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There are many possibilities of setups 
and many motivations 

Interaction  
given by the extension
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There are many possibilities for the BSMs, 
but BSM may be very SM-like at TeV scale.
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There are many possibilities for the BSMs, 
but BSM may be very SM-like at TeV scale.

“Let’s consider possible and simple setups with DM, that do not 
break the SM predictions so much.”
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X

X

f i

f j

Interaction between SM particle (f i) and DM (X) 

SM charges dark charge

Extra particle with SM charges and dark charge

F

�G�K�9�'�� �K
��

flavor-dependent

in Fermion Portal Dark Matter Model
((Bai, Berger. 1308.0612;Wise, Perez 1303.1452;etc.)
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1. simple!

Interesting and good points of this model
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! bFL X   bR + ! sFL X   sR + ! dFL X   dR + h.c.

2. No tree-level FCNCs

3. safe for EWPOs because F is vector-like

4. There are candidates for the underlying theory:

GUT (P.Ko,C.Yu,YO, 1601.00586)

flavor symmetric model (E. Ma,1311.3213; Okawa,YO, work in progress)

Interesting and good points of this model
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5. many observables relate each other! 

Interesting and good points of this model
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! bFL X   bR + ! sFL X   sR + ! dFL X   dR + h.c.

Interesting and good points of this model

5. many observables relate each other! 
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! bFL X   bR + ! sFL X   sR + ! dFL X   dR + h.c.

Interesting and good points of this model

5. many observables relate each other! 
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�bFLX†bR + �sFLX†sR + �dFLX†dR + h.c.

! j

Flavor 
Physics

Dark Matter 
Physics

LHC 
Physics
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Recently, DM constraints getting very strong!

(Refs. Cui, etl.al.1610.03840; Cuoco et.al., 1610.03071)

(Cuoco et.al., 1610.03071)

Indirect detection direct detection

We consider complex scalar DM and fermionic F, which mainly couples to bottom quark.

(1612.01643 with J.Kawamura, T. Abe, S. Okawa, YO)
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Extra down-type quark and DM

Yukawa couplings

scalar potential

a simple DM model with a down-type partner

+mF FLFR + �iFLX   di
R + h.c.

yu
ijQL

!Hu j
R + yd

ijQLHdj
R + h.c.

Vscalar = m2
X |X |2 + �H |X |2|H |2 + �X |X |4 � m2

H |H |2 + �|H |4
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8 parameters are fixed by observables.

�H |X|2|H|2 �H



! b

Re(! s)

Im(�s)

Im(�d)

Re(�d)

�S�F�M�F�W�B�O�U���U�P���E�J�S�F�D�U���T�F�B�S�D�I�!�-�)�$
�'���N�B�T�T��

�%�.���N�B�T�T��

mF

mX

! i FL X   di
R

(i = d, s, b)

8 parameters are fixed by observables.

�H |X|2|H|2 �H



! b

Re(! s)

Im(�s)

Im(�d)

Re(�d)

�'���N�B�T�T��

�%�.���N�B�T�T��

�%�.���Q�I�Z�T�J�D�T���p�Y�����C���B�O�E���� �9

�4�F�F���E�J$Ž�F�S�F�O�D�F���X�J�U�I���)�J�H�H�T���Q�P�S�U�B�M���%�.

mF

mX

! i FL X   di
R

(i = d, s, b)

�S�F�M�F�W�B�O�U���U�P���E�J�S�F�D�U���T�F�B�S�D�I�!�-�)�$

8 parameters are fixed by observables.

�H |X|2|H|2 �H



! b

Re(! s)

Im(�s)

Im(�d)

Re(�d)

�'���N�B�T�T��

�%�.���N�B�T�T��

�%�.���Q�I�Z�T�J�D�T���p�Y�����C���B�O�E���� �9

�4�F�F���E�J$Ž�F�S�F�O�D�F���X�J�U�I���)�J�H�H�T���Q�P�S�U�B�M���%�.

mF

mX

! i FL X   di
R

(i = d, s, b)

�S�F�M�F�W�B�O�U���U�P���E�J�S�F�D�U���T�F�B�S�D�I�!�-�)�$

Even if λs and λd are small,  
ßavor physics is sensitive to new physics!
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Yukawa diverges 
below 1000TeV
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ALLOWED

t-channel is dominant
 as far as �H � 0.1

XENON1T covers this region. 
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The most important processes are ΔF=2 processes

Bd � Bd mixing Bs � Bs mixing
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Observables in the ΔF=2 processes

Bd � Bd mixing Bs � Bs mixing K0 � K0 mixing

�Md S�K S!"�M s ! MK �K

If DM and F are observed, there are only 4 parameters in our scenario.

Re(! s) Im(�s)Im(�d)Re(�d)

I expect that this model can be tested by flavor physics.
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ΔF=2 processes in the compressed region:

SyK within 1s
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Bd � Bd mixing Bs � Bs mixing

(mX , mF , �b) = (900GeV, 964GeV, 0.66)

~10 % error still exist.   (CKMfitter,1309.2293,1501.05013)

LUX exclusion
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ΔF=2 processes in the compressed region:

We find predictions for the deviations of meson mixings.

Bd � Bd mixing Bs � Bs mixingK0 ! K0 mixing

(mX , mF , �b) = (900GeV, 964GeV, 0.66)

~10 % error still exist.   (CKMfitter,1309.2293,1501.05013)

LUX exclusion
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List of DM (X) models with partners (F)

Dark Matter 
( X )

DM mainly 
couples

Structure of 
Yukawa Other Refs.

“Fermion 
Portal DM” 
(Bai, Berger. 1308.0612)

�'�F�S�N�J�P�O�
��

�D�P�N�Q�M�F�Y���T�D�B�M�B�S
�V�Q���R�V�B�S�L

“Vector-like 
Portal”  

(Wise, Perez 1303.1452)

�$�P�N�Q�M�F�Y��

�T�D�B�M�B�S

�R�V�B�S�L�T�
����

�M�F�Q�U�P�O�T

“Flavored DM” 
(Bhattacharya,London,et.al,

1509.04271)

�'�M�B�W�P�S���D�I�B�S�H�F�E��

�T�D�B�M�B�S
�B�M�M���R�V�B�S�L�T

 Ibarra, Wild 
et.al,1511.04452 �3�F�B�M���T�D�B�M�B�S�M�J�H�I�U���R�V�B�S�L�T

This talk Complex 
Scalar bottom quark
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�F�U�D��(f = u, d, e)

(i, j = flavor index)

(�b � |�s|, |�d|)

�uFu
LX†uR

�uF f
LX   f R

�ij
f F f

LX†
i fR j

�iF d
LX†di

R

�qF qXrqR



!"!
-#

$%
&

'()

m
X
=m
F

Λ=
10
00
Te
V

Λ=
!""

#$
%

Λ=
10
Te
Vbb+m

issing

PandaX-II2016

LUX2016

1.0

2.0

3.0

500 1000 1500 2000
300

400

500

600

700

800

900

1000

mF[GeV]

m
X
[G
eV

]

λb with λH=0.1

�3�F�T�V�M�U���J�O�D�M�V�E�J�O�H���l�)�J�H�H�T���1�P�S�U�B�M�z

ALLOWED


