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Can we produce enough sterile neutrinvo DM n the

early universe?
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Sterile Neutrino as Dark Matter

Fourth mass eigenstate: V4 = Ugc0s0+ 1,80 = v

The mixing angle 15 small and the sterile neutrino never reaches

thermal equilibrium with the primordial plasma
[t can be detected through decay tnto radiation

e[ sin?20 m, \’
7 X 10_11 7 keV Ve Vo ! Vg

e.g. Pal & Wolfenstein (1982),
Abazajian, Fuller & Tucker (2001), ...

How to produce (t?

Two (ah/\omg Sevem{) Proposafsz

For a review: Abazajian (2017) Walter Tangarife - MOCA 2021



DOO(Q{SOM—-W[O(YOW Mecl«am[sm Dodelson & Widrow (1994)

[n the early unmiverse, an active neutrino can oscillate to a sterile

neutrino, with probability

ln SM: Vp ~ T°
. 9 A2 sin? 26 [~ 7T°
sin” 20.g ~ —5
A?sin” 20 + (I'/2)? + (A cos 20 — V)? A~ T

A = m2I2E / \

Thermal potential
Quantum Zano effect (damping)

W, Z
d3ﬁ / - - 5\’\/\/\% A
FV(E7T) — 2 fl/(E 7T) Utot(p7p) Urel —

(27)?

Result: A non-thermal abundance of sterile neutrinos by solving the

Boltzmann equation

de4 (il?, Z) I - 2
R ) b —
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Dodelson-Widrow Mechanism

Ruled out by X-ray experiments and phase-space considerations
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How to generate enough sterile neutrivo DM within the allowed region?
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How to generate enough sterile neutrino DM within the allowed region?

Add self-interactions!

Active neutrivo self-interactions! Sterile neutrino self-tnteractions!

» Evhancement 1 nteraction rate + Self-tnteracting dark matter

+ Sterile sector remains out of + Stertle sector acquires a  dark
2qutlibrium Femperature
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Dodelson-Widrow Mechanism + new neutrino self-interactions

De Gouvéa, Sen, Tangarife & Zhang PRL (2020)
Kelly, Sen, Tangarife & Zhang PRD (2020)

A _
LD 7¢Vaya¢ + h.c. E D )\aﬁyafyuyﬁv’u
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O Uy, V
"""" UDp_y
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[t can enhance the tnteraction rate while keeping a small mixing angle

/ /

dfy (CB, Z) I ) . 9 - A?sin® 26
d41nz — E S11 QHeff fy(ﬂ?) Sin 2(9€ff — A2 Sin2 20 + (F/2>2 + (A cos 20 — VT>2

The new tuteraction also contributes to the thermal potential Vr

Similar works Koop et al. (2014), Mirizzi et al. (2015),

Friedland et al. (2016), Johns et al. (2019), ... v Walter Tangarife - MOCA 2021



Stertle neutrino relic density |
=012 | Three useful timescales:
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Current and future constraints

10

Q h*=0.12
kaon decgy'"/
S
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‘BBN | -~
1072 107! 1
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m, =7.1keV, sin®260 =7 x 107"

Bounds from K~ = u v, ¢ > v
Br(K~ — u~ +3v) < 107°

BBN bounds on light d.0.f.s

Expected sensitivity of DUNE:

Look for the ~wrong-sign muon
vN—> u™Ng. v

/

p

Berryman, de Gouvéa, Kelly & Zhang (2018)
Blinov, Kelly, Krnjaic & McDermott (2019)
Kelly & Zhang (2019)
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Current and future constraints

Qn=0.12
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Current and future coustratnts: Neutrinophilic U'(1)

107 -
N vPhilic V
10=7 — e g = 7.1 keV, sin?(20) = 7 x 1071
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v vun — Vo p?, the emussion of a light

vector has a longitudinal enhancement ~E?/m?,

LDZ

a,B=e,u,T

Oﬂ/O-QH ’)/M(HT’I:O'QLB)VM

A2

A new Higgs tnvisible decay: h — v, 0,V

Br(H — invisible) < 24%  Cuyyent HLC (purple)
Br(H — invisible) < 2.5%  Fture HL- HLC

11

DUNE (5 yrs)
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Current and future coustratnts: U(l)Lﬂ_LT and U(1)g_;
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Dodelson-Widrow Mechanism + new DM self-tnteractions

Sen, Tangarife & Zhang, in preparation

Move the self-tnteraction to the sterile neutrino sector (light mediator) o
.V\Q@
ot

Small-scale structure " problems have motivated the possibility that DM

particles self-tnteract with opp/mpy ~ 1 cm?/g  e.g. Kanplinghat, Tulin, Yu (2015), ...

The self-interaction will (ead to a thermalized hidden sector. We want to
explore the effect of Hus wew nteraction on the sterile neutrinvo DM

production.

See Johns & Fuller (2019) for heavy-mediator case 13 Walter Tangarife - MOCA 2021



Dodelson-Widrow Mechanism + new DM self-tnteractions

Sen, Tangarife & Zhang, in preparation

Move the self-tnteraction fo the sterile neutrino sector ([ight mediator)

We need to use the density-matrix formalism p = (Wlply) = (21 £2> e
o8
0 ' \ \
Hglglglz = %Asin(ZQ)(fm — fo1) , \ 10
H aali 1;2 -~ % [Asin(20)(fi1 — fo2) + 2(A cos(20) — Vi) fia] — (Ta + Ds) f12/2 |
Haalgzlz = —% [A Sin(2(9>(f11 — f22) + Q(A COS(Q@) — VT)fgl] — (Fa + Fs)f21/2 , 5
. _ d”qi
Hﬁalijzgzz — —%A sin(260)(fia — fo1) . [y =2x /Wovafzz(m)
If T.>H

the sterile neutrino develops an equilibrium distribution function fa2 = 1 1 o(BE—pa)/T:

— |

dark temperature

(pseudo) chemical potential
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Dodelson-Widrow Mechanism + new DM self-tnteractions

Sen, Tangarife & Zhang, in preparation m, = 7keV 0 =6x%x10""7 my = 1 MeV /1¢ = 1072
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Can we produce enough sterile neutrino DM n the

early unmverse?

Yes! Sterile neutrinos can be produced non-thermally from active-neutrino

oscillations.

A new tuteraction, via a scalar or a vector, for the active neutrinos helps

alleviate tensions with the Dodelson-Widrow mechanism.

This model can be probed tn upcoming neutrino and collider expertments such as

DUNE, SHP, NAGLG-u, and HL-LHC.

The case of self-interacting sterile neutrinos could be an attractive scenario of

SIDM. This 1s currently being explored.

Thank you!
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