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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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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
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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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Status of  sub-GeV dark matter

● Resonance,

Possible solutions

Bernreuther et al, arXiv:2010.14522

JCAP01(2025)053
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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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Status of  sub-GeV dark matter

Constraints

JCAP01(2025)053
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Status of  sub-GeV dark matter

Indirect detection + Cosmology

Constraints

JCAP01(2025)053
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Status of  sub-GeV dark matter

Indirect detection + Cosmology Bullet Cluster

Constraints
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Status of  sub-GeV dark matter

Indirect detection + Cosmology Bullet Cluster

Accelerator experiments

Constraints

JCAP01(2025)053
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Status of  sub-GeV dark matter

Indirect detection + Cosmology

Direct detection 

Bullet Cluster

Accelerator experiments

Constraints

JCAP01(2025)053
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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

JCAP01(2025)053
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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

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

sub-dominant DM

⇒Asymmetric fermionic DM - discoverable! 

Results: Asymmetric dark matter
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Sub-GeV dark matter and nHz gravitational waves 

● Dirac fermion stable due to U(1)’ gauge symmetry

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

Model - Sub-GeV fermionic DM

?

2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 

● Dirac fermion DM + dark photon + dark Higgs

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

Model - Sub-GeV fermionic DM

2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 

Model - Sub-GeV fermionic DM

+
● Dirac fermion DM + dark photon + dark Higgs

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

+ Loop-induced dark Higgs decays

2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 

Freeze-out CMB X-ray

Cosmology of our dark sector
Depta et al, 1901.06944 Cirelli et al, 2303.08854 

Annihilations Freeze-out BBN CMB

2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 

Depta et al, 1901.06944 Cirelli et al, 2303.08854 

Freeze-out CMB X-rayFreeze-out BBN CMBAnnihilations

Cosmology of our dark sector

Velocity-suppression
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Sub-GeV dark matter and nHz gravitational waves 

Dark Higgs decays

Depta et al, 1901.06944

Freeze-out CMBFreeze-out BBN CMBAnnihilations

Cosmology of our dark sector
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Sub-GeV dark matter and nHz gravitational waves 

Dark Higgs decays

Depta et al, 1901.06944

Freeze-out CMBFreeze-out BBN CMBAnnihilations

Hufnagel et al, 1808.09324
Cosmology of our dark sector

2502.19478
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Sub-GeV dark matter and nHz gravitational waves 

Dark Higgs decays
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Sub-GeV dark matter and nHz gravitational waves 

Freeze-out BBN CMB
?

Cosmology of our dark sector

2502.19478
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Sub-GeV dark matter and nHz gravitational waves 

Gravitational waves from phase transition

Freeze-out BBN CMB

● Phase transition → gravitational waves
● PTAs observed evidence for nHz stochastic gravitational 

wave background
● Astrophysical explanation: supermassive black hole binary 

(SMBHB) mergers;  in tension with realistic astrophysical 
simulations

Phase Transition

2502.19478

NANOGrav, 2306.16213

Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 

Gravitational waves from phase transition

Freeze-out BBN CMB

● First Order Phase transition (FOPT) → gravitational 
waves

● PTAs observed evidence for nHz stochastic gravitational 
wave background

● Astrophysical explanation: supermassive black hole binary 
(SMBHB) mergers;  in tension with realistic astrophysical 
simulations

⇒ PTA signal = GW from phase transition + SMBHB ?

Phase Transition

2502.19478

NANOGrav, 2306.16213

Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo
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Sub-GeV dark matter and nHz gravitational waves 
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo

Cosmology

NANOGrav Signal

Bullet Cluster

Accelerator experiments

Constraints

Annihilations and decays Self-interactions

Invisible dark 
photon decays

GW from FOPT

2502.19478
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Sub-GeV dark matter and nHz gravitational waves 2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo

Global fit results

● Strong phase transition +SMBH background 
consistently fit PTA signal  

● Observed DM relic abundance reproduced
● Viable interval in kinetic mixing parameter testable 

with LDMX
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Summary 2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo

● GAMBIT is cool!
● Viable sub-GeV thermal relics: Asymmetric fermion 

DM, fermion DM in dark sector with dark Higgs
● Dark sector phase transition → nHz gravitational waves
● Viable regions in both models consistent with current 

constraints
● Discoverable!

19

https://arxiv.org/abs/2502.19478


BACKUP



sowmiya.balan@kit.edu Karlsruhe Institute of Technology

Sub-GeV dark matter and nHz gravitational waves 2502.19478
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Secluded Dark Sector
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Sub-GeV dark matter and nHz gravitational waves 2502.19478
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Coupled Dark Sector

18

https://arxiv.org/abs/2502.19478


sowmiya.balan@kit.edu Karlsruhe Institute of Technology

Sub-GeV dark matter and nHz gravitational waves 2502.19478
Sowmiya Balan, Felix Kahlhoefer, Torsten Bringmann, Jonas Matuszak and Carlo Tasillo

Global fit results

● Strong phase transition +SMBH background 
consistently fit PTA signal  

● Observed DM relic abundance reproduced
● Viable interval in kinetic mixing parameter testable 

with LDMX
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Status of sub-GeV Dark Matter arXiv:2405.17548

Cosmological and ID constraints

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

annihilation constraints

https://arxiv.org/abs/2405.17548
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Status of sub-GeV Dark Matter arXiv:2405.17548

Bullet Cluster constraints

● Based on sub-cluster 
survival in Bullet 
Cluster

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

https://arxiv.org/abs/2405.17548
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Status of sub-GeV Dark Matter arXiv:2405.17548

Accelerator experiments

● Missing energy events

● DM scattering events

https://arxiv.org/abs/2405.17548
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Status of sub-GeV Dark Matter arXiv:2405.17548

Direct detection

● DM - electron scattering ● DM - nucleus scattering

https://arxiv.org/abs/2405.17548
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Status of sub-GeV Dark Matter arXiv:2405.17548

Bayesian model comparison

Bayes factor:
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Status of sub-GeV Dark Matter arXiv:2405.17548

Sensitivities

● Allowed parameter regions can be probed by future laboratory experiments

https://arxiv.org/abs/2405.17548

