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Workshop on Very Light Dark Matter 2021 was organized 
by A01+B01 groups

Workshop

27-29 Sep. 2021

There were 184 participants.



35 papers from A01 group (as of Mar.29)

Publications



Highlights
•Cosmic birefringence triggered by dark matter 

•Cosmic birefringence and ALP domain walls 

•PQ breaking and the QCD axion dark matter 

•Oscillon/I-ball formation from axion 

•CMB constraints on dark matter annihilation 

•Enhancement of QCD axion fluctuation  

•Non-thermally trapped inflation 

•Hubble tension and curvaton

See talk by Masaki Yamada

See talk by Wen Yin
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Axion moves.



Misalignment mechanism
Preskill, Wise, Wilczek `83, Abbott, Sikivie `83, Dine, Fischler `83 Mayle et al `88, Raffelt and Seckel `88, Turner 88. 

Axion begins to oscillate when mass and Hubble parameter 
become comparable.
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• Oscillons/I-balls can be formed for some ALP potential


Pure natural type


Long-lived for  eV 


Simulation: ~60% of ALPs form oscillons


• Oscillon decay emits ALPs with high velocity


Free streaming of ALPs erases small scale perturbations


Constraints on mass and lifetime

mϕ ≲ 10−20

Oscillon/I-ball of Axion-like particles (ALPs)
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- PBH formation with non-Gaussianity/exponential tail
NK, Y. Tada, S. Yokoyama, C. M. Yoo, JCAP 10 (2021) 053 [2109.00791]  

(collaboration with A03 group)

- Enhancement of QCD axion fluctuation
NK, K. Kogai, Y. Urakawa, JCAP 03 (2022) 039 [2111.05785] 

We have found T-dependent mass  
leads to axion clustering:

- Non-thermally trapped inflation NK, S. Nakagawa, F. Takahashi [2111.06696] 
Tachyonic production of gauge field from axion oscillation 
  ̶> dark higgs stabilization & secondary inflation
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Modification of PBH abundance 
by non-Gaussian primordial fluctuations:

See C.M. Yoo & Y. Tada’s talk (A03)

Slide made by Kitajima
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PQ symmetry breaking and QCD axion DM

Jeong, Matsukawa, Nakagawa, FT, 2201.00681 

https://arxiv.org/abs/2201.00681
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The lower limits from stellar cooling. e.g. Leinson 1405.6873, 1909.03941, Hamaguchi et al 
1806.07151, Bushmann et al 2111.09892.
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Preskill, Wise, Wilczek `83, Abbott, Sikivie `83, Dine, Fischler `83 Mayle et al `88, Raffelt and Seckel `88, Turner 88. 

Abundance of QCD axion:
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The upper limits assumes .θini = 𝒪(1) FT,  Wen Yin, Alan H. Guth, 1805.08763 
Peter W. Graham, Adam Scherlis, 1805.07362

See however

Misalignment mechanism
Axion begins to oscillate when mass and Hubble parameter 
become comparable.

http://inspirehep.net/author/profile/Graham%2C%20Peter%20W.?recid=1674091&ln=ja
http://inspirehep.net/author/profile/Scherlis%2C%20Adam?recid=1674091&ln=ja


16

Searching for (QCD)axion dark matter
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https://cajohare.github.io/AxionLimits/

ma = 𝒪(1)μeV

https://cajohare.github.io/AxionLimits/
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Quality of PQ symmetry
To solve the strong CP problem, PQ symmetry breaking other than 
QCD must be very small.
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“PQ quality problem”

If it's that small, it wouldnʼt change the axion dynamics?
In fact, even a slight PQ breaking can be relevant since QCD is 
asymptotic free.
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e.g. hidden non-Abelian gauge sym, higher dim. operator of the PQ scalar.
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PQ symmetry breaking and QCD axion DM
Jeong, Matsukawa, Nakagawa, FT, 2201.00681 

Higaki, Jeong, Kitajima, and FT, 1603.02090

https://arxiv.org/abs/2201.00681
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The nEDM bound on the PQ breaking

In the region above the dotted line, the axion first starts to oscilalte due toVPQ
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Depending on the initial value, the dynamics of the axion 
can be divided into two cases:

(1) Smooth-shift regime

|θini − θH | < π/N

Potential shape
θH = 10−7 N = 3

V(a)

a/fa

r = π/N ≃ 0.76

VQCD

VPQ

(1) (2)(2) Trapping regime

|θini − θH | > π/N
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(2) Trapping regime: |θini − θH | > π/N

Potential shape
θH = 10−7 N = 3

V(a)

a/fa

r = π/N ≃ 0.76

VQCD

VPQ

θini

The axion is trapped in a false 
vacuum until the VQCD becomes 
important, and the onset of 
oscillation is delayed.
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The axion abundance independen of   and  , and so, it can 
explain all DM even for . Also, isocurvature is suppressed.

fa θini

fa ∼ 108 GeV
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fa = 1011GeV fa = 1010GeV
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Summary
Research on light dark matter is progressing well. We will continue 
to study their production, evolution, and experimental implications  
to get closer to the nature of light DM.

FT and Yin, 2105.10493

Kitajima, Kogai, Urakawa,  
2111.05785

Imagawa et al, 2110.05790


