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Dark Matter Mass Range
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wave-like dark matter regime:
high occupation number
classical oscillating wave
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figure inspired by Lin (PoS 2019)
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Structure Formation with Fuzzy Dark Matter
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Constraints from Small Scale Structure Formation
e.g., abundance of Milky Way satellites
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Constraints on Fractional ULDM
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Cosmic Evolution of ULDM

+ Background field evolution in FRW universe:
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Impact on CMB
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Introduce Interactions with Standard Model
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quasar absorption lines
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Quadratic Couplings

+ Introduce quadratic interactions (focus on two couplings)
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+ ¢-dependent shift to fundamental constants
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+ Backreaction due to thermal mass induced by SM bath: mesz = mz + mﬁld
Bouley, Serensen, Yu (JHEP 2023)

+ Field evolution: ¢ + 3H¢ + m ffqb 0
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Impact of VFC on BBN: Helium-4 Abundance

+ He-4 abundance depends on
+ Weak freeze-out of

n+v,<p+e
n+e o p+r,
+ Neutron lifetime

+ VFC changes abundance

Lots of previous work on BBN,
including detailed analyses for specific models

Work on CMB/post-CMB
typically uses simple parameterizations for VFC
that are active only during CMB era

TEXAS
The University of Texas at Austin
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Rb/Cs Clocks
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VFC During CMB Era

+ Incorporate evolving VFC (model dependent) for EM couplings (for now...)
+ Study impact on CMB under complete model with “scalarCLASS”,
based on modifications to AxiCLASS (Poulin, Smith, Karwal+)
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Oscillations during BBN and CMB Eras
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Impact of Constant VFC on Recombination
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CMB Constraints: “High”-Mass Regime

+ Assume ULDM constitutes 100% of DM

+ Only impactis on Y, in this regime: adapt simple CMB analysis of LCDM+AY),
AY, /Y, <0.082 at 95% CL

+ From PDG 2022/24: AYp/Yp < 0.024 at 20
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CMB Constraints: Fractional ULDM
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CMB Constraints: Comparison with BBN
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Implications for Hubble Tension

Fixed VFC
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Alas...

—— Planck : ULDM
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Stay tuned...

See arXiv post soon!

Upcoming work

+ Linear cosmology with ULDM-induced VFCs beyond a and m,

+ Constraints from CMB and LSS
(Any EFT of LSS experts in the room?)
+ BBN constraints on other element abundances
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