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A matter of perspective: plausible mass ranges
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in the Early Universe:
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models with only DM beyond SM,
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Frontier 3:

heavy (PeV) DM

- ‘Pure WIMP’ models foresee multi-TeV DM

- Heavy DM => weak force as a long-range force

Sommerfeld enhancement

Bound state formation enhancement
=> heav(ier) DM

- Unitarity bound (~300 TeV) can be overcome
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A matter of perspective: plausible mass ranges

thermal

Ultra—light scalars, axion v, particles

Planck scale
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Thow weak scale black hole Solar mass
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Sub-GeV DM

0 0
¢ WIMPless Dark Matter (0,,,V) ¥ — ~ —
- Tev-
a.k.a. hidden sector DM 053
~secluded DM (CynV) & ——
m

if g, is small,
m ‘naturally’ small

(but nothing points to a precise value)

Production mechanism:

just thermal freeze-out
of these annihilations



Sub-GeV DM

& ‘SIMP miracle’:

DM
scalar DM with relic abundance set by & -> & processes 5 DM
points to Keff DM
DM

mom ~ et (T2, Mp1) ' ~ 100 MeV

‘naturally realized’ in a dark-QCD-like setup
A =0() 1.e. g . ~4xn



Sub-GeV DM

& ‘MeV (SC&I&I‘) DM’ (for the Integral 511 KeV excess?)

In conclusion, scalar Dark Matter particles can be significantly lighter than
a few GeV’s (thus evading the generalisation of the Lee-Weinberg limit for

weakly-interacting neutral fermions) if they are coupled to a new (light) gauge
boson or to new heavy fermions F' (through non chiral couplings
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¢ ‘simplified (light) DM models’
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Sub-GeV DM

¢ ‘simplified (light) DM models’

scalar DM and
hadrophilic
scalar mediator

1 1 1

LD —gmix* = gmgd? — Syxmydx” — yndiin,

2

1073 1072 107!

scalar DM and
leptophilic
scalar mediator

1 _
YN BXE — yede.

Fifth force

SN1987a

fermionic DM and
vector mediator
(e.g. dark photon)

1 1
L= —SmA A A = JFE, — SFE -y AL

my << eV

myx [MeV]
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~ 95  Just coincidence? Or: signal of a link?

Possibly a common production mechanism:

Baryogenesis: ‘Darko’genesis:

ng — N 10 npM — py 2
. N~

B

A variety of specific models/ideas:

transferring or co-genesis

DM stores the anti-B number

via leptogenesis .
connection to neutrino masses



Consider a particle x:
- subject to xx — ...
- ‘heavy’ (e.8. = GeV)
- ‘stable’
- in an expanding Universe
- Asymmetric abundance
- large annihilation cross sec

~
R
~—
o
S
Y
o v
9p]
o=
Q
o
N
=
o=
>
o
=
o
@)

XS ff oxx— ff
1078

no = 1.02 10717
oo ="pb
mpwm = 4.5 GeV




Consider a particle x:
- subject to xx — ...
- ‘heavy’ (e.8. = GeV)
- ‘stable’
- in an expanding Universe
- Asymmetric abundance
- large annihilation cross sec

~
R
~—'
o
S
Y
o v
9p]
o=
Q
o
N
=
o=
>
o
=
o
@)

XS ff oxx— ff
1078

no = 1.02 10717
oo ="pb
mpwm = 4.5 GeV




Consider a particle x:
- subject to xx — ...
- ‘heavy’ (e.8. = GeV)
- ‘stable’
- in an expanding Universe
- Asymmetric abundance
- large annihilation cross sec

~
R
~—'
o
S
Y
o v
9p]
o=
Q
o
N
=
o=
>
o
=
o
@)

XS ff oxx— ff
107® a

no = 1.02 10717
oo ="pb
mpwm = 4.5 GeV




Consider a particle x: NI e
- subject to xx — ... no = 1.02 1071
- ‘heavy’ (e.8. = GeV)
- ‘stable’
- in an expanding Universe
- Asymmetric abundance

- large annihilation cross sec
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The relic abundance is determined by 79 and mx.
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‘Reflected DM’

light DM upscattered by hot e in the

Sun gives signal above threshold
(DM-e scattering, twice)

halo
EDI\I
-

-

=

Earth

reflected galactic

XENONIT
PandaX-II
LUX (2013) e
XE100 (S1)
XE100 (S2)
XENONI10 ‘v

SENSEI ----
SuperCDMS —-—

)
stellar )
constraints
y

0.01 0.1 1 10 100
mpmMm (MeV)

Y freeze out

original idea with DM-nucleon scattering:

‘CR DM’
DM upscattered by HE CRs gives signal
above threshold in DD even if light

10-24
10—25
10728

10-27 . MiniBooNE (this work

gas cloud
CMB cooling

==
o~
~
S

.
—
-

same idea
with electron
scattering
and signal

in SK

Solar Reflection
(XENONL1T)

107¥
107° 10> 107* 1073 1072 10~% 10° 10' 10°

Mpwm [MeV]

improvements:
another incarnation: lisht DM produced in spallations of CR on atmosphere
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Indirect Detection: charged CRs

and from DM annihilations in halo
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Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm
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Problem:
sub-GeV charged CRs do not penetrate the heliosphere,
experiments cannot collect



Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm .*

¢

N\

Perseus Arm

Sagittarius Arm ' Local Arm

~ Voyager|

Problem: /)
sub-GeV charged CRs do not p netra,te the hehosphere
experiments cannot collect... with one exception!




Electron+positron measurements by Voyager I
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Electron+positron measurements by Voyager I
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Electron+positron measurements by Voyager I
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' Past/current experiments:

Integral, Comptel, Fermi
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,CTA North

JEM-X L/ HiSCORE

Planned/proposed experiments:

N e-Astrogam?, Compair?, Amego!
Energy (MeV)

ok A Lo LNV
AMEGO satellite 2020s? HEP detectors y-rays 0.2 — 10 GeV
COMPAIR satellite 2020s? HEP detectors ~y-rays 0.2 — 500 MeV

SKA S.Africa+Australia 2020s? radio telescope radio 50 MHz 30 GHz
INO-ICAL India 2020s? calorimeter neutrinos 1 100 GeV

E-ASTROGAM satellite ____2030s? HEP detectors Y-rays 0.3 MeV — 3 GeV
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How to do better?
ICS & X-rays!
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Annihilation channels
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Annihilation channels
DM DM — e'e”
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1

iverse full of Hel
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N astro je ne saws pas quot: a baryo: citne SM:

- BBN computes the abundance of He in terms

-

- 8445 of primordial baryons:
too much baryons => Universe full of Helium
- Blaek Holss - CMB says baryons are 4% max

strong
lensing

l
|
|
|
|
|
|
|

- brown dwarves :
|
|
|
|
|
I
|

A loophole: Primordial Black Holes!

- produced before BBN
- with masses too small/large to lens
- perhaps LIGO is seeing them?
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Constraints on Primordial Black Holes

DM could consist of PBHSs

huge range of sizes:
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Constraints on Primordial Black Holes
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Constraints on Primordial Black Holes

DM could consist of PBHSs
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Constraints on Primordial Black Holes

DM could consist of PBHSs
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KeV DM?
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oterile neutrino decay
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A matter of perspective: plausible mass ranges
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Thermal DM?
Sub-GeV DM?
PBH DM?

KeV DM?
Ultralight DM ?
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The physics of Dark Matter is
in an experiment driven phase

Theory can (does) point to preferred directions,
but actually too many...

Thermal DM? still motivated, frontier Ls heavy DM
Sub-GeV DM ? why wot? Challenging detection
PBH DM? old toea with new vibes
KeV DM? phenomenological

Ultralight DM®? old iLdea with new vibes









