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Outline:
• Motivation: Observing Dark Matter Decay

• Dwarf Galaxy Kinematics

• Data

• Flux Predictions: Take 1

• Substructure!

• Flux Predictions: Take 2

• Caveat Emptor



Neutralino dark matter:

• SUSY solves hierarchy/gauge unification problems

• SUSY doubles SM particle number: Free dark matter!

• Neutralinos:

• Cold WIMPs can be all the dark matter:
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Detecting     annihilation in the    -ray spectrum:

•  flux from                        
hufhsuiehfiusehfiusheefiuhoijoijoeiijfosiejfoisejfoisejfoijsefoijseoifjs
eoifjseoifjseoijoijoij

• Geometry and density profile:
uhiuhfuhiuhuihiuhuihiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhi
uhiuhiuhiuhiuhhuihiuhiuhiuhiuhiuhiuiu

• DM physics:

χ γ
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Decay channels
• Line Emission:j:

iojoiesjfoisjeofijseoiifjsoiejfoisefoisejfoisejfoisejfoisejin
jhbsnjnskjjnfskjnkjnkjnskjenfkjsnefkjnskjefnskjenfkjs
enfkjsenfjksenfkjnsekjfnsekjfnsekjnfkjsenfkjsjnefkjsn
ekjfnskjjfoisejfoiijseoifjseoinnjknskfnjknkjnskjfnksjen
fkjsenfkjsenfkjsnefkjnesfkjnsekjfnsekjfnskejnfksjejnfk
jsenfkjsenfkjnsekjfnsekfnfjosiejfoisejfoisejfoifs

• Continuum Emission:
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Dwarf spheroidal galaxies (dSphs) in the Milky Way halo:

• Dwarf spheroidals:

• 18 and counting

• ~kpc sized

• Old stellar populations

• Gas poor

• Metal poor

• Missing satellites problem

• DM Dominated! M/L~1000, 
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• Equilibrium stellar systems obey Jeans equation:
uhiuhuihiuhiuhiuhuihihuhjiojoijoijoijoijiojoijiojoijoijoijoijiojoiiijoiuh
uihu

• Stellar profile reasonably fit by tidally truncated King profile:
HUHIUHIUHIUHIUHUIHIUHIUHIUHIUHIUHIUHIUHIUHhuhi
uhiuh

• System seen in projection:
huhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhiuhi
uhiuh

• Low M/L: stellar contribution to total mass ignored.

Getting at the dark matter content of dSphs:
 Kinematic constraints

5/13



Dark matter halos in a CDM universe:

• N-Body simulations indicate DM has a nearly universal density 
profile (NFW 1997):
huhuihiuhiuhfiuhseiuhfiushefiuhseiufhseiufhiusehfiushefiushefiuhs
eiufhsieufhisuehfiusehfiusehfiushefiushefiushefiuhseifuhseiufhseiuf
hsiuehfiusehfsieufhsiuehfiushefihyguihiuhiuheiushfiushefiushefiuhs
efiuhseiufhsfiuhseiuhfiusehfui

• Appears to hold true in dissipationless mergers, high resolution re-
simulations

• Controversy over inner slope

• Concentration-Mass relationship reflects CM halo formation history
M ≤ 108M!
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Summary of kinematic constraints:

• Marginalize over    , find      ,      consistent with observed                   :                      
Define 95% Confidence Region

• UMi/Draco are clearly most promising candidates for detection

• CDM field halo expectations

• Tidal stripping causes modified concentration/mass relation: Authors use 
fits to Bullock et al (2001)
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From CDM c(M) field halo relationship

From CDM c(M) tidally stripped halo relationship
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What to expect from a smooth NFW halo: 

• For NFW halo,          sets expected signal: 
juijjoifjseoifjsoiejfoisjefoisejfoijseoifjseoifjseoijfoisejfoisejfoijsefoijseoifjo
ijoi

• UMi/Draco have highest M/L of MW dSph: Unshocking conclusions
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What to expect from a smooth NFW halo:

• Not much! Even for optimistic SUSY parameters, 
signal is near BG: Would like a sub-structure boost 
of ~100

• Spectrum

• Backgrounds:

•    -ray blazars (extragalactic)

• CR interacting with ISM (galactic)

• Unresolved SGR?
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• CDM is hierarchical- structure on arbitrarily small length scales:                             
Mergers should preserve some as substructure (Simulations: Zentner et al., 
Reed et al.)

• Early times, DM kinetically coupled to radiation (LZ 2005, GH 2005):                
bhbhbjhbjhdabjhdbajhwdbajhwbdjhabdjhabwjdhbawjhdbajhwbdjhawbdjhaw
bdjhabwdjhbajhb                               

• Affect on halo N(M) determined by PS formalism or N-body simulations

CDM on small scales:
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• Raging controversy on halo-cutoff (tidal stripping?) :                                                      
Diemand, Moore, Stadel vs Zhao, Taylor, Silk, Hooper (2005)                                      
Affect of disk, bulge? Berezinsky 2005

• Argument is over cutoff in subhalo mass function:                                       d    
s d c    s  dc   sd  c  s d c  s d c sd  c sd c   sd c  sd c  s d c s d c  sd  c  sd c   sd  c 
sd c sd

• Simulations and EPS merger tree arguments imply

• Our authors use 

CDM on small scales:
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The ‘Boost’ factor from sub-halos:
• Boost Factor:

jsijfoisjefoijseoifjseoifjoisejfoisejfoi

• Consistency demands       
njnjknesfkjnskjef

• Tidal stripping ignored: 
nrhhfkrhdfkh

• Bound derived:
jijiojoijoisjefoijseoifjseiofjsoiejfoiesio
fjsoiejfoisejfoisjefoisjefoijseoifjse

• Boost: strong function of cutoff/
slope of subhalo mass function
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The ‘Boost’ factor from sub-halos:

?
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Caveats/Conclusions:

• Cross-sections are optimistic

• Substructure controversy must be carefully dealt with

• Tidal stripping should be included in substructure estimates

• LHC+followup would be spectactular
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GLAST (Gamma Ray Large Area Telescope):

• Sensitivity is factor ~50 better than EGRET

• Threshold energy of 20 MeV (up to 300 GeV)

• Tracker, calorimeters, anti-coincidence shields 

•      are detected by conversion to 



Why not look for  DM  annihilation at the galactic center?

• People try! 

• Poor understanding of bulge/halo / disk decomposition

• Poor constraints to MW halo profile

• BH at GC--              : spike, mergers, heating

• dSph are thought to be DM-dominated


