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𝜂 ≡ ⁄(𝑛! − 𝑛"!) 𝑛# ~10$%&

⁄Ω'( Ω) ≃ 5 ~ 𝒪(1)

ADM 

・Baryon asymmetry exists in the Universe.

・The ratio of Ω'( : Ω) is 𝒪(1).

Do these matters have 
a common origin?
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ℒ*$+ ,-./01 = ⁄𝒪23 𝒪34 𝑀5
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1. A model of (Non-chiral) Composite ADM [1] 

Why was composite model considered❓

Λ! ~ 10 × Λ"#!

・Symmetric component almost vanish like baryons

・Confinement scale determines DM mass (𝒪(1) GeV) 

particle

anti particle anti particle

particle
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1. A model of (Non-chiral) Composite ADM [1] 

SU(3)! U(1)! U(1)"#$
𝑈 𝟑 ⁄2 3 ⁄1 3
𝐷 𝟑 − ⁄1 3 ⁄1 3
B𝑈 B𝟑 − ⁄2 3 ⁄−1 3
B𝐷 B𝟑 ⁄1 3 ⁄−1 3

・dark baryons → dark matter
e.g.  𝑝C ∝ 𝑈𝑈𝐷, 𝑛C ∝ 𝑈𝐷𝐷

・dark mesons → over density
e.g.  𝜋C& ∝ 𝑈8𝑈 − 𝐷8𝐷, 𝜋CD ∝ 𝑈8𝐷

gauge global
・Dark baryons and dark mesons arise

due to the confinement 

Necessity of annihilating or decaying dark
mesons into SM particles❗
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1. A model of (Non-chiral) Composite ADM [1] 

𝑒$

𝑒D
𝛾C

𝛾

dark meson → SM,   How ❓
→ dark photon (kinetic mixing)

massless → 𝑁$%% ❌ dark photon must be 
massive❗(𝒪(10 − 100) MeV)

2 ×𝑚& < 𝑚'! < 𝑚(! < 𝑚!)
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1. A model of (Non-chiral) Composite ADM [1] 

dark photon mass (𝒪(10 − 100) MeV) ← dark Higgs

Dark Higgs VEV tuning is needed in addition to Λ!❗

Nothing is said about dark Higgs in [1]❗
(e.g.  Thermal history, 4-point coupling with SM Higgs) 

Problems arise here❗
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SU(3)! U(1)! U(1)"#$
𝑈 𝟑 1 ⁄1 3
𝐷 𝟑 −1 ⁄1 3
𝑆 𝟑 0 ⁄1 3
B𝑈 B𝟑 −𝑎 ⁄−1 3
B𝐷 B𝟑 𝑎 ⁄−1 3
̅𝑆 B𝟑 0 ⁄−1 3

・We assume 0 < 𝑎 < 1

・SU(3)+ × SU(3)I approximate
flavor symmetry exists

・𝑈 and 𝐷 can not have the mass

gauge global

3 flavor ← ℒ*$+ ,-./01 = ⁄𝒪23 𝐿𝐻 𝑀5

2. A Model of Chiral Composite ADM 

Chiral !
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2. A Model of Chiral Composite ADM 

Below Λ! , 
𝑈#𝑈 + h. c. = 𝐷#𝐷 + h. c. = 𝑆 ̅𝑆 + h. c.
= 𝒪(Λ!" )

SU(3)+ × SU(3)I → SU(3)J

SU(3)! U(1)! U(1)"#$
𝑈 𝟑 1 ⁄1 3
𝐷 𝟑 −1 ⁄1 3
𝑆 𝟑 0 ⁄1 3
B𝑈 B𝟑 −𝑎 ⁄−1 3
B𝐷 B𝟑 𝑎 ⁄−1 3
̅𝑆 B𝟑 0 ⁄−1 3

gauge global

U(1)2 also breaks due to
this condensation

13



2. A Model of Chiral Composite ADM 

SSB of U(1)* → massive dark photon❗[2]

Chiral Lagrangian

𝑈 𝑥 = exp
𝑖
𝑓KC
J
LM%

N

𝜋LC 𝑥 𝜆L
ℒ = +"!#

,
tr (𝐷-𝑈)(𝐷-𝑈).

+ meson mass term

𝐷O𝑈(𝑥) = 𝜕O𝑈 𝑥 − 𝑖𝑒2𝐴OC 𝜆P𝑈 𝑥 + 𝑖𝑎𝑒2𝐴OC 𝑈(𝑥)𝜆P
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2. A Model of Chiral Composite ADM 

From chiral Lagrangian,

𝑚#! = 𝑒2 1 − 𝑎 𝑓KC ~ 𝑒2 1 − 𝑎 Λ2 ( 𝜋PC is would-be NG boson )

Nothing is said about dark Higgs in [1] !
e.g.  Thermal history, 4-point coupling with SM Higgs 

Dark Higgs VEV tuning is needed in addition to Λ! !
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3. Conclusion

Nothing is said about dark Higgs in [1] !
e.g.  Thermal history, 4-point coupling with SM Higgs 

Dark Higgs VEV tuning is needed in addition to Λ! !

We constructed the new composite ADM 
model that solves the following problems.  
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Thank you !
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𝑚!) ≃
Ω!)
Ω/

𝐴/
𝐴0)

𝐴0)
𝐴!)

×𝑚1

ADM mass

𝐴Q( ≡ J
L∈Q(

𝑞L,*$+ 𝑛L − R𝑛L ,

𝐴'( ≡ J
L∈'(

𝑞L,*$+ 𝑛L − R𝑛L

𝐴) ≡ J
L∈Q(

𝑞L,* 𝑛L − R𝑛L ,
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Anomaly in Chiral Composite ADM model 

SU(3)! U(1)! U(1)"#$
𝑈 𝟑 1 ⁄1 3
𝐷 𝟑 −1 ⁄1 3
𝑆 𝟑 0 ⁄1 3
B𝑈 B𝟑 −𝑎 ⁄−1 3
B𝐷 B𝟑 𝑎 ⁄−1 3
̅𝑆 B𝟑 0 ⁄−1 3

This anomaly does not affect the ADM scenario, unless a 
dark helical magnetic field exists.

B-L

U(1)!

U(1)!

U(1)*$+ × U(1)2 T global 
anomaly exists,

∝ (1 − 𝑎T)

22



Phenomenology of Dark Matter

These dark baryons decay due to B-L portal,

ℒ234 56789: = ⁄𝒪*; 𝐿𝐻 𝑀< 𝒪*; = 𝑈𝐷𝑆 + >𝑈.>𝐷.𝑆

but their lifetime is longer than the age of the Universe 
for M ≳ 10=.? GeV ,

𝜏!) ≳ 10?@ sec = 10@, year
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Lifetime of the DM

Phys. Rev. D 92 (2015) 1, 01300824



𝐵% =
Σ&% + ⁄Λ′ 3 2 Σ'% 2 𝑝′

2 Σ(% −Σ&% + ⁄Λ′ 3 2 𝑛′
2 Ξ(% 2 Ξ'% −2 ⁄Λ′ 3

𝐵)* =
Σ+ + ⁄Λ 3 2 Σ, 2 𝑝

2 Σ# −Σ+ + ⁄Λ 3 2 𝑛
2 Ξ# 2 Ξ+ −2 ⁄Λ 3

SU(3)! U(1)! U(1)"#$ U(1)&! U(1)-!
𝑈 𝟑 1 ⁄1 3 1 1
𝐷 𝟑 −1 ⁄1 3 −1 1
𝑆 𝟑 0 ⁄1 3 0 −2
B𝑈 B𝟑 −𝑎 ⁄−1 3 −1 −1
B𝐷 B𝟑 𝑎 ⁄−1 3 1 −1
̅𝑆 B𝟑 0 ⁄−1 3 0 2

Formula of the Dark Baryon
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𝑀# =
⁄𝜂′ 3 2 𝜋# 2 𝐾#$

2𝜋#% ⁄𝜂′ 3 2 𝐾#&

2 𝐾#$% 2 𝐾#&% −2 ⁄𝜂′ 3

𝑀)* =
𝜋+ + ⁄𝜂 3 2 𝜋, 2 𝐾,

2 𝜋# −𝜋+ + ⁄𝜂 3 2 𝐾+

2 𝐾# 2 𝐾+ −2 ⁄𝜂 3

Formula of the Dark Meson

SU(3)! U(1)! U(1)"#$ U(1)&! U(1)-!
𝑈 𝟑 1 ⁄1 3 1 1
𝐷 𝟑 −1 ⁄1 3 −1 1
𝑆 𝟑 0 ⁄1 3 0 −2
B𝑈 B𝟑 −𝑎 ⁄−1 3 −1 −1
B𝐷 B𝟑 𝑎 ⁄−1 3 1 −1
̅𝑆 B𝟑 0 ⁄−1 3 0 2
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Dark pion also obtains the mass,

𝑚(!
? ~ <A :6B ?

?(#
𝑒*?Λ*?

Dark pion mass

There is a parameter region (𝑎, 𝑒*) which satisfies the 
following relation

2 ×𝑚& < 𝑚'! < 𝑚!97C D$E6F < 𝑚!),
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