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• Also can be produced through freeze-out
o Evade Lee-Weinberg bound by introducing 
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• Escapes nuclear recoil direct detection exps

o Largely experimentally unexplored..
o Electron recoils or accelerator exps
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Big Bang Nucleosynthesis
𝐷𝑀 𝐷𝑀→𝑆𝑀 𝑆𝑀
• Alters 𝑁()) = 2.99 ± 0.17
• Light element abundances

Exotic Energy Injection
𝐷𝑀	𝐷𝑀 → 𝑆𝑀	𝑆𝑀
constrained by CMB measurements
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Bullet Cluster
𝐷𝑀	𝐷𝑀 → 𝐷𝑀	𝐷𝑀

• subcluster survival rate

• DM/galaxy offset

Jordan Koechler

arXiv:2303.08854
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Accelerators
Monophoton searches
𝑒+𝑒* → 𝛾𝐴,, 𝐴, → 𝑋𝑋
• BaBar

Fixed Targets
Dark photon production
𝐴, → 𝐷𝑀
• LSND
• Mini-BooNE

• NA64 
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Laboratory Experiment Constraints

Direct Detection arXiv:2210.07305

obscura software for direct DM searches via nuclear 
and electron recoils

• XENON1T
• SENSEI

• CRESST-III
• and more..
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Benchmark models with a 𝐴, mediator

How to evade indirect detection constraints?
1. Resonance enhancement: 𝜖1 ≡

2!"
# *32$%

#

32$%
# ≪ 1

2. Assymetric: 𝜂 ≡ 4$%*4$%
&

> 0

3. Sub-component: 𝑓 ≡ 5$%6#	
5$%,'()6#

< 1
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Dirac DM subject to strong 
constraints from CMB and X-ray 
observations

• Requires tuning of 𝑚8
, /𝑚!"

 → Relax with asymmetry

BBN

NA64 BaBar

Relic Density

See Hannah’s talk

And Andreas’ talk!



Summary
Frequentist and Bayesian global fits of 2 sub-GeV DM models using 
GAMBIT

• Fermionic DM
• Preferred region is resonant freeze-out
• Or, introduce asymmetry

• Scalar DM
• Weak indirect detection constraints
• Subject to constraints from fixed target/collider experiments

Thank you for listening!
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Additional Material
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GAMBIT Priors

27



Samplers

Frequentist: 
arXiv:1705.07959

• Differential evolution sampler
• Profile likelihood

• (Computationally more expensive)

28

Bayesian: PolyChord 
arXiv:1502.01856

• Nested sampling algorithm
• Posterior distribution of parameters 

given the prior



Frequentist vs Bayesian
• Parameters are random variables w 

distributions
• Volume of allowed parameter space
(Fine-tuning is penalized)

• For example: 
• 𝜂 parameter
• smaller 𝑔*+ and larger 𝑚*+

29

• Parameters are fixed quantities
• Only likelihood matters 



• Fine tuning is penalized
• Highly asymmetric is preferred
• Relaxes other constraints
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Global Fits of sub-GeV DM: 
Bayesian scans

Asymmetric full component Dirac fermion DM


