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Instrument Characteristics

Stage et al. 2006

Effective Area (std. cuts) Energy Resolution

Canonical Performance Values:

Pt. Source Sensitivity

• Energy Range: 100 GeV - 30 TeV 
(spectra>150 GeV)

• Effective area ~ 105 m2

• Energy Resolution: 15%-20%

• Crab Rate: 50/minute (trigger)

• Sensitivity: 1% Crab in < 30hr

• Angular resolution: r68<0.1°

• Pointing Accuracy: <50”

Angular Resolution
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γ-Rays from Dark Matter
Spectral features include continuum emission with a hard spectrum, and for some cases a 
monochromatic line(s) or a peak near the kinematic limit from internal bremsstrahlung. 
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Continuum Emission

WIMPs can annihilate 
into quarks that 
hadronize, form pions 
and then emit gamma-
rays with a continuum 
spectrum
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Direct Annihilation to Lines

Direct annihilation into a 
monoenergetic gamma-ray 
line with gamma-ray energy 
given by

(Bergstrom, Ullio and JB 1998)
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Gamma-rays from DM

• Line-of-sight integral for MW-like halo in VL Lactea II simulation (M. Kuhlen, et al.)   

• Sommerfeld enhancement larger for colder (lower velociy dispersion) dwarf halos

EγΦγ(θ) ≈ 10−10

�
Eγ,TeV
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dEγ,TeV
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�2
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GC & Everything else
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Dwarf Galaxy Estimates

 [GeV]!M
2

10
3

10

]
-1

 s
3

v
>

 [
c
m

"
<

-2810

-2710

-26
10

-2510

-2410

-23
10

-2210

-2110

VERITAS/HESS (50 hr)

AGIS/CTA (200 hr)

ds = 24 kpc
rs = 300 pc
rc = 0.1 pc
rcutoff = 6.5 kpc
ρs = 3.0× 108 M⊙ kpc−3

Mhalo = 7.9× 108 M⊙

θmax = 0.2◦
�J� = 3.0 × 1017 M2

⊙ kpc−5

mχ = 600GeV

boost b = 10
branching ratios χχ→ bb̄ : 0.7, χχ→ τ+τ− : 0.3

�σv� = 2.0 × 10−26 cm−3s−1

σE

E
= 15%

Deep exposure

Boosts

∼Fermi (10yr)
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Galactic Center Region

�σv� = 2 × 10−26 GeV cm−3

ds = 8.5 kpc
rs = 21.7 kpc
rc = 1pc
ρs = 6× 106 M⊙ kpc−3

σE

E
= 15%

�J�solid angle = 4.6 × 1017 M2
⊙ kpc−5

No boost (b = 1)
NFW profile

Normalized to ρlocal = 0.3 GeV cm−3

branching ratio for χχ→ γγ + χχ→ Zγ : 2× 10−3

for θmin = 0.05◦, optimum θmax = 1.4◦
for θmin = 0◦, optimum θmax = 1.0◦

Solid red curve formχ = 330GeV, χχ→ τ+τ− 80%

Dotted red curve for mχ = 500GeV, χχ→W+W−, b = 3
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VERITAS Target Selection

Belokurov et al. (2007)
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VERITAS Dwarf Observations

• To date, only relatively short exposures have been obtained on Dwarf 
observations (note there are roughly 1000 hours of observing time each 
year)

• A dedicated experiment, looking at several carefully selected sources (in 
different RA bands) might obtain as much as 100 times the exposure of 
any one of these observations.

Disclaimer
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Dwarf Galaxies

(Robert Wagner, ANL)
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Particle Constraints

• MSSM model points from 
DarkSUSY within 3 standard 
deviations of WMAP relic 
density.

• 95% CL upper limits

(Robert Wagner, ANL)

Friday, November 12, 2010



γ γ

1

γ γ γ γ

Science Seminar Series, St. Louis Zoo                             The Violent Universe                                              James Buckley 

  <σv>WIMPs as a function of the DM particle mass:

  Systematics of the core profile: ± 2 orders of magnitude

pMSSM Kaluza-Klein

<σv>WIMPs ≈ 10-25cm3.s-1 (core)
<σv>WIMPs ≈ 10-23cm3.s-1 (NFW)

<σv>WIMPs ≈ 10-25cm3.s-1 (core)
<σv>WIMPs ≈ 10-24cm3.s-1 (NFW)

Aharonian F., et al. (H.E.S.S. collaboration), Astropart. Phys., 29, 55 (2008)

HESS Sgr Dwarf Limits

(Matthieu Vivier)
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Other DM Limits

Target Distance	
  
(kpc)

fAP	
  

	
  (NFW	
  profile,1024	
  
GeV2	
  cm-­‐5)

Tobs	
  
(h)

Instrument AnnihilaHon	
  
spectrum

<σv>95%	
  
(cm3	
  s-­‐1)

GalacHc	
  Center 8 ?? 48.7 H.E.S.S. Bergström 	
  <	
  10-­‐24

Canis	
  Major 8 5.9 9.6 H.E.S.S. Bergström <	
  6	
  ×	
  10-­‐24

Sagi]arius 24 2.2 11 H.E.S.S. Bergström <	
  6	
  ×	
  10-­‐24

Draco 82 1 14.3 WHIPPLE χχ	
  →	
  τ+τ-­‐ <	
  10-­‐22

Ursa	
  Minor 66 0.7 17.2 WHIPPLE χχ	
  →	
  τ+τ-­‐ <	
  2	
  ×	
  10-­‐22

(Matthieu Vivier)
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N-body Sims & Subhalos

• N-body simulations have resolutions approaching 104 solar masses

• Some quantitative info about galactic subhalos ranging up to 107 solar 
masses, aka Dwarf satellites.

• VL Lactea II and Aquarius simulations find 300,000 and 40,000 resolved 
subhalos in Milky-Way sized halo (respectively)

• VL-II finds clumps more cuspy with density profile power-law index of 
1.2

• Mass function:

• Minimum subhalo distance with probability~1:  

Friday, November 12, 2010
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Fermi DM ToO

• Approved Fermi GI proposal for ``Dark Matter Targets of Opportunity’’ (Buckley, Beilicke, Byrum, 
Conrad, Ferrer, Humensky, Krawczynski, Murgia and Smith)

• Example: Fermi Skymap Left: 1-10 GeV, Right: 10-100 GeV (Matthias Beilicke)

• Proof of principle:  Matthias’ and Jamie’s analysis of Fermi high-energy sources leasing to 
ToO VERITAS discovery of J0521 - not a DM source, but the same principal.

• Use TAC-approved 15 hr allocation as in the DM KSP to follow up best DM ToOs 

(Fermi Skymap, 1-10 GeV) (Fermi Skymap, 10-100 GeV - M. Beilicke)

Friday, November 12, 2010
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Future ACT Considerations

• Need an order of magnitude from exposure time, an order of magnitude 
from a new instrument, and maybe a bit of a boost!
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VERITAS/HESS (50 hr)

AGIS/CTA (200 hr)

(Matthew Wood, UCLA)
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Angular Distribution

• For an NFW halo profile the 90% containment 
source size is roughly 0.2 deg for a 106 solar 
mass halo at 6.5 kpc or for a 105 solar mass halo 
at 3 kpc

• For an NFW halo profile the 90% containment 
source size is roughly 0.2 deg for a 106 solar 
mass halo at 6.5 kpc or for a 105 solar mass halo 
at 3 kpc•For an 

NFW 
Friday, November 12, 2010
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Future ACT Considerations

W.Hofmann Estimate for

Ideal Ground Array

APT

Fermi
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Optimization

• For dark matter searches, it is important to minimize energy, maximize sensitivity while 
maintaining good angular resolution and energy resolution - is there a way to minimize 
threshold and still obtain good performance?  

• Extreme case:  Putting 9 times as many 12m telescopes in a 150m unit cell (4 to 36) 
could reduce the energy threshold by a factor of 3 (100 GeV to 30 GeV) while 
maintaining very high angular and energy resolution

?
150m

30m

12m

0.5% Coverage

10% 
Coverage
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Conclusions
• VERITAS is a good (and improving) instrument for continued observations of 

DM candidates.  With reduced energy threshold, and continued observations 
over the coming decade (before CTA operation) constraints will continue to 
improve.

• VERITAS will follow-up DM “ToO”s discovered in Fermi sky map.

• However: for GC astrophysical background is difficult, and Dwarf limits are still 
2 orders of magnitude away.

• Some models that produce large boosts (astrophysics, particle physics) are 
already constrained.  In general, we expect clarification on astrophysical boosts 
(and on Leptophilic DM) over coming years. 

• To get limits on generic predictions, need order of magnitude from exposure 
(dedication of a large percentage of observing time), and more than an order of 
magnitude improvement in sensitivity at ~100 GeV 

• We are looking forward to working on CTA!
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