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Canonical Performance Values:
Energy Range: 100 GeV - 30 TeV

(spectra>150 GeV)

1 —2 0%

© Angular resolution: res<0.1°

| Pinincur: 5” |

“Effective area ~ 105 m? umesseelF

Crab Rate: 50/minute (trigger)
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Y -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.

Continuum Emission Direct Annihilation to Lines

Neutralino continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10" sr

‘\ continuous y

|
|
|
| Ht Ax"
i
|

Voo

] Direct annihilation into a

{ monoenergetic gamma-ray
. line with gamma-ray energy
\ given by
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WIMPs can annihilate
into quarks that
hadronize, form pions
and then emit gamma-
rays with a continuum iy PO EEP P S Y
spectrum

Background, ETQ'7

-13 — - 300 GeV neutralino added
------ 50 GeV neutralino added

Photon Flux (cm™?s~ ! GeV 1)
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(Bergstrom, Ullio and JB 1998)
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TV
astrophysics

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

e Sommerfeld enhancement larger for colder (lower velociy dispersion) dwarf halos o o< 1/v°
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NEFW profile
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00 SDSS Coverage

o Classical dSphs

O Observed by VERITAS e Ultra-faint dSphs
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Disclaimer

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

e 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.
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. . SEGUE 1 Results
No Significant Excess from any dSph PRELIMINARY

Quantity/dSph Willman 1 | Boodtes 1 SEGUE 1

Significance (o) -1.77 -1.51 -0.08

Similar limits for MACIC on Draco & Willman 1
Improvement of x40 for Whipple 10m on Ursa Minor & Draco

(Robert Wagner, ANL)
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. <OV>mps @S a function of the DM particle mass:
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<OV>ymps = 1072°cm3.s! (core) <OV>ymps = 1072°cm3.s! (core)
<OV>ymps = 10723cm3.s 1 (NFW) <OV>ymps = 10724cm3.s 1 (NFW)

Aharonian F., et al. (H.E.S.S. collaboration), Astropart. Phys., 29, 55 (2008)
" Systematics of the core profile: + 2 orders of magnitude (Matthieu Vivier)
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Distance fAP Instrument Annihilation

(kpc) (NFW profile,102 spectrum
GeVZcm™)

Galactic Center 8 ?7? 48.7 H.E.S.S. Bergstrom <102
Canis Major 8 5.9 9.6 H.E.S.S. Bergstrom <6x10%
Sagittarius 24 2.2 11 H.E.S.S. Bergstrom <6x102

Draco 82 1 14.3 WHIPPLE XX = TT <102
Ursa Minor 66 0.7 17.2 WHIPPLE XX > TT <2 x10?2?

(Matthieu Vivier)
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N-body Sims & Subhalos

e N-body simulations have resolutions approaching 10* solar masses

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

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

e VL-Il finds clumps more cuspy with density profile power-law index of
1.2

 Mass function integral number of subhalos with mass M > My is N(M > Mpy) oc Mg

e Minimum subhalo distance with probability~1: Rg ~ 3(Mp /10° M:)Y3 kpe.
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Fermi DM ToO

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

o Approved Fermi Gl proposal for ""Dark Matter Targets of Opportunity” (Buckley, Beilicke, Byrum,
Conrad, Ferrer, Humensky, Krawczynski, Murgia and Smith)

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

e 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.

e Use TAC-approved 15 hr allocation as in the DM KSP to follow up best DM ToOs
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Future ACT Considerations
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e 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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e For an NFW halo profile the 90% containment
source size is roughly 0.2 deg for a 10° solar
mass halo at 6.5 kpc or for a 10° solar mass halo

at 3 kpc
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- Optimization
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o 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?

e 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
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pr— Conclusions

e 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.

e VERITAS will follow-up DM “ToQ”s discovered in Fermi sky map.

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

e 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.

e 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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