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Secluded Dark Matter

Example:
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Secluded Dark Matter Examples

DM Original proposal e <1
other states & =¢ (DM DM + ¢ SM SM)
LM ¢ Thermal
Production
€ DM ¢
DM DM
Standard Model
SM SM

Pospelov+ 0711.48660, ...



Secluded Dark Matter E:xamples

DM

other states

@

Standard Model

Original proposal e K 1

% =(s,1» (DMDM + ¢ SMSM)

DM

DM

SM

P Thermal
Production
¢
DM
SM

Pospelov+ 0711.48660, ...

Composite Dark Matter

DM T
DM JT
§ SM
DM DM
——0 > —

Antipin+ 1503.08749, ...
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Because of Heavy Dark Matter

Larger Energies Experimental Access

THE STANDARD NODEL LHC
(& NO DARK MATTER)
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Griest Kamionkowski PRL 1990

TI’WC U ﬂita rity BOU ﬂCl (on DM DM -> angthing)

SST =1 = oipg< @D !

2
Urel MDM

OvU

thermal ov

~ 100 TeV



The Unitaritg Bound: Going Begoncl

ngothesis of Uni. Bound DroP it

. DM~-5SM at (chemical) equilibrium Abundance bg -

e.g. Gravitino DM, inflaton decags
see Hall+ 0911.1120, Garcia+ 2004.08404

2. Universe dominated bg radiation




Universe dominated bg Matter or Vacuum Energg

1 1

cv Dilution

Both dilute abundance of Pre~existing relics! Qo X

OvU

thermal ov

~ 100 TeV



Universe dominated bg Matter or Vacuum Energg

1 1

cv Dilution

Both dilute abundance of Pre~existing relics! Qo X

Q
S

smaller (6V)gq

thermal ov

Dilution

~ 100 TeV MDM
T >100 TeV



Matter DominatiOﬂ & SCClUdCd DM Berlin+1602.08490

Cirelli+1612.07295

< =g, » (DMDM + ¢ SM SM) e < 1
DM & SM
¢ ¢ SM SM
DM @ SM
— — >
DM freeze out ¢ dominates energy of uni 1) cleca95 releasing entropy
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Matter DominatiOﬂ & SCCIUACA DM Berlin+1602.08490

Cirelli+1612.07295

< =g, » (DMDM + ¢ SM SM) e < 1
DM & SM
¢ ¢ SM SM
DM @ SM
— — >
DM freeze out ¢ dominates energy of uni 1) cleca95 releasing entropy

m, + (! +
M = 2.4 X 10° PeV )( )
100 PeV 0.03 sec

Cirelli Gouttenoire Petraki FS
1811.03608
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Vacuum Energg Domination from Phase transition

vac

A
CC tuning
I I v %
O | | >

animation by Yann Gouttenoire



Vacuum Energg Domination from Phase transition

D)

V()() IRadiation dominated |

vacC
CC tuning
V4
0 | | - >
0 /
animation by Yann Gouttenoire
_ d o T4
H=— \/prad T Avac Prad ~ I

d MPI



Vacuum Energg Domination from Phase transition

| Radiation dominated
V(x) -
A
IR | prad(T)
Avac """""""""""""""""""""""""" P
CC tuni ng,
X

0 | | \ >

0 /
animation by Yann Gouttenoire
_ d 4
H=— \/prad T Avac Prad ~ I

d MPI



Vacuum Energg Domination from Phase transition

!

| Radiation dominated
V(x) -
A
e Praa(T)
Avac """"""""""""""""""""""""""""""""
CC tuni ng,
X

0 | | \ >

0 /
animation by Yann Gouttenoire
_ d 4
H=— \/prad T Avac Prad ~ T

d MPI



Vacuum Energg Domination from Phase transition

V( )() [}/acfuum dominated: Prad (Tstart) = Avac

animation by Yann Gouttenoire

_ a o T4
H = g MP] \/,0 rad T Avac Prad ~ I




Vacuum Energg Domination from Phase transition

e g
!
Avac """"""""""""""""""""""""""""""""
prad(T)
4
0 : >
0 /
animation by Yann Gouttenoire
_ d o 74
H=— \/prad + Avac Prad ~ I

d M Pl



Vacuum Energg Domination from Phase transition

e

Avac """"""""""""""""""""""""""""""""""

™ A
0 el prad( ) >
0 /
animation by Yann Gouttenoire

— d o T4
H=— \/prad T Avac Prad ~ I

d MPI



Fnd of Vacuum Energg Domination

A

End of suPer~cooling tl*wrough bubble nucleation

vac

animation by Yann Gouttenoire
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Fnd of Vacuum Energg Domination

A

Decag of scalar ¢ into SM — Reheating

vac

animation by Yann Gouttenoire
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Fnd of Vacuum Energg Domination

A

Decag of scalar ¢ into SM — Reheating

vac

animation by Yann Gouttenoire
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Fnd of Vacuum Energg Domination

A

Decag of scalar ¢ into SM — Reheating

vac

animation by Yann Gouttenoire
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Fnd of Vacuum Energg Domination

A

Decag of scalar ¢ into SM — Reheating

vac

g a 3 3
animation by Yann Gouttenoire Net etfect: dilution !39 D>C = ( end ) ~ <L>
Ugtart Tnuc
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Vacuum Energg Domination & Secluded DM

These Phase Transitions Preclictecl

N some conﬁning theories

DM /A

10



Vacuum Energg Domination & Secluded DM

Cosmic Rags + Gravitg Waves!

These Phase Transitions Preclictecl 10&?\ e
, . , L T >
N some conﬁnmg theorles N
10‘5:-\<
<
I~ B
107°F
{=
 _ Z
DM JU Z| 2| . |
5 | =
10—7 ﬂ- t'lesco S? 1/( |
10 10°  10° 10* 10> 10° 107
Mpv = 47t [TeV]

- Baldes Gouttenoire FS 2007.08440, +Servant 2110.13926
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At Neutrino Telescopes



E, dN, /dE,

100 -

0.001 -

10

0.100 -

0.010.

Neutrino SPcctra from Secluded DM

T T — 100 - e
mpm = 50 TeV , my = 50 GeV mpm = 50 TeV , my = 1 TeV
10; o
E/b@
= L V —
5 S~ s B
b? < z <D
<47 - =, 0.100 - ‘
3 - Q - + -
S o ¥ ot | M Vo v v
7 s ¢ 0.0105
B A S 0001 i s e L
1 10 100 1000 10* 1 10 100 1000 10*
E, [GeV] ANTARES 2203.06029 E, [GeV]
1 , , , ,
. Can be Prechcteol with PPPC or Pgthla) mediator mass matters!

2. Either dedicated searches, or make data Pufolic & usable

1



ANTARES search for Secluded DM

ANTARES 90% CL upper limits my = 50 GeV

10-20 . - -
: unitar°t .
- 1 .Y Ilmlt, R — (10 Gev —1
B | ) -
0~4t+ L. St St .= -
: s B M =
" ! E . EIH v
™ | -
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o 1072 [ i -
= - NN
_ I & v
=, ]'O 23 3 - - v 7 3 (’O. =
T - v v X
> - 3 Qf}g
5 1()_24 - 2007-2015, 2101.6 days “L/O.b _
u ].
~— : DMDM — VV — 4u C] & .
10—25  DMDM — VV — 47 \% i
= DMDM — VV — 4b = "o =
. DMDM — VV — 4y, v

103 104 10° 10°
mDM [Ge\/]

FILIPPO SALA DARK GHOSTS 2022

SECLUDED DARK MATTER

ANTARES 2203.06029
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Bonus: Secluded DM from the Sun

=/ works onlg for limited lifetimes of 1),

:> can test Chf’CCt ClCtCCtiOl"l O‘F MDM =>> TeV Balaji Petraki Sachdeva FS

IN progress
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Whg Secluded Dark Matter?

Larger Energies Experimental Access
e J

HIC S\UNT LEONES High-E Neutrinos
& SECLUDED DARK NMATTER?

THE STANDARD NMODEL [ HC
(& NO DARK NMMATTER)
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