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Main Highlights

BSM Interactions: Between SM fermions and Light mediators (ALP,
light gauge boson, etc.).
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Note: The BBN constraint is also applicable here.
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Introduction Neutrino and cosmology

e Around BBN (after e™e™ annihilation):

neutrinos are the 2nd most abundant particles in BEs

the Universe.

e N associated with relativistic DOF.

pu (Ty)
AT <cmes N x (20
¢ py (1)

It is a crucial parameter in cosmology describing the dynamics of the
thermal history of the Universe.

e CMB : Planck 2018 data estimates| NG® = 2.99+0:3 | at 95% CL

assuming ACDM cosmology.

e BBN : Ng = 2.8910:63 4t 24 Varying Neg and Y, ).
0.57 P
Pisanti et al. 2011.11537

NYE(BBN) = 3.51 and NJF(CMB) = 3.33.
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SM Contributions to Nggs Neutrino Decoupling within SM

EFT SM Ints.: £, 5 E[mv] [e* gy — gar°)e]

EM Int.

At T, ~ few MeV : Ililiiil Weak Int., e et | — 2 III =T,=T,

At T, Sme: IIIIIEEI e et | — III =T,#T,

SM : Ney(CMB)=3.043
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o Planck 2018 data: NGMB = 2.9910-% at 95% CL.

(] SM Contribution NCMB ~ 3043 Escudero, et al. arXiv:2306.05460

ANGMB |y, = NSMB(Planck) — NGMB(SM) ~ 0.28 | with 95% CL.

The additional contribution to Neg — Scope of new physics.
@ Solution: Non statndard neutrino interactions with the light dark
mediator (ALP, light gauge boson, etc.).

U(1)r, — 1, : JHEP 03 (2019) 071, PLB 834 (2022) 137463 U(1)g_y, : arXiv:2308.07955 .

Our Contributions: We considered a generic U(1)x model with
arbitrary charge assignments.

e Specific anomaly-free charge assignments —
X:B —L./ Li —Lj(i #J), B—3L7‘,7 Bi - Lj etc..
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Negg with U(1)x
e SM+ light Z’ originated from generic
U(1)x model with T~ O(MeV) @ e s ww @
L£Z D gx (Xsvy*Prvr + Xov,/“Prv,) Z,,

+gx (X177 Prve + X187%€) Z,,

Parameters: Light gauge boson: {Mz/, gx}
U(1)x Lepton Charges : {X1, X2, X3}

Temperature evolution for the SM (e*, v, v1) and BSM (Z’) specices:

dr,, 0Py, et Pz, Opuy, !
= —|4H - ; Ty, =Ty, =T
at ( Puvp, 5t + 5t BTVL ( Ve Y VT)
dT,, Spgr_yy, 8p 41 + op 51
z L Z'—e A [
— _|(3H + P — — —Z ; Z'" :in thermal bath
dt ( (Pzr + Pzr) 5t st oT,, ( )
S -1
dT. PUL —et 5PZI + Op~ 9pe
— — | 4Hpy + 3H (pe + pe) + + —< — + )
dt ( o (pe +pe) st 5t aT, © oT,
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LE, > gx (Xo@) Pun Y Py Zt + 9x (X170 Prve + X167%) Z),

Light gauge boson: {My/,gx} :: Lepton Charges : {X, X2, X3}

lg=107, M,=10 MeV]

0 e 3

X;=-1, Noy=3.38
X,=-1, X,5=0, N;=3.38
X,=-3, X,5=0, Ny=3.47
—- Xy=-1,X,,=0, Ny=3.34 7
——- X,20,X,5=-1, Nyy=3.34
_______ X,=-3, X,5=0, Ny=3.34

A Nef‘f
|
|

Planck 2018 (20)
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Any increase in the effective coupling (X;gx) leading to an increment
in Neg.
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A Nggr Impact of light gauge boson on N

ﬁf{t 2 9gx (X2(3) _[L(T)/yaPLV,U,(T)) Z(/;y +9x (Xlﬂe'yaPLVe + Xlé'y&e) Zc,x

Mz=10 MeV
1.00 -

ith €=-
wsol  (with €=gJ/70)

""" X1,2,3=1
g_oeof - X=3X=0 )
UZ% - X=0,Xp5=1 e X3 0 e X, =0
< ]
] z' y z'
0.00 1 L - s
10 10° 107 10° 10°
8x et et
. 7' from U(1)x Models
Ex: Ex:
X:
B-L e
B-3 L. L,-L,
LoLy. B-3 L,
B3 L Tree level coupling with e” Induced coupling with e* B-3L,
i~ ‘e
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U(t)x models (anomaly free)

| Models | XQi (Xuz = Xdi) | X1 | Xg | X3 |

EEARH Y AR

By — 3L, (1,0,0) 0 -3 0
By — 3L, (0,1,0) 0 -3 0
Bs — 3L, (0,1,0) 0 -3 0
Bi - 3L, (1,0,0) 0 0 -3
By — 3L, (0,1,0) 0 0 -3
B; — 3L, (0,1,0) 0 0 -3

Mmoo
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Ul)x models (anomaly free)

CMB
A Neff
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Specific U(1)x models with Xy # 0
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L,L, with e=-g«/70

L,-L, with e=0
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conclusions

e The new interaction of Z’ with both e and v;, can potentially
impact the neutrino decoupling consequently altering Neg.

e In some My region, the Neg bound from Planck 2018 is more
stringent than the low energy experimental constraints.

@ These U(1)x models are widely used used in particle physics as
well as cosmology. The bound from N.g derived by us will be
extreamly relevant for the community.
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Hjy Tension: Discrepancy between the values of expansion rate Hy
obtained from CMB and local measurement.

o CMB measurement (PLANCK 2018) :

Hy = 67.36 +0.54 Km s~ Mpc™! B e
e Distance measurement (SHOES) : s | ]
Hy =73.04+1.04 Km s~! Mpc™! =0 l ] 1 | 11
Riess et al. (arXiv:2112.04510) ’%gg | [I 1 ] -
@ Discrepancy of around 60 between 64
two measurements. il
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SM Ngge with NLO QED correction

’ Physical Scenario N Eflf\/[ -3
Instantaneous v decoupling 0
residual ete™ — vv 0.03
QED corrections to p+.- and p, 0.01
NO 0.0007
NLO QED coorections (eTe™ <> v rates) —0.0007

Escudero, M., et al. (2023). arXiv:2306.05460

Contributions to Neg in the SM. NSM = 3.0432(2) ~ 3.043 (arXiv:2306.05460).

1) 2)

NLO QED Contributions to Neg in the SM. (Escudero, M., et al. arXiv:2306.05460).
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CMB and P, (k)

Impact of Neg on CMB and P, (k) : Increase Neg and rescal wy, and
wp to fix zeq and zp.
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Ref.: Taken From Julien Lesgourgues’s Presentation.
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Upper bound on N.g(20)

Experiments
Planck 2018 [4] Negr < 3.33
Simon Observatory [61] Neg < 3.14
CMB-84 [62] Nog < 3.10
Neg < 3.07

CMB-HD [63]
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Constraints

Experiments Process Observations ‘ Refs. ‘
=
EvES ve—ve XENS%\I[Z%L 50],
(elastic electron-neutrino| incoming particle: recoil rate of e~ B -
scattering) solar v (ve) [mor;glr;ou
CEvNS Csl and Ar

(coherent elastic neutrino
-nucleus scattering)

vN—=vN
nuclei N: {Csl, Ar}

recoil rate of nucleus

(35, 43, 52]
XENON [21, 22]

. E137 53,
Fixed target experiments c(p) N, - 6(_2))_]\[ Z dltsplacg d vertex E141 B’)LA7
7' —eTe with di-electron E774 [34] etc.
LBNE [55],
Neutrino trident v N—=v Nyt | di-muon final state CCFR [56],
DUNE [57]
(@) pp— 2" — ptp () oppositely () 5]

ATLAS and CMS

(i1) pp = h,¢ — Z* 7,
YAARST

charged muons
(i) 4¢ final state

BaBar, Belle

et e” = e Z'

L2 (U =e,p)

lepton charged
tracks with -y

BaBar (17, 33]
Belle [32]

KLOE

et e” = msrZ',
AR NTATE o

charged tracks
with ~

KLOE [61]
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