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ΩX ≈
6 10−27cm3s−1

〈σannv〉

Boltzmann equation  
in the Early Universe:

Weak cross section:

〈σannv〉 ≈
α2

w

M2
≈

α2
w

2
1TeV

ΩX ∼ O(few 0.1)⇒ (WIMP)

�DM � 0.23 forRelic

⇥�annv⇤ = 3 · 10�26cm3/sec

��̄ � ff̄ ��̄� ff̄ ��̄ � . . .

DM as a thermal relic  
from the Early Universe
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Xenon, 
Lux, PandaX…Fermi, AMS, 

IceCube…
LHC
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Theory

Sub-GeV DM
 WIMPless Dark Matter

Feng & Kumar 0803.4196

a.k.a. hidden sector DM 
    secluded DM∼
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 WIMPless Dark Matter ⟨σannv⟩ ≈ α2
w

M2 ≈ α2
w

TeV2

⟨σannv⟩ ≈ α2
x

m2

Feng & Kumar 0803.4196

a.k.a. hidden sector DM 
    secluded DM∼

Production mechanism:
just thermal freeze-out  
of these annihilations
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Theory
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 ‘SIMP miracle’:  
  scalar DM with relic abundance set by 3 -> 2 processes 

   points to 

Hochberg et al 1402.5143

DM

DM

DM
DM

DM

αeff

‘naturally realized’ in a dark-QCD-like setup
αeff = &(1) i . e . gx ∼ 4π

Theory

Sub-GeV DM



 ‘MeV (scalar) DM’ (for the Integral 511 KeV excess?) 
Boehm & Fayet hep-ph/0305261

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

scalar DM and
hadrophilic 

scalar mediator

χ
χ ϕ

t

t̄

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

scalar DM and
hadrophilic 

scalar mediator

χ
χ ϕ

t

t̄

constraints on the mediator constraints on the DM

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

scalar DM and
hadrophilic 

scalar mediator

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

scalar DM and
hadrophilic 

scalar mediator

scalar DM and
leptophilic 

scalar mediator

Theory

Sub-GeV DM



 ‘simplified (light) DM models’ Knapen, Lin, Zurek 1709.07882

scalar DM and
hadrophilic 

scalar mediator

scalar DM and
leptophilic 

scalar mediator

fermionic DM and
vector mediator

(e.g. dark photon)

X

X

VD �

✏

Theory

Sub-GeV DM



 WIMPless Dark Matter 
 ‘SIMP miracle’ 
 Asymmetric DM 
 ‘MeV (scalar) DM’ (Integral 511 KeV excess) 
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 WIMPless Dark Matter 
 ‘SIMP miracle’ 
 Asymmetric DM 
 ‘MeV (scalar) DM’ (Integral 511 KeV excess) 
 ‘simplified (light) DM models’  
 …

Theory

Sub-GeV DM?  Why not! 
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Direct Detection of sub-GeV DM

deposited energy is 
below threshold for typical
nuclear recoil experiments

DM
nucleus

- electron recoil signal
- Migdal effect
- new experimental strategies
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C. Kouvaris, J. Pradler     ‘Probing sub-GeV Dark Matter with conventional detectors’ 1607.01789  
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J. H. Davis      ‘Probing Sub-GeV Mass Strongly Interacting Dark Matter with a Low-Threshold Surface Experiment’      1708.01484 
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R. Essig, J. Pradler et al.     ‘Relation between the Migdal Effect and DM-Electron Scattering in Isolated Atoms and Semiconductors’     1908.10881  
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Collider searches of sub-GeV DM
Missing  signature is below threshold for 
LHC experiments

ET

- fixed target / beam dump experiments

- search for associated states, 
i.e. particles of a new ‘dark sector’ 

B. Batell, M. Pospelov and A. Ritz, Exploring Portals to a Hidden Sector Through Fixed Targets, Phys. Rev. D 80 (2009) 095024, [0906.5614].  

LDMX collaboration, T. kesson et al., Light Dark Matter eXperiment (LDMX), 1808.05219.  
L. Doria, P. Achenbach, M. Christmann, A. Denig, P. Glker and H. Merkel, Search for light dark matter with the MESA accelerator, in 13th 
Conference on the Intersections of Particle and Nuclear Physics, 9, 2018. 1809.07168.  

M. Battaglieri et al., US Cosmic Visions: New Ideas in Dark Matter 2017: Community Report, in U.S. Cosmic Visions: New Ideas in Dark Matter, 7, 
2017. 1707.04591. 

e.g. LDMX coll. 1808.05219
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    and      from  DM annihilations in halop̄ e+

Indirect Detection: charged CRs
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    and      from  DM annihilations in halop̄ e+

Indirect Detection: charged CRs

Problem:  
sub-GeV charged CRs do not penetrate the heliosphere, 
experiments cannot collect… with one exception!

Voyager1



Boudaud, Lavalle, Salati 1612.07698

Electron+positron measurements by Voyager I

Propagation A = strong reacceleration
Propagation B = weak/no reacceleration

Indirect Detection: charged CRs
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Electron+positron measurements by Voyager I

Indirect Detection: charged CRs
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Indirect detection: photons

Past/current experiments:
Integral, Comptel, Fermi
(2002      ) (1991-2000)

Planned/proposed experiments:
e-Astrogam?, Compair?, Amego?

Cirelli, Strumia, Zupan to appear

adapted from 1611.02232
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1309.4091

NB: ‘prompt’ emission only

Laha, Muñoz, Slatyer, 2004.00627v1



Some recent studies
Essig, Kuflik, McDermott, Volansky et al., 
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NB: ‘prompt’ emission only

Laha, Muñoz, Slatyer, 2004.00627v1



Indirect detection: photons

-INTEGRAL

adapted from 1611.02232

MeV 
gap

How to do better?
ICS & X-rays!

Cirelli, Fornengo, Kavanagh, Pinetti 2007.11493



Sub-GeV DM & X-rays
Annihilation channels, focus on the MW (assume standard NFW profile)

DM DM → e+e−

DM DM → μ+μ−

DM DM → π+π−
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sub-GeV DM with 
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Bouchet et al., Integral coll. 1107.0200

latitude binned data, central MW
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constraints


