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Symmetry and Cosmology with C01

Anomalies

Lepton FlavorNeutrino Osc.

Neutrino Model

l LFU violation
l Muon g-2 anomaly
l …

Input from
Experiments

l Dark Matter
l Baryogenesis
l Inflation
l GUT
l …

Feedback（New prediction）
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Input from 
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LHC, SuperKEKB, 
MEG, J-PARC, …

Goal : Unified description of Two infinities
Particle Physics and Cosmology
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Focus Topics of C02
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Anomalies

Lepton FlavorNeutrino Oscillation

Neutrino Model

Neucleon decay

l Model building
l Systematic classification of models
l v Mass and Flavor symmetry
l …

l Model with Baryon number violation
l Model with Lepton number violation
l DM and proton stability
l Grand Unified Theories
l …

l Muon g-2
l Lepton Flavor Universality
l New light particles
l …

l Systematic analysis of v oscillation
l Discrepancy btw diff. v osc experiments
l Non Standard Interactions
l Possibility of sterile v 
l …

l New LFV process
l High precision LFV prediction
l Quark Flavor violation 
l Origin of CP violation
l …

Yasuda

Sugiyama

Sato

Shimomura

Tsumura
lDark Matter
lBaryogenesis
l Inflation
l…

C02

C01



Research Highlights of C02
l Neutrino Oscillation
l Neutrino Mass Model
l Physics of Lepton Flavor
l Feebly Interacting Light Particles
l Dark Matter
l Models with L and B violation
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Neutrino Oscillation
l Evaluate the uncertainty on the sensitivity to CP phase at LBL 
à Non-negligible Effect from the uncertainty in the matter density of 

the Earth is found
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(O. Yasuda)

!" /" !"#$

!" /" !%$

!" /" !#$

&'()

!" !! "

#!! "

&'()*+,-.

!" !! "

#!! "

!"#$ !"#$%&%'(



Neutrino Oscillation
l Resolve parameter degeneracy due to the NSI of neutrinos

à Combinations of v-osc & anti-v-osc / diff. energy runs at T2HK & 
T2HKK can do the job
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(O. Yasuda)

NSI can explain the discrepancy of Δm�� btw two experiments



Neutrino Mass Model
! �5�I�F�S�F���B�S�F���U�P�P���N�B�O�Z���N�P�E�F�M�T���G�P�S���.�W

" �/ �B�S�S�P�X���E�P�X�O���U�P���U�I�F���U�S�V�F���N�P�E�F�M���	�T�Z�T�U�F�N�B�U�J�D���B�Q�Q�S�P�B�D�I�
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Model-A
Model-B Model-CModel-E Model-F

Model-ZModel-Y

Model-A

Model-Z
Model-Y

Model-B
Model-C Model-E

Model-F

Model-A

Model-Z
Model-Y

Model-B
Model-C
Model-D

Model-E
Model-F

Too many models

Some Classification

Discovery of
missing models?

Efficient tests by using common features of each groups?
(not model-by-model but group-by-group)

Signal-A ? NY

(H. Sugiyama)

~ O(10����-10��)



Neutrino Mass Model
! �&�Y�B�N�Q�M�F���P�G���$�M�B�T�T�J�G�J�D�B�U�J�P�O�T

" �/�F�X���:�V�L�B�X�B���$�P�N�C�J�O�B�U�J�P�O���J�T���G�P�V�O�E

" �$�P�O�T�U�S�V�D�U���B���$�P�O�D�S�F�U�F���.�P�E�F�M
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(H. Sugiyama)

Neutrino mass matrix structure <--> combination of Yukawa ints.

ü 2-loop Dirac neutrino mass 
(naturally light)

ü is possible
(unique feature) �&�O�P�N�P�U�P���,�B�O�F�N�V�S�B���4�B�L�V�S�B�J���4�V�H�J�Z�B�N�B���	���������


! �0�O�H�P�J�O�H�������"�Q�Q�M�J�D�B�U�J�P�O�T���X�J�U�I���R�V�B�S�L���:�V�L�B�X�B���J�O�U�T��

(à efficient tests by 0v2b, meson decay, LHC phys)



Dark matter

Neutrino mass

Baryon asymmetry

Why ! !" " ! # # $? 

! �����N�Z�T�U�F�S�J�F�T

" �"�O���V�O�J�G�J�F�E���E�F�T�D�S�J�Q�U�J�P�O

Neutrino Mass Model
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(J. Sato)

Scotogenic Model

Leptogenesis

Asymmetric Dark Mater �,�B�Q�M�B�O�
���-�V�U�Z�
���;�V�S�F�L���	���������


�'�V�L�V�H�J�U�B�
���:�B�O�B�H�J�E�B�	���������


�.�B���	���������


Mysteries and ideas for resolving them

! RH neutrinos  ! !

! Inert doublet scalar  "
! Singlet scalar  #

�"�T�B�J���4�B�L�B�J���4�B�U�P���5�B�L�B�O�J�T�I�J���:�B�N�B�O�B�L�B���	���������




Physics of Lepton Flavor
! �/�F�X���1�I�Z�T�J�D�T���T�F�B�S�D�I���V�T�J�O�H���N�V�P�O�J�D���B�U�P�N
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(J. Sato)

Comparison with μ- → e- and μ- → e+

" �*�O�B�D�F�S�U�B�J�O�D�M�B�T�T���P�G���N�P�E�F�M�T�
�-�/�7���Q�S�P�D�F�T�T���D�B�O���C�F���M�B�S�H�F�S�-�'�7

�4�B�U�P���4�V�H�B�X�B�S�B���6�F�T�B�L�B���:�B�N�B�O�B�L�B���	���������

Majorana mass is NOT
only the source of LNV!!



Physics of Lepton Flavor
! �6�O�J�G�J�D�B�U�J�P�O���P�G���6�	���
�-�� ���-�� �B�O�E���4�.���H�B�V�H�F���H�S�P�V�Q

" �$�I�B�M�M�F�O�H�F���U�P���(�S�B�O�E���(�S�B�O�E���6�O�J�G�J�D�B�U�J�P�O
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(J. Sato)

�4�B�U�P���	���������


E7 à E6 x U(1)1 à SU(5) x SU(2) x U(1)1 x U(1)2 
à SU(5) x U(1)1 x U(1)2 x U(1)3=μ-τ



Feebly Interacting Light Prtcls
! �'�F�B�T�J�C�J�M�J�U�Z���T�U�V�E�Z���P�G���D�-�'�7 �P�G���M�J�H�I�U���C�P�T�P�O���B�U���'�"�4�&�3

" �4�F�O�T�J�U�J�W�J�U�Z���S�F�B�D�I
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(T. Shimomura)

�/�F�X���Q�I�Z�T�J�D�T���Q�P�T�T�J�C�J�M�J�U�Z���B�U���M�P�X���T�D�B�M�F���	�C�F�M�P�X���U�I�F���&�8���T�D�B�M�F�
���X�J�U�I���G�F�F�C�M�F���J�O�U�T

�"�S�B�L�J���"�T�B�J���0�U�P�O�P���4�I�J�N�P�N�V�S�B���5�B�L�V�C�P�	���������
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E137(Beam dump)

LFV

FASER



Dark Matter
! �3�F�W�J�T�J�U���4�U�F�S�J�M�F���W���%�B�S�L���.�B�U�U�F�S��

" �W�T���	" �W�;�#���-�
���E�F�D�B�Z���J�T���P�C�T�F�S�W�B�C�M�F���B�U���W���U�F�M�F�T�D�P�Q�F���	�4�,�
������

" �0�W�F�S�M�P�P�L�F�E���%�.���Q�S�P�E�V�D�U�J�P�O�N�P�E�F���J�T���G�P�V�O�E
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(T. Shimomura)

�4�F�U�P���4�I�J�N�P�N�V�S�B���	���������
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ZB-Làvv

via Inverse Z�#���- decay



Dark Matter
! �0�S�J�H�J�O���P�G���Q�T�F�V�E�P���/�(�#���%�B�S�L���.�B�U�U�F�S

" �6�O�J�G�J�F�E���E�F�T�D�S�J�Q�U�J�P�O���P�G���U�I�F���4�N�B�M�M���.�W�������-�P�O�H���M�J�W�F�E���%�.��
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(K. Tsumura)

Figure 2: Allowed regions in the (m! , v" ) plane. The scalar mass is Þxed asmh2 =
300 GeV for the left panels andmh2 = 1000 GeV for the right panels. The new gauge
boson mass is Þxed asmZ ! = 1014 GeV in the upper panels andmZ ! = 1015 GeV in
the lower panels. The orange regions are excluded by the conservative bound of the dark
matter lifetime (! DM ! 1027 s). The gray region is disfavored by the perturbative unitarity
bound of the gauge couplinggB ! L . The upper light blue region denotes the parameter
space that the VEV v" becomes larger than the Planck massMP .

" H ! ," S! and sin#. The Yukawa couplingsy# and y! are irrelevant for the pNGB sector,
and one can always take appropriate Yukawa couplings and right-handed neutrino masses
consistently with the neutrino oscillation data. Only 4 parameters (m! , sin$, vs, mh2 ) are
important for the phenomena of the stable dark matter, which are used in the discussion
in the next section. The other parameters are relevant to the dark matter decay. In our
numerical calculations, we choose the following parameter sets as examples:

mh2 = 300 or 1000 GeV, mh3 = 1013 GeV, mZ ! = 1014 or 1015 GeV,

sin$ = 0.1, " H ! = " S! = 10! 6, sin#= 0 or
1

!
2

. (27)

The gauge couplinggB ! L and the quartic coupling" ! are Þxed bygB ! L " m2
Z ! / (4v2

" ) and

8

" �%�.���	�N�F�U�B�
�T�U�B�C�J�M�J�U�Z���S�F�R�V�J�S�F�T���I�J�H�I���T�D�B�M�F

= Scale of RH neutrino

pNGB-DM is a natural framework to suppress the DM-nucleon scattering cross section 
against severe constraint from DM direct detection



Models with L and B violation
! �-���#���W�J�P�M�B�U�J�P�O���G�S�P�N���/�P�O���(�6�5�������3�1�7���4�6�4�:

" �$�P�O�T�U�S�V�D�U���N�P�E�F�M�T���G�S�P�N���1�F�D�D�F�J���2�V�J�O�O���T�Z�N�N�F�U�S�Z
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(K. Tsumura)

PQ sym is known as a solution to strong CP problem

�1�S�P�Q�P�T�B�M�������1�2�������D�# �#�������D�- �-

Mv
0v2b

Nucleon decay
(proton decay)

n-nbar osillation

Di-Nucleon decay
(deuterium decay)

PQ sym breaking
�0�I�B�U�B���5�B�L�F�V�D�I�J���5�T�V�N�V�S�B���	���������
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