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DM Searches
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Strategies:
- Keep searching (good luck to us)
- Expand to other parameter regions
(sub-GeV or multi-TeV)
- Study other candidates with different pheno
(like “SIMPs”, like Self-Interactions)



Different thermal histories
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Different thermal histories 3
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Phase diagram (m 4=10 GeV, m;<m )
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Brief reminder of self-interactions

e Astro observations are able to predict and/or
Constrain self-interacting cross sections DM/ DM

= < O(1) Cm2/g (cluster scale)
m

- Colliding clusters
- DM halos may have some friction consistent with
non-gravitational interactions
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- Core-vs-cusp problem
- Too-big-to-fail problem



Alternatives so far

O(1
A) 7’ X” o ‘\S (Volansky et al, 2014)
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Wide range f > 1 long range interactions

- Non-perturbative enhancements my, < Oty + My

- Schrdédinger equation

Problems:
A) DM sector reheats itself (structure formation)
Coupling sometimes too large
B) Direct Detection and other early universe constraints 5



The model
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SU(2)x
 Gauge bosons: DM candidates (degenerated,
Custodial symmetry)
* Real Scalar boson, Higgs portal
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(plus some others...) (plus some others...) (plus some others...)



back into the problems

Contact interaction
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Also:

Difficult to maintain kinetic equilibrium
with SM, without being excluded by
Invisible Higgs decays
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DM reheats too much,
wiping out Structure formation

Long-range interaction
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This case is excluded
Limits get stronger for lighter mediator
Difficult for Self-Int to cope with heavier

mediator
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Proposal:

Relax the equilibrium condition with the visible sector

Lighter mediator (mn < mX)

Y, ~ Y4

(same creation from SM) @

Q, < Qy

Heavier mediator (fmﬂ,7 z mx)

gy <1 (No Self-Int) 0

or
my ~ O(keV)

(watch-out Hot DM)

3-t0-2 dominates over 2-t0-2
(requiring self-int and

Freeze-In

(ok with BBN)
(noT')

Gy ~ 10—3 (ok with Self-Int)

Y, > Ya  (fromeq) 0

Small connector couplings
Dark Life-time < 10* s : Direct Det. Plings)
Fr e,eze-out Life-time < 1012 s : BBN/Self-Int Ok with Structure Eorm.
(T'<T)

: : 12
Life-time > 107" s : CMB/Self-Int Smaller 9x  (ok with perturb.)



Lighter mediator & Freeze-In

‘ ay=72-10""7 (gy = 0.003)
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OK with all the rest of constraints



Heavier mediator & colder freeze-out
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Summary

* Non-standard (non-WIMPYy) dark matter candidates are very
motivated given the null results of experimental searches

« SIDM may be the solution to the small scale issues of the
CDM scenario

e SIDM coming from equilibrium with the SM poses a variety of
phenomenological problems (BBN, structure formation, Direct
Detection, etc)

Solution: go out of equilibrium with the visible sector

DM mediated by light portals can have a Freeze-in genesis
compatible with self-interactions

DM mediated by (not so) heavier portals can have a colder
Freeze-out compatible with self-interactions
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