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1. Introduction

 Higgs Discovery 2012 mpg ~ 126GeV

* No evidence of SUSY
SUSY scale may be much higher than 1 TeV

e We need indirect Search for SUSY

= Flavor physics



1. Introduction Y23

* SM explains CP violation of K and B mesons successfully

. g < 4 il e mam—— L L
* No significant deviation, but : y

- a hnumber of tensions s PN
- future measurements can T amy
improve a lot T Y 1
-0.5 ; |Vub ITV i 4 A
* 0(20%) New Physics contributions _,- | A
=1 R
to loop processes are B A\

still possible N

We examine the sensitivity of High Scale SUSY
in the CP violations of K and B mesons
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2. Squark Mass Spectrum %

* We consider squark-gluino interactions in B meson system

Ex) AM, g

which depends on the squark and gluino mass spectrum

{OSUSY-GIM works
OlLeft-right mixing of sbottom is important

{Loop functions depend on sbottom-gluino mass ratio
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We should consider SUSY particle spectrum, which is
consistent with Higgs Discovery.

A

N —+ SUSY breaking scale A

H,, H, l Running soft masses in SUSY

Q, T SM-SUSY matching scale Q,

He l Running Higgs coupling in SM A, m?

My - SMscale my 126 GeV
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The quadratic terms in the MSSM potential

Al

Q

— ‘/Q — m%|H1|2 -+ mg\H2|2 + m%(Hl . HQ + hC)

mi =mi, +|pl* My = my, + |

+ \/ (
— Below Q, scale, SM

2

2 __
mi—m,

2

2 2
'ﬂ'z,1+'m2
2

m} =

)+

v

Vem = —m?|H|* + 5| H|*

We put the matching condition

m2

and m3i =mi+m3+m®=m3

—m?*(Qo)

by the fixing m3 = (m? + m?)(m2 + m?)
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9 mi-m2tan?p

Q. + m ltangzﬁ—l

0
3h X7
A= 1(g? + %) cos” 28 + 2 X7 (1 - 25

my = Qf 5, — A1(Qo)=p(Qo)cot 8
(o) = Qo b Qo

RGE’ S

° SM Higgs H = cos B H, —|—81116.F{2

reavwyHiees 91—  _gin BH, + cos BH5

My 4+ m% = A(mg)v? = 2m?(myg), v =246GeV

(126 GeV)?2

v

(Where < Hi >=vg=wvcosf o < H>=w )
< Hy>=wv, =vsinp < H >=10



7
723

« Taking universal soft parameters at SUSY breaking scale
N\ (gravity mediated-like model)

m%i (A) = m?} (A) = 772,2[35(1\) =m (i=1,2,3) ,
My(A) = My(A) = Mz(A) = my o, ,

m Hl(f\) =m Hz( A) =md .

AU(} /\) Aol/U( \) AD(A) s AoyD(A), AE (A) s AoyE(A).
6 parameters taking with it = ()
A’ QO ) tanB’ mo’ m1/2, AO

 We tune m,, and At to give my=126 GeV

Qo = 10TeV A =101"TeV



RGE running

P at A = 1017 GeV.
at Qg = 10 TeV, mo — 10 TeV.

,U.' :;(lIi%v my/p = 6.2 TeV,
tan p = Ap = 25.803 TeV:;
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RGE running

_ PP at A = 1017 GeV.
at Qo = 10 TeV, mo = 10 TeV.,

,U.' :31()_2%\ my/p = 6.2 TeV,
tan p = Ap = 25.803 TeV:;
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Squark flavor mixing 723

* The gluino-squark-quark interaction

Lint(390) = —iV29, Y G (TG |[(CE)i,L + (T8)i R| ; + b %
{q}
Rotation matrix :

NS C{}(%qb — L) 2 5136 wf;ce - _5136 wljsee
oL = | —szstye’ fe 05 €23 shacize”P23cg 0 0 —8230136 223896
513023e7’¢)13 _5%3€i¢£3 Ci3CH3C0 0 0 —ci5cgzse’”
6 squarks
0 O s%see_wﬁ%e_w c{% 0 “’51309

(d) _ R R . —iprs —i R i R —i
Fer=10 0 sgheihsge Pae™ _5133236 (015=023) €23 5230136 925 g

R .R —id . ipT R il
O O 6130235.96 3136236 13 8236 23 C13623CQ

* 1st and 2nd family squarks are degenerate: s,,=0

 Parameters Setup
Mixing parameter: sk, it b, sB—s>  |sk| = |sf| [s1s] = [s15]
Phase: @
Left-Right mixing angle: ()



Left-Right mixing angle @ s
* Remark:

Dominant contributions of Cgg, C;, and cEDM come from
Left-Right mixing £

2 P
Mg = i S 2“ “B0 Third family
my(Ap — ptanf) ms.
2mp(Ap — ptan
tan20 = b(2 b ,u2 b)
i, ~ Mg

6 = 0.35°
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3. CP violations of K and B
chromo-EDM of strange quark



Our strategy s

K meson B meson Bs meson

‘GK‘ AMd AMS

AF=1 :Time dependent CP asymmetry

AF=2 : Mixing

SJ/pKs ST/

quKS ; Sano

: CP asymmetry in the semileptonic decay

d
Ui
AF=0 : chromo EDM of strange quark

d |



Our strategy s

K meson B meson Bs meson

‘EK‘ AMd AMSJ

AF=1 :Time depenrient CP asymmetry

AF=2 : Mixing

SJ/¢Ks S1/pé |
Constraints for quKS . S??’ KO
SUSY mixing parameters
S13, 523

: CP asymmetry in the semileptonic decay
d CLS

Qg

AF=0 : chromo EDM of strange quark

d |



Our strategy i

K meson B meson Bs meson

(34 A M, AMSJ

AF=1 : Time depenrient CP asymmetry

AF=2 : Mixing

S1/pKs S1/wé |

Constraints for
SUSY mixing parameters

513,523

Prediction
: CP asymmetry in the semileptonic decay



Our strategy

ek

Constraints for
SUSY mixing parameters

513,523

A M,

- Sy/pks= | EKI tension

SJ/lDKS

A M,

J

S1/p¢

11
723



. 12/
- [Andrzej J. Buras and Diego Guadagnoli ,2008] 23
SJ/'-IJKS I EK I tenSIon [Andrzej J. Buras ,2011]

* lex|is given in terms of sin(25) because there is only one CP violating
phase in the SM.

SM & & éK IVcb|4sin(2b5M) Si/yks= sin(2pexp) = sin(2psm)

0.0050 i’ i
Bk : Lattice calculation l]'.[l'l]'ailié E E | E«| vs. sin(2Bsm)
-:EE 0.0035 ] ]
T e e &l
0.0025 90%C.L.

|€52P| = (2.228 £0.011) x 1077

:
0.0015 | . i . . . |
0.60 065 0.70 0.75 0.80 0.85 090 0.95

Si/pks=0.679+0.02 90%C.L. sin(2Bswm)

* Itis noticed that the consistency between the SM prediction and
the experimental data in sin(28) and €% |/Bxk is marginal.



Constraints

K-K, B-B , Bs-Bs mixing: (34 AM,; AM,
MY = (By|Heg|B,) = MZ™M + M5y

AMd:2]M1dg‘ €K ocIm(Mllg)

‘ lex| o< 513523 AMy o s13

Time dependent CP asymmetry : SJ/W(S SJ/W

SM
M7,
SUSY
Mz,
SM
5,12

SUSY
Ad%,lZ

62ia))

SJ/pKs sin(2Bsm + Arg(1 +

SJ/¢¢ sin(—20s sm + Arg(1 + e?'72))

Sj/wKS X 513 SJ/qu X 523
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We scan s; randomly in the region of 0 ~ 0.5 with taking |s;'|= |s;}|

SUSY SUSY+SM SUSY SUSY+SM

AMB /A AMBS /AMBS

0.004+ 0'4%

0.08

6%
0.06
0.003

% Y

=

i 1

7 0.04 z
2. Zs 0.002)

= 2

< Ceg e, . .
0.02- LN Er L e 0.001}

R — 0085 0.1 02 03 04 05

0'08 ____..q&&ﬁm "l

S13 523
Sin(2®, )SUSY/SIn(Z(D )SUSY+SM SIn(ZCDS)SUSY/S|n(Z(Ds)SUSY+S'V|

0.06] ‘
¢1 B 6% 0.05 8%

0.04-

= “

T 002 s

= £ 0.00}

S 000 S

< —0.02¢ S R 4
T T -0.05

—0.04-

—0.06". \ s ‘ ‘ M ‘
0.0 0.1 0.2 0.3 04 0.5 0.0
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SUSY , SUSY+SM Z8

EK J/ EK

sensitive

004 006 008 010 012 0.4

S13SZ3

SM component

0.0040 0.0040;

0.0035] | | ] . 0.0035
i i Taking account ;
0.0030F DR IR ] ] of Gluino Squark _ 0.0030

0.0025] interaction <3 0.0025:—

A TE . ~ |
. R g ;
00020 - . - EEEEET ] 0.0020} ]

[EM/Bx |

0.0015 ] 0.0015'

0.001960 065 050" 0.75 0.80 0'00](?.60‘ 065 070 075 080
sin(2¢y) sing,;



Our strategy

Prediction

: CP asymmetry in the semileptonic deca



Time dependent CP asymmetry SQSKS ; Sn/ Ko16/23

Time dependent CP asymmetry

— + + S
LT ) -1 (B0 = 1) ; :
T (BO(t) —>f +T (B(t) — f) Ba 5
A7 =1 3TmA d = d
= cos (Am Isin (Ampt /
A +1 ( Big‘p\f_—l—,l’ ( s ) Bq — ¢Kg,n K°
/ ro 14
pA
SM prediction
g ~ G Both CP violations come from CP phase
J/YWKs — P ¢pKs,n' Ks in the BY- B, mixing.
SUSY Contribution [S. Khalil ,E. Kou(2003), A.L. Kagan(2002), M.Endo,S.Mishima,M.Yamaguchi (2005)]
OgG — Is mbSZO'N’VPRTab Ga
1672
A®YSY (Bg — ¢K) x C’SQG (mp) + C (mp) C:C(L< R)

C
ASUSY(By — ) Ky) o< Cdg; (my) — Clgg ()

. ngG is depend on S,;
e Difference of sign comes from parity of final state



Time dependent CP asymmetry SQZSKS ; Sn/ K017/23

e Son/Sx

1.004~

1.002~

0.008! L T 0.2%

.« . ) . * R
200308t 55% sa '-__:“"\ LV Tew gL et .
; AR L I L
el T L . 2 = 1,00&%____‘}:_;:&3. R LT A )
© Lo _E o . .o . 7N 7 Hl.,_;._-hr__-:.-”.-;_._-:: 3 . N K
0.004 LR S . Gargill o

I(CE6+E2 0)/Cs 6l

0.998 -

. L ] 099650 0.1 02 03 04 05
02 03 0.4 05 : : : : : :

SZ3 SZ3

insensitive...



. . d S
Semi-leptonic CP asymmetry a.;,d
. . . . —0 0 +
* CPasymmetry in the semileptonic decay in B, = BY - u*X
pt
7 "
d,s
SM predictions Experimental results (ppc2012
[A.Lenz and U.Nierste, arXiv:1102.4274 [hep -ph]]
af; = (—0.24 £ 0.54 +0.33) x 10~2
a®™ = (1.94£0.3) x 1072 = )
ad, = (-0.3+2.1) x 1073
a®M = —(4.140.6) x 107*

d S .
* Qg isdependon S13 , o isdependon S23

18
23



Semi-leptonic CP asymmetry sls Ay
S d
dsl VS. dsl
0.00006 Our predictions
0.00004
S 000002
0
000002 ]
—0.0020 —0.0015 —0.0010 —0.0005 0.0000  0.0005  0.0010

d
ag

a,9<1x103, a, <5x10°

insensitive...
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Chromo-EDM of strange quark e

e | dsc ‘ < O . 5 X 1 0_25ecm [K.Fuyuto, J.Hisano and N.Nagata, 2013]

|dsc| ngsggcﬁ SlH(ZH)e_i(¢2Lg+¢§3+¢>

5.x107%—

4.x107%5

-25] fes -
3x107 7 1d <4 %1025 cm

C
| |em

2.x107%5

1.x10-25 R i sensitive
* -+ . . Upper hound |

0 0.1 02 03 04 05



Chromo-EDM of strange quark vs. €

|dSC| OCSL L R R (29)6_i(¢2L3+¢2R:3+¢)

23C13593C13 SIN

4.x10°25;
3.x10°25"
g
S ,
R 2.x107%5 .
1.)(10_25; . R - . 9:'..- -
T e o 5, 'w \.i:';-- Sy
0 &.8.&« .mw-.uuﬂ-\:a.&.%m ~ac.t¢-’.-.
0 0 0 1 0 2 0 3 04

SUSY
lex > /ekl



Chromo-EDM of strange quark vs. €

0 L R
dS| o 3§3cf33§)cﬁ—z(¢23+¢23+¢)

Q,=10TeV =» Q,=50TeV
=035 6=005

@ Qo=50TeV

04 05

SUSY
IGK

/€k|

22
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4. Summary

* We examined the sensitivity of High scale SUSY, in which squark
spectrum is consistent with Higgs mass

(a) Qo =10 TeV | (b) Qp = 50 TeV
v ekl 40% 35%
SJIK 6% 0.1%
SJ/wqb 8% 0.1%
AMpo 6% 0.1%
AMp. 0.4% 0.005%
|Seks/Syro| — 1 0.2% 0.001%
BR(b — sv) 0.3% 0.001%
a’, <1x107* <8x10™*
as,; <5x107° <4x107°
v dSC <4 x 107*cm <1x107%"cm




4. Summary
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* We examined the sensitivity of High scale SUSY, in which squark
spectrum is consistent with Higgs mass

(a) Qo = 10 TeV

(b) Qo =50 TeV

v

lex|

pe e

g, has sensitivity of squark ﬂiévor mix
experimental data even if ()ﬁlﬁ;Y scale

40%
6%

35%
0.1%

Ing on {HS/ resent

g s a0.1¢Y
hicher t
N 'g().%()shan =

TeV

1Sers/Opro| — 1 0.27% 0.001%
BR(b — s7v) 0.3% 0.001%
a’, <1x107* <8x10™*
a3 <5x 107 <4x107°
v |d¢ <4 x 107%cm <1x10"%*cm




4. Summary
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* We examined the sensitivity of High scale SUSY, in which squark
spectrum is consistent with Higgs mass

(a) QO = 10 TeV

(b) Qo = 50 TeV

v

g, has sensitivity of squark ﬂavor mix
experimental data even if SUSY scale i

‘ ISQ‘)K'S /577/[(0 I —

(&

lex|

40%
A

{

0.2%

cEDM has sensitivity at 10-59 Tgv;

A

v’ ldg|

< 5x 107
<4 x 107%cm

35%
0.1%

is hlghEIl han 50

0.001%
)01 %
s 10—
<4 x107
<1x102%"cm

|ng on H‘Ib/ resent

TeV
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Input at A and Qg

Output at Qg

mg = 50 TeV,

myp = 63.5 TeV,

Ag = 109.993 TeV:;
at Qg = 50 TeV,

=50 TeV,

tan 3 =4

Case (a) | at A =107 GeV, mg = 12.8 TeV, my; = 5.2 TeV, mpg = 2.9 TeV
mo = 10 TeV, my, =my, = 12.2TeV
mysp = 6.2 TeV, my, = 14.1 TeV, m;, = 8.4 TeV
Ag = 25.803 TeV; mg, G = Mepa, = 15.1 TeV
at Qg = 10 TeV, Mg Gp X Mepip = 14.6 TeV, my = 13.7 TeV
=10 TeV, Ay =—12TeV, A, =51TeV, X;=-0.22
tan 3 = 10 Ag = 0.126, 6 =0.35°
Case (b) | at A = 106 GeV, mg = 115.6 TeV, my; = 55.4 TeV, mp = 33.45 TeV

my, = my, = 100.9 TeV

my, = 104.0 TeV, m;, = 83.2 TeV

mg, g, = Mg, = 110.7TeV, mg 5 = 110.7 TeV
Mepap = 105.0 TeV, my = 83.1 TeV

Ay =—-20.2TeV, A, =4.7TeV, X; =-0.65

Ag = 0.1007, 6 = 0.05°

Table 1: Input parameters at A and obtained the SUSY spectra in the cases of (a) and (b).

my(myg) = 163.5 + 2 GeV
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[Delgado, Garcia, Quiros, arXiv:1312.3235]
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Figure 4: Contour lines of constant log,,[M/GeV] in the (tan 3, X;) plane for X, = 0 (left
panel) and X, < 0 (right panel).

[Delgado, Garcia, Quiros, arXiv:1312.3235]



SUSY SM
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AF=2 process : K-K, B-B, Bs-Bs mixing ‘EK’ AMd AMS

|€52P| = (2.228 £0.011) x 1077

AM, = (116.942 £ 0.1564) x 10~ 3GeV
AMy, = (3.337 £ 0.033) x 107 13GeV

AF=1 process : Time dependent CP asymmetry SJ/wKS SJ/wqb

Sy /pke = 0.679 4 0.020

Syjpe ¢s = 0.07+0.09£0.01



Complementarity of Belle Il and LHCb

20131001

Olservable Lxpected th. | Expected exp. Facility
ACCUTACY uncertainty
CKM matrix
L [K ‘»ﬂ‘ll] - 0.1% K fuctory
[Vas| [B - Xofo] b 1% Bello 11
|Vis| [By — wév| . 4% Belle 11
sin[ 24 ) [e2KS 3 O Balle TI/LHCH
& 15° Rello 11
i —— 3 LHCh
CPV
S(8B. —¥) - 0.01 LACH
S(B, —+ $) v 0.05 LHCh
S8y = oK) "~ 005 Belle II/LHCH
S(8: K _— 002 Belle 11
S(B; + K*( Kg-:r”lw)'] arh 0.0l Belle 11
S(B. = #7)) pee 0.05 LACL
S8y — pv)) 015 Belle 11
AL, and 0.001 LUCh
A% oo 0.001 LHCh
Acp{By — +7) v 0.005 Belle 11
rare devays
BB - ) - 3% Belle ITT
B(H = Drv) A% Bello 11
B(Hy — p) aa 6'% Bello 11
B(B, — pu) — LO%% LHCDL
wero of App(B — K pp) » 005 LHCb
B(B - K"™ww) i 30% Belle 11
B(B —» x)) KEK-PH2013 FaIM% Belle 11 27
B(B, = 17) 0.25-107% | Delle IT (with 5 ab™")

[A.Ishikawa talk (KEK-TH2013)]



Type Observable Current LHCb Upgrade Theory

precision 2018 (50 fb~")  uncertainty
BT mixing 25, (BT = J0 9) 0.10 ] 0.025 0.008 ~0.003
28, (BY = JJy fo(980)) 0.17 1] 0.045 0.014 ~ 0.01
Au(BY) 6.4x107% 1] 06x107% 02x10°% 0.03x107°
Gluonic 207 (BY — ¢9) - 0.17 0.03 0.02
penguin 25 (B) — K9K*0) - 0.13 0.02 < 0.02
25%(B" — ¢K2) 0.17[1] 0.30 0.05 0.02
Right-handed 26 (BT = ¢7) - 0.09 0.02 < 0.01
currents 7 (BY = ¢7)/7go - 5% 1% 0.2%
Electroweak S3(B" — K*'u*u ;1 < ¢* < 6GeV?¥/c?) 0.08[ ] 0.025 0.008 0.02
penguin 80 App(B” = K*%u*p") 25% [11] 6% 2% 7%
AKut ;1 < ¢? < 6GeVed) 0.25[17] 0.08 0.025 ~ 0,02
B(B* = n*u*u")/B(B* - K*'u*tu™) 25% [11] 8% 2.5% ~10%
Higes B(B® = ut i) 5% 10°[] 05x10° 015%x10°7 03x10°7
penguin B(B° = pu*u™)/B(B? = pu*tu) - ~ 100 % ~35% ~ 5%
Unitarity Y (B — D K®) ~ 10-12° |19, 20 4° 0.9 negligible
triangle v (B? = D,K) - 11° 2.0° negligible
angles 8 (B = J/v K9 0.8° [14] 0.6° 0.2° negligible
Charm Ar 33x107 1] 040x 107 0.07 x 107 -
CP violation AAcp 2.1x 10°% [] 065 x 109 0.12 x 109 -

Table 1: Statistical sensitivities of the LHCb upgrade to key observables. For each observable the current sensitivity
is compared to that which will be achieved by LHCb before the upgrade, and that which will be achieved with 50fb ™"

by the upgraded experiment. Systematic uncertainties are expected to be non-negligible for the most precisely measured
quantities.



The cEDM of the strange quark from gluino contribution is given by [65]

d; (Qo) = —2y/4mas(mz)Im[AZ*(Qo)), (64)

where

as(mg) 1

g22 S Z
As (QO) - 471,. 3

1 ; )
o2 {(ms(/\(ch)?,z + mo(Aehr 32) (QF1 (22) + Fz(xg))
ds

a8 (OF) + Fue) } (65)

1 d d d
o { (meNLLE +meAGRR)E ) (9F1(28) + Fa(xd) ) + ma(AGL ) (9Fs(28) + Fa(xf)) }] .
de

Including the QCD correction, we get

14

d°(2GeV) = d°(Q,) (as(QO))% (as(ms}))% (as(mt)>% <M”)))E . (66)

as(mg) as(my) as () as(2GeV




Factorization relation

(03) = (04) = (1 ' Ai) (05), (08) = 3(05).

(Os) = 2™ (— 22’;)) (100 + (00 - 500+ ).

[R. Harnik, D. T. Larson, H. Murayama and A. Pierce (2004)]



