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Motivation

¢ Long range force between neutrinos are weakly constrained

1
LD Qméqbz + myvv + gorv

& Neutrino scalar field interaction g, < 7.7 X107 or 10*”x Gravity [Berryman:2022]

& Hard collisions are inefficient probe I' « gﬁ(p
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Motivation

¢ Long range force between neutrinos are weakly constrained

1
LD émiqbQ + myvv + gorv

& Neutrino scalar field interaction g, < 7.7 X107 or 10*”x Gravity [Berryman:2022]
Hard collisions are inefficient probe I' « gy

Usually long-range interaction detection benefit from coherent enhancement
But 1t 1s difficult to have large coherent enhancement for neutrinos in lab,

Our work: looking for long-range interaction in the cosmic neutrino background
(n, ~ 107° /Mpc?)

Xuheng Luo (JHU) May 13th



Model Setup

1

LD Eméqbz + myvv + gpvv

& We turn on long range force between neutrinos that is stronger than gravity

2

& @ =

4Tm;,

& In the linear regime, the system can be solved perturbatively [EoM: Esteban:2021]

¢ Background and linear perturbation evolution (analytical v/ CLASS V)
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Growth of Perturbation
o &, +2H8, = >H? [(1 + )QV(SV 2

o chmSCdm]
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Growth of Perturbation

o &, +2H8, = >H? [(1 & )dev 2
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¢ Peaked structure formation at S ~ based on
Press—Schechter formalism [Domenech:2023]

¢ We assume 1,410 = m(?)l, My hato = 47rpv/3m(3/)

forms when 6, (k = am¢) ~ 1 0.0

3x1074x10"! 6x107! 2x10° 3x10°
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Growth of Perturbation

.o . 3
& 0y +2HO, = EHZ [(1 e )Qv5v = model parameters

(g, mg)

Linear
perturba \
tion
o A‘
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& Very fast growth mode at S < Mg
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onset of nonlinear
6, =1

; > Peaked \
& Peaked structure formation at -~ My based on T
Press—Schechter formalism [Domenech:2023] | formation

& Scale dependent growth: suppressed atg S Mg,
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¢ We assume 1pq10 = mg)l, Mynaio = 4npv/3m3)

forms when 5v(k — am¢) =7
0.0 =—m—r——1( M n )
3x10-14x10"1 vhalo» """ vhalo» *'vhalo/) pBE&HY
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® Ayhalo- 1~ 0.01

¢ Neutrinos are 0.5% of matter, how

Formation of vhalos

Very massive halo formation from
neutrinos

Formation redshift and mass non-
trivially depend on (g, my)

Mvhalo: S 1014M®

to observe these structure?
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Formation of vhalos

10—24

Very massive halo formation from
neutrinos

Formation redshift and mass non- 10~2°
trivially depend on (g, my)

Mvhalo: S 1014M®

Qyhalo: 1 ~ (bl

1.150
1.125
1.100

1.075

RN
1.050 $
m, = 0.06eV

1.025

----------------------

P(K)IP(K)sm, =0

0:975 V 10—30 10—29 10—28 10—27
D — meg [eV]

May 13th 11



Impact on matter power spectrum

& Matter perturbation from neutrinos can be large even though (),, = 0.5%
@ 0y ~1,atz ~ 100 py,0y ~ PcamOcam

¢ Massive primordial black hole can enhance structure formation even with small abundance
[Carr:2018, Inman:2019, Liu:2022]
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Impact on matter power spectrum

& Matter perturbation from neutrinos can be large even though Q,, = 0.5%
0y ~1,atz ~ 100 py,0y ~ PcamOcam

¢ Massive primordial black hole can enhance structure formation even with small abundance
[Carr:2018, Inman:2019, Liu:2022]

vhalos are effectively a point mass at observation scales, we model their mps by

Pn(a) = D, (a, avhalo)z(l = Qv)ZPCC(avhalo) D G, Olvha,lo)2

corrections need to be added at small scales

Xuheng Luo (JHU) May 13th 13
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Results

M, vhalo — 10 13 ]\[w L Zrhalo Z2

DESI 10 (galaxy)
SDSS DR7 LRG
eBOSS DR14 Ly-a forest

Wavenumber k [h/Mpc]
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Results
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Summary

¢ Non-linear structure of neutrinos can form when long-range interaction is strong
& Potential large impart on structure formation from neutrinos non-linear structure

& LSS is not the only way to look for it, but also from CMB, galaxy...

Xuheng Luo (JHU) May 13th 16



Thanks!
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Formation of vhalos

® Press-Schechter formalism
& Perturbations are Gaussian random field

¢ vhalo form when perturbation exceed 1

¢ Predict halo formation probability

p(RL,2) =2 X —/ ze /2
V2m Js,,./o(Re, z)

Xuheng Luo (JHU)
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Ayhalo
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Results

Galaxy Cluster

Drawf Galaxy
®

DESI

" SDSS DR7 LRG
eBOSS DR14 Ly-a forésil

102 103 104 10°
]\jz/ha lo []-O 10 ]\[IZZEII? ]

Apr 30th

19



vhalo model

Seed effect: dense object can grow from accreting nearby dm = minihalos

vhalo is surrounded by secondary infall of dm when 6,,, ~ 1

Growth of minihalos M,,,;, < a

Profile can be analytically derived (Bertschinger, E 1985, Fillmore&Goldreich 1984)

© © o @

9

® Pmn = 2pc (L)_Z

mh
& Need to cut off the profile at v ~ 1,410

1
& Matter power spectrum P = | 2
mh

A sin(—)
fr 4nr2drp(r,a)Tra

& = 2
Mmh
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Background: mass variation

n? =0 (A\CDM)
n%=>50

n? =100

n? =200

n? =400

i—> free streaming
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Perturbation: enhanced 6, growth

R
k [h/Mpc]
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