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Gamma-ray astronomy

Goal: study the universe in the GeV-TeV energy range

> non-thermal emission
> reveal cosmic accelerators

> twO main emission mechanisms:
> 1% decay (“hadronic”)

> 1nverse Compton scattering of
electrons (“leptonic™)
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Instruments for
gamma-ray astronomy



Comparison of the detection methods in gamma-ray astronomy

satellite-based ground-based

Cherenkov telescopes

e.g. EGRET, Fermi e.g. HE.S.S., MAGIC, VERITAS
direct detection in space detect Cherenkov light
e.g. Fermi-LAT: from gamma-ray induced
Si tracker with air showers

conversion foils +
EM calorimeter
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high-altitude arrays

]

e.g. Milagro, HAWC,
Tibet ASy, ARGO-YBJ

detect charged particles
in tails of gamma-ray
induced air showers




Comparison of the detection methods in gamma-ray astronomy

ground-based

Cherenkov telescopes high-altitude arrays

]

e.g. HE.S.S., MAGIC, VERITAS e.g. Milagro, HAWC,
Tibet ASy, ARGO-YBJ

detect Cherenkov light detect charged particles
from gamma-ray induced in tails of gamma-ray
air showers induced air showers

300 GeV gamma-ray
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Comparison of the detection methods in gamma-ray astronomy

satellite-based ground-based

Cherenkov telescopes

low energy threshold high sensitivity

Energy range 0.1 - 300 GeV 0.05 - 50 TeV

Area Im? 100 000 m?

Energy resolution 10% @ 1 GeV 15%

Angular resolution 0.7° @ 1GeV 0.1°

Background suppression > 99.99% 99%

Aperture 2.4 sr 0.006 sr

Duty cycle > 90% ~10%
unbiased sky survey, high-resolution spectra
transients < 100 GeV detailed morphological analysis
extended sources survey capability for limited sky

region
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high-altitude arrays

large aperture, high duty
cycle

0.1 — 100 TeV
30 000 m?

~50%
0.3°-0.7°
> 95%
> 2 sr
> 90%

unbiased sky survey
extended sources
transients

following Gus Sinnis, CTA workshop, Paris, March 2007



Gamma-ray astronomy with IACTs

IACT = Imaging atmospheric Cherenkov telescope

Air shower

Cherenkov light

— Light pool

Detection by
fast cameras
in telescopes

Konrad Bernlohr
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H.E.S.S.

array of four imaging
atmospheric Cherenkov
telescopes

located in the Khomas
highlands of Namibia, at
1800m ASL

E, =~100 GeV
AE/E = 15%

angular resolution ~0.1°
5° FoV
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H.E.S.S. physics program

Extended extragalactic objects
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Galactic sources



Galactic Plane Survey

» large FoV enables systematic scan > over 60 Galactic VHE gamma-ray
of Inner Galaxy, ongoing since sources
2004 > population dominated by SNRs,
» aim: discovery of new gamma-ray PWNe, unidentified sources
SOUIces - focus in 2011:
- 2300 h of good-quality data - sensitivity goal of 2% Crab
- dataset = pointed observations + for core region
scan mode + hotspot follow-up - deepening exposure in outer
Galaxy
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point-source sensitivity (I'=2.5) for So detection, at latitude b = -0.3°

H. Gast et al., proc.
32" ICRC (2011)
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Shell-type supernova remnants: HESS J1731-347

5 -34d00m H.E.S.S H.E.S.S. collaboration,

= g v A&A in press 120

S

a HESS J1731-347 HESS J1729-34 MMl
~ First non-thermal shell SNR a0 80

discovered based on gamma-
ray observations!

» TeV and MWL data can be ~33d00m
explained in either hadronic or
leptonic scenario.
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possible interaction of SNR with a molecular cloud

PRELIMINARY

- G318.2+0.1:

- VHE gamma-ray emission
found 1n Galactic plane
survey

Galactic Latitude (deg)

-

- CO data: molecular cloud

(~10°M_ ) found at either _ '
35 or 9.0k _ G318.2+40.1n 843 MHz radio image
D0 . pC ' VHE gamma-rays G318.2+0.1
- Assuming near solution and
n~1/cm®: age ~8000 years:
Sedov phase

Whiteoak&Green lg6

- Possible scenario:
emission from cosmic rays
accelerated in the SNR and
illuminating the MC
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P. Hofverberg et al., -
arXiv: 1104.5119 - 42 a3
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Novel sources



Starburst galaxies

» Strongly enhanced
star-formation rate 1.e.
high supernova rate

» Consequence: high
cosmic ray (CR)
density

- High gas density
Intense radiation fields

- Promising conditions

for gamma-ray
production

interesting test of
standard paradigm for
cosmic-ray production

Starburst galaxy NGC 253 (optical)
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Starburst galaxy NGC253

> 119 hours of good observations
-~ advanced 1mage analysis techniques

- Integral flux roughly 0.3% Crab: one
of the faintest sources detected so far

in VHE gamma rays

> Point-like emission, consistent with

starburst nucleus

H.E.S.S. collaboration, Science 326 (2009) 1080-1082
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Starburst galaxy NGC253

> Hadronic scenario: TeV cosmic-
ray density in the starburst region
about three orders of magnitude
larger than at the location of the
Earth : B -

- About 5% of the energy in CRs Sy e
converted into gamma rays : T

» Veritas detection of M82, Fermi e
detection of NGC253 and M82 107°E

H.E.5.05. 2004

Paglione 1996 prediction
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starburst galaxies emerging as new source class in gamma-ray astronomy

F. Acero et al.,
Science 326 (2009) 1080

Henning Gast, MPIK . p 19




» globular cluster Terzan 5:
largest population of identified
millisecond pulsars and high stellar
density at its core

~ electrons accelerated by millisecond
pulsars themselves or in their colliding
winds

> 1ntense stellar radiation field

» 1ntegral VHE gamma-ray flux matches
predictions

> chance coincidence unlikely

- but extension and offset hard to explain

H.E.S.S. collaboration,
A&A 531 (2011)L18

near-IR image of Terzan 5
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Fundamental physics



The dark matter paradigm

>

Large amount of energy density of the Universe in the form of non-luminous
“dark” matter

relic density from freeze-out:

O 2 3-107* cm’s™!
NS

(ov)

generic scenario:
» Weakly interacting massive particles (WIMPs)
~ annihilation to standard model final states, hadronization process

> gamma-rays from 1’ decays
if m,, ., at or above TeV scale, gamma-ray astronomy promising for indirect

search

Promising targets have high dark matter density. Recently published:

> (Galactic Center Halo

» dwarf galaxies

Henning Gast, MPIK . p 22



Search for Dark Matter

> gamma-ray flux from dark matter annihilations:
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Recent results of indirect dark matter search
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Test of Lorentz invariance

) Popagiion ) )

v=c(1-&E/M) o v=c(l-LEM))

11111111 r T T

T 4 HES.S - At At

E 3SE" = E o A B C oC >

= AE

§ i E HESS Collaboration,
g % = Astropart. Phys. 34
=5 E (2011) 738

2
w
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Time - MJD53944.0 [min]

~ Use pulse-shape of giant AGN flare, to search for energy-dependent velocity
of gamma-ray photons. Ideal candidate: PKS 2155 flare of July 28th, 2006.

> Lightcurve for low energy range (0.25-0.28 TeV) as temporal template.

- Calculate event-by-event likelihood, with At/AE (or At/AE?) as parameter,
using known effective area, source spectrum, and energy resolution.

o

> No hint for Lorentz invariance violation found. 95% CL upper limits:

At/AE = (-5.5+10.9 £ 10.3) s TeV"! A/AE?> = (1.7 £ 6.3 £ 6.6) s TeV~
MQGl > 2.1x10" GeV Myg' > 6.4x10"°GeV

Henning Gast, MPIK p 25
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H.E.S.S. |l

%

~ lower threshold to ~50 GeV:
~ pulsar physics
> AGN physics

> dark matter search

> overlap with Fermi-LAT energy range

~ on track for first light in June 2012
Henning Gast, MPIK . p 29




Summary

> TeV gamma

with over 120

ray astronomy has turned
sources known to date.

into a mature field,
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