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Dark Matter vs Neutrino A M5
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Minimal Neutrinos L
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Georg G. Raffelt

Stars as Laboratories

for Fundamental Physics

The Astrophysics of Neutrinos, Axions, and Other
Weakly Interacting Particles

In the standard model, neutrinos have been assigned the most min-
imal properties compatible with experimental data: zero mass. zero
charge. zero dipole moments, zero decay rate. zero almost everything.
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Importance of Neutrino Masses [l e
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® Higgs boson = electroweak symmetry breaking & mass. ~ O(100)GeV

® Chiral symmetry breaking = majority of mass.

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

@ Neutrino mass = Mixing

@ 3 Neutrino = possible CP violation

o CP violation = Leptogenesis

o = Matter-Antimatter Asymmetry

@ There is something left in the Universe.

o EW Baryogenesis is not enough.

LHC @ July 4, 2012
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CMB for v Mass Measurement AT
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Massive neutrino decreasing CMB lensing power spectrum
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LSS for v Mass Measurement
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Cosmological Systematics A Ay
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Model/Dataset i Hy [km s™ ' Mpc '] 3 m. [eV] Neg w Or wWo Wa
ACDM+3 > m, DESI [arXiv:2503.14744]
DESI BAO+CMB (Baseline)  0.3009 + 0.0037 68.36 + 0.29 < 0.0642 — — —
DESI BAO+CMB (L-H) 0.2995 + 0.0037 68.48 + 0.30 < 0.0774 — — —
DESI BAO+CMB (plik) 0.2998 + 0.0038 68.56 + 0.31 < 0.0691 — — —
DESI BAO+CMB+Pantheon+ 0.3021 + 0.0036 68.27 + 0.29 < 0.0704 — — —
DESI BAO+CMB+Union3 0.3020 + 0.0037 68.28 + 0.29 < 0.0674 — — —
DESI BAO+CMB+DESY5 0.3036 + 0.0037 68.16 =+ 0.29 < 0.0744 — — —
ACDM+N . ¢

DESI BAO+CMB 0.3004 =+ 0.0042 69.2 & 1.0 — 3.23 4+ 0.18 — —
ACDM+3" m, +Ng

DESI BAO+CMB 0.2996 =+ 0.0042 69.00 = 0.97 < 0.0741 3.16 = 0.17 — —
wCDM+5 m,

DESI BAO+CMB 0.2943 + 0.0073 69.28 + 0.92 < 0.0851 — —1.039 4+ 0.037 —
DESI BAO+CMB+Pantheon+ 0.3045 + 0.0051 67.94 + 0.58 < 0.0653 — —0.985 + 0.023 —
DESI BAO+CMB+Union3 0.3047 + 0.0059 67.93 + 0.69 < 0.0649 — —0.985 + 0.028 —
DESI BAO+CMB+DESY5 0.3094 =+ 0.0049 67.34 & 0.53 < 0.0586 — —0.961 =+ 0.021 —
wCDM+ N g

DESI BAO+CMB 0.2932 4 0.0075 69.8 &= 1.1 3.13 £ 0.19 —1.047 -+ 0.040

DESI BAO+CMB+Pantheon+ 0.3039 + 0.0052 68.7 = 1.0 3.22 +£0.19 —0.987 + 0.024

DESI BAO+CMB+Union3 0.3039 =+ 0.0059 68.8 = 1.0 3.23 +0.19 —0.986 -+ 0.029

DESI BAO+CMB+DESY5 0.3087 = 0.0050 68.35 & 0.98 3.27 £ 0.18 —0.960 =+ 0.022
wowaCDM~+>" m,

DESI BAO+CMB 0.353 + 0.022 63.7+17 — —0.42+924 1,754 0.63
DESI BAO+CMB+Pantheon+ 0.3109 4= 0.0057 67.54 £ 0.59 < 0.117 — —0.845 + 0.055 —0.5757%
DESI BAO+CMB+Union3 0.3269 =+ 0.0088 65.96 + 0.84 < 0.139 — —0.674 + 0.090 —1.061532
DESI BAO+CMB+DESY5 0.3188 + 0.0058 66.75 =+ 0.56 < 0.129 — —0.758 + 0.058 —0.8215:2¢
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Results from DESI BAO et al ALY
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—— ACDM+>"m,
— ACDM+(>_m, > 0)
— ACDM+>" 1,

P/ P

- N S NN S S S S S S S S S e

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

—0.400 0,200 0.000 0.058 0.200

> my, [eV]
Any independent measurement of neutrino masses?
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Cosmic v Fluid (CVF) vs DM Halo [k WEl
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Cosmic v Fluid (CvF) vs DM Halo j;;‘gﬂ;:;’

Gravitational attraction between DM halo & CvF

e
_aa

Neutrinos

Y Vv Vv Vv v VY

Cosmic v Fluid DM Halo
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Gravitational Deflection

Single-particle
description

,le/urw
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Dynamical Friction A BT
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Gravitational Focusing A AT
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Boltzmann description

\ fo(2,p) = [,(p) + 0, (,p)
2
/fu(Pz‘p V) & TP Fron/T 1 1
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Density Dipole A A
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>
v — Density
-§ — enhancement
~— @ downwind!
L
gm = gm 1+ i
5,0,/(—X) — O( gb)

[A(K)]* = / dxe™ > A(x) = / dxe” > A(—x)

- —k-x A
pensity maginary = [ dxe™ % A(x) = ~A(k)
ﬁ In k-space
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4) Sensitive Probe of Light Dark Matter

5) Summary
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Galaxy Correlation & Bias

> Om = Om
— N
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Density dipole can affect the galaxy formation!
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Halo Mass Function & HOD for BGS j‘l‘iuﬁ.“ﬁ“"’
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Signal-Noise-Ratio @ DESI
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Scale & Mass Distributions
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Sensitivities on v Masses
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Sensitivities on v Masses
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Neutrino Mass Orderings AL ET
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Sensitivities on v Mass Ordering A @Ry
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1) Dark Matter vs Neutrino

2) Cosmic Gravitational Focusing
3) 3" Cosmological Way of Measuring v Mass

4) Sensitive Probe of Light Dark Matter

SFG & Liang Tan [arXiv:2509.21213]

5) Summary
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Multi-Components for Dark Matter? [l GEE

\Dark Matter Neutrinos

\ 27% > 0,3%

Dark Energy
69%

® Matter dominates the formation & evolution of our
Universe.

® 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?

Shao-Feng Ge, TDLI/SJTU [gesf@sjtu.edu.cn] Probe v & DM with CGF @ 5th AEI, Durham [Oct/1, 2025]
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Relative Velocity between Species AL ET
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Mass & Sensitivity Enhancement A BT
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~  Ga? X
¢ = " ;(Uuic k) [mf fo(ys) + 3miT] f1(ys) + 2T f2(yi)]

Ga?

(’E;X — W(‘UXC E) (mxf(] T SmXTAfl = QTAfg)

® For neutrino ~ 0.1eV

£,
Q, ~ 0.3% Opum ~ 27% ~ 1072
CpwMm
® For light DM ~ 1eV A
Qx N L {2, Significant

Qpm \m5% Qlpm enhancement!
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Freeze-In DM Phase Space Distribution [g&

Freeze-in Phase Space Distribution
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Free-Streaming Limit A BT
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Clustering Limit A @M
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Projected Sensitivity @ DESI A @ AEsT
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1) Neutrino & DM have many similarities

2) 39 cosmological way of measuring v masses
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Thank You
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Imaginary Density & Average
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Decoherence & Non-Linear A E
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Interpolation between Limits A Ay
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Aims & Scope

® Nonlinear science,
PHYSICS ]_ETTERS A ® Statistical physics,
® Mathematical and computational physics,
® AMO and physics of complex systems,

® Plasma and fluid physics,

® Optical physics,

® General and cross-disciplinary physics,

® Biological physics and nanoscience,

llAstrophysics, Particle physics and Cosmologys
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