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Abstract: <p> Super-massive black holes that grow at the center of dark matter halos distort the dark matter within their zone of influence into a
steep density spike. This spike can give rise to strong enhancements of standard indirect detection signals, and can lead to qualitatively new
windows onto the physics of the early universe. | will talk about potential dark matter signals from the Milky Way's central black hole, some
astrophysical caveats, and the possible use of black holes as dark matter accelerators.</p>
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Dark matter in the universe
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Thermal freezeout: WIMP miracle

Why should we expect DM to interact with us

gravitationally?

“WIMP miracle”: thermal freezeout
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The hunt for (WIMP) dark matter

indirect detection colliders

direct detection
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The hunt for (WIMP) dark matter

sharply predictive; sharply (being) tested
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The hunt for (WIMP) dark matter

Freezeout via BSM mediators can require new search strategies,

but lower bound on coupling to SM gives clear target
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[Ipek, McKeen, Nelson; Krnjaic, Izaguirre, Shuster, Toro;
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Beyond WIMP dark matter

Dark matter could be

Dark matter could have a relic dn‘nsit_\‘ set b_\'

- hidden sector freezeout

: e.g. asymmetric DM
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Hidden sector dark matter

A simple example: hidden sector freezeout

WIMP miracle is more generally a

statement about

on m.

on m: generalized

[remaine-Gunn bound,

[Pospelov, Ritz, Voloshin; Das, Sigurdson; ...]
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Hidden sector dark matter

Dark matter freezeout pl'm‘(‘vds more or less

independently of SM until mediator ultimately decays

[hermal history fixes

this coupling

['he hidden sector coupling
to the SM is no longet
directly related to the relic

abundance

[Pospelov, Ritz, Voloshin]
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Hidden sector dark matter

Mediator couplings to SM can be

(s

[Dark Sector]

Leading couplings at low energy:
Higgs portal
Vector portal

Axion portal
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Dark matter and black holes

Other astrophysical windows onto the particle physic
dark matter?

: from stars to galaxy clusters

Qualitatively novel : dark

matter density and their ¢ onsequences
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Adiabatic spike solution

[Gondolo and Silk; Vasiliev]
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Adiabatic spike solution
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[Gondolo and Silk; Vasiliev]
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Adiabatic spike solution

[Gondolo and Silk; Vasiliev]
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A spike in the Milky Way

Steep power law strong dvpumicnw on inputs

lnpul parameters:

Fairly well-known: stellar orbits

Measured from stellar population

(less precisely determined)

Inner NFW index ~

DM particle properties: p

[Gultekin et al]
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A potential signal of dark matter

Excess in 1-10 GeV gamma rays from the Galactic center
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[Daylan et al.; see also Calore et al; Fermi; ...]
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well-fit by DM annihilations in

S —— .
Full Sky, 1

Southern Sky, |b|>1
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Inner Profile Slope, ¥

[Daylan et al.]
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NFW, y=1.26 -
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[Daylan et al.]
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Parametric dependence

Sensitive parameter dL'pL‘ndt‘nu‘ N HPH\L‘ to halo ratio

100 I}‘wl fit parameters from Daylan et .:l:
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[Fields, Shapiro, |S]
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Parametric dependence

Sensitive parameter dL'pL‘ndUnL‘L‘ N Hpil\k‘ to halo ratio
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[Fields, Shapiro, |S]
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The point source at the galactic center
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The point source at the galactic center
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The point source at the galactic center

canonical adiabatic spike: 75,
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[Fields, Shapiro, |S]
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The point source at the galactic center

Updated Fermi point source catalog makes an adiabatic

black hole spil\u even less li]\L‘[}':

[ Third Fermi Point Source Catalog)|
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Alternatives to an adiabatic spike

Sudden origin in merger of two smaller black holes
growth in a
possible result of strong baryonic feedback
formation

Strong

[Ullio, Zhao, Kamionkowski; Shapiro and Paschalidis; Merritt; Gnedin and Primack; ...]
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Stellar heating

Canonical adiabatic spike solution
neglects population

dASSUImes

Gravitational scattering off a sufficiently dense central
population:

results in transfer

of energy to DM population

| { "
Inmiting solution

relaxation timescale

[Merritt; Gnedin and Primack]
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Stellar heating

[s this mechanism operating in the Milky Way?

REPLY
HAZY. TRY
AGAIN LATER.

[f so: relaxation timescale likely somewhat than
age of Milky Way

[Merritt x 2; Gnedin and Primack]|
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[Fields, Shapiro, ]S]

Pirsa: 15050031 Page 31/45



Black holes as dark matter accelerators

Power law density in BH zone of influence requires

power-law growth in

f )
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Black holes as dark matter accelerators

A p-wave spike in the Milky Way:

same limiting inner
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A stealthy dark matter model

A simple model of dark matter:

‘)

gets a vev: Higgs portal mixing

Cosmologically prompt dt‘t}l_\' (prov ided s not too light):

[Fields, Shapiro, |S]
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A stealthy dark matter model

Freezeout 1s \'(‘[()L‘il\‘—suppl‘vssvd
Free parameters:

Freezeout («
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[Fields, Shapiro, |S]
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A stealthy dark matter model

For « |, direct detection

signals are out of reach:

LUX, Xenon now probing thermal

SM Higgs portal models

additional suppression by ¢, puts

signal out of reach

\/

[Fields, Shapiro, |S]
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A stealthy dark matter model

...as is direct pl‘t)dllt‘liun at

colliders

best prospect:

kinematically allowed

tough signal:
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3ut this model

I()L‘dli/t‘d dt d

[X-ray: NASA /UMass/D.Wang et al., IR: NASA /STScl]|
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The Milky Way point source

95% CL limits from Sagittarius A™:
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Fine print: HDECAY, P thia 8;

[Second Fermi Point Source Catalog; Fields, Shapiro, S|
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Gamma ray boxes

Given enormous uncertainties, need

to be confident of detection

gamina ray gamina ray

—

Prospects depend on 11, 7¢; also couplings of mediator

[Ibarra, Lopez Gehler, Pato; ...]
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Gamma ray boxes

One Fermi line search which does mask pninl sources:

Higes-like branching ratio from HDECAY, LHC HXSWG

[Ackermann et al. (Fermi Collaboration); Fields, Shapiro, |S]
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Search sensitivity

Regions of combined spike and halo parameter space

sensitive to thermal cross-section:

[Fields, Shapiro, |S]
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Another stealthy dark matter model

Light pseudo-scalar decaying with BR to photons:

if gluonic decay modes present, expect again BR to boxes
Terrestrial signals again easily dialed away

additional halo/spike signals from subdominant s-wave

Process ) - aaa ; can be kinematically impossible
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Conclusions

Super-massive black holes are dark matter observatories

spike emission probes combination of particle parameters, galactic

dynamics :I]“.I] does l]l‘.|\' emission: new mformation

pick one: DM interpretation of the GC excess or an adiabatic spike at
1 1 P 1
the center of the Milky Way

Dark matter accelerators: window onto freezeout

Can observe/ limit in broad range of well-motivated
Galactic/BH scenarios

Many other applications: e.g. dark matter in nearly-degenerate multiplets,
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