The effect of IMBH in Local dSphs on
Gamma-Ray Constraints on Dark Matter
Annihilation

Alma Gonzalez
SCIPP

with Stefano Profumo and Farinaldo Querioz

ey, UNIVERSITY OF CALIFORNIA

:':' l. A l\ \ A.".
‘ 2A0] !

R\ & Tk T:'\
N\ ':‘.,,-.‘4? ,_,f"

Monday, August 11, 14



Why would we th
IMBHSs?

ink dSphs host

The Astrophysical Journal > Volume 775 > Number 2

Dwarf Galaxies with Optical Signatures of Active Massive Black Holes

Arty E Reines'*, Jeany E Gesne?, and Manta Gera®
Show afMiations

Amy E Reines ot o). 2013 ApJ 775 116. doc10.10880004-837XTT82116
Raceived 2T May 201, accepied for pubicaton 12 August 2013 Published 13 Septamber 2013
© 2013 The Amarncan Astronomical Society. All rights resenved

Abstract

We present a sample of 151 dwarf galades (10% ¥ 22 M o =2 10% % M ) that exhidit opscal spectroscopic signatures of accresng
Massive Dlack holes (BHS), InCressng 1e AumBer of KNown SCtive SAlA0as It NS SINIA-MASS FANge Dy More AN an order of
magnitude. Utlizing data from the Sloan Digital Sky Survey Data Release 8 and siellar masses from the NASA.-Sloan Adas, wo
have sysiamatically searched for active BMs in ~29 000 emission-ine gafaxies with sielar masses comparable 1o the Magelanic
Clouds and redshifs 7 < 0.055, Using he namow-ling (O MHHE versus [N 1iHO Slagaossic Sagra=, wi nd phonicnizaton
signatures of BH accretion in 135 galaxies, a small fracton of which also exhibit broad Ha emission. For hese broad-4ine acive
galactc nuckeus (AGN) candidates, wo estimate BH masses using sandand virial sechniques and fnd a range of 10% 25 M gy~ 10°
M, and a median of M gy~ 2 % 10° M , . We also detect broad Ha in 15 Salaxies Nat have NAMow-ANe FASOS CONGSINT with Star-
forming galkces. FOllow-up OSSrvasons 4 Meguind B deteeming if Pass 5% rue Hype 1 AGN o if the brosd Ho is Som sillar
processes. The median absokite magnitude of he host galades in our actve sample is M, = <18.1 mag, which is ~1.2 mag faintor
AN PAaious Sampas of AGN hodts with low-mass BHs. This work conaraing he smales! Salices it can form & massive B
with implcations for BM feedback in low-mass galaxies and he ongin of the frst supermassive BH soeds
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Hints of IMBH in dSphs?
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THE DARK MATTER DENSITY PROFILE OF THE FORNAX DWARF
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ABSTRACT

We construct axisynunetne Schwarzschild models to measure the mass profile of the local group dwarf
galaxy Formax. These models require no assumptions 10 be made about the orbital amsotropy of the stars, as
15 the case for commonly used Jeans maodels. We test a vaniety of parametenizations of dark matter density
profiles and find cored models with uniform density p, = (1.6 +0.1) x 1077 M, pe~* fit significantly better than
the cuspy halos predicted by cold dark matter simulations. We also construct models with an intermediate-
mass black hole, but are unable to make a detection. We place a 1o upper limil on the mass of a potential
intermediate-mass black hole at M, < 3.2 x 10° M1
Subject headings: dark matter — galaxses: dwarf — galaxies: indvadual (Fornax) — galaxies: kKmematics and

dynamics — Local Group
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ABSTRACT

The well-established correlations between the mass of massive black holes (BHs) in the nuclei of most
studied galaxies and various global properties of their hosting galaxy lend support to the idea that dwarf
galaxies and globular clusters could also host a BH in their centers. Direct kinematic detection of BHs in
dwarf spheroidal (dSph) galaxies is seriously hindered by the small number of stars inside the gravitational
influence region of the BH. The aim of this Letter is to establish an upper dynamical limit on the mass of
the putative BH in the Ursa Minor (UMi) dSph galaxy. We present direct N-body simulations of the tidal
disruption of the dynamical fossil observed in UMi, with and without a massive BH. We find that the observed
substructure is incompatible with the presence of a massive BH of (2-3) x 10° M, within the core of UMi.
These limits are consistent with the extrapolation of the Myy—o relation o the Myy < 10° M, regime.
We also show that the BH may be off-center with respect to the center of symmetry of the whole galaxy.
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The high energy search for IMBHs in close dSph
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An XMM-Newton search for X-ray sources in the Fornax
dwarf galaxy
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Hint for a faint intermediate mass black hole in the Ursa Minor
dwarf galaxy

AA. Nucitad - 8 F. De Paolis, L. Manni, G. Ingrosso

Abstract

We report the results of the analysis of an archive Chandra observation of the Ursa Minor spheroidal galaxy,
one of the closest Milky Way satellites, searching for signatures from the intermediate mass black hole
possibly hosted in the center of the galaxy. We identified an X-ray source with a detection confidence as low
as ~2. 50 and with an estimated unabsorbed flux in the 0.5-7 keV band of ~4.9x 10" !5 ergs™" cm™ and
at a few arcseconds from the reported center of the galaxy. The source is spatially coincident with a radio
object (having flux density of =7.1 mJy at 1.4 GHz) already observed in the NRAO VLA Sky Survey. In the
accreting black hole scenario, depending on the used fundamental plane relation, one estimates an accretor
mass of (2.9;;_‘;’) x 10° Ms or (11.7°3%5") x 10° M. Relaxing the assumption for a fiat radio
spectrum, the minimum black hole mass would result in the range 5 x 10° M- — 5 x 10° M., L.e. stil
consistent with an intermediate mass black hole scenario. The compact object seems 1o radiate at a very
tiny fraction of the associated Eddington luminosity.
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Gamma Rays from DM annihilation

Gamma-Ray Flux
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The DM density profile of dSphs
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For the Fermi analysis
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DM constraints from observations of 25 Milky
Way Satellite Galaxies with FERMI LAT

No signal DM constraints
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The Effect of the Black Holes....

The adiabatic grow of the IMBH would lead to the
formation of a DM spike due to adiabatic contraction

The final slope is
i =20
’YSp X oy 4 % /y

Many factor can smooth out the spike:

- Scatter off dark matter by stars: more

important for the GC than for dSphs
(Bertone ,Zetner &Zilk 2005)

- Formation of the BH off-center
- Major mergers

Quinlan, Hernquist, & Sigurdsson 1995, Gondolo &Silk 1999, Ullio,Zhao
&Kamionkowski 2001, Bertone, Zetner & Silk 2005.
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Now the J-factor depends also
on the particle physics...
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Constraints to DM annihilation

(1) Pick an initial halo model consistent with the observed velocity dispersion for
each dSph. We use both initial density profiles choices (NFW and Burkert).

(2) Assign to each dwarf galaxy a black hole mass:

We bracket the dependence on the mass of the BH by the extrapolation of three of
the widely known relations between the black hole mass and galaxy observables :

-Magorrian relation: My, = 0.0013L,

4
My 10691 (—10001: ) (04 > 6kms)
2! o N = I m/S * Z_
Tremaine: M, {

100 (0« < 6km/s).

10%2 (350 E%s—1>5'64 (04 > 15 kms)

100 (0« < 15km/s).

Myn
-McConell & Ma: YA {
®
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Using FERMI previous constraints as a base

(ov)J = (ov)onJon ((TV) bR, My )
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The same for Burkert profile...

Burkert, M,,—o,
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If Fornax an UMi do host IMBh
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constraints to DM annihilation
(Even if the spikes are mild)
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Compared to FERMI original constraints
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All dSphs together

— NFW — Burkert, M,,—o, (T)

10722 i
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Fermi current analysis
cover some of the

scenarios with
IMBHs.
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Other annihilation channels
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