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0. The Introduction of Asymmetric Dark Matter (ADM)

- Baryon asymmetry exists in the Universe.
n = (np —np)/ny, ~1071
- The ratio of Qpy : Qg is O(1).

Opm/Qp = 5~ 0(1)

Do these matters have
a common origin? ADM



0. The Introduction of Asymmetric Dark Matter (ADM)

Lp_; portal — Ops Osy/M™

portal DS
asymmetry
DS
portal B-L
asymmetry asymmetry
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1. A model of (Non-chiral) Composite ADM [1]

Why was composite model considered ?

- Symmetric component almost vanish like baryons

particle i particle

anti particle i anti particle |

- Confinement scale determines DM mass (0(1) GeV)
AD ~ 10 X AQCD



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

- Dark baryons and dark mesons arise

gauge global due to the confinement
SUB)p | U)p | U(M)p-s
U 3 2/3 1/3 - dark baryons — dark matter
D 3 ~1/3 1/3 e.g. p' «UUD,n «UDD
U 3 —2/3 —1/3
D| 3 1/3 | -1/3 - dark mesons — over density

e.g. 1'° xUU—-DD, n'* «xUD

Necessity of annihilating or decaying dark
mesons into SM particles !



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

dark meson — SM, How ?
— dark photon (kinetic mixing) =
N

e

dark photon must be

massless — Ny X oy
massive ! (0(10 — 100) MeV)

2Xm, < myg < mo < Mpy

14



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

dark photon mass (0(10 —100) MeV) < dark Higgs

Problems arise here !

Dark Higgs VEV tuning is needed in addition to Ap !

Nothing is said about dark Higgs in [1] !
(e.g. Thermal history, 4-point coupling with SM Higgs)
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2. A Model of Chiral Composite ADM

gauge global

SU(3)p U, U(1)p_, - We assume 0<a <1
U 3 1 1/3
D 3 ~1 1/3 _
S 3 0 1/3 - SU(3); X SU(3)g approximate
U 3 —a ~-1/3 flavor symmetry exists
D 3 ~1/3
S 3 0 ~1/3 - U and D can not have the mass

L Chiral !

3 flavor < Lg_} portal — Ops LH/1 "




2. A Model of Chiral Composite ADM

global

U(D)p-1

1/3

1/3

1/3

—1/3
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W W[ W[ W | W

-1/3

Below Ap ,
(UU +h.c.) =(DD +h.c.) =(SS + h.c.)
= 0(Ap)

SU(3), X SU(3)x = SU(3),

U(1)p also breaks due to
this condensation



2. A Model of Chiral Composite ADM

SSB of U(1), — massive dark photon ! [2]

Chiral Lagrangian

L= féz I tr [(D,U) (DHU)T]

+ meson mass term

D,U(x) =09,U(x) —

U(x) = exp

8

-f;TZn (x) A |

iepA,A3U(x) + iaep A, U(x)A3




2. A Model of Chiral Composite ADM

From chiral Lagrangian,

m, =ep(1—a)fy ~ep(1—a)hp (74 is would-be NG boson )

Dark Higgs-VEV tuning is needed in addition to-Ap!

Nothing is said about dark-tiiggsin [1] !
e.g. Thermaihistory, 4-point coupling with SM-Higgs
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3. Conclusion

We constructed the new composite ADM
model that solves the following problems.

Dark Higgs-VEV tuning is needed in addition toAp!

Nothing is said about dark-Hiiggsin [1] !
e.g. Thermainistory, 4-point coupling with S Higgs
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ADM mass

N {lpm Ap Asm < m

DM — N
'Q'B ASM ADM

Ag = Z Qi (n; — 1), Agy = z qip-L (n; — 1;),
iESM iESM

Apy = z q;ip—r (n; —1;)

iEDM



Anomaly in Chiral Composite ADM model

SUGB)p

U(D)p-1

w

1/3

1/3

1/3

—1/3

O | TS

—1/3

Wl W W[|W | W

W)

-1/3

U(D)p-, x [U(1)p]* global
anomaly exists,

/\/U(l)D
B-L \/\ x (1 —a?)

U(Dp

This anomaly does not affect the ADM scenario, unless a

dark helical magnetic field exists.



Phenomenology of Dark Matter
These dark baryons decay due to B-L portal,

Lp_1 portal = Ops LH/M®  0pg = UDS + U'D1S

but their litfetime is longer than the age of the Universe
for M = 1032 GeV

Tom = 10%! sec = 10'* year



Lifetime of the DM

Phys. Rev. D 92 (2015) 1, 043008



BI

Formula of the Dark Baryon

V23, 3L 4+ A/V3

>y +A'/V3 V2 34
V2 B V2 B}

V2 n'
—2AN/\3

)

SUBB)p | UM)p | U(M)p— | UM)zp | UD)gp
U 3 1 1/3 1 1
D 3 -1 1/3 -1 1
S 3 0 1/3 0 -2
U 3 —a -1/3 -1 -1
D 3 a -1/3 1 -1
S 3 0 -1/3 0 2

V2 p'

V23~
V25

30 + A/V/3 V23t

V2 p

20+ A/N3  V2n

V2 E°

—2A/\3

25

)



M' =

Formula of the Dark Meson

SUB)p | UM)p | UM)p— | UD)zp | UD)gp
U 3 1 1/3 1 1
D 3 —1 1/3 —1 1
S 3 0 1/3 0 —2
U 3 —a -1/3 —1 —1
D 3 a -1/3 1 -1
S 3 0 -1/3 0 2
n'/N3  N2n V2 K" 0 +n/V3
V2r't n'/N3 V2 K2 Mgy = ( v2m”
\/EKI]_'I‘ \/EKIZ-I- —277’/\/§ V2K~

V2t
—n% +n/V3
V2 K°

V2 Kt
V2 KO
—2n/V3

26

)



Dark pion mass

Dark pion also obtains the mass,

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

2Xmg < m,r < Mparkmeson < MpM;



