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Why do something like this?

�

Substructure is an important test of the standard CDM paradigm

� Past studies suggest that supersymmetry can be constrained using 
substructure. 

� I t may provide information about the merger  history of the Milky 
Way halo.

Goal: Investigate the likelyhood of detecting the Milky Way 
substructure through the detection of photons from neutralino 
annihilations.

A note about the galactic center :

� The effect of baryons on the dark matter  distr ibution is not clear

� The presence of a black hole may significantly alter  the distr ibution

� I t must the first place to look for  supersymmetr ic dark matter
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Figure courtesy of A. V. Kravtsov

Substructure is a natural outcome of hierarchical structure formation:  
A galactic halo is formed from the constant accretion of smaller  objects.



The dwarf satellite “ problem”  and its disputable existance:

From Bullock, Kravtsov &  Weinberg (2000), but see also K lypin et al. (1991), Benson et 
al.(2001), Somerville (2001) 

N-body

Observed

The Milky Way contains a factor of ~10 fewer subhalos than what is 
seen in N-body simulations. 



From Calcaneo-Roldan &  Moore (2000)    

I s substructure visible?

...perhaps, neutralinos annihilate to, among other  things, photons.

Use this feature to learn something about SUSY and/or  the Milky Way 
substructure.

�Constrained SUSY models

From Tasitsiomi &  Olinto (2002)



Supersymmetr ic dark matter : L ightest neutralino

Conservation of R-parity             lightest SUSY par ticle stable 

This par ticle may be produced in the ear ly Universe with the 
appropr iate relic density  to serve as the CDM.



            Elements involved in trying to detect substructure

SUSY Structure 
formation Instrument

Depends on the 
actual structure and 
spatial distr ibution 
of substructure



Dealing with supersymmetry

Neutralinos give photons in 3 ways:

1) Annihilation to a 2 photon final state, line at
    

2) Annihilation to a photon-Z final state, line at
    

3) Annihilation through an intermediate (e.g. WW, ZZ, uu)   
    state that subsequently decays and/or  hadronizes yielding  
    continuum photons  as     

Fix cross sections to the most optimistc value



Dealing with the proper ties and distr ibution of substructure

Model:
- 100 merger tree realizations of the      
   Milky Way merger history
- Monitor  the interplay between             
   accretion redshift, orbital evolution    
   and tidal disruption
- Descr ibe subhalos and host with an     
   NFW profile
- Assign a concentration parameter        
  based on the Bullock et al. Model
-Assign a central core radius based on  
  annihilation/dynamical timescales.

Orbit decay due to dynamical fr iction

Tidally destroyed subhalo
Massive subhalos fall 
to the center

Subhalos suffer 
mass loss due to 
tides, mostly at 
per icenter

Less concentrated 
subhalos more easily 
destroyed

From Zentner  &  Bullock (2003)

Time (Gyr )



Substructure density profile 
flattens at small radii

I f anything, we predict more subhalos 
close to Earth than what N-body 
simulations probe.

Past studies: 
 Too close and too dense



Maximizing the detectability

Significance:



Making the mass cut small does not necessar ily increase the 
number  of visible subhalos.

Good news: I f Mx~75GeV,  N ~ 1 detectable subhalo per  GLAST field 
of view, need a 450 hour  exposure with VERITAS to  detect the line 
emission.

Bad news: I f Mx >500GeV a detection must rely on serendipitous 
discovery 
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The presence of smaller  cores does 

not necessar ily increase the number 
of visible subhalos

Steaper profiles result in more visible 
subhalos:    
     Uncertainty in the inner  slope     

    Uncer tainty in the normalization

Results are sensitive to comological parameters



Three things to remember out of this talk

1) I f substructure is NOT detected it does not lead to constraints 
on SUSY and/or  the CDM paradigm.
2) I f substructure IS detected it cannot be used to measure            
       supersymmetr ic parameters.
3) Cosmology sets the structure and spatial distr ibution of             
     substructure, therefore detection is sensitive to the under lying  
     cosmological model.
4) I 'm graduating :)

Work in progress (in collaboration with Lawrence Krauss): 

� Investigating the positron excess measured by the HEAT exper iment

� What is the contr ibution to the flux of low energy antiprotons?

� Implications on dark matter  direct detection exper iments



- Visible subhalos are accreted earlier
- Accretion redshift is set by cosmology

- Subhalos with the same mass do not         
  necessar ily have the same central              
  density.


