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Introduction



Physics beyond the SM
A new particle is discovered 

& 
 Its properties are consistent with a SM Higgs boson

The SM seems to be established
However, it’s not the end of the story

We still require the NP beyond the SM
Baryon asymmetry of the Universe? 

What’s the Dark Matter? 

Origin of tiny neutrino mass? 

Charge quantisation?       Unified theory ? (Hierarchy problem) 

… There should be NP!!



Scale of the NP?
How far is the new physics ?

BAU : depending on the models  

DM   : depending on the thermal history,  
                               properties of DM 

mν     : depending on the models  

Hierarchy problem : should be around TeV!

• EWBG: TeV 
• Leptogenesis: ~109GeV

• Seesaw: keV~1015GeV 
• Radiative mechanism:TeV

We don’t have enough knowledge on the NP scale  
Anomalies from exp. suggests NP@TeV scale

• WIMP: TeV 
• WIMPzilla: 1016GeV

Can you bet everything on the hierarchy problem?



Flavour is powerful tool

Scale
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Larger 
signal Smaller 

signal

reach of the 
direct search

reach of the 
flavour 

measurements

The reach of the flavour physics is sometimes 
much higher than the direct search

e.g. εK gives  

if new mixing is same 
size as the Cabibbo angle

md̃ > O(10-100)TeV

NP? NP? NP?



How to probe NP by 
flavour physics

参



How to probe NP by flavour physics

SU(3)C×U(1)em invariant (QCD with 5 flavours&QED) 

Leptons + 5 quarks(u,d,s,c,b) + photon + gluons 
(t,W,Z,h are integrated out) 

Write down the higher dimensional operators such as the 4-quark 
operators, dipole operators,…

He↵ =
X

i

CiQi

Higher diminutional operators 
e.g. 

Wilson coefficients

(s̄�µPLb)(s̄�µPLb), mbs̄�
µ⌫PRbFµ⌫ . . .

All the flavour processes can be described 
in terms of the effective theory



How to probe NP by flavour physics

Hadronic matrix elements 
(A main origin of theoretical uncertainty)

�(X ! Y ) = hY |He↵|Xi = Cara + Cbrb + Ccrc + · · ·

A flavour measurement can determine the value 
of  a combination of the Wilson coefficients

It is important to see as many processes as possible. 
CPVs give informations of phases of Wilson coefficients. 



How to probe NP by flavour physics
Let’s consider the NP contributions
At the scale of NP mass:

Ci(µ) = Ci(µ)
SM + Ci(µ)

NP

All the Informations of New 
Physics are encoded in this part 

Sometimes, NP provides a new type of operator which 
does not appear (or strongly suppressed)in the SM 
(CSM

i ' 0)



SUSY as an example of BSM
SUSY is still attractive candidate of physics BSM 

SUSY is the only possible extension of the 4-dim 
space-time symmetry. 

In SUSY theory, spin-0 particle (the Higgs boson) is 
naturally introduced 

A SUSY model (especially MSSM) is a useful benchmark 
model. 

It contains extra scalars, fermions, new flavour 
structures etc.



Example in SUSY
Mediation of  

SUSY breaking 
(CMSSM, FS, …)

Physics in the scale  
between SUSY mediation  

and mSUSY scale 
(GUT, seesaw, …)

Integrating out 
the SUSY particles

CSUSY
i

Introduction Typical flavour models Numerical results Summary

Cut-off and models

Flavour universal SUSY breaking

U(2) type SUSY breaking

mSUGRA

MSSM+RN

SU(5)+RN

U(2) model

MSSM MSSM+RN SU(5)+RN

µS µR µG µP

Goto, Okada, T.S. and Tanaka, PRD77, 095010

RGE



Example in SUSY

MSSM: CKM mixing affects the Left-squark mixing 

MSSM+RH neutrinos: Neutrino Yukawa coupling 
affects the Left-slepton mixing 

SU(5) SUSY GUT with YN: YN affects the Right-sdown 
sector mixing  

…

Let’s see how is the flavour mixing is affected by  
the theory between the mediation scale and mSUSY



Whole picture
New physics model

C↵ C� C� C� C⇢ C⌘· · ·

Flavour 
measurement A

Flavour 
measurement B

Flavour 
measurement 

C

Ci =
�

⇤2

scale of NP

Some coefficient 
(Flavour/CP violation, …)

●
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Whole picture
New physics model

C↵ C� C� C� C⇢ C⌘· · ·

Flavour 
measurement A

Flavour 
measurement B

Flavour 
measurement 

C

Ci =
�

⇤2

scale of NP

Some coefficient 
(Flavour/CP violation, …)

There are two types for approaching NP from flavour



Bottom-Up
New physics model

C↵ C� C� C� C⇢ C⌘· · ·

Flavour 
measurement A

Flavour 
measurement B

Flavour 
measurement 

C

What kind of NP 
can give favourite 

contributions 
with keeping the 
others consistent 

with SM?



Top-down
New physics model

C↵ C� C� C� C⇢ C⌘· · ·

Flavour 
measurement A

Flavour 
measurement B

Flavour 
measurement 

C

Which Wilson 
coefficients 

(processes) are 
affected in a well-
motivated NP 

model?



With satisfying the constraints
It becomes more and more difficult to consider models 

which predict significant deviations from the SM 
with satisfying the other constraints

(e.g. Challenges given in G. Hou’s talk)

Some flavour measurements provide strong  constraint 

LHC data also provides strong constraint (direct search of NP) 

(In MSSM based models) Higgs mass is also strong constraint 

…



Toward NP model
New physics model

C↵ C� C� C� C⇢ C⌘· · ·

Flavour 
measurement A

Flavour 
measurement B

Flavour 
measurement 

C

No deviations 
in A and B

We still have a 
chance to find   

NP by C

●



Toward a NP model with large signal
How to enhance a specific δ?? 
How to keep Λ as low as possible ? Ci =

�

⇤2



Toward a NP model with large signal

✏K , µ ! e�, dn, · · ·
Flavour problem 

1-2 mixing should be 
strongly constrained!

How to enhance a specific δ?? 
How to keep Λ as low as possible ? Ci =

�

⇤2
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Toward a NP model with large signal

✏K , µ ! e�, dn, · · ·
Flavour problem 

1-2 mixing should be 
strongly constrained!

There will be large 
area in 2-3 mixing!

Large tanβ 
can enhance δ

Bs ! µµ

Strong constraint 
from

Bs-Bs mixing is  
consistent with SM

Some new directions?

How to enhance a specific δ?? 
How to keep Λ as low as possible ? Ci =

�

⇤2



With satisfying the constraints
It becomes more and more difficult to consider models 

which predict significant deviations from the SM 
with satisfying the other constraints

(e.g. Challenges given in G. Hou’s talk)

Some flavour measurements provide strong  constraint 

LHC data also provides strong constraint (direct search of NP) 

(In MSSM based models) Higgs mass is also strong constraint 

…



Six years ago…

take CP violating SUSY phases to be vanishing in these
plots. A significant potion of the parameter space is ex-
cluded due to the experimental limits on EDMs if we take
nonvanishing SUSY CP phases.

In the plot for mSUGRA with jA0j ! 0 (Fig. 2(a)), the
m0 " m1=2 region is excluded because the electroweak
symmetry breaking cannot be satisfied, namely, there is
no solution with j!j2 # 0 for this region. The allowed
region near the boundary corresponds to the so-called
‘‘focus point’’ region [63] where the LSP is the lightest
neutralino with a significant higgsino component. This
region is one of the favored regions in the context of the
cosmic dark matter study [64]. The pair annihilation of the
lightest neutralino into the W boson or Z boson pair is

enhanced by the gauge interaction of the higgsino compo-
nent, so that the relic abundance of the LSP becomes
suitable for the cold dark matter density. However, in the
jA0j ! 1 case (Fig. 2(b)), such a region disappears because
the A-terms affect the running of the Higgs mass parameter
m2
H2

so that a sufficiently large j!j2 is realized. The ‘‘focus
point’’–like region disappears also in the cases with right-
handed neutrinos (Figs. 2(c)–2(f)), since the large neutrino
Yukawa coupling affects the running of m2

H2
in a similar

way.
In the cases of mSUGRA and MSSM with right-handed

neutrinos (Figs. 2(a)–2(d)), the m0 $ m1=2 region is ex-
cluded because the LSP is the lightest charged slepton. The
allowed region near the boundary provides another dark

FIG. 2 (color online). Contour plots of the value of j!j onm0 andm1=2 plane for fixed tan" and A0 in mSUGRA ((a) and (b)), MSSM
with right-handed neutrinos ((c) and (d)), and SU(5) SUSY GUT with right-handed neutrinos models ((e) and (f)). Each thick black
line shows the boundary of the region where correct electroweak symmetry breaking occurs. In the regions below the lines labeled with
‘‘charged LSP’’ (green) in (a)–(d), the LSP is a charged particle. Boundaries of excluded regions which come from the chargino mass
(‘‘chargino’’/red), the Higgs boson mass (‘‘Higgs’’/blue) and B%b! s#& (‘‘b! s#’’/orange) are shown in each plot. Regions excluded
by the lepton flavor violating processes are also shown in (c)–(f) (‘‘!! e#,’’ ‘‘$! !#’’ or ‘‘$! e#’’/magenta).

GOTO, OKADA, SHINDOU, AND TANAKA PHYSICAL REVIEW D 77, 095010 (2008)

095010-12

Goto, Okada,T.S, Tanaka, PRD77,095010 

We could play game 
in this wide area



ta
ke
C
P
vi
ol
at
in
g
SU
SY
ph
as
es
to
be
va
ni
sh
in
g
in
th
es
e

pl
ot
s.
A
si
gn
ifi
ca
nt
po
tio
n
of
th
e
pa
ra
m
et
er
sp
ac
e
is
ex
-

cl
ud
ed
du
e
to
th
e
ex
pe
ri
m
en
ta
ll
im
its
on
E
D
M
s
if
w
e
ta
ke

no
nv
an
is
hi
ng
SU
SY
C
P
ph
as
es
.

In
th
e
pl
ot
fo
r
m
SU
G
R
A
w
ith
jA

0
j!
0
(F
ig
.2
(a
))
,t
he

m
0
"
m

1=
2
re
gi
on
is
ex
cl
ud
ed
be
ca
us
e
th
e
el
ec
tr
ow
ea
k

sy
m
m
et
ry
br
ea
ki
ng
ca
nn
ot
be
sa
tis
fie
d,
na
m
el
y,
th
er
e
is

no
so
lu
tio
n
w
ith
j!
j 2
#
0
fo
r
th
is
re
gi
on
.
T
he
al
lo
w
ed

re
gi
on
ne
ar
th
e
bo
un
da
ry
co
rr
es
po
nd
s
to
th
e
so
-c
al
le
d

‘‘
fo
cu
s
po
in
t’’
re
gi
on
[6
3]
w
he
re
th
e
L
SP
is
th
e
lig
ht
es
t

ne
ut
ra
lin
o
w
ith
a
si
gn
ifi
ca
nt
hi
gg
si
no
co
m
po
ne
nt
.
T
hi
s

re
gi
on
is
on
e
of
th
e
fa
vo
re
d
re
gi
on
s
in
th
e
co
nt
ex
t
of
th
e

co
sm
ic
da
rk
m
at
te
r
st
ud
y
[6
4]
.T
he
pa
ir
an
ni
hi
la
tio
n
of
th
e

lig
ht
es
t
ne
ut
ra
lin
o
in
to
th
e
W
bo
so
n
or
Z
bo
so
n
pa
ir
is

en
ha
nc
ed
by
th
e
ga
ug
e
in
te
ra
ct
io
n
of
th
e
hi
gg
si
no
co
m
po
-

ne
nt
,
so
th
at
th
e
re
lic
ab
un
da
nc
e
of
th
e
L
SP
be
co
m
es

su
ita
bl
e
fo
r
th
e
co
ld
da
rk
m
at
te
r
de
ns
ity
.H
ow
ev
er
,i
n
th
e

jA
0
j!
1
ca
se
(F
ig
.2
(b
))
,s
uc
h
a
re
gi
on
di
sa
pp
ea
rs
be
ca
us
e

th
e
A
-t
er
m
s
af
fe
ct
th
e
ru
nn
in
g
of
th
e
H
ig
gs
m
as
s
pa
ra
m
et
er

m
2H

2
so
th
at
a
su
ffi
ci
en
tly
la
rg
e
j!
j 2
is
re
al
iz
ed
.T
he
‘‘
fo
cu
s

po
in
t’’
–
lik
e
re
gi
on
di
sa
pp
ea
rs
al
so
in
th
e
ca
se
s
w
ith
ri
gh
t-

ha
nd
ed
ne
ut
ri
no
s
(F
ig
s.
2(
c)
–
2(
f)
),
si
nc
e
th
e
la
rg
e
ne
ut
ri
no

Y
uk
aw
a
co
up
lin
g
af
fe
ct
s
th
e
ru
nn
in
g
of
m

2H
2

in
a
si
m
ila
r

w
ay
.

In
th
e
ca
se
s
of
m
SU
G
R
A
an
d
M
SS
M
w
ith
ri
gh
t-
ha
nd
ed

ne
ut
ri
no
s
(F
ig
s.
2(
a)
–
2(
d)
),
th
e
m

0
$
m

1=
2
re
gi
on
is
ex
-

cl
ud
ed
be
ca
us
e
th
e
L
SP
is
th
e
lig
ht
es
tc
ha
rg
ed
sl
ep
to
n.
T
he

al
lo
w
ed
re
gi
on
ne
ar
th
e
bo
un
da
ry
pr
ov
id
es
an
ot
he
r
da
rk

FI
G
.2
(c
ol
or
on
lin
e)
.
C
on
to
ur
pl
ot
s
of
th
e
va
lu
e
of
j!
jo
n
m

0
an
d
m

1=
2
pl
an
e
fo
rfi
xe
d
ta
n"
an
d
A

0
in
m
SU
G
R
A
((
a)
an
d
(b
))
,M
SS
M

w
ith
ri
gh
t-
ha
nd
ed
ne
ut
ri
no
s
((
c)
an
d
(d
))
,a
nd
SU
(5
)
SU
SY
G
U
T
w
ith
ri
gh
t-
ha
nd
ed
ne
ut
ri
no
s
m
od
el
s
((
e)
an
d
(f
))
.E
ac
h
th
ic
k
bl
ac
k

lin
e
sh
ow
s
th
e
bo
un
da
ry
of
th
e
re
gi
on
w
he
re
co
rr
ec
te
le
ct
ro
w
ea
k
sy
m
m
et
ry
br
ea
ki
ng
oc
cu
rs
.I
n
th
e
re
gi
on
s
be
lo
w
th
e
lin
es
la
be
le
d
w
ith

‘‘
ch
ar
ge
d
L
SP
’’
(g
re
en
)
in
(a
)–
(d
),
th
e
L
SP
is
a
ch
ar
ge
d
pa
rt
ic
le
.B
ou
nd
ar
ie
s
of
ex
cl
ud
ed
re
gi
on
s
w
hi
ch
co
m
e
fr
om
th
e
ch
ar
gi
no
m
as
s

(‘
‘c
ha
rg
in
o’
’/
re
d)
,t
he
H
ig
gs
bo
so
n
m
as
s
(‘
‘H
ig
gs
’’/
bl
ue
)a
nd
B
%b
!
s#
&(
‘‘
b
!
s#
’’
/o
ra
ng
e)
ar
e
sh
ow
n
in
ea
ch
pl
ot
.R
eg
io
ns
ex
cl
ud
ed

by
th
e
le
pt
on
fla
vo
r
vi
ol
at
in
g
pr
oc
es
se
s
ar
e
al
so
sh
ow
n
in
(c
)–
(f
)
(‘
‘!
!
e#
,’’
‘‘
$
!
!
#
’’
or
‘‘
$
!
e#
’’
/m
ag
en
ta
).

G
O
T
O
,O
K
A
D
A
,S
H
IN
D
O
U
,A
N
D
TA
N
A
K
A

PH
Y
SI
C
A
L
R
E
V
IE
W
D
77
,0
95
01
0
(2
00
8)

09
50
10
-1
2

After LHC run I

�*�(�.���&2�0,

-�*�
����%+

$)�
�	��

mh=124-128GeV

Goto, Okada,T.S, Tanaka, Watanabe, work in progress 

Preliminary



Impacts of LHCb 
results

拾弐



Impacts of LHCb results

FCNC rare decay:  

Measurement of CKM angle φ3 (γ): 

CP violation in Bs mixing:  

…

We focus on several selected topics

B ! DK

B0
s ! µ+µ�

B0
s ! J/ �

My choice is very conservative…



Impact of Bs→μμ

QS =
e2

(4⇡)2
(s̄↵PRb

↵)(¯̀̀ )

QP =
e2

(4⇡)2
(s̄↵PRb

↵)(¯̀�5`)

Q10 =
e2

(4⇡)2
(s̄↵�µPRb

↵)(¯̀�µ�5`)

Q0
S =

e2

(4⇡)2
(s̄↵PLb

↵)(¯̀̀ )

Q0
P =

e2

(4⇡)2
(s̄↵PLb

↵)(¯̀�5`)

Q0
10 =

e2

(4⇡)2
(s̄↵�µPLb

↵)(¯̀�µ�5`)

Relevant operators:

B(Bs ! µµ) =
↵2

512⇡3
f2
BS

⌧Bsm
3
Bs

s

1�
4m2

µ

m2
Bs

( 
1�

4m2
µ

m2
Bs

!
|CS � C 0

S |2 +
����(CP � C 0

P ) + 2(C10 � C 0
10)

mµ

mBs

����
2
)

The branching ratio:

B(Bs ! µµ) = (2.9+1.1
�1.0)⇥ 10�9 BSM = (3.65± 0.23)⇥ 10�9

Bobeth, et al., PRL112,101801



In the MSSM

Diagrams are taken from  
Arbey, Battaglia, Mahmoudi, Martinez Santos, PRD87, 035026

CS ' �CP / tan3 � in large tanβ regionBRðBs ! !þ!#Þ

¼ G2
F"

2

64#3 f
2
Bs
m3

Bs
jVtbV

&
tsj2$Bs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1# 4m2

!

m2
Bs

vuut

'
"#
1# 4m2

!

m2
Bs

$
jCQ1

# C0
Q1
j2

þ
%%%%%%%%ðCQ2

# C0
Q2
Þ þ 2ðC10 # C0

10Þ
m!

mBs

%%%%%%%%
2
&
; (2.1)

where fBs
is the Bs decay constant, mBs

is the Bs meson
mass, and $Bs

is its mean lifetime. CQ1
and CQ2

are the
Wilson coefficients of the semileptonic scalar and pseudo-
scalar operators,1 and C10 is the axial semileptonic Wilson
coefficient. The C0

i terms correspond to the chirality flipped
coefficients. In the SM, only C10 is nonvanishing, and it gets
its largest contributions from a Z penguin top loop (75%)
and a W box diagram (24%) (see Fig. 1). The SM expected

value is evaluated using mMS
b ðmbÞ ¼ ð4:18( 0:03Þ GeV

and mpole
t ¼ ð173:5( 0:6( 0:8Þ GeV [31], corresponding

to C10 ¼ #4:16( 0:04, from which the following SM
prediction for the branching fraction is derived [17]:

BR ðBs ! !þ!#Þ ¼ ð3:53( 0:38Þ ' 10#9; (2.2)

where we used the numerical values of mBs
¼

ð5:36677(0:00024ÞGeV, jVtbV
&
tsj¼0:0404(0:0011, $Bs

¼
ð1:497(0:015Þps [31,32] and fBs

¼ ð234( 10Þ MeV. The
value of fBs

is extracted from the average of the lattice
results reported by the ETMC-11 [33], Fermilab-MILC-11
[34,35] and HPQCD-12 [36] collaborations and represents
the dominant source of systematic uncertainty (8.7%) in the
SM prediction. The top mass determination and the choice
of the renormalization scheme for its running have an
important impact on the evaluation of the Bs ! !þ!#

branching fraction, as discussed in Ref. [37]. The effect is
illustrated in Fig. 2, where we show the SM central value for

BRðBs ! !þ!#Þ as a function of the top pole mass value.
A change of (2 GeV in the top mass corresponds to
a (10#10 change in the branching fraction value. Other
sources of uncertainty include the choice of scale for the
calculation of the fine-structure constant and parametric
uncertainties. Adding all these uncertainties in quadrature,
a total theoretical uncertainty of 11% is estimated.

B. SUSY contributions

The Bs ! !þ!# decay may receive very large
enhancements within specific extensions of the SM. In
particular, in the MSSM the Higgs-mediated scalar
FCNCs do not suffer from the same helicity suppression
as the SM diagrams, thus leading to possible drastic
enhancements at large values of tan% [1–3]. In this case,
the CQ1

, CQ2
coefficients give the dominant contributions.

For positive values of CQ2
the interference with the term

proportional to (C2
Q1

þ C2
Q2
) is destructive. The upper

bound on BRðBs ! !þ!#Þ is more easily evaded or,
conversely, an appropriate pseudoscalar contribution may
lead to a suppression of this decay mode to rates below the

FIG. 1. Dominant Bs ! !þ!# diagrams in the SM, two Higgs doublet model and MSSM.

FIG. 2 (color online). BRðBs ! !þ!#Þ vs the top quark pole
mass. The black (lower) line corresponds to the CP-averaged
branching ratio, while the red (upper) line shows the untagged
value.

1Note that CQ1;2
¼ mbCS;P.

A. ARBEY et al. PHYSICAL REVIEW D 87, 035026 (2013)

035026-2

This process has very strong tanβ enhancement!



In the MSSM
Mahmoudi, arXiv:1205.3099

2010

Figure 3: Constraints from flavour observables in CMSSM in the plane (m1/2,m0) for tan� = 50 and A0 = 0,
in the left with the 2010 results for BR(Bs ! µ+µ�), and in the right with the 2011 results. The black line
corresponds to the CMS exclusion limit with 1.1 fb�1 of data 18 and the red line to the CMS exclusion limit with

4.4 fb�1 of data 19 . The colour legend is given below.

Figure 4: Constraints from flavour observables in CMSSM in the plane (m1/2,m0) for tan� = 30 and A0 = 0.

respectively, including both theoretical and experimental errors (added in quadrature). As can
be seen from the figure, AFB is the most constraining observable and excludes Mt̃1

. 800 GeV.
On the other hand, with the current experimental accuracy 17, the isospin asymmetry does not
provide any information on the SUSY parameters.

A comparison between di↵erent flavour observables in the plane (m1/2,m0) is given in Fig. 3,
where we can also see the limits from B ! Xs�, B ! ⌧⌫, Rl23(K ! µ⌫µ), B ! D⌧⌫⌧ ,
B ! Xsµ

+µ� and Ds ! ⌧⌫⌧ . In the left hand side, the combined CMS+LHCb limit from the
2010 data (1.1⇥ 10�8 at 95% C.L.) is applied for BR(Bs ! µ+µ�), while this limit is updated
to the 2011 LHCb result (4.5 ⇥ 10�9 at 95% C.L.) in the right hand side. As can be seen, the
recent LHCb limit strongly constrains the CMSSM with large tan�. We also notice that, at large
tan�, the flavour constraints and in particular Bs ! µ+µ�, are superior to those from direct
searches. By lowering the value of tan�, Bs ! µ+µ� significantly loses importance compared
to direct searches as can be seen in Fig. 4. On the other hand, B ! Xs� and B ! K⇤µ+µ�

related observables and in particular the forward-backward asymmetry lose sensitivity in a less
drastic manner and they could play a complementary role in the intermediate tan� regime.

The study in constrained MSSM scenarios is very illustrative and allows to pin down the
most important e↵ects in a rather simple framework. However these scenarios are not represen-
tative of the full MSSM and by focussing only on the constrained scenarios one may miss some
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Figure 4: Constraints from flavour observables in CMSSM in the plane (m1/2,m0) for tan� = 30 and A0 = 0.
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2010 data (1.1⇥ 10�8 at 95% C.L.) is applied for BR(Bs ! µ+µ�), while this limit is updated
to the 2011 LHCb result (4.5 ⇥ 10�9 at 95% C.L.) in the right hand side. As can be seen, the
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B < 4.5⇥ 10�9 2011B < 1.1⇥ 10�8

Wide region for large tanβ is excluded
When a NP model is considered,  

Contribution to Bs→μμ should be seriously tested 
in addition to contribution to the b→sγ



φ3/γ determination
All the constraints 

seems consistent with 
the SM

However, there is a 
possibility that some 
loop processes are 
affected by the NP 
(It can be a mimic 

consistency)



φ3/γ determination

Tree level determination of the CKM angle 
will be important

After that, we can say everything is consistent with CKM



Example SUSY model
Goto, Okada,T.S, Tanaka, PRD77,095010 

These figures are six years old. We plan to update these figures with recent LHC 
data(Goto, Okada,T.S, Tanaka, Watanabe, work in progress )

FIG. 12 (color online). Correlation between !3 and !mBs=!mBd for the same parameter sets as those in Fig. 6.

FIG. 13 (color online). Correlations among b! s observables and B!"! #$".
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CMSSM(SM) case

Significant loop contribution to εK



CPV in Bs sector
CP violation in Bs sector is also precisely measured
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CPV in Bs sector

matrix element is expected to be 0.01 rad level [12]. In the
degenerate !R with inverted hierarchical neutrinos
(D!R-IH) and the nondegenerate !R (I) with normal hier-
archical neutrinos (ND!R!I"-NH) cases of the SU(5) SUSY
GUT with right-handed neutrinos, the SUSY contributions
to mixing-induced CP asymmetries in Bs ! J= ", Bd !
K##, and Bd ! "KS can be significant. On the other hand,
in the nondegenerate !R (II) with normal hierarchical
neutrinos (ND!R!II"-NH) case of SU(5) SUSY GUT with
right-handed neutrinos, there is a significant SUSY con-
tribution to the b! d# decay amplitude, so that
SCP!Bd ! $#" can be as large as $0:1. Large SUSY
contributions can be found for almost all modes we analyze
in the U(2) model. Only the direct CP asymmetry in b!
d# does not show any significant deviation from the SM.

The correlation between "3 and !mBs=!mBd is shown
in Fig. 12. !mBs=!mBd is sensitive to the new physics
contributions to the Bd % "Bd and Bs % "Bs mixing matrix
elements unless the contributions cancel in the ratio. For
the mSUGRA case, the deviation is negligible and the plot
in this plane is the same as in the SM. The lower limit of"3
is determined by the constraint from "K. In the D!R-NH
and D!R-D cases of SU(5) SUSY GUT with right-handed
neutrinos, the deviation in the correlation is not so signifi-
cant. In the D!R-IH and the nondegenerate !R cases of

SU(5) SUSY GUT with right-handed neutrinos, as well as
the U(2) model, some deviations appear in the correlation
plots. In the D!R-IH and ND!R!I"-NH cases the deviation
comes from the SUSY contribution to the Bs % "Bs mixing
matrix element, while Bd % "Bd receive sizable SUSY cor-
rection in ND!R!II"-NH. In the U(2) model SUSY contri-
butions show up in both matrix elements. In order to
identify the deviation in the correlation in the future, it is
required that the evaluation of the % parameter by the
lattice QCD calculation is significantly improved and that
the "3 is precisely measured from tree-level dominant
processes.

In Fig. 13, we show the correlations among SCP!Bd !
K##", !SCP!Bd ! "KS", SCP!Bs ! J= "", and B!&!
'#" for D!R-IH and ND!R!I"-NH cases of the SU(5)
SUSY GUT with right-handed neutrinos, where these
quantities are significantly affected. We can see that large
deviations in b! s transitions occur in the region with
B!&! '#" * 10%9. Also there is a positive correlation
between SCP!Bd ! K##" and !SCP!Bd ! "KS".

We also calculate the branching ratio and the forward-
backward asymmetry of b! sl&l%, which are sensitive to
the amplitudes from photon- and Z-penguin and box dia-
grams. In all the cases we consider here, we find the
deviations are negligible.

FIG. 11 (color online). Predicted value of the mixing-induced CP asymmetry in Bs ! J= " as a function of m!~d1" for the same
parameter sets as those for Fig. 6.
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If the sensitivity is more, a deviation can be found?!
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Summary
Flavour measurements in various processes provide informations 
of NP contributions to Wilson coefficients 

It is important to measure as many process as possible, and to 
consider as many models as possible. 

What kind models affect which Wilson coefficients? 

We need more information about present anomaly-like events 

Precise measurement with more statistics and less systematics 

Theoretical uncertainty should be understood more 

Are the anomalies real signals of NP or just fakes? ●



Physics Complementarity*)

LHCb

Belle II

ATLAS & CMS• Rare decays: Bd,s o PP
• Bs system
• b-baryons
• Spectroscopy
• CKM phases (E, J)
• Gluonic penguins
• EW penguins 
• Charm physics
• Semileptonics: Mixing, ASL
• Semileptonics: Vxb
• BoWQ, DWP, 
• BoK*QQ
• W-physics

On-going

*) Caveat: I am probably missing “your” favored channel/field

Some only LHCb, 
some only Belle II

13A talk given by U. Uwer @ Flavour Physics Conference, Quy nhon, 29/7/2014
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of NP contributions to Wilson coefficients 
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Summary

Scale of NP

N
ew

 m
ix
in
g 
φ

Limit from 
direct search

Some anomaly in the 
flavour measurement

Careful check 
will be  required

New physics is here?
If YES, what kind of NP model 

is favoured ?



Summary
Needless to say,  

in order to explore the BSM, 
 both direct search of new particles  

and  
precise measurements (like flavour physics)  

are necessary

●



Summary
Needless to say,  

in order to explore the BSM, 
 both direct search of new particles  

and  
precise measurements (like flavour physics)  

are necessary

Let’s consider several scenarios …



If NP is discovered …

Scale of NP

N
ew

 m
ix
in
g 
φ

NP is 
discovered

New flavour signal

Nature choose here
We can know the detail 

of the NP

May be the best scenario



If NP is discovered …

Scale of NP

N
ew

 m
ix
in
g 
φ

Flavour physics is a powerful tool to explore 
the physics beyond the SM

NP is 
discovered

If no new flavour signal…

Some specific flavour 
structure is required
Strong hint for the 
origin of flavour

We still happy with the scenario



Scale of NP

N
ew

 m
ix
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g 
φ

If NP is not discovered …

NP should be here!
But how can we test it…?

An orthodox way is using cosmic-ray, 
as muon, positron, pion, Kaon, … 

were discovered

Limit from flavour

Limit from 
direct search

A kind of nightmare scenario?



Summary

Anyway,  
after the Higgs dynamics is understood, 

we should understand the origin of the flavour!



One more thing 
(An announcement)



We will have a workshop 
on Higgs physics,  

TeV-scale NP, and there 
relationship

Feb. 11-15, 2015
@University of Toyama, Japan

http://jodo.sci.u-toyama.ac.jp/theory/HPNP2015/

地図データ ©2014 AutoNavi, Google, Kingway, SK planet, ZENRIN 200 km 

Registration will open soon
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“Higgs as a Probe of New Physics 2015”

February 11-15, 2015, University of Toyama, Japan
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right-handed neutrinos are affected by the existence of the
neutrino Yukawa coupling through the GUT running be-
tween !P and !G. Large b! s and b! d mixings in the
right-handed down-type squark sector are induced by the
large 2! 3 and 1! 3 mixing in the neutrino Yukawa
coupling in the nondegenerate "R (I) and (II) cases, re-
spectively. In the degenerate "R cases, the parameter region
excluded by the !! e# constraint depends on the low-
energy neutrino mass spectrum. In particular, the region
with sizable squark mixings is excluded due to the strong
!! e# constraint in the normal hierarchy case. On the
other hand, the region with large 2! 3 squark mixing
remains in the inverted hierarchy case. The U(2) model
has large 2! 3 mixings in both the right-handed and left-
handed squark sector at the cutoff scale.

Here we show our results on the following observables:
(i) The direct CP asymmetry in b! s# decay (Fig. 6),

which is sensitive to the effect of the new CP violat-
ing phase in the b! s# decay amplitude.

(ii) The mixing-induced CP asymmetry in Bd ! K"#
(Fig. 7). This asymmetry is enhanced by the b! s#
decay amplitude with the chirality opposite to the
SM one.

(iii) The direct CP asymmetry in b! d# decay (Fig. 8),
which is sensitive to the effect of the new CP violat-
ing phase in the b! d# decay amplitude.

(iv) The mixing-induced CP asymmetry in Bd ! $#
(Fig. 9), which is enhanced by the b! d# decay
amplitude with the chirality opposite to the SM one.

(v) The mixing-induced CP asymmetry in Bd ! %KS
decay (Fig. 10). The difference between this quantity
and the mixing-induced CP asymmetry in Bd !
J= KS, !SCP#Bd ! %KS$ % SCP#Bd ! %KS$ !
SCP#Bd ! J= KS$ is sensitive to the new CP violat-
ing phase in the b! s"ss decay amplitude.

(vi) The mixing-induced CP asymmetry in Bs ! J= %
decay (Fig. 11), which is affected by the new CP
violating phase in the Bs ! "Bs mixing matrix
element.

From Figs. 6–11, we can draw the following conclu-
sions. For the mSUGRA case, we do not see significant
deviations in any of the above observables. In the cases of
the degenerate "R with normal hierarchical (light) neutri-
nos (D"R-NH) and the degenerate "R with degenerate
neutrinos (D"R-D) for the SU(5) SUSY GUT with right-
handed neutrinos, the parameter region is strongly con-
strained by the B#!! e#$ as already discussed. There are
some points in which deviations are apparent in SCP#Bd !
K"#$, SCP#Bd ! $#$, !SCP#Bd ! %KS$, and SCP#Bs !
J= %$. These points could be distinguished by future
measurements such as LHCb, in which the precision in
the determination of the phase of the Bs ! "Bs mixing

FIG. 6 (color online). The direct CP asymmetry in b! s# as functions of the lightest down-type squark mass m#~d1$ for (a)
mSUGRA, (b)–(f) five cases of the SU(5) SUSY GUT with right-handed neutrinos, and (g) U(2) model.
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FIG. 7 (color online). The mixing-induced CP asymmetry in Bd ! K!! as functions of m"~d1# for the same parameter sets as those
for Fig. 6.

FIG. 8 (color online). The direct CP asymmetry in b! d! as functions of m"~d1# for the same parameter sets as those for Fig. 6.
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FIG. 7 (color online). The mixing-induced CP asymmetry in Bd ! K!! as functions of m"~d1# for the same parameter sets as those
for Fig. 6.

FIG. 8 (color online). The direct CP asymmetry in b! d! as functions of m"~d1# for the same parameter sets as those for Fig. 6.
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FIG. 10 (color online). The difference between mixing-induced CP asymmetries in the Bd ! !KS and Bd ! J= KS modes as
functions of m!~d1" for the same parameter sets as those in Fig. 6.

FIG. 9 (color online). The mixing-induced CP asymmetry in Bd ! "# as functions ofm!~d1" for the same parameter sets as those for
Fig. 6.
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FIG. 10 (color online). The difference between mixing-induced CP asymmetries in the Bd ! !KS and Bd ! J= KS modes as
functions of m!~d1" for the same parameter sets as those in Fig. 6.

FIG. 9 (color online). The mixing-induced CP asymmetry in Bd ! "# as functions ofm!~d1" for the same parameter sets as those for
Fig. 6.
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matrix element is expected to be 0.01 rad level [12]. In the
degenerate !R with inverted hierarchical neutrinos
(D!R-IH) and the nondegenerate !R (I) with normal hier-
archical neutrinos (ND!R!I"-NH) cases of the SU(5) SUSY
GUT with right-handed neutrinos, the SUSY contributions
to mixing-induced CP asymmetries in Bs ! J= ", Bd !
K##, and Bd ! "KS can be significant. On the other hand,
in the nondegenerate !R (II) with normal hierarchical
neutrinos (ND!R!II"-NH) case of SU(5) SUSY GUT with
right-handed neutrinos, there is a significant SUSY con-
tribution to the b! d# decay amplitude, so that
SCP!Bd ! $#" can be as large as $0:1. Large SUSY
contributions can be found for almost all modes we analyze
in the U(2) model. Only the direct CP asymmetry in b!
d# does not show any significant deviation from the SM.

The correlation between "3 and !mBs=!mBd is shown
in Fig. 12. !mBs=!mBd is sensitive to the new physics
contributions to the Bd % "Bd and Bs % "Bs mixing matrix
elements unless the contributions cancel in the ratio. For
the mSUGRA case, the deviation is negligible and the plot
in this plane is the same as in the SM. The lower limit of"3
is determined by the constraint from "K. In the D!R-NH
and D!R-D cases of SU(5) SUSY GUT with right-handed
neutrinos, the deviation in the correlation is not so signifi-
cant. In the D!R-IH and the nondegenerate !R cases of

SU(5) SUSY GUT with right-handed neutrinos, as well as
the U(2) model, some deviations appear in the correlation
plots. In the D!R-IH and ND!R!I"-NH cases the deviation
comes from the SUSY contribution to the Bs % "Bs mixing
matrix element, while Bd % "Bd receive sizable SUSY cor-
rection in ND!R!II"-NH. In the U(2) model SUSY contri-
butions show up in both matrix elements. In order to
identify the deviation in the correlation in the future, it is
required that the evaluation of the % parameter by the
lattice QCD calculation is significantly improved and that
the "3 is precisely measured from tree-level dominant
processes.

In Fig. 13, we show the correlations among SCP!Bd !
K##", !SCP!Bd ! "KS", SCP!Bs ! J= "", and B!&!
'#" for D!R-IH and ND!R!I"-NH cases of the SU(5)
SUSY GUT with right-handed neutrinos, where these
quantities are significantly affected. We can see that large
deviations in b! s transitions occur in the region with
B!&! '#" * 10%9. Also there is a positive correlation
between SCP!Bd ! K##" and !SCP!Bd ! "KS".

We also calculate the branching ratio and the forward-
backward asymmetry of b! sl&l%, which are sensitive to
the amplitudes from photon- and Z-penguin and box dia-
grams. In all the cases we consider here, we find the
deviations are negligible.

FIG. 11 (color online). Predicted value of the mixing-induced CP asymmetry in Bs ! J= " as a function of m!~d1" for the same
parameter sets as those for Fig. 6.
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FIG. 12 (color online). Correlation between !3 and !mBs=!mBd for the same parameter sets as those in Fig. 6.

FIG. 13 (color online). Correlations among b! s observables and B!"! #$".
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FIG. 13 (color online). Correlations among b! s observables and B!"! #$".
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