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Mechanics of TeV Gamma-ray Astronomy

Annosphere

air shower forms an image on the (pixellated)
focal plane

images from gamma rays are different from
images due to charged cosmic rays
(good for background rejection)

Cerenkoy L ight
Cone

120m
2
40,000 m

stereo imaging using two or more telescopes offers
better precision and background rejection

low duty-cycle and bad signal-to-noise are repaid
by huge collection area (~10° m?) - Fermi has ~1 m?




H.E.S.S. Germany
(High Energy Stereoscopic System) France

United Kingdom
Namibia
- four 12-m (107 m?) Davies-Cotton telescopes South Africa

Czech Republic
- 59 (diameter) field-of-view

Ireland

~ B’ resolution for single gamma rays Armenia
Poland

- 5o in 25 h for a source at 20° zenith and flux 10 cm? s> 1 TeV -

- phase IT - 600 m?® dish at centre of array (under construction) Sweden

Associate Members

(~ 200 authors)




H.E.S.S.

- located at 1800 m in Namibia = excellent view of Galactic Centre
- fully operational since December 2003

- more than 62 sources detected so far

HESS J1912+101 HESS J1857+026 HESS J1848-018 HESS J1846-029
F (Kez 75)
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Gamma rays from direction of Terzan-5
H.E.S.S. (arXiv:1106.4069v2)

- globular clusters:

- very high density of stars in their cores
- 300,000 in 10 light-year sphere
(10 in same volume near solar system)
- very old (same age as galaxy)
- ~150 in a halo around the galaxy
- very old (same age as galaxy)
- many millisecond pulsars (spun up in binary systems)
- predicted to emit HE gammas
- fields of MSPs
- shocks at end of electron winds from pulsars

- Fermi LAT:
- reports HE gammas from several GCs
(Abdo et al 2009, 2010)

inner part of Terzan 5

- Terzan 5:
- largest number of MSPs in radio
- brightest at GeV energies (Fermi-LAT)
- 1.6 kpc distant
- very compact
- half-mass in << arc min
- 1.7 degrees off Galactic plane a few degrees away from Galactic centre



H.E.S.5.  Gamma rays from direction of Terzan-5

-24°35'

half-mass

Declination

HESS results:

- 90 h of observations
- 7-sigma signal
- odd shape (see plot) : : 20

- marginally offset (4 arc minutes) 17h48m?:?isgh1t7;\438;§ﬁ;i%%2%050)

- could it be a chance overlap with a less exotic source?
(estimate is 0.01% prob by looking at galactic survey dist) = ''-
12

- source is more extended than expected 1o}
by the two leading models '

- first globular cluster to be seen in VHE gamma rays but

source
puzzles need to be resolved

b [deg]



HE.S.S. A New SNR with TeV shell-type morphology:
HESS J1731-347 (arXiv:1105.3206v2)

initially discovered in the HESS galactic survey

- not identified with any known sources at other wavelengths
(eg PWNe, SNR, binary system - PWNe are the most common Galactic VHE sources)

- recent (2008) discovery (Tian et al) of radio SNR (6353.6-0.7) spatially coincident with
HESS J1731-347 prompted more observations by HESS

- X-ray data (Chandra, XMM, Suzaku, ROSAT) show morphology similar to the radio

- X-ray spectrum suggests synchrotron emission
- SNR shock front is accelerating electrons to TeV energies

- compact object - possibly a pulsar (marginal evidence) - seen at the centre in X-rays



H.E.S.S. HESS J1731-347

HESS results:

- B9 hours of data

- 14 h in original survey
- remainder in summer 2007, summer 2009

-E thresh 240 GeV
- 22 o detection

Declination

-34d00m

-34d30m

-35d00m

-35d30m

17h34m

- 8 o detection of neighbouring structure HESS J1729-349

- spectrum is consistent with a power law (index 2.32 +/- 0.06)

- flux is about 16% of the Crab
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H.E.S.S.

H.E.S.S. RXJ0852.0-4622
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evidence favours shell-type SNR interpretation
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RX J17137—3946 wer e IC on CMB \
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SN 1006

difficult to model; electrons and protons
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MAGIC Germany
(Major Atmospheric Gamma Imaging Cherenkov telescope) Spain

Italy

Poland

- two 17-m (227 m?) parabolic (isochronous) telescopes Bulgaria

Croatia

- 3.5° (diameter) field-of-view

Finland

-0.18° @ 50 GeV — 0.08° @ 1 TeV angular resolution (68% containment) Associate Members

(~ 150 authors)
- sensitive to 1% Crab flux in 50 h at medium energies







MAGLC Detection of VHE emission from Head-tail Galaxy IC310
in the Perseus Cluster (ApJ Lett 723 L207)

Perseus Cluster (Abell 426)
- cluster of galaxies in the constellation Perseus
- one of the most massive objects in the universe g

- thousands of galaxies immersed
in a vast cloud of multimillion degree gas

Significance sky map of Perseus cluster
observation with MAGIC in 2009-2010

- MAGIC detects two galaxies 5425
in VHE gamma rays =
- NGC 1275 B
(central galaxy of the cluster) , E> 150 GeV
-IC 310 1
41.5—

(head-tail radio-galaxy)




MAGIC IC 310

IC310
- along with NGC1265, one of the first two
head-tail galaxies discovered by astronomers

- first head-tail o be seen at HE and VHE energies
- first source to be discovered by stereo MAGIC

- head-tail: bright head, close to optical galaxy,
fainter, elongated tail NGC 1265 in Radio

(NRAO image)
- tail is illuminated (in radio) by radiation from Prototypical Head-Tail Galaxy
particles accelerated by interactions with
intfracluster medium (ICM)

- X-ray data do not show the tail
- Fermi has detected IC310

- 5 photons above 30 GeV (3 above 100)
- no signal (0.1-1.0 GeV)




MAGIC IC 310 SIGNIFICANCES

- 94 h w”-h MAGIC_I B | VLA Radio Contours
- 21 h with MAGIC-2 B NGC 1275+

- stereo results:
106 excess events - 7.6 o
2.5% Crab flux above 300 GeV
flat spectrum VLA Radio 1.49 GHz
(power law with index -2.00+/-0.14)

: 3.45 3.4 3.35 3.3 3.25
- mono results in 2008 (11.2 h) RA [hr]

no signal
<1.9% Crab UL (95% CL) -> time variability

%1072

—=— [C 310, MAGIC |

- resolution not sufficient to tell if emission
is from the tail or from the base of the jet
(close to central engine)

20—
B —— |C 310, MAGIC Stereo %
15—

== 2.50% C.U.

10—

production near the centre of the AGN is favoured
- time variability: one-week flare -> region < 2 10" cm
- black-hole mass is 2.4 10° solar masses -
-> Schwarzschild Radius is 7 10%cm) s

=1 1 1 1 1 1 1 1 1 W 1 1 1 1
3112/08 02/03/09 02/05/09 02/07/09 31/08/09 31/10/09 31!12/’091_.
ime

Integral flux (300-50000 GeV) [cm™ s

(similar to M87 - see joint VERITAS, MAGIC, VLA paper in Science 324 p 444)



MAGIC  Flat-Spectrum Radio Quasars (FSRQs)

FSRQs

- AGNs with broad emission lines and 'big blue bump’ in optical/UV part of spectrum
likely from accretion disk

- only three detected at TeV energies (possible absorption on blue-bump photons)

- models are complicated and not entirely successful

- very far away:

- study extra-galactic background light (EBL)
via its effect on VHE gamma-ray propagation

+ — e+e-
YTeV YEBL eve

- spectra should be suppressed at higher
energies

- use distortions to constrain models of EBL



MAGIC | Flat-Spectrum Radio Quasars (FSRQs)

Probing EBL spectrum 0.2-2um

‘Stecker et al., 2006, (fast evolution)
max-EBL (this work)
Primack et al., 2005
Cosmic Microwave Background
Mazin & Raue, upper limit 2007

pper li 2006

vl (nwm? sr')

&

& Fermi-2.5hrs
-# MAGIC

&
o

Y
o

Log(vFv) (erg cm”s™)

=
w
s
E
o
>
@
o
o
m
=]
3
3
W
o
(=]
-

0
Y
-

MAGIC SED extrapelation
(EBL Model: Dominguez+10)

intrinsic
r: 27

absorbed

3 3.5
logE(GeV)




VERITAS UsA

(Very Energetic Radiation Imaging Telescope Array System) Canada
Ireland
- four 12-m (113 m®) Davies-Cotton telescopes United Kingdom

. . . Associate Members
- 3.5° (diameter) field-of-view

(~ 100 authors)
- angular resolution < 0.1° (68% containment)
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. ° g 102 ,0\07‘6
- energy resolution 15 - 25% - 0
- energy range 100 GeV - 30 TeV ivr d&"“\ ;
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VERITAS
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new layout
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VERITAS
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Fermi-LAT energy spectrum suggests that
there are few gamma rays above ~ 10 GeV



VERITAS

MAGIC: E >25 GeV
59 h of data from Oct-2007 to Jan-2009
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VERITAS
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VERITAS
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VERITAS
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VERITAS | CTA1

Declination (J2000)

Right Ascension (J2000)



VERITAS |CTA1
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green contours: 3 - 7o - VERITAS
black contours: radio 1420 MHz - T. Landecker

red circle: Fermi-LAT error circle



VERITAS Detection of Tycho's Supernova Remnant

- remnant of a type 1A supernova event in 1572
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- VERITAS detection (2010):
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VERITAS
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CTA - the future
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http://www.cta-observatory.org/

Conclusions

TeV sky: ;““‘i"

March 2011: <7 '\\
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