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The Cosmological Neutrino

The second most abundant particle in the Universe*
From thermal physics:

*depends on dark matter particle
mass...
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Emyz Suppression of Growth

n. = N., X 3 n.. = 340 cm=3 (Assuming thermal
Y 7 K equilibrium)

o 2 : . ] . | Radiation
py p— mznyi Matter Domination : Domination
1

) ~ Z mezl g
93 h?2 eV o
2 2 2 Is this a coin:cidence?
B2 =p"4+m -
p / '




x°€(x)/(h~2 Mpc?)

Neutrino Mass & BAO
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Current Zm, Limits: in ACDM

Neutrino mass is degenerate with
other cosmological parameters
(Qm especially), so all
cosmological data useful in

improving constraints:
CMB
(Planck "18, CamSpec, Planck "20)

>m,, (P18, DESI, & PP) < 82.1meV,
>m, (P18, DESL, & U3) < 82.1 meV,

+ CMB Lensing (Planck PR4) ¥m,, (P18, DESI, & DES Y5) < 98.0meV

+ ACTLens >m,(CamSpec, DESI, & PP) < 76.9meV

+ BAO Y

+ Type laSNe | >m, (CamSpec, DESI, & DES Y5) < 86.6 meV ,
+ (PantheonPlus, Union3, DES Y5) S, (P20, DESL, & PP ) < 94.1 meV

>m,, (P20, DESI, & U3 ) < 93.8meV,

(
(
(
(
(CamSpec, DESI, & U3) < 77.0meV ,
(
(
(
Sm,, (P20, DESI, & DES Y5 ) < 108 meV

Garcia Escudero & Abazajian, arXiv:2412.05451



Current Zm, Limits: in ACDM

datasets
\\\\\
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Employing a Ay? test (benchmark dataset):
NO preterred over 10 at 1.470

(nonstandard) m, = 0 preterred over NO at 1.360

Garcia Escudero & Abazajian, arXiv:2412.05451



Sensitivity Forecasts for Neutrino Mass with
Standard Model Extension Dependence
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ACDM:
CMB-S4+DESI: 6(Zmy) = 20 meV
CMB-S4+Euclid: 6(Zmy) = 12 meV

Brinckmann et al., arXiv:1808.05955






Nt Effects on CMB
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Neutrino Number & BAO
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Neutrino Number & Hp

“d e dz

rq = rs(zq) =

o

Neg = 3.05 £0.17
PantheonPlus, Union3 SNe

Neg = 2.99 = 0.17
DES Y5 SNe

Garcia Escudero & Abazajian, arXiv:2412.05451



Nets: Not just Neutrinos, Light Relics
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Measuring the Smallest
with the Largest

Standard Model Scenario:
¢ 3-50 measurements of
2.my, = 58 meV

® 70 Negs = 3.044
In ~15 years






Tensions!

Massive first galaxies: JWST possibly
sees too many massive galaxies at cosmic

-t— Radius of the Visible Universe —»
Inflation
Quark Soup

Hy problem: Extra early dark
radiation or dark energy near
matter-radiation equality,
changing 7

BAO +SNe Anomaly: DESI sees smaller
BAO scale at z = 0.5 - 0.7, with SNe adding
to signal of evolving dark energy (40)

300,000 Years 1 Billion Years 12-15 Billion Years

Age of the Universe

Large Growth: CMB lensing observations
by Planck, ACT, SPT see too much of a
lensing signal by intervening large scale
structure at z ~ 2. “Negative” neutrino
mass (20 to 30)

Hj problem: evolving
“phantom" dark
energy (50)

Small Growth (Sg problem): Measures of
structure growth by weak lensing and
cluster counts show smaller than
expected clustering amplitudes (20 to 30)



Tensions!

Large Growth at z ~2
(“Negative” Neutrino Mass)



“Negative” Neutrino Mass

CMB (Planck 18, CamSpec, Planck "20)
CMB Lensing (Planck PR4)
ACTLens

BAO

Type Ia SNe

(PantheonPlus, Union3, DES Y))

+ + + + +

in ACDM

All central values < 20 from
NO (58 meV)

with extended parameters
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Garcia Escudero & Abazajian, arXiv:2412.05451



The Hop Problem

New Physics at Early or
Late Times?



The Hop Problem

A COMPREHENSIVE MEASUREMENT OF Hy FROM SHOES
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Neutrino Number & Hp

“d e.dz

rq = 1rs(zq) = 0

Among the best
alleviations to
the Hubble

tension

Garcia Escudero+
arXiv:2208.14435

Wa " Nogp = 3.45 4 0.12

Garcia Escudero+
arXiv:2208.14435, arXiv:2412.05451




Short Baseline
Neutrino
Oscillations?
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http://www-sk.icrr.u-tokyo.ac.jp/nu98/scan/083/083-022.jpg
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Zmy, Nesr & BAO
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Short Baseline Neutrino in Cosmology?

+Hy

0.0 0.1 0.2 0.3
m,, [eV]

We tested fully and partially thermalized sterile neutrino cosmologies
when adopting the SHOES Hy measurement and found:
* A fully thermalized 1 eV sterile neutrino is only distavored by ~2c
relative to ACDM
* A partially thermalized (ANes = 0.07) 1 eV sterile neutrino fits as
well as ACDM Ay2=0.8
* A partially thermalized (ANess = 0.45) 0.1 eV sterile neutrino is
favored over ACDM by Ay2 =11 (3.30)

Garcia Escudero & Abazajian, arXiv:2412.05451



Cosmology & Net;ﬁnos:

Current Status:
° 2my <77 to 108 meV(95% CL)
* NO preferred relative to 1O at ~1.40
* slight tension with CMB lensing preferring 2m, = 0
®

Netr = U821 7
Future:
Cake: Standard Model Scenario (A) All is well
George-ism:
“God is in his heaven and all is right in the world.”

® 50 measurements of
2m, = b8 meV

® 20 Netr= 3.044
In'~15 years

Icing: Beyond SM Scenario (B) Surprises set in

* Cosmological Tensions Are Signals
e Lab Neutrino Anomalies Are Signals




