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< WIMP Miracle ?

A

DM number in comoving volume

DM SM * DM is in thermal equilibrium for T > mpp.

\ . 5
Th | equilibri >‘<: * Fornpm < T, DM is no more created
ermal equiniorium DM SM

DM < SM

* DM s still annihilating for mpm < T for a while...

DM +4 SM : : . :
= * DM s also diluted by the cosmic expansion
DM=5 SM * DM cannot find each other and stop
| Increasing (ov) annihilating at some point

> mpm/T * DM number in comoving volume is frozen

+ Abundance depends on the DM mass through <ov>.

7

N
DM abundance (for s-wave annihilation)

1072 GeV ™2
(ov)

QDMh2 ~ (0.1 % (

(ov) ~

2 2
g 1 )
- ( Tov ) TeV scale physics !




v Baryon-DM coincidence Problem...

/ Baryon-DM coincidence ? \
.QDM M .Qb = 5:1
close with each other...
\ ex) neutrino-DM : Qpm : Qv (Em,=0.06eV) = 200 : 1 /

+ DM mass density is given by

Qpm < Mpm Npm

— mpuis independent of mp,n. npm should be adjusted appropriately.

« Ifit were not for Baryogenesis, baryon should have annihilated...

Qpm : Qp(no-asymmetry)= 1:10-1°
Qyp (with asymmetry) =0.02 (n/10°)

n=(ng-ng)/ny

Baryon-DM coincidence = conspiracy between npy and Baryogenesis ?
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Asymmetric Dark Matter
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\_

If npm is also given by the baryon asymmetry, n x ny,
Qs/ Qpm = O(1)

~

is naturally explained for mpm ~ mp,, [e.g. 1990 Barr Chivukula, Farhi ] .

— Asymmetric Dark Matter

J

Concrete Set Up [1805.0687 Kamada, Kobayashi, Nakano Mi]:

+ Baryogenesis = Leptogenesis
1 - _
EN—SM = §MRNRNR + yNHLNR + h.c.
( Ng : right-handed neutrino, Mg > 1070 GeV )

+ Dark Sector Shares B-L symmetry with the SM via

1
Mn

*

ODOSM -+ h.c.

£B—L portal —

Osm: Neutral (other than B-L) consisting of SM fields.

Opm: Neutral (other than B-L) consisting of DM fields.



v Asymmetric Dark Matter

A o
T~ Mg Leptogenesis

Tp~
M (M/Mpy)1/(2n-1)

TEW~T00GEVY | ---s-rvsemssemssonmssemssens e

( Ag/Asy=30/97)

B-L asymmetry in SM + Dark sector

Nsm=AsunsL Nom=Apmner (Asm+Apu=1)

-----------------------------------------------------------------------------

ns=AgnNeL NL=ALnNsL Nom = Apm NB-L

Qpm = (mpm/mp) (Aom/Asm) (Asm/As) Qs

mpm =5 my (30/97 ) (Asm/Apm) X (Qpm/508)
\ ( Model dependent but O(1))

/ns =nsny = npw=(Apm/As)ng = (Apm/Asm) (Asm/Ag) n \

J




v Composit Asymmetric Dark Matter
+ Implicit assumption
Annihilation of symmetric component of DM is very efficient !
— DM has very large annihilation cross section like p+p .

— This is achieved DM is a composite state of dark strong dynamics !
oV ~ 41/ mpm?

+ Final states of the DM annihilation ?
Light degrees of freedom of dark sector.  Pp +Pp = #ip + 7ip

+ Fate of the light degrees of freedom of dark sector ?
It seems OK that if they are massless....

— too much contribution to dark radiation
(We assume strong dark dynamics which has sizable degrees freedom)

We need to have DARK STRONG DYNAMICS and a PORTAL to SM !

Visible

Sector




v Composit Asymmetric Dark Matter

+ The simplest model = Mirror Copy of QCD (= dark QCD) with dark QED.

SU3)p| B — L|U(1)p
Q1 3 qp—r | 2/3
Q1 3 |—qp-1| -2/3
Q2 3 qp-r | -1/3
Q2 3 —dB-L 1/3

We only need at least two-flavor to allow dark QED along with B-L .

/ Dark QCD eventually exhibits confinement at O(1-10) Ge\/.\
Dark Matter = Dark baryons

P ox@Qi1Q1Q2, P x@Qi@Q1Q2, n' x Q1Q2Qs, 7 x Q1Q2Q:.
Dark baryons annihilates into Dark pions
™o Q1Q1 — Q2Q2, T x Q1Q2, T x Q201

\ Dark pions annihilate/decay into dark photons

/

(Asm/Apm) =237/(22Ng) & mpu = 8GeV (2/NF)



+ Composit Asymmetric Dark Matter

« Fate of dark photon ?
Coupling to the QED through kinetic mixing

€

Laa= 5

1
E, F" + §m3,A;A’M
— QED charged particles (e.g. electron) couple to the dark photon !

L=¢€ A’ijEDI"
+ Dark photon decays into SM fermions [ dark Higgs mechanism ]

2><me<m7/<m7r/<mDM
1, € 2 My
Ly = Nagelamy 2035 x Vo (15755) (50%1ev)

4 )

f € is too large — dark photon produced at beam dump experiments !

If € is too small — fail to transfer entropy from the DM sector

\ to the SM sector. j




v Composit Asymmetric Dark Matter

« Constraints on dark photon (Nf=2 —> mpy =8.5GeV)

S
N

1

1079
10—10
10—11
10—12

10713,

T 1T T T TTT T T TTTT I T T T \Jé
o = Collider Experiments |
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c 3
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decay after v-decoupling
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« Dark proton DM couples to the Nucleons !

2 172
doxr  4mOemaxe€ Z” 1

dg? B

2

(2 +m2)? v* 7

Fr(q?)

Direct Detection Constraints
(nuclear scattering)



v Summary

' Asymmetric DM is very well motivated DM in view of the baryon-DM
coincidence problem.

« Models seem to need a DARK PHOTON

— Direct detection experiments aiming at O(1)GeV DM is
very important !!
(not only nuclear scattering but also electron scattering!)

« Asymmetric DM in our model decays into the SM anti-neutrino.
np — p+U

From SK constraint on the anti-neutrino : T > 102%sec.
[1411.4014. Fukuda, Matsumoto, Mukhopadhyay]

' Dark pion decay could lead to O(100)MeV gamma-ray flux?
(work in progress)



