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Introduction
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Introduction

* WDM constraints

Sterile neutrino produced in DW mechanism have thermal
distribution, there are stringent constraints on light DM. DW
sterile neutrino DM mass need my > 92 keV 1. zelko et. al 2205.09777

e Alternative production mechanisms of sterile neutrino dark
matter

Shi-Fuller mechanism X. Shiand G. M. Fuller. 9810076
GUT-scale scenario A. Kusenko et. al. 1006.1731
Higgs production mechanism K. Petraki and A. Kusenko, 0711.4646

Ultralight Scalar assistant production A. Berlin and D. Hooper, 1610.03849



Ultralight Scalar Assistance production mechanism

e Basic idea

Consider a time dependent mixing angle
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time dependent

Induced by couple to ultralight back ground scalar field

mixing angle takes large value at early universe
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Ultralight Scalar Assistance production mechansim

* Model set up
Begin with following Lagrangian
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After diagonalization  m(6) = 5 [VO6 + mn)? + 459 — (A6 +mu)]
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We get field dependent mixing angle
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Ultralight Scalar Assistance production mechanism

* Production driven by ultralight sca
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Ultralight Scalar Assistance production mechanism

 Constraints on parameter space

* Long range force between DM mediated by
ultralight scalar 8 = AM,,/vArmy < 2.2

Lo H. Davougiasl et. al, 1804.01098 S. C. F. Morris et. al., 1304.2196
* mixing term induced dark matter decay y — 1+ ¢
['(N — v¢) = y*my/(167)

* We choose parameter space

) y my(eV) Pini(GeV) my (keV)

10-24 < 0(10718) 010722 ~ 107?) O(10% ~ 10?) O(10 ~ 1000)




Cold Spectrum

* Energy spectrum of DW sterile neutrino

The effective mixing angle is
A2 (p)sin? (20)
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Neglect tiny terms
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Cold Spectrum

* Colder spectrum due to time dependent mixing angle
When production during oscillationm > 3H (Tijax)
approximately ¢ oc T3/2 sin®(20) oc T3 o

the distribution given by  fy(y) /“fn T y
L) " e

Spectrum suppressed in large y . =
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* Colder spectrum due to entropy injection
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Cold Spectrum

* Even more cool spectrum
scalar coupling changed to
then sin?(20) o ¢"
Previous argument give
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Cold Spectrum

e Transfer function and constraints Zwou(k) =

P(k)
Peom(k)

Can be fit with thWDM 7, wpom(k) = [1 + (k)] ~5/#
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The DW mechanism
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Unusual X/Gamma-ray Signatures

* Today's scalar field takes tiny value
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* The local scalar field is also relied on density dependent
potential

2 2
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Which have stationary field value

qg ~ )\nDM/mz)
And scalar field oscillate around its stationary value
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Unusual X/Gamma-ray Signatures

* Density dependence of scalar field
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Unusual X/Gamma-ray Signatures

* Density dependent mixing angle
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e Unusual density dependent flux
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Unusual X/Gamma-ray Signatures

* Constraints from X/Gamma-ray observations
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Conclusion

e Scalar assistant mechanism for sterile neutrino DM
production can relax X/Gamma ray constraints

* This mechanism can successfully provide a colder dark
matter spectrum compared with DW mechanism

* With sterile neutrino scalar coupling, there are detectable
X/Gamma ray signals with density dependent feature.

Thank You



Back up

* Boltzmann eq
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Back up

e Effects that cool the spectrum
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* Transfer function of thwWDM
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Back up

Strong Lensing Lyman-«
Strong
& Lyman-« &
Lensing
Galaxy Counts Thermo.
PK [keV] I: 11, II: 9.8| 1I: 26,1I1: 24 7.1 12
KTY [keV] I: 2.1, II: 1.9| I: 5.3,II: 4.9 1.3 2.5
vMSM [keV] 7.0 16 I: 5.0, II: 5.0|1I: 9.0, II: 10
DW [keV] I: 34, II: 31 | I.92, II: 84 21 40
log,, (hm[Mg]) 8.1 7.0 I. 8.6, II: 8.5|1: 7.9, II: 7.8
thWDM [keV] |I: 4.6, II: 4.3| I: 9.8, 1I: 9.2 3.3 5.3
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