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Motivations

L] ( - L] \
[ Observation today: J Indirect detection, CMB, 21cm:

T=Tuniverse=~101° yr

=101 yr

[ Stability of Dark Matter (DM) ]
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Motivations

[ Origins of stability ]
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Motivations

[ Origins of stability ]

Phase space

r”“’/k““n

[ Lightest massive ] [ Massless ]

particle particle
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Motivations

[ Origins of stability ]
. Lorentz
Symmetries (e ]

Accidental Gauge
(proton) (electron)
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>DM stability from fundamental principles
>Scalar DM

>Non-abelian dark gauge symmetry
>Perturbative aspects (SSB to U(1)s)
>Minimal particle content
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1. N-ality
property and
scalar DM
models

2. Scalar
potential and
mass spectrum

3. DM
phenomenology
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N-ality
property and
scalar DM
models
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N-ality as a stabilisation

mechanism:

4 A
X’Ll 22’&3 ...’Lk,

7172733 -Jz

\ " X has charge )

Qx=k-n mod N
L under Zy )

(Centre of SU(N) =\

set of elements
that commute with

all geSU(N)
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N-ality as a stabilisation
mechanism:

~\

’1,1 22’&3 ’Lk,
X.71.72.73 Jz

\ " X has charge )

Qx=k-n mod N
L under Zy

J

Zy 1s preserved if SU(N)

broken by X with Qx=0
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Particle content:SU(2)
scalar

Symmetry
breaking scalar
11
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Particle content:SU(2)
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Particle content:SU(3)
scalar

Symmetry
breaking scalar
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Particle content:SU(3)

V((I) X) D (I)zykx X X
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SSB: Scalar
potential and
mass spectrum
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The SU(2) model

1 -
L(®) = 5 D@ D'i; — V(®)

2 )Y -
V((I)) — L; b (I)ji —+ Z((I)ZJ (I)ji)Q
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The “2) model

1 -
L(®) = 5D, @Y D,

2 )Y —
V((I)) = 'L; (XY (I)ji —+ Z((I)ZJ (I)j@)z

b (@YD) = p* /X = vp
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The SU(2) model

V(x) = 13X" % + A (XX

T | g N
V(®,x) = X' Piix! + 5)\X<I>((I) T® ) (X" X))

Induces mass
splitting
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The SU(2) model

- 1 .
Vportal : ()\HxXin + 5)\@}[(1) JCI)J'@'> HTH

= EEE

sin 0,,, ~ )\<1>H’UD’U/[2()\H’U2 — )\’U%)]
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* Gauge bosons:
>1 dark photon Ao

>1 complex charged boson W:
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 Real scalar triplet:
>2 would-be NGBs

>1 massive neutral mode p:
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 Complex scalar doublet (DM):
> x, charged under Ap

>
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DM content

A) X—and x4 form,, + m,_ < mw,
B) Xx—, X+ and Wp for:
1VI1L)(;+_ - 7T71ﬁ)c'__ ‘<:: 1r71b‘7‘7i:) <::: 1r'1L)(;4_ '{" 1ryqb)<;__

(: ) Jk:——- Ei'](j 1‘)[/3[) 1:()|‘ qr,qlﬁ‘)‘/i[]l <::: qr)ilt’(-{- _— qr)ﬁbt)(
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DM
phenomenology
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Annihilation processes

N
case A: DME X s Xi\\\(ff/’YD Xi\\\ YD Xi\\\ » psh Xi\\\ p psh
L mX—l— —I— mx_ < mWD ) X:t? /\ X;t? ,\,(:\
/ A o
e , & , \
/Focus on 3 limiting \ * coo o -
x X+ P, X+ X+ YD
cases dominated by a N/ '\ .
single coupling: ot on S
ap » Into dark A , A0
X p;h X SM Xk p;h
A phOtonS X+\ X- X+\ X- X+\ X- X+\ X—
x® > Into p scalars « 4 4 7 N A
A, -t Wp s
Hx» Into SM P Foy LA AN

pa rtic'Les j X X- X+ X- Xi X X X=
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Freeze-out to dark photons

— 7Ta2D 10! 4 Unitarity
(0v)+ = (Oxixt—vp70Y) = 5
4mx .
0 2 2 10()
SO
3
X+ YD X+ YD
\\\\(—/f \\
X:l: , \\ 10—2_
Y ,
280" ,/
Xz w2 pat 2 109
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Freeze-out to dark photons

B WazD 10
(0"U>:|: = <UX:|:X2‘|:—>7D’YDU> — Am2 .
, X Xt 4
Dy /Qx_ = mx+/mx—<\
Q107!+
X+ o N\ :
\\\(—/JJ X +
I " 1072 5
Xy dominates
s —mTh T
* ) /\’\_\’YD QDM —_— Mg —'"#:100
X+ \_ J 1077 — Mg

10! 102 10° 104 10

m,,_ [GeV] 27
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Freeze-out to dark photons

2 10
B _ Tap
(UU):I: = <0'x1x*i—>'m'7pv> T Am2 .
X+

Qo /[y mi+ /mi_

[<Uv>" S 4m(2J +1)/(mp ) |/

(- )
D SJ 0.8 10_11(mDM/GeV)3

See P. Agrawal, F. Cyr-Racine, L. Randall &

J.Scholtz, 2016 (ArXiv :1610.04511) ) e

1072 4

.

m,,_ [GeV] 28
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Freeze-out through Higgs portal

Usual Higgs portal cross
sections

X+ h x=+ SM A h X+ h
\ \

« 1 e N
- - X+ Y A
PN < A AN
ot h o x4 SN, pet h X4t

— Ordinary Higgs portal DM
setup (see G. Arcadi, A. Djouadi & M. Kado,
ArXiv:2101.0257 for a review)

— But two DM components
contributing to the relic
density

h

10—2 4

107

1074

10!

102 10° 104

my,_ [GeV]

10°
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Freeze-out through Higgs portal

Usual Higgs portal cross
seCctlions (see e.g. 1204.2808)

X+ h x=+ SM A h X+ h
\ \

Xi h X% SM X h pat h

" From Atlas latest analysis
(2207 .00092)

From XenonlT and LZ
L (1805.12562 & 2207.03764)

\
7

107 5

10" ;

10° ;

] Bri"v < 0.13

P

Perturbativity

Qparh® =0.119
Perturbativity
LZ-2022

Xenon-1T-2018

Brim < 0.13
ANeff < 0.135

10!

102 10 104 10°

mxf [GGV] 30
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Freeze-out through Higgs

1074 10?
] Perturbativity s 0 ,,/\"f' Perturbativity s

1014 | constraints, .. < a
3 g N n C o0

S driven by @
L
10 subleading 104
; m. 10 x.component,m ™ 100
m <\( m, my
=10714 =1071 4
= relaxe. 2
|Brivv < 0.13 Bri™ < 0.13
102 E — Q[)A\[h2 =0.119 1072 4 QDMh2 =0.119
] Perturbativity Perturbativity
LZ-2022 LZ-2022
1073 4 Xenon-1T-2018 1073 - Xenon-1T-2018
: Brim < 0.13 Brj" <0.13
] ANgfp < 0.135 ANsp < 0.135
10! 107 10 10* 10° 10 107 10% 10* 10°
m,,_ |[GeV] m,_ [GeV] -
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Summary

> N-ality provides a simple way to automatically
stabilise scalar DM with non-abelian gauge symmetries

> Scalar potentials of the SU(2) and SU(3) models are
rich and have intriguing properties

> Mass splitting leads to non-trivial interplay between
DM components in the SU(2) model

> Semi-annihilation processes in the SU(3) model stem
from the stabilisation mechanism

More details can be found here: Arxiv:2212.11918
32
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Back-up slides
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A few words on the SU(3) model

 Accidental directions if additional
U(l) symmetry

« SSB pattern : SU(3)—
« Additional unbroken symmetries (S:)

. of massless DP/triplet of massive
gauge bosons

 Scalar tenplet decomposition :
. of scalar DM degenerate in mass
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Symmetries of the SU(2) model

(" ) ( )
sU(2)w |(X)| SU(2)0. x SU(2).
0 > Ul X 2 Up:x(Ux)
. J . J
K-term [

(%x)]
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Symmetries of the SU(2) model

( ) ( N
sU(2)w |(X)| SU(2)0. x SU(2).
D > Uy X 2 Upb:X(U:)
. _J . J
K-term [
- <0>#£0 [ }
(x = (Zx)]
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Symmetries of the SU(2) model

sU)e | sU(2)0x xGU(2) D

m 9 UD(Dm X - UDxX(Ux)T
- 7] ? Global |
K-term [
- <0>#£0 [
(x = (Zx)]
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The SU(3) scalar potential

V(@) = —p? @7, 8% 4 X (@; <I>”’“) + o Didtkagr  Piaiakagpr

11k 17k 1171 k2 1292k

t1J1k1 Fi2d2k2 Ftaisks
—|—(77 e’1/1’112?/36.71.72.73(:[) ¢ P (I) kik2ks —|—hC)

+(0 €i1jzks €iagika €isjaks Eiggak, BT PP2I2T2 PraJoe pladaa 4 h-C-)
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The SU(3) scalar potential

%

izjzkﬁz %k
13k ¢ (I)’izjzkl

Lo\ 2 N
(I)%Jk) e S Prlrirkip*

V(q)) — _u2 D7 (:[)wk + AP t11J1 k2

11k
ok Ft373k3 F*
pirikagr |+ h.c.)

. (I)’iljlkil (I)’izjzkz (I)isjsks(I)’i4j4k4 + h.c )
S 4 ([ ] [ ]

1101.2417
0 | 10
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The SU(3) scalar potential

%

izjzkﬁz %k
13k ¢ (I)’izjzkl

Lo\ 2 N
(I)%Jk) e S Prlrirkip*

V(q)) — _u2 D7 (:[)wk + AP t11J1 k2

11k
ok Ft373k3 F*
pirikagr |+ h.c.)

. (I)’iljlkil (I)’izjzkz (I)isjsks(I)’i4j4k4 + h.c )
5 4 ([ ] [ ]

- V(@) = —p? Al + X (AD)° + 5 AL A]

T — tkl x *
1101.2417 | A4; = TPy
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The SU(3) scalar potential

11-D vacuum

d 550 —» Abelian ~, Mmanifold
for 9

generators

u2>0

At least 2 flat

5<0 > su(2)xu(1) | directions
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Decoupling temperature

1 dark ANefs<0.135 2 dark
photon ' at 2o photons
[ g*SM(Tdec) 2b3 e g*SM(Tdec) 289 ]

Tdec2300 MeV Tdec230 GeV
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Freeze-out to dark photons

(ov)4 = <O'Xix*i—>'m'7pv> — Am2 i
X+ 10°

Qo /[y mi+ /mi_

(ov)s < 4m (2] +1)/(mpp0)

( )
ap SJ 0.8 10_11(mDM/GeV)3

See P. Agrawal, F. Cyr-Racine, L. Randall &
J.Scholtz, 2016 (ArXiv :1610.04511)
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Freeze-out to dark scalars

2
ALa

(Oxaxi—ppV) = 2
647mei

(%

‘A
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Dy [0, 2 it
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6
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Higgs-portal DD constraints

relaxation
Myy > mp —> 0 ~ 1/ mii e

Qpm
0.8 1

2 /.4
My, K Mp —> 0 ~ my/my

0.6 1

* For high masses and high mass _j: R
ratios, the lightest = L e %
component is suppressed ? -

 DM-nuclei elastic cross- o

section scales as 1/m?2

* DD upper limit relaxes at N |
higher masses m, [GeV]
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\§

Semi-
annihilations

J

LC xxxo'+ h.c.

Direct detection of boosted

DM in neutrino telescopes

(Berger & al., 2022 Snowmass)
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Lepr O V3rsinbm (X" x2x* + x5x5x5)h
Assuming semi-annihilation

to higgs boson dominates the %
f reeze = out p roces S . Perturbativity

101

> All particles are heavier
than DM triplet

> ALl coupling but trilinear
and higgs-mixing coupling
are small 21

Qj)l\lhz > 0.119

Monochromatic flux of
boosted DM particle: 7 7

By = (5m2 — m2)/(4my)

48
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