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Introduction

e Motivation: Small-scale structure problems (missing satellite, core-cusp,
too big to fail) and observations of galaxy clusters (Abell 3827, Abell 520).

o If interpreted as evidences of DM self-interactions these imply DM
self-interaction strength o/m ~ 0.1 — lem?/g.

e Model: Fermionic dark matter v, self-interactions mediated by a scalar S.
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Model

Conclusions

o Extend the SM scalar sector with a real singlet s,
L3 p1s¢” 4+ Aps’¢>.
e The mass eigenstates are
H=hcosfB+ssinff, S=—hsinf + scosf,

e my = 126 GeV.
e The dark matter candidate is a SM singlet fermion :

Lon = PAd — my) Y + s (gs + iv59p) Y-

L. /y/l\\ /Nv/‘\»N\

freeze-out self-interaction direct detection
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Self-interaction

Conclusions

Scattering from a Yukawa potential

/r)l\\ V(T) N W

self-interaction
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Figure : Solid line: m, = 400 GeV, dashed line: m,, = 100 GeV.

=> S has to be light, ms < 1GeV.
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DM freeze-out and constraints

Conclusions

T~ g2 sin? B cos? B
| gs1 ~ - 1 -
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Figure : Qyh2/0.12 > 0.8

= sinf has to be small, sin3 < 107°
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BBN

ms <1GeV and sin 8 <107° = lifetime of S is long. Succesful BBN
requires 7s < 1s.

logs(sin B)
log:o((av)/my)(cmPig)]
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Extension

Introduce a light sterile neutrino N which couples to S, Lsnyn = ynSNN,
and mixes with the SM neutrinos mixing angle sin 6.

o lifetime of S is less than 0.1sec if yn > 2 x 107 (GeV /my)*/?

o also 7 less than 0.1sec = my (sin#)%/° > 10MeV

oF, T T T T T

10g4(sin?6)

logyo(mn/MeV)

e If N is light and decouples before QCD phase transition, it's effect on
BBN is insignificant.
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Conclusions

e For the self-interactions to be sufficiently strong, the mediator S has to be
light.

e Since S mediates also dark matter-nucleon scattering, its coupling to SM
fermions has to be very small.

e Hence S is long-lived, but the BBN sets an upper limit on lifetime of S
and excludes the region where o/m ~ 0.1 — lem?/g.

e The problems with the BBN can be alleviated with a sterile neutrino N,
but the BBN gives stringent constraints on the mass and the mixing of N.
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