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DM detection experiments are limited to m 2 L,
Cosmological probes can access ultra-light masses
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The Intergalactic Medium is the largest detector
Just quiet hydrogen waiting to interact




distant quasars help us measure the IGM'’s
physical properties




The Lyman Forest

Observer Redshift
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Quasar absorption lines
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Quasar absorption lines

Doppler Parameter Column Density
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uasar continuum
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Lines are very sensitive to the IGM
temperature

Some Dark Matter models have thermal
effects on the cosmic web
(DP, PBH, axions, decaying or annihilating DM)

Can use absorption lines for
fundamental physics
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IGM temperature

Bolton et al. 2022

We can study the distribution of the 0.04p 0. m T AGN' - |
doppler parameters to understand the ; H02 :
temperature of the IGM T oongAGN

— — - H02 (1.24b)

At redshift ~ 0.1

Simulations do not reproduce the
observed distribution

Missing ~ 6.9 eV per Baryon

Non-canonical heating required

(AGN feedback does not solve the discrepancy)



Standard Model Extensions

See Fabbrichesi et al. 2020; Bolton et al. 2022 (b) _
three generations of matter interactions / force carriers
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Dark Photon Dark Matter A’

See Fabbrichesi

et al.

2020; Bolton et al.

2022 (b)

¥ gains an effective mass in ionised medium

m(z,X)  nyz,X)

Where

oscillations A’ < y resonantly enhanced
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Dark Photon Dark Matter A’

See Fabbrichesi et al. 2020; Bolton et al. 2022
PA'—);/(mA’a 6)
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my~107°-10"" eV Free-free absorption by the ionised IGM™
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Low energy
radio photons

Net energy injection

EA,_W
in the IGM at a
Modified specific density
Sherwood Simulations

by J. Bolton
(P-Gadget-3)




Modified Sherwood Simulations [P-Gadget-3] by J. Bolton

Simulating A’
in the IGM

Hydrodynamical Cosmological
simulations of the IGM
(Sherwood Suite)

Modified to include A" heating
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Normalized Flux

log(T/K)

What is the effect on the forest?
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Normalized Flux

From an idea of Rorai et al. 2017

Transformed B
FIUX — Regulate normalisation Fr — F/F95th
PI‘O ba bility — Transform (non-linearly) the flux

SRR | | F,=|F.|"
D|Str|but|on Enhance the differences close to the continuum A — s

Avoid continuum placement bias
See Rorai et al. 2017/
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From an idea of Rorai et al. 2017

Transformed B
FIUX — Regulate normalisation Fr — F/F95th
PI‘O ba bility — Transform (non-linearly) the flux
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Avoid continuum placement bias
See Rorai et al. 2017/
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Transformed
Flux

Probability
Distribution

See Rorai et al. 2017

PDF of regulated and transformed flux
Sensible to slight differences in T

Can discern between A’ models
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log €

Posterior analysis
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 w— A2(0.73, 0.01) 0 Bolton+22 | Bayesian exploration of

dark photon parameter space

Preferred dark photons with

Weak mixing

Small energy injection

Not different from standard ACDM
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A’ is not required to explain z ~ 2.7 data

But

we can use the data to constrain A' models

Likelihood ratio analysis
Profiling over mean flux

Ruled out at 95% C.L.

Model proposed to solve z ~ 0 tension

Still allowed!!
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Takeaway
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Dark Photon Dark Matter modifies
the temperature of the IGM

Lya can be used as a thermometer

No trace of Dark Photon DM found at
7z~ 3

Proposed models are still allowed
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