Dark matter in models with a
/N discrete symmetry

G. Belanger
LAPTH, Annecy-le-Vieux

based on
G.B., K. Kannike, A. Pukhov, M. Raidal, JCAP (arXiv:1202.2962)
G.B., J.C.Park, JCAP 1203 (2012) 038.

mercredi 25 avril 2012




* |ntroduction

e /3 : model and results

e /4 : model and results
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Introduction

* In extensions of the SM, a discrete symmetry guarantees the
stability of lightest “odd” particle->DM candidate if neutral

e Usually a Z; symmetry (R-parity in SUSY, KK-parity...)
e Discrete remnant of some broken gauge group, in general
does not have to be Z» - consider Zn
« Impact for dark matter :
— New processes

 semi-annihilation : processes involving different
number of “odd particles” xx -->x* SM

— More than one DM candidate

o Assisted freeze-out/DM conversion : interaction between
particles from different dark sectors

» X1X1 <--> X2X?2
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e Impact of these new processes on DM properties

— semi-annihilation (b’Eramo, Thaler 1003.5912)
— Assisted/DM conversion (Liu,Wu,Zhao, 1101.4148 )

* No sign of SUSY or NP at LHC (yet)- no confirmed
signal of DM 1n astroparticle; important to consider
wide spectrum of possibilities for DM

e Consider minimal model: scalar dark matter model
with 1nert scalar doublet + complex singlet

e Two cases :
— /3 symmetry
— /4 symmetry
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The Z3 case : semi-
annihilation
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The Z3 case

 Number density (x : dark sector X: SM)

dn . 1 .
E — ot —-XX (77,2 —ﬁ2) . _,Uo_aca:—m X (n2 . nﬁ) — 3Hn.
. . 1 O.:C:c—m*X
0y = 007 XX 4 _pe®T7T X and a= -
2 Ov
dY — _
3H - = o, (Y2 —aYY - (1- a)Y2) .
S

* Modified equation solved numerically (Y=YeqtAY) with usual
micrtOMEGASs procedure AY - >AY/(1-0/2)

Y _
3HC;— =0, YAY (2 — )
s
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The model

 Inert doublet + complex singlet (Hz2, S, do not couple

to quarks)

Field SU3) SU©2), T° Y/2 Q=T°4+Y/2
Gt i 1

me(e) e ) 0 ()
V2 2
—GHT 1

(i) e () ()
V2 3

S_SH;%'SA 1 1 0 0 0

« Scalar potential (z(H1)=0, Z(S)=Z(H2)=1)
Ve = 3 H1[* + M| Hi|* + p3|Hal” + Xo| Ha|* + ug|S” + As|S|*
+ As1[SP[H1|? + Asa|S|?| Ha|? + g Hi|?|Ho|? + Ay (H] Ho ) (H Hy).
124
Vi = Ve + 22(5° + 51) + %(521{11{2 + ST HI )

+ “STH(SH;Hl v StH H,),
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Mixing Ha- S

—GHt ‘
Hy = _ , S =ux1cos) —xosinb.
x18in 6 + x9 cos 6

* Dark sector : complex x1,x2,H*, Z3 charge=1
* Free parameters:

A2 0.1 Asg 0.2 | g2y 0.1 M,, 150 GeV
A3 0.1 | Asy 005 | M, 125GeV | M., 400GeV
Ay 0.1 ] g2 0.1 w80 GeV | sinf  0.025

« Small mixing : otherwise large Sl direct
detection rate
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 Annihilation X o
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« Semi- annihilation

%k
Xl\ . / X1

// S

st SPHA)?

« Benchmark: Qh?=0.105 (54% from semi-
annihilation)
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Impact of semi-annihilation
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 Mx1=110 GeV : semi-annihilation kinematically forbidden
* Decrease of relic density when semi-anni. contribute
« semi-anni enhanced when Mx1=Mx2/2
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The Z4 case :two
DM candidates
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The Z4 case

e Zs4charge:0,1,2

* Assume charge 0 for SM particle

 lightest particle of charge 1 : stable
 lightest particle of charge 2 stable 1f M><2M;

« If M>>2M; decay 1nto charge 1 before freeze-out, usual case
with only 1 DM candidate

* Equations for number density

dny - 1100 /. 2 -2 1120 2 _oM2 1122 2 277% H
E = —0, (nl —n1> — 0, ny —Ny— ) — 0, nq —n2_—2 -3 ni
dn2 1 n 1

2200 (.2 =2 1120 2 _202 1210 _
— = —o (n2 — n2) + =0, ni—ni— | — =0,”" (niny — ning)
dt 2 n9 2

_2
n

_ 22l (n% — n%—%) — 3Hno,
ni
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* All annihilation+ coannihilation included
» semi annthilation 11->20, 12->10

e DM conversion: 22 <->11

e Equations to solve

AY;
3H . = —C; + A (T)AY; + Qi (T)AY; AY,
iy,
1 2(0.%100_{_0_11}122_*_0.11)120)?1 _(011}120+20_11]122)§_§ - )
_0.11)120?1 _ 20.%122?1 2(012)200 + 0.3211)?2 + 0'5(0%210 + 011)120%)?1 ,
0.1%100 _|_011)122 _|_0.11)120 0
Q1 = 0 _ 2211 )0
_011}120 . 0_%122 105210
Q2 = < 0 J22(?0_|_02211 >
* To solve, neglect Q term at large T and solve for AY
* Relic density Q h’= Q; h*+ (Q;h? i
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Assisted freeze-out

« Simpler case : Z>XZ> only interactions X2X2-Xx1X1 () and x1x-

SM,SM (B) - assume no x2x2->SM,SM

 When 22-11 interactions stronger than 11-00, Y> much

reduced DM dominated Y
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GB, Park,J.C., JCAP1203(2012) 038
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Inert doublet+singlet model

« Zs4potential, Z(H2)=2, Z(S)=1,Z(H2)=0

Vg, = Vet %3(54 + 5 + % (HHo)? + (HHY)?)

+ %(521{{1{2 + SPHIH) + %(S%@Hl + S2HTH,).
DM sector 1 : complex scalar S
e DM sector 2 : 3 real scalars H A H"
= ( HETZ';O ) |
e sector 1 : SS*->hh
e sector 2 stmilar Inert doublet, DM either A,H
— annihilation WW,WW#* ffbar, co-annihilation

15
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 Benchmark

A3
A4
As

0.1
0.1
0.01
0.1

As1
AS2
AS12
As21

0.1
0.3
0.13
0.13

Xs
S
Myp,

0.1
100 GeV
125 GeV

My 341 GeV
My 339 GeV
Ms 350 GeV

 Two DM candidates with comparable contribution to
relic density + semi-ann important + DM conversion

¢ Qh>= Q;h’+ Qh?=0.1
* Weak interaction of sector 1 (S) with SM particles
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DM conversion
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* Tt (heavy)> Tro(light), at freeze-out of heavy component
hh->11 adds to hh->00 and lead to decrease of heavy DM
abundance

 1nteraction hh->1l increase abundance of light component
» Effect large when Ms>Mp since 1122>>1100 17
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Semi-annihilation

200 300 400 500
M.(GeV)

* Two types of semi-annihilation
— sH->sh (1210) no effect on Q;, reduce €2,

— ss*-> Hh (1120) reduce €2;, increase €2
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All interactions
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« Semi-annihilation dominant
Ms<My, assisted freeze-out
important when Ms>Mp

200 250 300 350 400 450 500 550
M(GeV)

Expected number of events in

Xenonl00 with 1171

kg-day
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CONCLUSION

« Larger discrete symmetry group lead to new mechanisms
for relic density of dark matter

* [llustrate with Doublet + singlet DM model and 73,74
symmetry

* More complete investigation of DM properties in Z3, Z4
models including direct/indirect signatures (in progress)
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