Cosmological Constraints with Self-Interacting Sterile Neutrinos

What to Expect

« Tension between sterile neutrinos suggested by
short baseline (SBL) anomalies and cosmology

« A gauge boson model to suppress sterile
neutrino production before the epoch ot
neutrino decoupling

« Contronting the model with Big Bang
Nucleosynthesis (BBN) data

« Confronting the model with CMB and Baryon
Acoustic Oscillation (BAO) data

Introduction

Effects of neutrinos in cosmology:

= Neutrino energy density affects the expansion rate
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« Neutrino free-streaming suppresses structure
erowth at small scales
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Anomalies in short baseline neutrino experiments in-
dicate ~eV sterile neutrinos (LSND[2]|/MiniBooNE;
Gallium anomaly, reactor anomaly). For LSND
Vv, — V. oscillation,

Am? L GeV
Pa5:SiH22981H2 (1.27 eg; — 2 ) , L~ 30 m,
E <100 MeV =  Am* ~ eV*, sinf ~ 0.1

—> Ng >4
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Self-Interacting Model Results: BBN

New mechanism was introduced[3]: « N affects expansion rate of the universe

- 0 - - - = v, number density aflects n — p conversion rate
- Sterile neutrino interaction mediated by massive ¢ Y P

gauge boson: L = gXDS’yM%(l — Y5 ) Vs X - Large Gx preferred
- In case T, < My, approximate by 4v effective
interaction with G'x/v/2 = g% /(8M%),
= i ov) & AT Vg =~ 20D R
- In-medium mixing angle modified: sin”26,, =
sin” 20, - omy
(cos 28y + Vir/ )’ + sin?20,” 1™ 7 28

Sterile Neutrino Production Delayed

If Veg > fose before 1 MeV, vy production delayed, by energy conservation — Neg ~ 3.0.

Analysis

X2,:., for various models and data combinations[5]:
Free-v,: no new interactions.

Int-v,: with new Interactions.

BP: broad prior = NP: narrow prior

Data ' ACDM Free-v, BP Free-v, NP Int-v, BPInt-v, NP

Exact Solution Results: CMB+BAO

Neutrino flavor conversion in the early universe can Prior parameter range:
be described by density matrix p whose evolution is Prior log,o(Gx/Gr) mg(eV) sin? 0y,
governed by quantum kinetic equations|4]. Broad  [—2, 10 0.1, 3] [0.003,0.3]
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- Gx > Gp v, produced after 1IMeV — Nog ~ 3 _ Narrow TT
-- Narrow TT+BAO

- Gx < G vy produced before 1IMeV — N.g ~ 4

—Broad Prior 3.2 3.4 3.6 3.8 4
—Narrow Prior Nett
X = Still mg ~ O(eV) excluded at more than 20
~ « Large G'x (Neg = 3) favored using Planck only
j « Large G'x leads to small Hy which is in tension
................. - - with BAO data
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« Broad prior: Good fit obtained at mgy ~ 0.1eV

« Narrow Prior: Better than non-interacting
scenario using Planck only, but much worse when

including BAO

Conclusions

We have revisited the scenario with self-interaction
among light sterile neutrinos (motivated by the SBL
anomalies) mediated by a massive gauge boson pro-
posed to alleviate the tension between O(eV) sterile
neutrinos and the cosmological bounds on m, and

Neg.
= my ~ O(eV) still excluded at more than 20

« Large G x preterred by BBN data and using
Planck data only

« Self-interacting model has limited power to
reconcile the sterile neutrinos required by the SBL
anomalies when considering Planck+BAO data
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