Collistonal Darke Matter
A gentle overview

Jakub Scholkz
(Harvard Umi;versﬁ&j)
LDMAR017, ELba



ka?

o There appear to be (mild?) dasarepamcies th the small-scale skructure
behavior of the ACDM model, These point towards self-interactions:

i) The Missing Satellites F'ro»bie.m: we observe fewer satellite galaxies
than we would expect. Slowly going away, [astro-ph/9901240]

i) : Related to the F.'oi,v& above, ik states that
some of the missing satellites are so big we should not have
missed them by accident,

lit) Core/Cusp problem: There is evidence for cores (flat density
profiles) in the centers of dwarf galaxies. This may be due to
baryons, or it may be due to DM.[Nature. 370 (6491): 629-631]

iv) Diversity of Rotaktion curves: Real world robtation curves of large
galaxies exhibit wuch larger diversity than the rotation curves
we obtain from full simulations (including baryonic physics)

[1504.01437]
Whv Nok?



For more delailed overview see awn
excellent review bj

Seann Tulin and Hai-Bo Yu:
[17085.0238% ]



The Missing Satellites

o In 1999 the number of
observed satellite galaxies
was much swmaller (order O . cou
of magnitude) than ° PR
predia&edq

o Since then, we have
observed more bhawnies ko
SDSS and DES.
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o And perhaps exptaimad
whsj some are

unobservable (barvom {asErO*Ph/ 990124-0]
feedback)




o Sharper take on the missing satellites

o The simulations show that we are missing
satellites that are too biq to fail in
terms of star formatkion.
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Core/ Cusp

o pr AQMSE»EU PT’O'{:E,LQ Prediﬁ&s a . > | — . slope=2 (cusp) ,

.... slope=3 (core) .’ //

“cuspy” ciesr\si,&j Prafite.

o Data seems to indicate a flatter
profiles.

o The bigger the system, the more it is
“polluted” bt? barvoms.

Walkers&Penarrubia
Dark matter only [-1 10%, 2404]

o The effects of baryonic
physics might be

—o— NFW (< 90 km sQ)
— — ISO best fits

irrelevant for Light
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Core/ Cus[w 11
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Diversity of Robakion
% Uurves ?rﬁb 474!

DMO sims: LG-MR B Hydro sims: LG-MR
DMO sims: LG-HR ® Hydro sims: LG-HR
DMO sims: EAGLE-HR A Hydro sims: EAGLE-HR

Observations (fits to 1D H «) Simulations (Madau+2014)
Observations (2D H «, optical) Simulations (Teyssier+2013)

Observations (2D H I) - Simulations (Governato+2010)
Observations (1D H «, optical) Ve Simulations (Brook+2012)
Observations (1D Ha + 2D HI) g Simulations (Oh+2011)

1504,01437]



My Personal Definition

Dark Matter particle X is collisional i o typical X
scatters with ancther X at least once per characteristic
time-scale of the system,

This requires that the {Our*[pom& function is non-zero:

(X (ps)X(qr) X (pi)X(qi)) # 0

As a result we expect a non-zero cross-section for
R-to-R scatteringx,

*Maybe, we should alse consider other 2n-point functions
J P

(typically suppr&ssed}



How?
Stihgle Particle Dark Sector

Either there is bruly one single particle, or we are
dealing with some effective theory, Either way, we
can write:

Cint =0 (XX)" + B (X0X) + (X EWEX 57 X)...

Stince vy ~ 107% , the leading operator for self-
scattering today leads to an isobropic velocity
independent scattering. As a result we can only
Probe a particular Linear combination of o, 3,7, ..



How?
Particle and a Messenger

o That is the way we usually think about forces
with a messenger 7:

£int At Xf((?)YX

o Heavy® messengers reduce to the case of
effective theory described on the previous slide.

o However, light messengers lead to a plethora of
interesting phenomena.

o be treated by an effective theory of just
X (pointed out many times before, e.q.
1603.05002)

“Heavy in comparison with the available scales (qu.i&e different ot colliders)



Light Messengers

/
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\\/\ Leads ko Thermalizakion - ; i
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pip e : L 1
\_Leads to Dissipation, ST

[180%.03339]



£ xam 5
(in no particular order)

Self-Interacting DM (SIDM)
Charged DM

Dissipative DM/ Double Diskk DM
SIMY

Forbidden DM

Fermionic DM, Axions, t-‘?u,z.,z.v DM
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SIDM

Fitting to dwarfs:
1
(60 McV)3

o/m=1cm?/g ~

It seems to solve all of
the small scale problems.

The model does not
determine bthe inkeraction
strength with the SM.

The self-interactions will
malee the vei.oti%vj
distribution at Suwn’s orbit
closer to Maxwellian,
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Charged Dark Matter

o Type of SIDM: a fermion
coupled with a dark u(a)

o Would couple to the SM '
through kinetic mixing with 05

X subject to caveats (see text)

the Fho&om.

o A Light mediator would
enhance the Llow enerqgy

Sﬂ&&&&f’ EV&S — my=15 MeV
— — my=45 MeV

- - contact

=> kven though the DM
particle is heavy, we benefit

[(kg day keV)™]

dEg

from low threshold detectors.

o Variable cross-seckion

[18§07.04-007]
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SIMPs and Forbidden DM

o Josh Ruderman atreacifj inkroduced bhese
(Ehannies):

o SIMPS: [1402.5143]

o Forbidden DM: [1505.07107]



Quankum Interactions

Fermionie DM AXE,OMS/FTMZ.Z.:} DM

o A 200 eV fermion o For even swaller masses
cores dwarf galaxies
Just because of its
Fermi "Degeheratv
Pressure. [1611.04890 ]

m, ~ 1072° eV

one can solve bthe core/
cusp prmbiem‘ This is the

Liahte st udl ,,
o Dwarf galaxies behave ptess i " 3°

Like white dwarf stars.



Conclusions

Astrophysics probes may help us towards a
particular subset of models to look for.

Self-interactions may open up some Low
mass parameter space (SIMP).

Interesting self-interactions come with Light
mediators — change the detection strateqy,

Self-Interactions may also change the
energy distribution of DM.



