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Intfroduction

The LHCb collaboration has reported new data of the CP violation of Bs meson.

Time dependent CP asymmetry in Bg s J/wK—I— K— [LHCb, Phys. Rev. D 87, 112010(2013)]
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Time dependent CP asymmetry in BS — ¢¢ [LHCb, Phys.Rev.Lett.110, 241802 (2013)]
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o Most precise measurement
o In agreement with SM prediction
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Studies of asymmelies in semileptoric B decays atLHCE.



Intfroduction

Searching for SUSY particle at LHC

The SUSY signals have not been observed yet.
The lower bounds for the susy-particle masses have pushed up to TeV scale.

Squark-gluino-neutralino model
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Indirect search for SUSY is important.

B physics can become the indirect search for SUSY.
We discuss the sensitivity of the SUSY contribution to B decays.



Setup

Natural SUSY scenario [A.G.Cohen, D.B.Kaplan and A.E.Nelson, PLB 388 (1996) 588]

The first and second family squarks are very heavy, at O(10)TeV,
on the other hand, the third family squark masses are at O(1)TeV.

mg, , = O(10) TeV  mj =1TeV,m; =1.1TeV mg=2TeV

The gluino-squark-quark interaction

£mt gqq — —2‘\/7(}&, Z 4 TG)(*G |:( (Q) )UL + ( ) ) R q? + h.c.

{a}

Mixing matrix We work in the basis of mass eigenstate.

. 1 0 6%c 0 0 —6¢ 35 e'?

g =1 0 1 e 00 —ifise”

OdL ()dL Cy 0 O —spe'?
0 0 Of5spe™ 1 0 013 Co
r =10 0 0ffse™ 0 X

0 0 Sge—ng‘) ()dR —()dR o

di 51 by ds 59 by

We assume the mixing parameters %5 o8k 98 598 a5 |635 | = 055 ], [095] = 055

We assume the mixing angle ¢ = 10° ~ 35°
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(Mixing angle between the left-handed sbottom and the right-handed one. )



Targets

K meson B meson Bs meson
AF=2 : mixing

x| AM, AM,

AF=1 : Time dependent CP asymmetry

Sy/pKs S/
S6Ks)PK? Sppme
S0 o
: Branching ratio BR(b — s7)
. CP asymmetry in the semileptonic decay
a,gl ag

AF=0 : chromo EDM of strange quark
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Targets

K meson B meson Bs meson

ex| AM, AM. J

AF=1 : Time depenrient CP asymmetry

AF=2 : mixing

S S J
Constraints for quKSa S’n’KO Sqﬁgb n' ¢
SUSY mixing parameters S - ’
535 055 035> 095" KOK©
: Branching ratio BR(b B 87) J
: CP asymmetry in the semileptonic decay
d S
Ugl gl

AF=0 : chromo EDN) of strange quark
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Targets

K meson B meson Bs meson

ex|  AMy AMSJ
AF=1 : Time depenrient CP asymmetry

Stepl SJ/wKs Sijwe

AF=2 : mixing

Constraints for
SUSY mixing parameters
dL ¢dL cdR sdR
513 ) 523 ’ 513 ’ 523

: Branching ratio

: CP asymmeotry in the semileptonic deca

AF=0 : chromo EDN! of strange quark

d | ]




x|

Stepl

Constraints for
SUSY mixing parameters
dL ¢dL cdR sdR
513 ) 523 ’ 513 ’ 523

Targets

d |

A Mg A M,

SI/pKs ST/

BR(b — s7v)
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Targets

K meson B meson Bs meson
AF=2 : mixing
ek AM, AMSJ
Sieks-| €x| tension
Stepl SJ/¢Ks S1/pe J
Constraints for
SUSY mixing parameters
015, 053, 015, O3’
BR(b — s7v) J

d |
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Siuk-| Ex| tension

|€K‘ is given in terms of Siﬂ(zﬁ) because there is only one CP violating phase in the SM.

SM  |&| X Bk |Vcb|4sin(2b5M) Si/yks= sin(2pexp) = sin(2psm)

y

Bk parameter

__S'{
L@ (1)

B =
K A

(K0]0A5=2| K 0) ) {1

7 = o (11)]~2/9 7
%(I{D ElMU) (0| A#|K9) Bre = los(p)] fa] By (1)

Recent lattice work [C.Aubin, et all,2009]

Br = 0.73 £ 0.03
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Siuk-| Ex| tension

|€K‘ is given in terms of Siﬂ@ﬁ) because there is only one CP violating phase in the SM.

SM  |&| X Bk IVcb|4sin(2[55M) Si/ks= sin(2Pexp) = sin(2psm)
0.0050;
0.0045¢
0.0040}

5 0.0035}
| EK| ELL 0.0030F
0.00255gi
0.0020f
0.0015

060 0.65 070 075 0.80 085 090 0.95
Si/eks=0.679+0.02 90%C.L. .
- sin(2Bsm)

IlEKI vls.. Sin(ZIBSM)

]

____.I.___ ——

exp
|Ek| 90%C.L

L

It is noticed that the consistency between the SM prediction and the experimental data
in sin(28)and 3|/ Bx is marginal.

We will show that this tension is understood by taking account of

the SUSY box diagram through the gluino-sbottom-quark interaction.



Constraints

7
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AF=2 process : K-R, B-B, Bs-Bs mixing |€K‘ AMy g AM,

— Standard model
) g
b : b %_ S
BS W% %W
S

+ b 4 b

- s _._-cm_._ b
g

The gluino-sbottom-quark interaction

constrains d d
lexc| ———> 0%, x 64,

Yo | | am— 5,

AM, ———> 553

AF=0 process : Chromo EDM of strange quark ‘dsc ‘

— The gluino-sbottom-quark interaction

e|ldY| < 0.5 x 10™*°ecm

constrains
C| — 5 d
‘ds ‘ 523




Constraints

AF=1 process : Time dependent CP asymmetry Sj/quS SJ/¢¢

The dispersive part of mixing
My = M + MY

= MEM(1 4 hge®79)

(g =d,s)
g, _ 2Im(\y) { N 4 ASM | ASUSY J
-f*1_|_‘)\f|2 ~ p ASM { ASUSY
1. \/MT? [ 1 hgem2ies
p o Mo Mig2M 1+ hd627‘,crd
SM SM + SUSY | constrains
Si/wks = sin(2Bsm) sin(28sm + Arg(1 + hge7)) SJ/@bKS S 5113
S11pe = sin(—2Bsqn) > sin(—2Bsgqpyg + Arg(l + hgee?*)) SJ/%DCb > 5(1
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Numerical results

Allowed region of | 613, | 623
0.020——

b " ..' ol .-.|_l TR T ]
0.00 0.01 0.02 0.03 0.04 0.05
16335

SR — 0w 0.01 S5 = 0~ 0.04

@ m; =1TeV,m; =1.1TeV my=2TeV 0=10°~ 35



Numerical results

Sk | Ex| tension

0.005,
0.004|
0.003}
0.002f

0.001f

0.000"

Si/gks  90%C.L.

1 &«

0.55 0.60 0.65 ﬂ’.n’ll] 0.75 0.80 0.85 0.90

sin(2p) (SM)

exp

90%C.L.



Numerical results

Sk | Ex| tension

0.005;
0.004}
: exp

:- : - - - - — — - 8 90%C.L.
I R e e R
(SM+SUSY) n.002} _

0.001}

0000l b
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sin(2f) (SM+SUSY)




Targets

K meson B meson Bs meson
AF=2 : Mixing

Prediction




Vi
Time dependent CP asymmetry in B, — f

A_F(Bo(t)%f)—F(BO ) = f)
_F(Bo(t)%f)JrF(B ) — )
A1 cos (Ampt) Im \ISIIl (Ampt)

—f) =~ Z C;0;
\ = 4q C@ : Wilson coefficients

p ASM  ASUSY \ C; = C;(SM)+ C; (NP)
. O,

ASM | ASUSY

mixing part amplitude part

| :
| Y (o) o)+ C0)) |
)\qst,n’KU = Sln(Qﬁ’SM —+ Arg(l + hdeQigd)) i=3—6,7v,8G

3 ((""M*<o> (*9*<o.,¢>+6?§*<6,._>)

i=3—6,77,8G

; : Local operator

We focus on a few modes which decay at ,
because it is expected that SUSY contribution will be enhanced.



Predictions %

[ quKs) Sn’KO ] Time dependent CP asymmetryin B; — ¢ Kg, 77/K0

SM prediction ' 0 \
g g Bg — J/YKg Bi — ¢Kg,n K
J/PKs — P¢Ks,n' Ks v }y’m
: ' © b 5 .,
Experimental results [HFAG,2012] . H-’*LLL_< c g‘%%<3 6.1
d Vs ) By )
Sj/wKS = 0.679 £ 0.020 d LK K, p 2, K = Ks
Sexs = 0.747013 \Both CP violations come from CP phase in the BS-Bj mixing)

Sy ko = 0.59 £ 0.07
Our prediction

0.80 ; - - -
SUSY contribution 0.75} Our predictions with cEDM
) ) . 0.70¢
ASTSY By — ¢K) o< Cg () + C (b)) < 0.65} :
_ ! s =a 3 r
ASUSY(Bd — 1N KS) X CEG (mb) o CSQG (mb) - E:g . 90 % C.L. .
C:C(L < R) Depends on 533 0.50¢ :
045 .. ... ... .
Difference of sign comes from parity of final state. 0.5 0.6 0.7 0.8 0.9 1.0

[M.Endo, S.Mishima and M.Yamaguchi, PLB 609 (2005)]



Predictions o

[ qu(;s, Sn’gb ] Time dependent CP asymmetry in Bs — @, TY’QD

SM prediction
| B, — J/p B, = ¢6n'é |
SJ/¢¢ = SIn qbs v
¢5(SM) = —0.0363 £ 0.0017 Bh uiL]<f U ; S s
4 s Ves . , g%%’< 5 7
qu@b,"?’ﬁb ~ O(A ) 3 e @, n B, 9 §¢'”
Experimental results )
SJ/ w qb [LHCb, Phys. Rev. D 87, 112010(2013)] O ur prediction
¢s(Exp) = 0.07 £ 0.09 £ 0.01 S _
0.4F Our predictions ]
S qb gb [LHCb, Phys.Rev.Lett.110, 241802 (2013)] I
bs(0d) = [—2.46, —0.76](68%C.L.) New ! 0.21 -
o T o0l '
SUSY contribution “ u.u: f/
AP (By = ¢0) x Cg (my) = C (my)  ~2 —0.1< S5 <0.2
AU (By = o) o Clg (mo) + CRg () =04 01 = Sy =02
1‘ —-0.6 —-04 -0.2 0.0 0.2 0.4 0.6

Depends on 533 Son



Predictions 7ie

[ qu(;s, Sn’gb ] Time dependent CP asymmetry in Bs — @, TY’QD

SM prediction , N\
S1/pg = SIN Qg B, _> J/Y¢ Bs = oo,m ¢

_ Veb
b € w
¢5(SM) = —0.0363 & 0.0017 e A ; S 5
B, Ves _ g%<(' ¢
8 g & &

Sosme =~ O(XY)

Experimental results

SJ/ w QD [LHCb, Phys. Rev. D 87, 112010(2013)] O ur prediction
90%C.L.

p

—0.1 < qugb < 0.2
—0.1 < ngn/ < 0.2 ]

0.4 [
- 0.4F Our predictions

0.2

3\‘ -
See

0.2

0.0

_(]._1:- _ ) —02

~——
|
=
L =9
I

| I | I S [ .
—%.lﬂ—ﬂ.ﬂﬁ 0.00 0.05 010 0.15 0.20 025 =—/—/Ftr———r———
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Predictions

[ SKOI_{O ] Time dependent CP asymmetry in B; — KYK?Y

Standard model

E

o,

g
By

K% 5 Kgq

The gluino-sbottom-quark interaction

.':: f

R,
o I.a |'|"
M .
5
i

d DK

d
Depends on 513

SM prediction [A.K.Giri and R.Mohanta, JHEP 0411 (2004) 084]

Spcogo(SM) ~ 0.06
with pQCD

Experimental result poc2012

SKORO (eXp) = —0.8=0.5

Our prediction

our predictions —0.4 < Spo0 < 0.3

90%C.L.

0.005 0.010 0.015 0.020
dR
|6y3"



Predictions
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—0
] CP asymmetry in the semileptonic decay B, — Bg — ptX

d
afsil depends on 51 3

H;Jr

d,s

aiz depends on (5513

SM predictions

[A.Lenz and U.Nierste, arXiv:1102.4274 [hep -ph]] 0.010 :

SSM — (1.940.3) x107° :
ag = ) X 0.005}
dSM __ 4 :
as) —(4.1+£0.6) x 10~ 0.000}
- F

Experimental results troc2012 —ﬂ-ﬂﬂig
af; = (—0.24 £ 0.54 £0.33) x 1072 001
a% = (—-0.34+2.1) x 1073 —-0.015.

A

Our predictions

I

B factory(PDG), 90%C.L.

— LHCb,
90%C.L.

Our predictions h
-lmﬁl-—'
.................. 1, L . . . -
006 Uﬂ[H =0.002 0.000 0.002 0.004 0.006
d
a;
d = _0.0017 ~0.002  ag = —0.001 ~

0.001



Summary

We have discussed the sensitivity of the gluino-sbottom-quark interaction
to the CP violating phenomena of the K , BY and B, mesons.

We take the natural SUSY scenario, which is consistent with the experimental
situation of LHC.
mg, , = O(10) TeV, mz =1TeV,m; =1.1TeV, mz=2TeV

The relevant constraints : |ex|, AMy, AM,, Sjuks. Si/we:. BR(D— s7), |dY]
—> The allowed region of the mixing parameter

[ SILER) — 0~ 0.01 |65 = 0 ~ 0.04 ]

S

We predict quKgaSn’Koa Seds On'ey S0, aglaasl
SUSY contributionsto Sexs, Sy ko s tiny,

([ 01<845<02 —0.1< 84 <02 A
Q a?, = —0.0017 ~ 0.002 a3 = —0.001 ~ 0.001 )

Our model will be tested by Belle Il as well as LHCb.
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Mixing angle {

Mass matrix g, = T MET !
2
M2 = Mg, mp(Ap — ptanf)\ - Third family
¢ mp(Ap — ptans) ng




AF=1

H,, - 3r N ViV, Yo — vy Y (@OHJ%Z)
\/_ g'=u.c i=1,2 1=3—6,7v.8G

O\ = (G Prds) (@7 Prba),  O5" = (GauPrdl.) (@ Prbs),
OB — (g_aq"#-PLba) Z(QﬁT#PLQﬁ)a 04 - (QCE'T#-PLE)_B) Z(Qﬁq’#PLQﬂ):
Q

Q
O — (qq JJ.!PL )Z(Qﬁ #PRQ,.EJ’)? OG - (q_a{.]"u-PLbB) Z(QBT”-PRQHL
Q Q
e Gs a
Oz, = 16?_2??1.5.%0” PrboFuu, Osg = 16?_2??15%5” PrT55b5G,,,




AF=1

Most dominant term comes from CéqG )

ASTSY (B — ¢K ) o< Oy (my) + Cy (m)

C:C(L < R)
O3 () = 3 V20,7 w'GL)m\ (F(d)) —EFl(I%) _ lFQ{T%) )
ga\'g 3 QGFI‘";I:L;E \m%g/ GL) 33 ] g 8 g my
xr = 5
wr 9 1 m=
5351539696_@ +r??3 (——Fg(rg) a gﬂ(l‘gJ)} "

If two masses ™M;_ ™M, degenerate, we have complete cancellation.

C’gG is reduced by this cancellation.



Factorization relation




The effect of cEDM of the strange quark

0.80 - . . . . 0.80 —— . .
0.75} without EDM §  0.75} O predictions with cEDM
0.70} / {  o070| /

< 0.65} ] ] < 0.65| :

4 0.60} I 4 0.60} _
0.55} 0.55} 90 % C.L.
0.50¢ i 050 3
0.45% . . . . ] 045b ]

0.5 06 07 08 09 10 0.5 06 07 08 09 L

Sﬂs Sﬂj



Input parameters

as(Mz) = 0.1184 [34]

me(me) = 1.275 GeV [34]

my(m.) = 1.275 GeV (MS) [34]

Mp, = 5.36677(24) GeV |34]

AM, = (116.942 +0.1564) x 107" GeV [7]
AM; = (3.337 £0.033) x 107" GeV [34]
fB. = (233 £10) MeV [47]

fB./fpo = 1.200 + 0.02 [47]

& = 1.21(6) [26]

A = 0.2255(7) [34]

V| = (4.12 £ 0.11) x 1072 [47]

e = 0.5765(65) [26]

[k = (156.1 +1.1) MeV [34]

ke = 0.92(2) [26]




The unitarity triangle

(Exclusive decay & Inclusive decay)



0.0055
0.0050}
0.0045}

— 0.0040}

= 0.0035}
0.0030}__p 'F"
0.0025}

0.0020
055 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
Sin(2)



