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Dark Matter vs Neutrino

 Important neutral 
components

 New Physics 
beyond SM

 Fundamentally 
unresolved issues

Dark 
Matter

 Largest 
fraction

Neutrino

 Largest 
number

Matter Worlds in Universe
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Minimal Neutrinos
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●  Higgs boson  ⇒ electroweak symmetry breaking & mass.

●  Chiral symmetry breaking   majority of mass.⇒

●  The world seems not affected much by 
the tiny neutrino mass?

Daya Bay @ March 8, 2012

LHC @ July 4, 2012

~ O(100)GeV

Importance of Neutrino Masses
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CMB for ν Mass Measurement

Massive neutrino decreasing CMB lensing power spectrum
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LSS for ν Mass Measurement

Suppress matter power spectrum

1309.5383
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Cosmological Systematics

DESI [arXiv:2503.14744]
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Results from DESI BAO et al

Craig, Green, Meyers & Rajendran 
[arXiv:2405.00836]

Any independent measurement of neutrino masses?
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Cosmic ν Fluid (CνF) vs DM Halo
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Cosmic ν Fluid (CνF) vs DM Halo

Cosmic ν Fluid DM Halo

Gravitational attraction between DM halo & CνF
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Gravitational Deflection

Single-particle 
description

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Dynamical Friction

Single-particle 
description

vs Stone in Water Flow



Shao-Feng Ge, TDLI/SJTU [gesf@sjtu.edu.cn] Probe v & DM  with CGF @ 5th AEI, Durham [Oct/1, 2025] 15

Gravitational Focusing

Boltzmann description
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Density Dipole

Density 
enhancement
@ downwind!

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]

Density
Dipole

Imaginary 
in k-space
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Galaxy Correlation & Bias

Galaxies with different bias

Density dipole can affect the galaxy formation!
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Halo Mass Function & HOD for BGS

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Signal-Noise-Ratio @ DESI

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Scale & Mass Distributions

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Sensitivities on ν Masses

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Sensitivities on ν Masses

DESI, Euclid, Subaru PFS, CSST

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Neutrino Mass Orderings

SFG & Liang Tan, PRD 111 (2025) 8, 083539 [arXiv:2409.11115]
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Sensitivities on ν Mass Ordering

89.9%  vs  10.1% 98.2%  vs  1.8%

SFG & Liang Tan, PRD 111 (2025) 8, 083539 [arXiv:2409.11115]
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Multi-Components for Dark Matter?

● The <5% matter world is already complicated enough.

 Christoph Englert: “Why should a hidden sector be trivial?”

● What if there is a major heavy DM + a minor light DM?

● Matter dominates the formation & evolution of our 
Universe.
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Relative Velocity between Species

Relative velocity decreases with the light DM mass mX!
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Mass & Sensitivity Enhancement

● For neutrino ~ 0.1eV

● For light DM ~ 1eV
Significant 
enhancement!
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Freeze-In DM Phase Space Distribution

For                     , the 1st term dominates

Freeze-in Phase Space Distribution

Mass power reduces when replacing CX by ρX0
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Free-Streaming Limit
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Clustering Limit

For light DM mX ~ O(10eV), free-streaming scale << 1Mpc
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Projected Sensitivity @ DESI
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Summary

1) Neutrino & DM have many similarities 

2) 3rd cosmological way of measuring ν masses

3) Light DM fluid vs Major CDM halo

Fourth power dependence!

Free-streaming Limit Clustering Limit

Dipole vs Imaginary
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Thank You
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Imaginary Density & Average
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Decoherence & Non-Linear
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Interpolation between Limits

Free-
streaming 
Limits

Clustering 
Limits
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《 Physics Letters A 》
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