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introduction

Theory group covers

• WIMP

• BSM (e.g. GUT)

• CMB 

• Axion

• Dark photon

• Oscillon/Q-ball

• inflation

• Primordial BH

• (RH/sterile) Neutrino

• Baryogenesis etc…



introduction

What are you doing?
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Example

1.   Modeling

2.   computing

3.   explaining

4.   predicting

Write down 

a Lagrangian

An inflation model 

with the inflaton and 

(dark) electromagnetic fields



Example

1.   Modeling

2.   computing

3.   explaining

4.   predicting

Analytic calc.
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Primordial BH as DM



Example

1.   Modeling

2.   computing

3.   explaining

4.   predicting

Primordial GWs

PGWs produced in this model will be 

tested by future GW interferometers.
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What’s Baryogenesis?

Particles

Anti-particles

Symmetric



What’s Baryogenesis?

𝒏𝒃 = 𝒏ഥ𝒃



What’s Baryogenesis?

𝒏𝒃 − 𝒏ഥ𝒃
𝒔

≈ 𝟏𝟎−𝟏𝟎



Baryogenesis

• Observation  :    
𝒏𝒃−𝒏ഥ𝒃

𝒔
≈ 𝟏𝟎−𝟏𝟎

Baryogensis

A mechanism generates
the baryon asymmetry
In the primordial Universe



Baryogensis models

• Leptogenesis
with right-handed neutrino

• じbaryogenesis  (じば=MF)
with helical magnetic field
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Baryogensis models

• Leptogenesis
with right-handed neutrino

• じbaryogenesis  (じば=MF)
with helical magnetic field



Magnetic Helicity
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Source term is time derivative of magnetic helicity

Helicity is difference between 2 polarization (CS number).



Results
[TF & Kamada (2016)]



Results

Halo Observation

CTA will probe 

IGMF with blazar

observations

[TF & Kamada (2016)]
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introduction

DM candidates

Berton&Tait[1810.01668]

Scalar Neutrino

WIMPM-Gravity

PBH Other



introduction

DM candidates
Sterile

Neutrino

Berton&Tait[1810.01668]
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Thermal production

Solving Boltzmann eq., we find
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introduction

DM candidates
Axion DM

Berton&Tait[1810.01668]



Example

1.   Modeling

2.   Computing

3.   Explaining

4.   Predicting

5.   Proposing



Axion birefringence

Photon has two (linear) polarizations

偏光板

Pol. angle of a γ flying thru ADM rotates

Pointed out in 1992. Not yet used.
[Harari & Sikivie, Phys. Lett. B 289, 67 (1992)]



New experiment

GW Laser

Interferometers



New experiment

GW interferometer is

Linear Polarized Laser is used

Very Long Baseline
(aLIGO: 4km)

Photon reflects many times
(aLIGO: typically 500 times)

Designed to detect
tiny signals

[DeRocco &Hook (2018), 
Obata, TF, Michimura(2018)]



New Observation

Measure the other polarization component (horizontal)
by filtering the original pol. component (vertical)

𝑉(𝜙)

𝜙

𝜃

Only if  𝜃 ≠ 0
by ADM, we 
detect signal



New Experiment

Tiny signal compensated by long operation time

Coexist with GW observation

Additional instruments at the tail enable interferometers 
to probe ADM during the GW observation run 
without loosing any sensitivity to GWs Long Run!

[Nagano, TF, Michimura, Obata, PRL(2019)]



New Experiment

Sensitivity Curve for 1 year run



New Experiment

Sensitivity Curve for 1 year run

Current generation
GW observatory
can put best limit

on 𝑔𝑎𝛾 or discover



New experiment

World’s first

GW & ADM

Observatory
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New experiment : DANCE
[Obata, TF, Michimura(2018)]Dark matter Axion search with riNg Cavity Experiment
[Liu+(2018), ADBC experiment]

Bow-tie optical
ring cavity resonater

Double reflection
amplifies the signal

Frequency
Lock

Detector

Axion Signal

Half-wave plate

Pol. Splitter



44

DANCE Act.1 has started!

We finished constructing

prototype experiment (Act.1) 

in U. Tokyo. (Ando lab.)

The first test result

was obtained 3 month ago

We got a grant (35kUSD/yr)

last year and started with

a 50cm-size prototype.



Current Status of DANCE Act-1

Design sensitivity

of the prototype

Current sensitivity

The first test result



New experiment : DANCE

[Obata, TF, Michimura(2018)]



New experiment : DANCE

[Obata, TF, Michimura(2018)]

We can improve the

constraint by several

Orders of magnitude!



Recent Proposals for ADM Search
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Summary

ICRR theory group covers many topics in HEP/Cosmo

A typical theory work consists of

(i) model (ii) compute (iii) explain (iv) predict

Baryogenesis: how to produce matter> anti-matter 

Dark matter: what is it!?

Leptogenesis – RH neutrino, see-saw, collider

じbaryogenesis – helical MF, Inter-galactic MF, CTA

sterile ν – thermal production and more, X-ray observation

Axion – birefringence, proposed exp.: KAGRA&table-top


