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•  Higgs%Discovery%2012%

•  No%evidence%of%SUSY%

%
•  We%need%indirect%Search%for%SUSY%

SUSY%scale%may%be%much%higher%than%1%TeV �

1.  Introduction� 23 
1 

%%Flavor%physics �
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•  SM%explains%CP%violaGon%of%K%and%B%mesons%successfully%

•  No%significant%deviaGon,%but%
%%%%%%%%L%a%number%of%tensions%
%%%%%%%%L%future%measurements%can%%
%%%%%%%%%improve%a%lot%
%
•  %%%%%%%%%%%%%New%Physics%contribuGons%%
%%%%%to%loop%processes%are%%
%%%%%sGll%possible �
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%We%examine%the%sensiGvity%of%High%Scale%SUSY%%
%%in%the%CP%violaGons%of%K%and%B%mesons �
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�SUSY$GIM(works(
(
�Le0$right(mixing(of(sbo:om(is(important((
(
�Loop(func?ons(depend(on(sbo:om$gluino(mass(ra?o(


"��

2. Squark Mass Spectrum 
�
•  We%consider%squarkLgluino%interacGons%in%B%meson%system%

%%%%which%depends%on%the%squark%and%gluino%mass%spectrum%
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We%should%consider%SUSY%parGcle%spectrum,%which%is%
consistent%with%Higgs%Discovery.�

SUSY(breaking(scale(Λ(

SM$SUSY(matching(scale(Q0(

SM(scale(mH,((126(GeV(
(

Running soft masses in SUSY �

Running Higgs coupling in SM λ, m2 �

H1,(H2�

HSM�

��

���

Λ(
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Below%Q0%scale,%SM�

We%put%the%matching%condiGon�

��

Λ(

The%quadraGc%terms%in%the%MSSM%potenGal% �

by%the%fixing�

[Delgado,(Garcia,(Quiros,(arXiv:1312.3235]( 23 
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(((SM(Higgs(
Heavy(Higgs(

��
’��

������	��� �

��
where%

��

���

[Delgado,(Garcia,(Quiros,(arXiv:1312.3235]( 23 
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((((((((((((((((((((Λ,((Q0%,%%tanβ,%%m0,(((m1/2,((A0����

•  Taking universal soft parameters at SUSY breaking scale 
Λ (gravity mediated-like model) 

6(parameters(taking(with(�

•  We tune  m1/2 and At to give mH=126 GeV 
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����!�����

qL(

qR�

•  The gluino-squark-quark interaction 

�� !��

Squark(flavor(mixing �

•  Parameters%
Mixing%parameter:%
Phase:%
Le0$Right(mixing(angle:(

RotaGon%matrix%:%

•  1st%and%2nd%family%squarks%are%degenerate:%s12=0%
% �
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�����������#�

Θ%%%=%0.56°%%%%Case%1%%(10TeV,%tanβ=10)%
��=%1.38°%%%%Case%2%%(10TeV,%tanβ=20)%
�%%=%0.02°%%Case%3%%(100TeV,%tanβ=3)%

Le0$Right(mixing(angle �

•  Remark:%
%%%%%Dominant%contribuGons%of%C8G,%C7γ%and%cEDM%come%from%
%%%%%LecLRight%mixing%
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Our strategy 
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�������sin(2βSM)�SJ/ψKS=0.679+0.02 �$ �

|εK| �
exp�

|εK|(vs.(sin(2βSM)�

[Andrzej(J.(Buras(and(Diego(Guadagnoli(,2008]�
[Andrzej(J.(Buras(,2011]�SJ/ψKS$|εK|(tension��

These%regions%of%sin2β%are%favored%by%εK. �

We%will%show%that%this%tension%is%understood%by%taking%account%of%
%the%SUSY%box%diagram%through%the%gluinoLsboeomLquark%interacGon. �

SM� = �SJ/ψKs = sin(2βexp) sin(2βSM) |εK|    BK |Vcb| sin(2βSM) 4 �

<�

•  %%%%%%is%given%in%terms%of%%%%%%%%%%%%%%%because%there%is%only%one%CP%violaGng%
phase%in%the%SM.%

90%C.L. �

90%C.L. �

BK%:%Lahce%calculaGon �

[JM.Gerard,%2011]�

B̂K = 0.73± 0.03

•  It%is%noGced%that%the%consistency%between%the%SM%predicGon%and%
the%experimental%data%in%���%and%����is%marginal.%

|✏exp
K

| = (2.228± 0.011)⇥ 10�3
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ΔF=2(process(

(K$K,(B$B(,(Bs$Bs(mixing:( �
― � ― � ― �

Constraints 
�Md �Ms

The(gluino$sbo:om$quark(interac?on�

%%observed%%value%is%very%sensiGve,%
so%it%becomes%a%severe%constraint.%�

��
Standard(model�

( � ( �

( �( �

Time(dependent(CP(asymmetry(:(

|✏K |

SJ/ KS
SJ/ �

SM(+(SUSY�
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ΔMB(((/ΔMB(
SUSY( SUSY+SM(

ΔMBs((/ΔMBs(
SUSY( SUSY+SM(

We(scan(sij((randomly(in(the(region(of(0(��0.5(with(taking(|sijL|=(|sijR|(
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Experimental(results� [HFAG,2012]�

Both%CP%violaGons%come%from%CP%phase%
%in%the%%%%%%%%%%%%%mixing.%%�

SM(predic?on 

Time(dependent(CP(asymmetry( (

[S.%Khalil%,E.%Kou(2003),%A.L.%Kagan(2002),%M.Endo,S.Mishima,M.Yamaguchi%(2005)]%

Time dependent CP asymmetry 

•  %%%%%%%%%%is%depend%on%S23%
•  Difference%of%sign%comes%from%parity%of%final%state�

SUSY(contribu?on�
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Experimental(results(

•  CP%asymmetry%in%the%semileptonic%decay%in%

mixing(

SM(+(SUSY�

[LHCb%2012%06]�

Experimental(results�
[A.Lenz(and(U.Nierste,(arXiv:1102.4274([hep($ph]](

[PDG(2012](SM(predic?ons 

Semi-leptonic CP asymmetry 

•  %%%%%%%%%%is%depend%on%%%%%%%%%%%%%%,%%%%%%%%%%%%is%depend%on%%
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[K.Fuyuto,%J.Hisano%and%N.Nagata,%2013] �
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�	������� ��$	��

Chromo-EDM of strange quark vs. εK 
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Chromo-EDM of strange quark vs. εK 
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4.  Summary 
•  We%examined%the%sensiGvity%of%High%scale%SUSY,%in%which%squark%
spectrum%is%consistent%with%Higgs%mass�

! � 

! � 
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! � 
εK(has(sensi?vity(of(squark(flavor(mixing(on(the(present((
experimental(data(even(if((SUSY(scale(is(higher(than(50(TeV(

4.  Summary 
•  We%examined%the%sensiGvity%of%High%scale%SUSY,%in%which%squark%
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! � 

! � 

εK(has(sensi?vity(of(squark(flavor(mixing(on(the(present((
experimental(data(even(if((SUSY(scale(is(higher(than(50(TeV(

cEDM(has(sensi?vity(at(10$50(TeV(

4.  Summary 
•  We%examined%the%sensiGvity%of%High%scale%SUSY,%in%which%squark%
spectrum%is%consistent%with%Higgs%mass�

•  We%expect%Bell%II%gives%more%precise%data%of%CP%violaGon%of%B0%
decays%to%search%for%SUSY�

23 
23 



Backup �





[Delgado,(Garcia,(Quiros,(arXiv:1312.3235](



[Delgado,(Garcia,(Quiros,(arXiv:1312.3235](
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ΔF=2(process((:(K$K,(B$B(,(Bs$Bs(mixing( �
― � ― � ― �

Standard(model�

( � ( �

( �( �
ΔF=1(process( :(Time(dependent(CP(asymmetry(

�Ms = (116.942± 0.1564)⇥ 10�13GeV

�Md = (3.337± 0.033)⇥ 10�13GeV

|✏exp
K

| = (2.228± 0.011)⇥ 10�3

SJ/ �

SJ/ KS
= 0.679± 0.020

�s = 0.07± 0.09± 0.01

|✏K | �Md �Ms

SJ/ KS
SJ/ �



[A.Ishikawa%talk%(KEKLTH2013)]�







Factoriza?on(rela?on(

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


