Abdel Pérez-Lorenzana
Cinvestav-1PN

ICN, JANUARY pi0r€ @

In coll. with J.A. Venzor, J. De Santiago and G. Garcia-Arroyo.



Neutrinos have mass and mix

l

BSM

l

New Fermions (N)
or
New Scalars (flavor symmetries)

l

New particles come with new phenomenology

Early Universe is a good playground to look for it
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Relic Neutrino Background @

At decoupling efe"«+»vw and evewpev : T,=T,

Decoupling occurswhen: H =T = (ov)n
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Relic Neutrino Background @

At decoupling efe"«+»vw and evewpev : T,=T,
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Relic Neutrino Background @

At decoupling efe"«+»vw and evewpev : T,=T,

Decoupling occurs when: H =T = (ov)n

M. \1/3
T ~ 0(1) <M_W> 2_‘/4; ~ 1.5 MeV A neutrino background
P o

neutrino freeze-out: T, ~ 0.84 MeV

At T~ 0.5 MeV (z~10°) : there is no energy to sustain
et e pair production

Entropy balance: S+ + 5, and §, arediluted at the same rate

1
T\ (1173
Thus, after pair annihilation: { = | = | — & T,=1.95K
T, 4

(1.68 x 10~*eV)



Neutrino cosmology parameters @
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Free streaming and structure formation @

Collapse time scale:

Over dense regions collapse Aty =(ATGp )t
while :
Escape time scale:
neutrinos fly away At = 2

escape —

Vihermal

Evolution of primordial (matter) perturbations:

6 + (Pressure — gravity)é = 0

Neutrino free streaming scale: k > krs : 6, vanishes
o metric pert. are reduced
A= 81C), 242\/1+z eV ' Moc . Shifts CMB tra &
s=\30 77 A, m, p Ifts power spectra

o damps its amplitude
kpszg * Structures don’t form



Matter power spectrum &
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Large-scale matter power spectrum, P(k)
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Neutrino mass limits @
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Big Bang Nucleosynthesis @

Nucleosynthesis era:

100MeV =T = 0.05 MeV
t ~3—5min
108 < z < 1012

ButatT ~1—2 MeV o

(t~0.2 sec) .
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Nucleosynthesis outputs @

baryon density Q h?
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Neutrino - scalar NSI

Neutrinophilic bosons Neutrino scatterings
V
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Neutrino - scalar NSl @

Rates Suppressing Neutrino Free-streaming
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Neutrino NSI @

o, — 0G, — 01|y — 0T



Neutrino NSI @

o, — 0G, — 01|y — 0T

Phase space distribution function
f(x,q,7) = f(q) [1 + O(x,¢,n, 7)]



Neutrino NSI @

oy, — 0G,, — 0T}, |, — 0T

Phase space distribution function
f(x,q,7) = f(q) [1 + O(x,¢,n, 7)]

In synchronous gauge:

A~

Boltzmann EQ. (in Fourierspace) pu=k-#

90 din fO | . h+ 61 .
f E“k_ Ot U |13 || =l




Neutrino NSI @

vi(p1)+v(p2) < vi(p3) +vi(pa). ><

-1
C=cx / Ao dI13d114(27)*6* (P + Py — Py — Py)M*F (k, p, P2, P3, P4, T)
_ g.d%p
alt = 2E(2m)3

F(x,p1.P2:P3.P4.7) = f(x,p3.7) f (X, P4, 7)[1 — f(x. p1.7)|[1 — f(x.p2.7)]
—f(x.p1,7) f(x,p2.7)[1 — f(x.p3, 7)][1 — f(x. P4, T)]



Neutrino NSI @

vi(p1)+v(p2) < vi(p3) +vi(pa). ><

-1
C=cx / Ao dI13d114(27)*6* (P + Py — Py — Py)M*F (k, p, P2, P3, P4, T)
_ g.d%p
alt = 2E(2m)3

F(x,p1.P2:P3.P4.7) = f(x,p3.7) f (X, P4, 7)[1 — f(x. p1.7)|[1 — f(x.p2.7)]
—f(x.p1,7) f(x,p2.7)[1 — f(x.p3, 7)][1 — f(x. P4, T)]

Legendre mode decomposition:

k,q,n,7) Z 2€—|—19£kq'r)Pg()



Boltzmann neutrino hierarchy @
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Boltzmann neutrino hierarchy (RTA) @

fla',q.m) = folg) [1+9(2', q. 7, 7)]

Relaxation time approximation c/ ~al W
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NSI bounds for heavy scalar mediator @

Heavy scalar mediator:

|M|2 = 2G5 ;(s* +t* +u?)
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NSI bounds for light scalar mediator @

J. Venzor,G. Garcia-Arrollo, APL, J. de Santiago, PRD 105, 123539 (2022)
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Planck
Il Planck + BAO
I Planck+BAO+HO

J. Venzor,G. Garcia-Arrollo, APL, J. de Santiago,
PRD 105, 123539 (2022)
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Resonant NSI effects @
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Resonant NSI bounds @
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Resonant NSI effect on H, @

Preliminary!
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Effective thermal mass from scalar NSI @

f,v

Am(m;;T) = ﬂ/m dk\/k2 — m7f (k) 6,

71.2

> & >
v v

Moty = m, + 2GegAm(m,; T,) + 3GsAm(m,; T,)

grg 2
Ge =~ Gs = =%

K. S. Babu, G. Chauhan, and P. S. B. Dev, PRD 101 (2020)



Effective mass from vNSI @
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NSI effective mass effects on Tdec @

Tdec [MeV]
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J. Venzor, APL, J. de Santiago, PRD 103 (2020)



Light scalar NSI effects on Neff @
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BBN bounds on light scalar NSI @

J. Venzor, APL, J. de Santiago, PRD 103 (2020)
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BBN bounds on light scalar NSI @

RG/HB Stars

Fifth force exp.
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Concluding remarks @

Neutrinos play an important role along termal history of
the Universe.

Cosmological data (CMB, Matter spectrum, BBN) are
sensible to neutrino physics through

Tdec» z m, , Neff» (kFS)

NSI may alter such parameters, providing a way to
explore for observational bounds to the new couplings

We have explored NSI effects on CMB-BAO-HO0 data
and BBN for light scalar mediators, and around

resonance
More work underway...
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Resonant NSI interaction limits

Data: Planck + | BAO BAO+HO0| BAO BAO+HO| BAO BAO-110] BAO BAO+HO[ BAO BAO+HO
Mg[eV] 1077 107" 1 10 100

Holkm s™'/Mpc] | 68.173:8 711715 | 681737 71.2%18 | 67.0735 7120 ¢ |67.7930 711710 | 675738 71.07)7
Neys 3.127047 3584031 13124042 3501031 13054942 356130 |3.031042 3547005 13.0210:42 3541023
S my, [eV] <0110 <0119 | <0114 <0.123 | <0.112 <0110 | <0120 < 0.117 | <0.110 < 0.0915
g, x 104 <81 <909 | <917 <106 | <150 12475 | <367 2772 | <147 <207

&

TABLE 1. Observational limits at 95% confidence for different models with varying Negr and m,. We see that for 1 and 10
M the interaction is non zero at more than 2e.



NSI effective mass effects on neutrino density @
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Neff vs BBN

Fraction of critical density
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