VERITAS




Overview

'ruys frqm Dark Matter.

. Mulfiple guiniﬁd-ruy telescopes have mdependenily seen TeV
and GeV emission from the Galactic Center region
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@ The Galactic Center




O Sagittarius A East
— Massive Supernova Remnant
Sagittarius A West
—— Spiral-shaped Hot Gas Cloud
O Sagittarius A*
— Extremely bright radio-source

— Supermassive Black Hole

) Center of Galactic Dark
Matter Halo

<€ 2 Pc > Credits: Image visualized by Raymond Plante, NCSA/Univ. of lllinois
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© Lidio = 10%¢ erg/s
© Specirum
— HE) =3
— qutoff at 10" Hz
— sub-mm bump
© Variability:

— =100 Days, 20% change in
amplitude

— R<20R;
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@ Quiescent Emission

— within 20 mas of Sgr A”

; (]
© IR Flaring

— 30-50 min timescale
—  Structure on 17 minute scales

Implies: emission process within
3-4 Schwarzschild radii = 1/5 AU

SgrA”




% © Quiescent Emission
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© Flaring
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Galactic Latitude
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GeV Gamma

© Exceeds SgrA* luminosity
in other wavebands by
order of magnitude

(2.2 +0.01) x 1071°(E/1900 MeV)~ 130003 (E < 1900 MeV)

(2.240.01) x 1071°(E/1900 MeV) 31202 (F > 1900 MeV)

@ Too big error-hox to
associate with SgrA*

— Re-analysis (Hooper and Dingus
(2002), Pohl (2004) show it is
OFFSET from Sqr A*

© GLAST will help here...




© Unexplored until

recently...
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TeV Gamma?
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Qutline

© The Galactic Center

@ Instrument & Technique

@ Analysis

B
@ Di iol




<) Problems?

— (an't use traditional focusing optics
with gamma rays.

— FEarth’s atmosphere is opaque to
gamma rays.

o) Solution:
— Very-High-Energy particles interact
in the atmosphere, producing

Extensive Air Showers

——Farth’s atmosphere is a particle
detector: a Cherenkov radiafor.




Source produces VHE
gamma ray

Interaction in
atmosphere produces
) air-shower

e+ and e- emit UV/

blue Cerenkc

Radiation

Software imaging
algorithms
discriminate between
gamma-ray showers,
cosmic-ray showers
and background noise
for each detected
“event”

Light is focused by a
large optical reflector
into imaging camera,
digitized with an ADC




30000

25000

20000

15000

10000

5000

1.0 TeV Gamma Ray Shower

.
A

-4000 -2000 0 2000 4000

(Signal)

30000

25000

20000

15000

10000

5000

1.0 TeV Proton Shower

-4000 -2000 0 2000 4000

(Background)

0.0

1.0

0.0

—-1.0

max12,3: 57.40 45.21 32.62
[ alpha: 216
[ miss: 0.159
[ aist: 0.369
[ length: 0.282
[ widtn: 0.198
[ size: 47165

ECandidate G

amma Ray

1.0

max1.2,3: 18.18 17.05 16.73
[ alpha: 20
[ miss: 0.124
[ dist: 0.300
[ tength 0.473
[ wath: 0.263
| size: 25525
| psic 45.1 deg
- esym: o707

ECandidate C

osmic Ray |

0.0

1.0

Gamma-Ray vs Cosmic-Ray Showers




Qutline

" The Galactic Center

Instrument & Technique

" Analysis




& Multiple Observing Seasons (=10 years of data!)
— Only visible in May-July, =1 hour per night
— Instrument upgraded several times
O Large Zenith Angle Observations (6=60°)
— Standard Gamma-Ray Selection Criteria Need Modification
—— Telescope Pointing Error at low elevation
<) Unknown Source

—Did not expect emission, no one obvious mechanism. Original
motivation: Dark Matter, so we chose to look af Sgr A™ position




& Problem: Flux, Position, and
Emission mechanism
uncertain.

— Fasy to bias analysis toward
detection!

A P r i or i © Solution: Don’t look at the

Galactic Center.

Assumptions
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" The Galactic Center

~ Instrument & Technique

- Andlysis

" Results




Whipple
Telescope
Observations

&) Observations
31 Hours (ON-source)
— 1995-2003
© Anadlysis
—— Seasonal gain corrections
— LZA Camera Geometry Corrections

— 2 Nearby stars used to measure
and correct for pointing offset




Sagittarius A*
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<) Normalized to Crab Nebula
at peak energy of 2.8 TeV:

— (5.3£1.9)x107 m?Zs! TeV
—22% of Crab Flux (ot 4x distance)

<) Consistent with Point
source within 15 arcmin
(95% confidence)

Sagittarius A*
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e Dark Matter

Particle (WIMP)

—  (Creation/Annihilation determine
density

—  Early Universe: in equilibrium

Galaxy Rotation: DM exists (in halo)

CMBR + BB

; It’s non-baryonic
nucleosynthesis: 4

Structure

Formation: Its Cold




n ' r I ndld ' e Neutralino continuum gamma ray
u “ u ‘u u e. flux towards galactic centre -

NFW model, AQ=10"° sr

Neumlllno

—— Background, EY"27

— - 300 GeV neutralino added
50 GeV neutralino added




Southern Array

I JLINVSEO

1 2 3

— — -
O 0 v
> = >
- - -

r.oomu.Eo yd] xnyj ewrwes)

Cl=o
—
D
D
(Vo)
D
—
_—
e )
QO
J




Continuum Neutralino Flux
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Neutralinos?

® m;=20-100 TeV

© GUT theory +
cosmological
constraints:
my < TeV

[Ellis et. al (2004)]

© A problem for
WIMP DM?
Maybe.




An AGN?  [dieagopiilng
some characteristics/
processes

Active Galactic Nuclei:

© Black Hole + evidence for

* Outshine host galax . i
S Accretion + flaring at lower

* Accretion Powered (Supermassive energies
Black Hole with Accretion Disc) 0

* Jets (relativistic outflow)
* Well-established TeV sources

* Broad emission (Radio - TeV)

* Variability (flaring)




How do AGN
produce TeV

Photons?

Jet axis
Line of
sight to
Earth

Ambiant Proton-induced

photon or “Shock cascade
synchrotron :

phaton e
’

Inverse-Compton
scattering

Black
hole

- Proton-Profon interactions

& Synchroton-Self-Compton (SSC)

— Fermi Shock Acceleration produces VHE
electrons

—  Emit lower energy photons by
synchrotron emission

— Inverse Compton (IC) Up-Scattering to
TeV

& Proton-induced cascades

—  Photo-meson in’reru_ctions

S0 Syuduolron rog, ge BRld)
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@ Discussion GARDO #

. Uncerltainties amnfy

1746 00.0




The Future

& How high does spectrum
extend? Evidence for line
emission?

© Variability? (multi-
wavelength correlations)

— Single TeV flare would eliminate
possibility of DM annihilation!

& Source(s)?

~—  Resolve difference between: Whipple/
HESS, CANGAROO, EGRET

& Next-Gen Telescopes:
— TEV: VERITAS, HESS, MAGIC

— GRy T







