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Why would we think dSphs host 
IMBHs?

Jenny E. Greene
Nature Communications 2012
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Hints of IMBH in dSphs? 
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Gamma Rays from DM annihilation

Gamma-Ray Flux
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The DM density profile of dSphs

Jardel & Gebhardt 2013

Walker & Peñarrubia 2011

Pontzen & Governato 2013
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For the Fermi analysis
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Consistent with the velocity 
dispersion of each galaxy.

Burkert

 Used a bayesian multilevel model 
to minimize the effect of the priors 

and uncertainties in the 
determination of the J-factor.  

Gregory D. Martinez 2013 
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DM constraints from observations of 25 Milky 
Way Satellite Galaxies with FERMI LAT

Ackerman et. al. 2014

No signal                                                DM constraints 

FERMI accounted for uncertainties in density 
profile as long as the inner profile scales as:
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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 

�sp =
9� 2�

4� �

�sp = 7/3

� = 1

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 :

Mbh = 0.0013L⇤-Magorrian relation:
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Using FERMI previous constraints as a base

h�viJ = h�vibhJbh (h�vibh,m�) 8 m�.

We solve for h�vibh
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The same for Burkert profile...

✤

If Fornax an UMi do host IMBh  
they would put the strongest 

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

Fermi current analysis 
cover some of the 

scenarios with 
IMBHs. 
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Other annihilation channels 

IMBHs can set very strong constraints to DM annihilation 
for different DM models 
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Thanks!
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