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The 1996-2017 TeV Sky

1996
m If we consider the first object
o observed in the TeV band

http.://tevcat.uchicago.edu/

w (Crab observed in 1989 by
Whipple) we had a very fast
= 1996-2003 increment in the number of

% VHE sources (>160 in 2017).
- -180° Source Types

b PWN

b g:rrljary XRB PSR Gamma

b HBL IBL FRI FSRQ

00 2003-2017 (iminown iypa)
4 AN

£

Superbubble

b DARK UNID Other

b uQuasar Star Forming

‘ ' Region Globular Cluster
% Cat. Var. Massive Star
Cl BINBL L
e WBrERsE=May 23-24, 2017 e e o 2
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Imaging Atmospheric Cherenkov Telescopes
(IACTs)

1953 Galbraith & Jelly:

A garbage can, a 60 cm diameter mirror in and a
PMT in the focus. Discovery of Cherenkov light
pulses from extensive air showers due to leptonic
Cosmic Rays.

—_,_“ . Gl . Al 4 *
3 J:. 0 et ﬁ-'.-"

1969 Trevor Weeks @ Mt. Hopkins
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JACTs’ 2"d Generation

The HEGRA detector, including

6 air Cherenkov imaging telescopes
Location: ORM (@ L.a Palma
Operation 1992 - 2002

Telescope Whipple | CAT | HEGRA | CANGAROO

Mirror diameter (m) 10 5 5 3.8
Mirror area (m?) 74 18 8.4 11.3
Number of pixels 151 546454 271 256

Pixel deg 0.25 0.12 0.25 0.18

L. A. Antonelli XV AGILE Science Workshop — May 23-24, 201



HESS Telescopes
(Namibia)

1 Telescope (28 m)

4 Telescopes (13 m)
E;, ~ 150 GeV

Sens. ~ 0.5% Crab/50h

L. A. Antonelli

JACTs’ 3 Generation

MAGIC Telescopes in La Palma
(Canary Islands)

2 Telescopes (17 m)
E, ~ 30 GeV, Sens. ~ 0.6% Crab/50h

Unique instrument in 50 < E [GeV] < 200

VERITAS Telescopes
Arizona (USA)
4 Telescopes (12 m)

E, ~ 150 GeV
Sens. ~ 0.7% Crab/50h




JACT sensitivities
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Whipple 37 pix

MAGIC stereo

MAGIC upgrade
HESS-Il mono

HESS-1 VERITAS

Whipple 109 pix
CAT

MAGIC stereo

HEGRA system

CTA

HESS-I VERITAS CTA

—e— Sensitivity above 1 TeV
——o— Sensitivity above 0.1 TeV

1980

1985

—— Sensitivity above 0.05 TeV CTA
10—14lllllllllllllllllllIllllllllllllllIllllIllllIllll
1990 1995 2000 2005 2010 2015 2020 2025 2030
Time (year)
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The Imaging Atmospheric Cherenkov Technique

Top of the atmosphere

<VHE primary CRs (p, a, €%, v, ...)
<-Extended Air Showers (EAS)

= Hadronic showers (>99%)

= Electromagnetic showers
<-Cherenkov radiation emission

= optical and near-UV light

= flash duration ~few ns
<-Light collected by the mirrors
<-Light focalized in the cameras
<EAS images in the focal planes
<-Image calibration, cleaning,

and parameterization
<>Stereoscopic reconstruction

and background suppress;j
<-MC simulations
<Scientific analysis
<>Science products
<-Observatory products

A

~100 photons/m? at ~1 TeV)

L. A. Antonelli XV AGILE Science Workshop — May 23-24, 2017

Shower maximum

~10 km

ocal plane

Focal plane
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CAM1
< >
CAMn
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The Present TeV Sky




JACTS’ Science
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Galactic Plane’s Survey by HESS

Gamma-rays from the survey made with 3000 hrs of HESS.
64 sources + 13 complex source regions (PWN, SNR, Binaries) + extended emission

256 254 252 250

Deil et al. @ICRC 2015




SNRS as CR factories
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CasA model (Yuan et al., 2013), Fermi (Yuan et al., 2013), VERITAS (ICRC 2015)
1C443 model (Ackermann et al., 2013), Fermi (Ackermann et al..2013), VERITAS (ICRC 2015)
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Quadrants used in the H.E.S.S.VHE
y-ray image of RX J1713.7-3946 to
investigate possible particle escape.
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PeVatron from GC
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The amazing CRAB

CRAB Nebula: 0 oo
E 10‘9; 7 """ Log parabola fit (Fermi+MAGIC)

« High precision energy spectrum: 50 GeV £ | _ | D
to ~30 TeV, 5 bins per decade. 10 | |

« Observations at E > 80 TeV (high-Zd) w | | |
are allowing the K-N regime exploration. T 15 R T SO S Wi % SO

« Combined fit with Fermi data yields the | | |
most precise measurement of the IC 0 5 TSR S WU U N W i

peak: 52.5 +/- 1.6 GeV

CRAB Pulsar: - | | T e x| St
5 e e | Lokt | 200 | ke | 430
- O O O oo o > 950 119454 220 190456 350
» First detection of Crab Pulsar at VHE Ztg ot E
back in 2008 (E>25 GeV). e ]
320 hours of observation led to the - A\
detection of pulsation above 400 GeV & o ruminre \\ \\ NI
up to 1,5 TeV with spectrum extending L« yeon |\ ]
at TeV energies. foweer AL ]
10* 1 10 107 10°

A VHE emission “bridge” also detected

up to 400 GeV. Aliu et al., 2008, Science, 322 [MAGIC]; Aliu et al, 2011, Science, 334 [VERITAS];
Aleksic et al., 2011, ApJ, 742; 2012, A&A,540; 2014, A&A,565; 2016, A&A, 582 [MAGIC]
L. A. Antonelli XV AGILE Science Workshop — May 23-24, 2017 13
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Extragalactic Astrophysics

« The MAGIC Low-Energy Threshold allows to
observe also objects at high redshift otherwise
absorbed by Extragalactic Background Light.

« Farthest objects ever observed at VHE are
FSRQ, most part of them has been discovered
by MAGIC.

» At present the farthest FSRQ detected at VHE
is at z=0.939.

c 1
2 - S T e,
@ BTt
3 LI
o WIS,
= vy
<< S~ ,
) : N, ™
Strong absorption above K
.’- ~|.~
101} ~100 GeV for z~1 source \‘
- | EBL modet: ‘> K
%\
Franceschini at al. ‘08 *5\.‘.
- ‘l
------- Dominguez et al. '11 “‘-, \
= === Finke stal.'10 .‘:-‘ "-)
10_2 - == == Gilmore et al. 12 ‘:‘,_‘ “._'\7
— | w1 Inoue stal 13 K% E \
N 1 1 ! 1 T ] VO 0
30 40 50 100 200 300

Energy [GeV]

FSRQ Redshift First VHE detection by: Year
3C 279 0.536 MAGIC 2006
PKS 1510-089 0.361 HESS 2009
PKS 1222+216 (4C +21.35) 0.432 MAGIC 2010
B0218+35 0.944 MAGIC 2014
PKS 1441+25 0.939 MAGIC 2015
S4 0954+65* 0.368 MAGIC 2015




Detection of the first gravitationally lensed
VHE emission: the blazar S3 0218+357

LAT-observations in July ‘14
spectral hardening
(Buson et al. ATel #6316)

A real pity:
no MAGIC observations right
at the flare (full moon)

but ~10 days later:

=> delayed emission!
signal with >50
in 4 consecutive nights,
point-like source

ATel #6349
MAGIC discovery

L. A. Antonelli

FERMI-LAT

MAGIC

F(E>0.1GeV)

F(E>|GeV)
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Extreme Flares: the case of IC310

Flaring activity with ultra-fast variability (< 5 min) detected in
2012 by MAGIC => sub-horizon variability challenges shock-in-
jet models. Possible scenarios:

- mini-jet

- jet-cloud interactions

- magnetospheric origin of gamma-rays

Aleksi¢ et al. (MAGIC) Science 346, 2014
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Dark Matter Sarches

MAGIC set most stringent limits on cross section annihilation and decay life time, in the WIMP
mass range mx(~100 GeV up to tens of TeV), through deep observations of dwarf spheroidal
satellite galaxies (dSphs) and the Perseus cluster.

160 h observations on dwarf satellite

The first MAGIC/Fermi-LAT joint dark

oalaxy Segue 1: point-like analysis

and fullikelihood method

Aleksic et al. JCAP 02 (2014) 008

matter annihilation signal search from
dSphs : fullikelihood approach
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10*
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Upper limits on <o, v> for secondary photons
produced from different final state SM particle

The strogest limit (95% c.l.) is of order:

<o, v>~1.2x10% cm?®s™

Corresponding to a mX~500GeV dark matter particle
annihilating in z7+7-

L. A. Antonelli
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J. Rico+ M. qud et al. JCAP 02}2016) 039
' All dSphs 7

Fermi-LAT+MAGIC Segue 1

--- H, median

=-=== MAGIC Segue 1
H, 68% containment —— — Fermi-LAT
H, 95% containment  — . — - Thermal relic cross section
1 I L II Ll
10? 10° 10* 10°

Combined achieved limits on the
annihilation cross-section for dark matter
particle masses between 10 GeV and 100
TeV (the widest range so far explored)

Maximum improvement of the
combined limits with respect to the
individual ones by a factor 2 at a mass
of 500 GeV (for bbbar) and 3 TeV (for

7+7-, here shown)

160 h Seguel
by MAGIC
J’_

6-years obs.
of 15 dSphs
vy Fermi-LAT
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Gamma Ray Bursts & other transients ...

= 90 GRBs observed so far (since 2005)
= No detection until now

zenith angle [deg]

1 GR3 curnulat ve z dstr Hotion =
K withz e '% 02 f
= * el e =
4o StereoGRB -+ =
"g oG
050505 ° -_..g.
060121 ,;é
w2es ¥ 4 s * z 04
Z
0.z
» *
* ‘ < 2.5 1 1.5 2 2.3 3 325 < 5 s 5.2 3 -5 7
080430 g I Redshilt
*URCE REDSHI | DISCOVER | YEA
_— | [ B 0218+35 | 0.944 MAGIC | 2014 J
o o o o PRS 0-939 MAGIC— 2015
10% 10" 10° 1441+25
Time delay from To [sec] 3C 279 0.536 MAGIC | 2006

Still poorly-populated

redshift - 1 is not a
region (~10% of GRBs) MAGIC almost doubled the VHE

. . limit anymore!
horizon in the past 2 years mitany
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Conclusmn

esently at

very productive time in terms of physics.
|t|V|ty allows thef/to:

tudle at VHE y
e Cosmic Ray acceleration processes and ori

il

-

ormal galaikfes and RQ AGNS.
» Effectively search for GRBs or fast transients.
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Street View - lug 2011
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