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Annihilation

e Simplest possibility: ¢; as a real singlet scalar DM (of mass mg, ).
e Stability ensured by Zo : ¢1 — —¢1 .
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Scalar Higgs-Portal DM Annihilation

e Simplest possibility: ¢; as a real singlet scalar DM (of mass mg, ).
e Stability ensured by Zo : ¢1 — —¢1 .
eMinimal Higgs Portal Interaction : A% (HTH) ¢ .

[Ref.: V. Sileria, A.Zee ]
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-Portal DM

e Simplest possibility: ¢; as a real singlet scalar DM (of mass mg, ).
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e Relic Density (Approx.):
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Singlet Scalar Higgs-Portal DM Annihilation
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Figure 5: Relic density allowed parameter space for real scalar DM ¢;.

e Non observation of DM signal from Direct Search puts strong
constraint on SI DM-neucleon cross-section.
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: Non-minimal Higgs-Portal DM Annihilation + Co-annihilation

e Minimal extension : ¢1, ¢o are two real singlet scalar fields odd
under same Z5: ¢; — —¢; (i =1,2) .
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Z3 : Non-minimal Higgs-Portal DM Annihilation + Semi-annihilation

e ¢ be the complex scalar DM havmg Zs charge
Le. Z3: d1 = €5 .

Dark Matter(DM) August 25, 2018 7/ 19



: Non-minimal Higgs-Po D Annihilation + Semi-annihilation

e ¢ be the complex scalar DM havmg Zs charge
ie. Z3: ¢y — €3 ¢y
eNon-Minimal Interaction :
Agnn (HTH) #2 + 11dd + hec. .
[Ref.: G.Belanger,K.Kannike,..]
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: Non-minimal Higgs-Po D Annihilation 4+ Semi-annihilation

e ¢1 be the complex scalar DM havmg Z3 charge
i.e. Z3 (]51 — e 3 (251
eNon-Minimal Interaction :
Agnn (HTH) ¢ + 1d + hec. .
[Ref.: G.Belanger,K.Kannike,..]
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: Non-minimal Higgs

Annihilation 4+ Semi-annihilation

e ¢1 be the complex scalar DM havmg Z3 charge

i.e. Z3 (]51 — e 3 (251
eNon-Minimal Interaction :
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e ¢1 be the complex scalar DM havmg Z3 charge
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Semi-annihilation process do not appear in DD, only contribute to DM
relic density.
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Z3 : Non-minimal Higgs-Portal DM Annihilation + Semi-annihilation
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Z3 : Non-minimal Higgs-Portal DM Annihilation + Co-annihilation + Semi-annihilation

e Extending Z3 DM : ¢ 5 ¢o are two complex scalar fields charged
under same Z3 : ¢; — e d;
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e Co-annihilation and semi-annihilation only contribute to DM relic
density.
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: Two Component DM Annihilation + DM-DM Conversion

e CBEQs for two component interacting DM:

dy ! BQ?

dx 2

-2 [<O—,U11—>SM>ann(y% - Y ) + <UU11%22>conv.(yl o

yEQ2

2 2

- <O-U224>11>c(mv. (y2 o 2EQ2 n )]
Y1

dya 1 _  EQ?

dx 2

= —— [(0022—>5M>mm(y% Yo )— <UU11a22>Com,,(il/% -

+<0'U22—>11>c(m’1).(y2 EQ2 n

EQ2
2 Y 2)]
Y1

where

g {I;%m@(im@ )%e_x(T)

EQ
y: “(x) = 0.03828 M p;
(A ( ) /ig*

yi = 0.264Mp;\/g-pY;, where Y; = "%,

s
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> Component DM Annihilation + DM-DM Conversion

e Solution of CBEQs : Freez-out of DM

10 T T .
L —— y(Without DM-DM Int.)
10"+ — y,(Without DM-DM Int.)| 7
[ 1(With DM-DM Int.)
102+ ¥2(With DM-DM Int.) b
o
= 0%t 1
10°- 1
1000~ L (Mgl Mg, A1.A2,Ae}={150,100,0.1,1.0,0.5)
5 10 50 100 500
M
X="
T
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> Component DM Annihilation + DM-DM Conversion

e Solution of CBEQs : Freez-out of DM
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Annihilation + DM-DM Conversion

e Solution of CBEQs : Freez-out of DM

1018
L {Mg, Mg, A1, A2, Ae}={120, 90, 0.1, 0.001, 1.0}
[ — y(Without DM-DM Int.)
10"~ —_ y(Without DM-DM Int.)
[ (With DM-DM Int.)
102+ ¥2(With DM-DM Int.)
2
= 0%t
105,
| ified Equillibrium
1000 L(mmg, Arde A)=(18010001.1.0.08) | el NN N
5 10 50 100 500 5 10 50 100
" u
X=— X=—
T T
e Modified Equillibrium:
dyr  _ (oviism) + (oviisa2) [v2 — hEQ?,
dx 2 B 1 ’
REQ2 _ EQ2 (ovi155M) (ov11522) Y2 o
1 = YU EQ) ]

(ovi15s5m) + (oviis22)  (oviissm) + (oviiae2) vy,
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: Two Component DM Annihilation + DM-DM Conversion

e Relic density of Individual DM component in two component setup:

854.45 x 107 B my,  p

Oh? =

xoo]a

where y; be the solution of CBEQs.

e Total Relic density : Qpyh? = Q1 h? + Qoh? .

eEffective SI DD cross section of Individual DM component:
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Annihilation + DM-DM Conversion

e Relic density of Individual DM component in two component setup:

854.45 x 107 B my,  p
yl[ xoo]a

K3

Qh? =

where y; be the solution of CBEQs.
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Annihilation + DM-DM Conversion
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Two Component DM Annihilation + DM-DM Conversion

Qoy = Q1 + Q2

0.1133 < Qpyh®s 0.1189 — LUX 2016
* . XENON-1T 2018

] B—"l— >80%

o o
With DM-DM Interaction (Z3x Z5') « W <%

.. 0.1133 < Qpyh®s 0.1189 . W s0% <2< 0%
0 200 400 600 800 1000 200 400 600 800 1000
my,[GeV] my, [GeV]

Due to DM-DM conversion the heavier component can evade direct
search limit in a large parameter space satisfying relic density.
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: Two Component DM Annihilation 4+ Semi-Annihilation + DM-DM Convsn.

Two component DM in Z3 and Zé symmetry: Complex scalar ¢; and
¢2, transforming under Z3 x Zi:

Dark Matter(DM) August 25, 2018 16 / 19



: Two Component DM Annihilation 4+ Semi-Annihilation + DM-DM Convsn.

Two component DM in Z3 and Zé symmetry: Complex scalar ¢; and
¢2, transforming under Z3 x Zi:

e ¢p: (e+i%w, 1) and ¢y : (1,e75).
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Z3 X _:é : Two Component DM Annihilation 4+ Semi-Annihilation + DM-DM Convsn.

Two component DM in Z3 and Zé symmetry: Complex scalar ¢; and
¢2, transforming under Z3 x Zi:

o ¢1: (e+i%w, Dand ¢y: (1,e"%5) .
e Both ¢ and ¢2 are the two stable DM candidates.

e Interaction :

)\;znn((b;k(m)(HTH) —|-‘u7(¢?—|—hC) + )\e(¢>{¢1 + ¢§¢2>2
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wo Component DM Annihilation 4+ Semi-Annihilation + DM-DM Convsn.

Two component DM in Z3 and Zé symmetry: Complex scalar ¢; and
¢2, transforming under Z3 x Zi:

o ¢1: (e+i%w, Dand ¢y: (1,e"%5) .
e Both ¢ and ¢2 are the two stable DM candidates.

e Interaction :

)\;znn((b;k(m)(HTH) —|-Iu7(¢‘?—|—hC) + )\e(¢>{¢1 + ¢§¢2>2

e The coupled Boltzmann equations for this two component DM case :

dy1 2 2 1 2
- —{(oV115S M) ann (VT — Y797 — 5<(T'U11~>ISI\/]>Sem,z,nn'n,(y1 —y1yi?)
eq eq
2 Y1 \2 2 2 Y2°\2 2
—(ov11522)conn. [U] — ( Eq) y3] + (ov22511) conw. [y2 - ( Eq) yl} s
Yo Y1

dya 2 2 1 2
= —{(oV22 s S M) ann (Vs — ys%) — 5<”'”224>231\I>as77L7u7Ln(yz — yays?)

yeq 5 yeq 5

2 2 2 2

+(ov11—522) conv. (Y] — ( }’q) y3] — (ov22511) conw. [yg - ( :‘;q yl} y-
Y2 Y1
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mponen Annihilation 4+ Semi-Annihilation + DM-DM Convsn.
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Annihilation + Semi-Annihilation + DM-DM Convsn.

: Two Component DM

- XENONIT -+ XENONIT
XENONnT ENONnT

150 200 250 300 350 400 450 500 500 600 700 800 900 1000

my [GeV] my, [GeV]

The heavier component is allowed in a larger parameter space due to
DM-DM conversion. The lighter one here enjoys semi-annihilation to
evade direct search in the vicinity of my,.
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Summary

@ The choice of different symmetries allow us to realize new types of
annihilation process like Co-Annihilation, semi-annihilation,
resonant semi-annihilation and DM-DM conversion .
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