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Outline

Motivation of darkly charged DM and its UV theory 

Darkly charged DM from SO(10) gauge theory 

                 - Gauge coupling constant and DM mass 

                 - Kinetic mixing and dark radiation 

Summary
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Dark matter is 
 - stable 
 - neutral  
 - cold

✤ Why is the Dirac fermion so light?  
✤ What is the origin of the U(1)' gauge boson?
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Confinement in SU(5)' at E ~ 1012-13 GeV
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This results in a Dirac mass term for η' and N'.

Darkly charged DM from SO(10)' gauge theory
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Masaki Yamada 14

������ ���������
�	�
����

�������� �� ����������

���� (���>�×��� ��)
[���� ����]

���
����� �������� ���
�

���
�	� �
����� �������� ���
�

|�
��� 

(���>!� ��)
|�
���"�
�����

|�
#������ ��

���
� ����



��� ��� ��� ��� ���	 ���� ���� ���� ����
��-��

��-�	

��-�

��-�

��-�

��-�

��	

��� [��$]

�

✏ ⇠ c0(vGUT/MPl)(v
0/MPl) = O(10�(3�6))

<latexit sha1_base64="JQJcMsBFSyRbgetfBLi8/PDeF/Y="></latexit>

A. Kamada, K. Kohri, T. Takahashi, 
N. Yoshida, '16

K.Kadota, T.Sekiguchi, H.Tashiro, '16

A. Kamada, M.Y., T. T. Yanagida, '19

Kinetic mixing between U(1)Y and U(1)'



Masaki Yamada 15

SSB Confinement 
in SU(5)'

GSM
<latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit>

SSB

Standard Model sector

SU(5)⇥U(1)
<latexit sha1_base64="n/QHO8ybkG97eaRPKbYp9CCj78E="></latexit>

SU(5)0 ⇥U(1)0
<latexit sha1_base64="GpfZScen0suLHgnPFITicZTx65c="></latexit>

GSM ⇥U(1)B�L
<latexit sha1_base64="KT+f6PlJ2o7ail/7aZF3mG264W4="></latexit>

Dark sector

SSB by

U(1)0
<latexit sha1_base64="vtYrQ8BjFEFnxQeOcKs1N5JwaHU="></latexit>

DM

SM particles

SM particles 
+ NR

SO(10)
<latexit sha1_base64="6AxlLCVnlx6Uft9CnWjyuV4dzRM="></latexit>

SO(10)
0

<latexit sha1_base64="hswz+C/nmSGGOHVOu2QpLXwEOC0="></latexit>

16i (i = 1, 2, 3)
<latexit sha1_base64="T8Idh75goGAUWwKJv1Ru1FOIZlk="></latexit>

160
<latexit sha1_base64="M/LAxSJYkHKRzci+AQdPl9/ru6E="></latexit>

450
H

<latexit sha1_base64="PaA+vAweGKhid/5iafHA1eKNCYc="></latexit>

45H
<latexit sha1_base64="bJfHY/4tIscK5Q1lAQxVIdo4I6E="></latexit>

SSB by c0

M2
Pl

45H (F10)µ⌫ 45
0
H
(F 0

100)
µ⌫

<latexit sha1_base64="Y+PnZ/SoEhAlm07vIbFX4EI/9UI="></latexit>

We can write down 

This gives a kinetic mixing between U(1)Y and U(1)'

✏ ⇠ c0(vGUT/MPl)(v
0/MPl) = O(10�(3�6))

<latexit sha1_base64="JQJcMsBFSyRbgetfBLi8/PDeF/Y="></latexit>

Both sectors have the same temperature 
because of the interaction via the kinetic mixing.
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in SU(5)'

GSM
<latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit><latexit sha1_base64="Opq3pcp/K/v//v6LMj4V/Mosjh4="></latexit>

SSB
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SM particles
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CMB-S4:
W.L.K.Wu, et. al., '14
K.N.Abazajian, et. al., '16

Dark radiation
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Darkly charged dark matter with mass of 600-700 GeV

Summary

18

+ Higgs

�Ne↵ ' 0.07
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↵0 = (2.5 - 2.9)⇥ 10�2
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U(1)' gauge boson is dark radiation with                         .

Gauge coupling constant is                                         .


