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Global Fits

● Simple overlay of constraints → no proper 
statistical interpretation

● Global fits: combined likelihood

● Global fits with GAMBIT

Global And Modular Beyond the 
standard model Inference Tool 

(GAMBIT)

AbdusSalam et al, arXiv:2012.09874 AbdusSalam et al, arXiv:2012.09874
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gambitbsm.org
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Status of  sub-GeV dark matter JCAP01(2025)053

Model - Sub-GeV fermionic DM

Sowmiya Balan, Taylor R. Gray, Felix Kahlhoefer, Torsten Bringmann and others
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● Dirac fermion stable due to U(1)’ gauge symmetry

● Portal to SM through dark photon A’ with kinetic mixing 

https://iopscience.iop.org/article/10.1088/1475-7516/2025/01/053
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Status of  sub-GeV dark matter

Freeze-out

Challenges to freeze-out

JCAP01(2025)053

3

Sowmiya Balan, Taylor R. Gray, Felix Kahlhoefer, Torsten Bringmann and others

https://iopscience.iop.org/article/10.1088/1475-7516/2025/01/053


sowmiya.balan@kit.edu Karlsruhe Institute of Technology

Status of  sub-GeV dark matter

Freeze-out BBN

Challenges to freeze-out
Depta et al, arXiv:1901.06944
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Status of  sub-GeV dark matter

Freeze-out BBN CMB X-ray

Challenges to freeze-out
Depta et al, arXiv:1901.06944 Cirelli et al, arXiv:2303.08854 
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● Resonance,

Possible solutions

Bernreuther et al, arXiv:2010.14522
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Status of  sub-GeV dark matter

● Resonance, ● Asymmetry, 

Possible solutions

Bernreuther et al, arXiv:2010.14522
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Status of  sub-GeV dark matter

● Resonance, ● Asymmetry, ● Sub-dominant DM,

Possible solutions

Cirelli et al, arXiv:2303.08854 Bernreuther et al, arXiv:2010.14522
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Constraints
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Indirect detection + Cosmology

Constraints
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Indirect detection + Cosmology Bullet Cluster

Constraints
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Indirect detection + Cosmology Bullet Cluster

Accelerator experiments

Constraints
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Indirect detection + Cosmology

Direct detection 

Bullet Cluster

Accelerator experiments

Constraints
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● Sub-dominant DM: 
○ Allows small resonance parameter, 

large couplings and masses

Status of  sub-GeV dark matter

● All DM:
○ Does not allow large couplings, 

fine-tuned parameter regions

Results: Symmetric dark matter
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Status of  sub-GeV dark matter

● All DM:
○ Large couplings allowed
○ Large asymmetry preferred
○ Contours coincide with 

sub-dominant DM

Results: Asymmetric dark matter
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Status of sub-GeV Dark Matter arXiv:2405.17548

● Sub-GeV DM with coupling to a massive dark photon 
can be a thermal relic

● Velocity-independent annihilation strongly constrained 
by CMB and X-rays

● Solutions: Resonance , particle-antiparticle asymmetry
● Bayesian model comparison: Asymmetric DM preferred
● Discoverable!

Conclusions

https://arxiv.org/abs/2405.17548
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Cosmological and ID constraints

● BBN:
● CMB + X-ray: strong late universe 

annihilation constraints

https://arxiv.org/abs/2405.17548
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Bullet Cluster constraints

● Based on sub-cluster 
survival in Bullet 
Cluster

● Symmetric DM + 
isotropic, 
velocity-independent 
cross-section:
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Accelerator experiments

● Missing energy events

● DM scattering events
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Direct detection

● DM - electron scattering ● DM - nucleus scattering

https://arxiv.org/abs/2405.17548
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Bayesian model comparison

Bayes factor:
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Sensitivities

● Allowed parameter regions can be probed by future laboratory experiments
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Benchmark

● Proposed new benchmark point within allowed parameter regions - fully explored by future experiments

https://arxiv.org/abs/2405.17548

