitude of B-B
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NP is expected in the precise measurements of
CP violation in B%, Bs mesons at LHCb and Belle-II.



How large is the theoretical predections of SUSY effect?
Letter Of Intent of Belle@2004

Example: time dependent CP asymmetry @ mg,,, ~1 TeV
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We should take account of
recent progress of experiments.

®Higgs mass : myg = 125 GeV
® SUSY bound : ~ 2 1.8TeV

®B. decay: BB’ = utp )exp = (29+£0.7) x 1077
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m, vs. tan 8
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2 SUSY Mass Spectrum

We take SUSY particle spectrum, which is consistent with Higgs Discovery,
with non-MFV. [M.Tanimoto and KY (2014)]

A 4 SuUSY breaking scale A = 10'7GeV,106GeV

Qo_

my -

Taking universal soft parameters at SUSY breaking scale /\\

Running soft masses in SUSY

Hl’ H2
— SM-SUSY matching scale Q, =10-1000 TeV
l Running Higgs coupling in SM A, m?

HSM

— SMscale my 125 GeV

Vom = —m2|H|? + %| HI* [Delgado, Garcia, Quiros, PRD90(2014)015016]



Squark flavor mixing non—-MFV ; g 5

15t and 2" family squarks are degenerate: s,=0 ____ ﬁ

Lint(39) = —iV2gs Y G (T)Ge [(rg}_)f L+ (rfg}?)in] g; + h.c.

{q} .
We work in the basis ot mass eigenstate. Parameters
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O is the Left-Right mixing angle which is fixed in our scheme.



Mass and Mixing Parameters

® squark and gaunino masses

Qo = 10TeV Qo = 50TeV
my, = mg, 12.2 TeV 100.9 TeV
m; 14.1 TeV 104.0 TeV
R
mg 8.4 TeV 83.2 TeV
mg 2.9 TeV 33.45 TeV
M/ 592 TeV 55.4 TeV
mg 12.8 TeV 115.6 TeV
X Mg, = Mg,
® mixing parameters - free parameter
L R L R L R

Sos, S93, ST3, S13 For simplicity, s

L R L R
¢237 ¢237 ¢137 ¢13 random



Input at A and Q)

Output at Qg

at A = 1017 GeV,
mo = 10 TeV,
mysp = 6.2 TeV,
Ay = 25.803 TeV;

at Qg = 10 TeV,
=10 TeV,
tan g = 10

mg = 12.8 TeV, my, = 5.2 TeV, mg = 2.9 TeV
mg, = mg = 12.2 TeV

my, = 14.1 TeV, mj, = 8.4 TeV

mg, §, = Meéya, = 15.1 TeV

Mgy dp =~ Megap = 14.6 TeV, my = 13.7 TeV

mz, = m,;,, = 10.4 TeV, mz, = 9.3 TeV

Mp; e, = m,,;‘L,,;eL = 10.8 TeV, Mpipér — 10.3 TeV

Xe=-0.22, Ay =0.126

at A = 1016 GeV,
mgo = 50 TeV,
mye = 63.5 TeV,

Ap = 109.993 TeV;

at Qp = 50 TeV,
=50 TeV,
tan g =4

mg = 115.6 TeV, my, = 55.4 TeV, mpg = 33.45 TeV
my, = my, = 100.9 TeV

my, = 104.0 TeV, m; =383.2 TeV
mg, g, = Meya, = 110.7 TeV, mg 7.
Mzpap = 105.0 TeV, my = 83.1 TeV
mz, = my;,, = 063.6 TeV, mz, = 54.6 TeV

Mpy e = My, , vy, = 63.8 TeV, myzp e, = 55.0 TeV

X¢=—0.65, Ay =0.1007

= 110.7 TeV




Remark

Left-Right Mixing angle is very small !

2 _
M2 — "M, mp(Ap — ptanf3) Third family
! myp(Ap — ptanf) m?gR
2my(Ap — ut
fan20 — mb(2 b ,uQanB)
m4%< — m=
dr. dn

©® =056° for 10TeV, tanB8=10



3 FCNC of B and D mesons

How large contributions of Squark flavor mixing in B mesons ?

= ,.SM SUSY g
Mf2 — <Bq|Heﬂ”‘Bq> — Mf2 T M{JQ

b ——fEBT—— *
Bs< TUERY; >Bs
S I ——— b
AMg =2|M%,|  ex oc Im(ME) ;
SUSY ler| X $13523 AM; ox s13  AM, < So3

contribution

Time dependent CP asymmetry: B¢ ST/pKs Bs S

Mpy!
SJ/¢KS SlH(QﬁSM + Arg(l + MSUSY
12
SM
S . L A 8,12
J/ Yo sin( 20s.sm + rg(1 + SUSY
5,12

SUSY
contribution SJ/¢KS X 513




We have scanned susy mixing parameters s;;=s,;=0~0.5.

(a) Qo = 10 TeV | (b) Qo = 50 TeV
x| 40% 35%
Sj/wKS 6% 01%
S7/ve 8% 0.1%
AMpo 6% 0.1%
AMg, 0.4% 0.005%
1Sprcs/Swxo| — 1 0.2% 0.001%
BR(b — s7v) 0.3% 0.001%
a?, <1x107* <8x 1071
a, <5x107° <4 x107°
d¢ <4x107%cm | <1x107*"cm
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4 CP violation of K meson

SUSY contributions to AM, and &
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* Rare decay : BR,,~101!

SM B(Ky — mvi) = (3.00 £0.30) x 10~
B(KT — 7tvw) = (9.11 £0.72) x 1011
* Clean theoretically : theoretical uncertainty ~295 [Buras et all, 2006]

= Sensitive to New Physics

BR(Kp — 7°U0)exp < 2.6 x 107° (90%C.L.) <—KOTO experiment
BR(KT — D)oy = (1.737132) x 10710 @J-PARC



K = wtvww in SM

GF (87 * * — —1 )
W= e D VaVaXe+ ViViaXi] (507" ds) (Ppauv) + Hee
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Direct CPV ~ T F
X7
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< | (p= ") + 7]



K = ntvv in SM

Future (20XX)

B(Ky — mvi)

€K B(K* — nww)

UTy;

B

.._0'5....0 ..075....
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cp- CP+ x F—F*
Direct CPV ~ T F
xn

K*— 1rtvv BR(K+ — 7T+VD) X |F|2
X [(ReF)2 + (ImF)Q]

< [ (p= ") + 7]



SUSY contribution to K — wtvv

Chargino Penguin dominance

It is known there are no large enhancement in K = nvv decay in the Minimal flavor
violation(MFV) scheme

* SUGRA model with MFV [T.Goto, Y,Okada and Y.Shimizu(1998)]
@ Squark mass < 600 GeV, Gaugino mass < 600 GeV
BR(K; — m°uvp)
BR(KL — WOVD)SM

< 1.02

e with non-MFV [A.J.Buras,et al (2005)]

@ Squark mass = 600 GeV, Gluino mass = 1 TeV BR(KL — 7Tol/ﬂ) < 4.3 X 10_10

LR with s13*s23 can enhance it.
LL with s13*s23 is constrained to be small by Exp. Data.



00O

Numerical results @ Q,=10 TeV

_R mixing is suppressed due to heavy masses of SUSY.
_L Chargino contribution is dominant.

_L is not constrained by Exp. Data.
ek & AMd,s & sin2f & b->sy
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LL contribution of Chargino Penguin @1TeV

With epsilonK & AMd,s & sin2f3 & b->sy cut
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Numerical analysis results @ Q,=10 TeV

® s¢& s dependense
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Numerical analysis results @ Q,=50 TeV
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5 Summary

@ SUSY contribution to FCNC of B mesons is at most 8%.

® ¢, and £ have sensitivity of squark flavor mixing on the
present experimental data even if SUSY scale is 100 TeV.

P Qo = 10TeV (o = 50TeV
@s9=s=0.1 @s%=5"=0.3
BR(K, — 1'vi) ~ 8 x SM ~ 2 xSM
BR(KJr —>7T+Vl7) ~ 3 x SM ~ 2 xSM
®

We expect that LHCb, Bell-IT and KOTO provide
more precise data to search for the SUSY contribution.



Thank you !



