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Dark Matter and its probes
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DM Searches:
Astrophysical observations, Colliders signatures
Direct detection experiments etc.
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Advantages of Gamma-Rays:

. . _ e Propagate undeflected (point sources possible, angular
% T e information)
O Nucleus - ' e Propagate without energy loss (spectral information)
eRapid development in both space (FermiLAT) and ground-
based (HESS, MAGIC, VERITAS) technologies
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Existing limits and projections

on DM annihilations
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DM Spikes and Indirect Detection

—— NFW

. . o s Spike, Non — annihilating
e Indirect detection promising avenue to look for DM 107 F :
. ' Spike, m, = 1TeV, (ov) = 107 %%cm 5s 1
particles. |
: g ' : A Soft Spiketill BH |
e Slow growth of Supermassive Black Hole at the ? 101 :

center of a galaxy =
—> p(r) xr e overdensity of DM at center < 107 :
Gondolo & Silk 1999

e DM spikes can lead to strong annihilation signals. 1000 - :
10-° 106 0.001 1

r [kpc



Rough understanding of formation of spike

The slow process of accretion onto BH induces no torque on the DM particles, so that
et e et S the angular momentum of each particle 1s conserved.
Initial Condition:
op.(r) x r~7, the initial
~ distribution of DM patrticles in riMi(ri) = reMg(re).
- Circular orbits. |
- ®BH grows adiabatically at the
center

Additionally, conservation of the DM mass M°M(r;) = MPM(r¢) can be expressed as
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Ideal DM spike profile

0 e 2
psat 2RS S /& < Rsat
s — r O\ —Yep(7e)
ﬂhalO(RSP) ( R ) Hept <17 < Rsp
Sp
Phalo (Ta "Yc) i Rsp
My 9 — 2y . . .
where  Pgat = e and R, 1s Schwarzchild radius.

(0‘ ’U)tBH 4 — ~

1 . | .W _ 7 . : 0 . .7 “. . o . . . 7 /77 |
'Numerical studies suggest that the spike begins to grow inside the gravitational intfluence
}

radius, r, = GMpy/ v02, where the gravitational potential energy due to the BH 1s equal to
the typical kinetic energy ot a DM particle in the halo .. R, < r;,.




Caveats and counter-studies

Existence of DM spikes is however debated because of dynamical effects.

e [f the growth of BH is too fast, p(r) & r~*°.

e Mergers between halos containing SMBH can destroy spikes, p(r) « r~ /2.

e DM scattering off stars can smooth down the spike to p(r) «x r=/%.

e DM self-interactions can enhance the spike.
e Dissipative infall of baryons at the center of a galaxy

~ can be modeled as an adiabatic contraction process
~ and has been shown to enhance the DM density




Realistic DM Spike profile

Spike W|th Cored proflle *

Many observations favor a cored proflle Studles w

'incorporating the affect of baryonic matter into NEW
N-body simulations found that the DM density ol | Spike, Non — annihilating
‘dlstrlbutlon at small radii is a constant-density _ Spike,m,, = 1TeV, (ov) = 10~Fem 35!
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scattering by stars and capture in the SMBH, 10007
‘resulting in a equilibrium spike solution as low
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Data used In analysis
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Upper limits from VERITAS, H.E.S.S.

Requirement that DM-induced signal do not overshoot the data.

MSgrA* = 4.3 X 106M® tBH = 1010yrs

1 T T T Ll T T Ll Ll T 1 T Ll 1 T Ll 1 T
T T T T T T T T T T T T T T T | | | | |
-

—
<
N
N
T | T
|
—
<
N
w

10724 1 025
O 026 — VERITAS NFW Spike I
£ | o 10 . |
o VERITAS Core Spike, y.=0.4, r.=1kpc 5 HESS NFW Spike
A A HESS Core Spike, y.=0.4, rc.=1kpc
10728 |- - -29
; »

—
<
w
o
|
| 1
—
<
w
—

—
<
w
N
I
—
<
w
w

N SR SN S 1 1 1 [ N B , T ) T B . "SI MRS
5000 1x10% 5 x 104 1x10° 500 1000 5000 1 x10% 5 x 10

m, (G GV) my(GeV)



Conclusion

e Strong motivation to study DM spikes in more detail.

e Extremely stringent constraints on that exclude s-wave
DM up to 100 TeV from H.E.S.S observations of
Galactic Center.

e But requirement 1s spike effectively formed and not
destroyed.

e Detection of a DM spike with p(r) « r~7 where y > 2
in milky way 1s promising.

e Especially with upcoming observations of Galactic
center from (Cherenkov Telescope Array) CTA
because they will have better angular resolution to
resolve DM spike encompassing inner 0.34 pc of
Galactic Center.

e Study with neutrinos from such annihilations is also
being done.
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