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Results known so far:

Dark matter relics Qpyh? = 0.1199 + 0.0027
Baryonic matter relics Qgh? = 0.02225 4 0.00016
Baryon asymmetry 5.8 x 1078 < 7 < 6.6 x 10710 where n = ?T]j

Qpm
Qp 5

Planck Collaboration arXiv:1502.01589 [astro-ph.CO]
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|
Asymmetric dark matter(ADM) framwork

@ DM carries a conserved quantum number, e.g. U(1)g, U(1),
Ul)g—1

@ An asymmetry is generated in the early universe, na, = n, —ng >0
ornap =ng —np >0

@ Transfer the asymmetry from one sector to other. DM — SM or
SM — DM

o If the asymmetry is in the leptonic sector then electroweak sphaleron
process converted it into baryon asymmetry.

@ The symmetric component is annihilated away, x + Y — a+ b

o > 09 =3 x 107%cm?/sec

Now the abundance is set by na, instead of o
if nay ~ ng then Qpp ~ Qpg for my ~ m, ~ GeV
S. Nussinov 1985, D.B. Kaplan 1992, D.E. Kaplan, M.Luty and K.Zurek 2009
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Model
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.

N.Narendra, S.Patra, N.Sahu and S.S. Phys.Rev.D98(2018)
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Model

1
V(I ¢,8) = —uiHTH 4 Xa(HTHP + M2
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Asymmetric dark matter: generation of asymmetry

7

F(N: — x;¢) — T(N — X;o)

CE— o,
. 3 <’V’1> Im [(yTy)?]
- 81\ M iy)u
ny (T — o)
(MB—L)total =~ X exAS. (4)
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Neutrino Mass:

The lepton number is violated by the Majorana mass term of the
heavy right handed neutrinos. Note that the term: NgH'L is not
allowed as Ng is odd under the Z, symmetry.

(NrHTL)?
VTN

1eV\ [ My/A
A ~ 7.66 x 10* GeV/ (0Me )( O"’{ ) (5)

.

<H>s \N< H >

7
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Transfer of asymmetry from dark sector to visible sector.

1
Og = X (LH)?. (6)
Mgsy
T4\ 2
Mp ~ ( b > Tp, (7)
M,
Masy > MPI TD (8)

\.

@ Here we consider that Tp 2 Tspn, where Tpp is the sphaleron
decoupling temperature.

e For Higgs mass M, = 125 GeV, the sphaleron decoupling
temperature Tspp > Myy.

o M, > 0.9 x 10* GeV
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|
Standard equilibrium method:

The asymmetry in the equilibrium number densities of particle n; and
anti-particle a;j is,

— 8i /OO 2 1 1
n;—n; = dgq —— — —EoTo (9)
2% Jo LE’(")T SRS |

In the approximation of a weakly interacting plasma,Su; << 1,

gT? 3
=M~ e X [281i + O((Bri)’) bosons
gT? 3 :
~ T X [Bui + O((Bui)’) fermions. (10)
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Standard equilibrium method:chemical equilibrium conditions:

Below electroweak phase transition, the Yukawa interactions can be given
as:
Lyikawa = 8e€iLheir + gu;UiLhuir
+  ga;diLhdir + h.c, (11)
which gives the following chemical potential condition,
0= Hh = My, — Hug = ,U’dL — Mdgr = Hey — Mejg- (12)
Sphaleron condition(] [; QiQiQiL;i = 0 conserve B — L but violate B + L)
are equilibrium above EW phase transition,
fu, + 2ftay, + =0 (13)

Charge neutrality of the universe gives,

3

Q= 4(IU’UL + IU’UR) + 6pw — 3(:udL + MdR) - Z(Mem + Me,-R) =0. (14)
i=1
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Chemical equilibrium conditions:

The charge current interactions,

,Cfr:/tv) = gWJﬁL’y“dL —i—gW/fe;Lfy“De,L. (15)
Hw = MUL - ,deLv (16)
Hw = Hy — Hey Vi (17)
Solving above equations,
90 201
ng = —Euy and n; = 5’“”' (18)
Total baryon and lepton number densities in visible sector,
291
—L)vis = —~5 MHv - 1
(me-)vis = — g 1 (19)
30
- —L )vis 20
ng 97('713 L) (20)
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Chemical equilibrium conditions:

We assume that, the dark matter y is also in thermal equilibrium with the
visible sector via the dimension eight operator Og until the sphaleron
decoupling temperature Tg,,, > My,. This gives chemical equilibrium
condition:

—py + iy =0 (21)

we get the number density of x asymmetry, which is also the B — L
number density in the dark sector:

58
ny = (MB—1.)dark = =2ty = =—(NB—1)vis - (22)
201
349
(MB-L)total = ﬁ(anL)vis- (23)
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90
ng = %(HB—L)total- (24)
58
= %(”B—L)totay (25)
ng = (NB—L)total - (26)

Q Ny, My
DM:ZIH1m1N5 (27)
QB B.mB
For & ~ 6 x 10710 the ¢, ~ 10°°

Dark matter mass m, ~ my ~ 1GeV

\.
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Annihilation of the symmetric component of DM:

~
The annihilation cross-section for the process: Xx — ff or gqb' —» ff through ¢ — H mixing is given by:
2
\/5 — 4Mf
ov = S ——
167s+/s
y AZDM A%cosz'ysinz'y
— M2 )2 2 2 — M2 )2 2 2
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2 D) 2 2
X {[25 = MZ 4+ M)+ [Thy Miy + Ty My, )
x  {(s — 2M2)(s — 2M?) — 2M?(s — 2M?)
X f s X
2 2 2 p g2
- 2M2(s —2Mf) + 4ML M7} (28)
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Conclusion:

@ Asymmetric dark matter naturally explain the cosmic coincidence
problem i.e. number density of baryonic matter and dark matter have
of the same order.

@ In our model fermionic and bosonic both are contributing to dark
matter relics and both are asymmetric.

@ At one loop level the active neutrinos accquired masses via a
dimension eight operator.
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