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Discovery of Cosmic Rays by V. Hess in
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Energies and Rates of the Cosmic-Ray
Particles
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Then, why not charged CR astronomy?

Charged CR particles, deflected by magnetic fields, do not carry informatio
on the location of the emission site (unless E is very large)

)
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Extensive Air Showers
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Cherenkov Radiation

 Emitted whenever a charged particle traverses a dielectric
medium at a speed larger than that of light in that medium

* The radiation results from the reorientation of electric
dipoles induced by the charge in the medium. When v > ¢/n
the contributions from different points of the trajectory arrive

In phase at the observer as a narrow light pulse
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Cherenkov radiation

Analogous to “sonic boom”

VAt
4 90°

y

cos0=1/(Bn)

010 = CcOs(1/n)
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Cherenkov radiation in the
atmosphere

In 1948, P.M.S. Blackett suggested
that secondary CR’s should produce
Cherenkov radiation which would
account for a fraction 10 of the total
night sky light

Pulses of Cherenkov light from air
showers were first recorded by
Galbraith and Jelley in 1953
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Cherenkov radiation in the
atmosphere; simple model

Air density: /)(/2) = pp+e "o ho="7.1 km
Air density exponentially reduces with increasing height

Refractive index:
h

n=1+4+m=1+n-¢ " ,withn =2.9-10""

at sea level

So, for example, at the height of 7.1km the air density is
(1/e) times less, 1.e. only ~37 % of its value at sea level
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Definition of refractive index: n = ¢/v (c-speed of light; v-
speed of electromagnetic interaction in a given medium)

Definition of B: p=vic=1/n=n";

nN2=(1+n)2=1-2n+n?; n<<1; 2> n2=1-2n

Threshold for Cherenkov emission for e*:

o MeC’ MeC” . 0.511 MeV o1 mev at
\/ 1 — 372nzn \/ 1 —n—2 \/Tnh, sea level)
Cherenkov angle for f=1:
COS Wrnar = l — ! ~ ] — h
n 1+,
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Cherenkov emission threshold

In atmosphere

Let us estimate Cherenkov light emission threshold
energy for e*, y* and p for few height levels in the

atmosphere
particle type |e=x V== o
Ei. @ sea level, GeV 0.021 4.4 38.9
@ 2kma.s.l. 0.024 5.1 44.8
@ 10 km a.s.l. 0.043 8.9 /8.6
@ 15 km a.s.l. 0.061 12.6 111.5
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Cherenkov emission threshold
In water and in glass

 Water: n=1.33;
0. =41.2°
fore* E4,=775KeV
fory* Ey, = 160 MeV
Nohotonsimm = 36 for A in (300 — 600) nm

* Plexiglas: n = 1.50;
Opax = 48.2°
fore* Ey, =686 KeV
for y* Ey, = 142 MeV
Nphotons/mm = 46 for 2 in (300 — 600) nm
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Cherenkov radiation in the
atmosphere

Rc.' Distance from shower trajectory at which the C-photons hit the ground

R. = (/l = ligha ) - tan 0,44 for g=1

2200 m a.s.l. At sea level
'§_ \ v § % [ Gamma, 1 TeV, 6 =0
: | : i |
S 20 2 : [ \ “hump”
I 10 =
L O
10} 3
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Hump position depends on observation altitude (but not on E,)
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Index of Refraction and Cherenkov Emission

Angle versus Altitude
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Lateral distribution of C-light

If e* shower extinguishes before reaching  Else, C-light density is
observation level (E< a few TeV) : Plateau maximum at shower core and

up to the hump, then fast drop drops exponentially with R
w C 10°
- T ~ E,=20TeV, 6=0
E | 100 Gey zenith=0° 3
= 10 €
*: - 50(_—)_6 V\ o) — Gamma
> C . 210k
c E el g —— Proton
S pCeV) e T g
T E10Gey| T e T 3
. 0k
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S e S RL_(m)
10 -2 1 1 1 l 1 1 1 l L 1 1 . .
0 200 200 soo Note above: for a given Eg, a
D. Sobczynska, CORSIKA simulations R (m) y-ray produces far less light
than a hadron!
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Number of emitted Cherenkov
photons

An electron traveling at speed gin a medium of refractive
iIndex n emits, between wavelengths A, and A,, per unit

length:

p— 27&'(}? . el e g ]- 9«
dx AL A G*n

For A; =300 nm, A, = 600 nm (this 1s the usual
sensitivity range of classical PMTs), 1n air, f=1,
for exponential atmosphere p profile:

dN/dx ~ 45 - e™h0 photons/m = 45 - t/t, photons/m
t-slanth depth at given atmospheric height, t, = 1036 g/cm?2
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Number of emitted Cherenkov
photons in the atmosphere

* A relativistic particle at a given height (slanth depth) a.s.l.
will emit in the atmosphere, in the wavelength range of
300-600 nm, the following number of photons per 1m path
length:

Slanth depth, g/cm? 100 300 800 1036
Height a.s.l., km 16 10 2.2 0
Number of emitted C- 4.5 13 35 45
photons/m
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ateral distribution of Cherenkov
light emission from a single |
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B NMUONS

Muon images is simply determined by the geometry.
The geometry can be reconstructed by the image.

 Length of the arc ~ 6, x D/R

» Image Size(Total photons)

~sin?0.x 1/tan 6.x D/R

= ~ 0, x D/R

— Good correlation between
Arc Len. and SIZE
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E Muon Images depending on the

Impact parametre
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Arrival time distribution of
Cherenkov photons

E primary muon
10 = —— primary gamma
E —— primary proton
15
10 =
- N Hn. 11,0,
0o 7 9 10
ns
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Spectrum of atmospheric
Cherenkov light

Attenuation!

Light emitted at 10 km
Light detected at 2 km

d2N/dxd ¢ 1/22.
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Attenuation of C-light in the atmosphere

3 processes: Mie scattering (by dust particles); Rayleigh

scattering (by air molecules); absorption by Ozone
(but EAS develops mostly below O5 layer)

Troml o TMrt - TO:one
s 1 E I .
Sosfh -
i 0.95
£ 0.6\ A=d00 nm
- )
04 _ =
& F I —
0.2~ 0.7 - 0.85
0»— 11“141111‘ bLliliLLllJl TR BT R
0 20 40 60 0 20 40 60 0 20 40 60
distance to telescope (km) distance to telescope (km) distance to telescope (km)

Total atmospheric transmission coefficients for vertically incident light, for the “standard
clear atmosphere”
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Attenuation of C-light in the atmosphere

Gets more severe at larger zenith angles, as the optical
path through the atmosphere increases:

—— Light emitted at 10 km a.s.1.

Air mass

----- Light emitted at 100 km ais.l.

o
-
-~

- : : .
0 10 20 30 S0 50 60 70 S0 %0

Air mass: ratio between the traversed atmospheric
mass (g/cm?) at z.a. 6 and that at vertical incidence

Observation level: 2200 m a.s.l. 0()
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Light of Night Sky (LOoNS) is a strong

background emission
Integral of LONS in 300-600nm: 2x10'2 ph/m?srs

L — La Palma LoNS data from Chris Benn

\
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|
1
—

‘s~ lum

differential photon flux [m

SN EA L
wavelength [nm]
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More light from EAS: Air fluorescence

Particles of the air shower excite air molecules, which fluoresce in
the UV: N, - N, + hv, in competition with N,* + N, — 2N,
(the excited state may also be collisionally quenched).

Nitrogen Floorescence Spectrum

Wavelength (nm)

The emitted isotropic light is proportional to the number of electrons
at all depths: as dE / dx per unit length goes up with higher
atmospheric pressure, the efficiency of light production decreases
linearly with pressure = a fast electron produces roughly the same
amount of light per unit path length at all altitudes. The downside - it
is rather dim (isotropy) and is affected by atmospheric absorption.
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Good news: the effects of the interaction of a VHE y-ray in
the atmosphere are spread over a large area on the ground

= very large effective areas are achievable =
VHE y-ray astronomy is feasible despite the low fluxes

Drawback of ground-based y-ray astronomy:
s - . ~ Crab Nebula
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Charged CR showers are much more numerous than
gamma showers (x 103 — 10°), even for strong sources!
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Air shower detection techniques

Detected shower component

. B Imaging (IACTs)
* Cherenkov light Narrow FOV
“Atmospheric

_ (i.e. solar arrays)
Cherenkov detectors” Sampling

Wide FOV
(AIROBICC, BLANCA)

Dense sampling
* Particles (and < (Milagro, HAWC, ARGO)
“Air

secondary y's) LHAASO

Coarse sampling

shower detectors” _
(Tibet AS, HEGRA, CASA)
* Fluorescence i.e. Fly’'s eye, HiRes, AUGER
light Not used for y-astronomy
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Fluorescence detectors

Wide field of view imaging
light detector viewing the

. EAS “sideways” =

- determination of a plane

) o containing the shower

=

Fly's Eye with
activated phototubes
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Fluorescence detectors

Stereo observations: better determination of shower
direction and impact point
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Fluorescence detectors

Due to the low intensity of fluorescence light, these instruments
are only sensitive to showers of E > 1018 eV

Too high a threshold for y-ray astronomy! (but good for CR studies)
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Ground-based y-ray astronomy in the World

Rene Ong, 2005 “

Experiment Type Location Altitude | Specifications
CACTUS AC=-Sampling Barstow, USA 64 M4 x42m
CANGAROO-H AC'Hlllclgillg Woomera; Atstratia H65m 4—x—7—8—m2—
HESS AC-Imaging Gamsberg, Namibia | 1800m 4x 110m?
MAGIC AC-Imaging La Palma, Spain 2250m I x 226 m?
PACT AC-Sampling Pachmarhi, India 1075 m 25x4.5m?
~SHAEON ———1-AC=hnaging——| Tien Shan-Kazakhstan {-3338 mr -} —+ x-Hrm*-
STACEE AC-Sampling | Albuguerque, USA_ 1 1700m | 64537132
TACTIC AC-Imaging Mt. Abu, India 1400 m I x 9.5m?
VERITAS AC-Imaging Mt Hopkins, USA 1275 m 2x 110m?
Whippic AC-tmagmg MtHopkins;: ESA—12256m T s-me
ARGO-YBIJ Air Shower Yangbajing, Tibet 4300 m 4000 m?
GRAPES-III Air Shower Ooty, India 2200m 288 x I m?
Mitagro——-Air-Shower LosAlamos HSA 2630m M ti
Tibet Air Shower Yangbajing, Tibet 4300m | 761 x 0.5m?
LHAASO 4400 ~1 km?

16.01.20 MM A-Phys.
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Ground-based y-ray astronomy in the World
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"Alr Shower” detectors

By this name we refer to instruments based on the
direct detection of the shower secondary particles and
gamma rays

By direct | mean that the e* and the secondary gamma
rays actually enter the man-made artifacts (hence
excluding atmospheric Cherenkov devices)

Typical air shower == = = = "
detector: array of ~100'sof =« =« =« & = =
~1m? particle detectors .
spread over >10% m?

operated in coincidence,

measuring p(x;, y;, t) ——» = = = = = =
(particle density and arrival time) _, . . . . .

16.01.20 MM A-Phys. Razmik Mitzoyan: VHE Gamma-
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Air Shower arrays

. .
N e~ P
e %o o

Electrons and
positrons

Gamma rays

L ANURT Y SR
.'...3” ."\ 2 v
. o’. .
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Typical AS array detector station:
Scintillator + PMT(s)

r | (1mm)
HEGRA s.cmtlllator roi‘eggvcegnvgnﬁ”;r (5mm) Measured
array station Wooden cover (1cm) light oc
Plastic scintillator (3-5 cm)
— number of
: , charged
» particles.
LED g”
gf’ Led converter
X (~1 R.L.) to
turn vy'sinto

A N\ detectable e*
| _./\ _
[\ Photomultipliers/_\ pairs

L|ht tight housing
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Air Shower arrays

Common additional component of AS arrays:
muon detectors, aiming at the discrimination of
hadron-initiated showers through their muon
content

One just needs a particle detector protected
from y’s and e* by a thick shield

16.01.20 MM A-Phys. Razmik Mitzoyan: VHE Gamma- 38
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The HEGRA scintillator array

HEGRA (High Energy Gamma Ray Array)
ORM, 2200 m a.s.l. 1991 - 2000, E esh, = 25 TeV
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Reconstruction of the shower direction

Relies on the determination of the arrival time at the
stations with ~ns precision, and on fitting the shower
front to a t(x,y) model (a cone for instance). Achievable
angular resolution 0.5 -1° , energy dependent

MC gammas
« Scintillator

- AIROBICC 49 |

40 60 80 100

Neenr
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CASA-MIA

Ground array - Chicago Air Shower Array (Dugway, Utah)
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Early results from AS arrays

Air shower experiment at Kiel (HEGRA predecessor) : signal
(4.4 o) from Cygnus X-3 above 10'° eV, modulated with the

4.8 h period of the system

This and other early claims of source detections by AS arrays
were not confirmed by later, more sensitive experiments

Samorski and Stamm, ApJ 268 (1983)

GAMMA-RAYS FROM CYG X-3
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Early results from AS arrays

« Despite the many claims of various sources,
no AS experiment detected the Crab Nebula

with > 5 o statistical significance until the late
90’s (Tibet AS array)

* This was achieved mainly through a reduction
in energy threshold (resulting in more events,
both signal and background)
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How to lower the threshold of
an Air Shower detector?

sea level
The threshold of an AS % Cwel b,
detector is dictated by Sls 037 27—ty
L s=04
the number of detected oF A :is
particles. Two ways to A VL, &\
increase this number: W e ‘\\
w7 e, ~\\
Put the detector higherin | o i T
the atmosphere Shower depth

Make a denser sampling

of the shower front (
1% or less active area in a

typical scintillator array)
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Tibet Air Shower array

4300 m a.s.l., Yangbajing

-
»
—

solution

Ip >15

Ang. Re

~0.9°

- 60

T

-~ 30

excess counts
TEINE

10

100 200 300 400 500 800
days

1999: Crab detection above
86 &5 o4 B3 &2 61 3 TeV (5.5 o) in 500 days
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Checking the pointing of an AS detector

Both the Moon and the Sun shadow the flux of charged CR. This is used
by AS detectors (with ~100% duty cycle) to check their pointing

Tibet array, Moon shadow

(A

Cosmic Ray
' o~ 1 ]
~ Ny
L M - {=
.
- oA < ‘(1 &
e L " Ll ¥
- —20\\\ ) (-}‘
o ~ NN ,\ N N : e
- '¢ S/ .'..\'. ]!
1 ! !: |
‘ N1
\ [ {
>
1 { g > -
-
$ -
¥ S
3

Shifted to the W due to the Earth’s magnetic field
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ARGO-YBJ

Going further down in E: better
coverage of the detection area

Resistive electrode plates
(phenolic polymers

?- loutlﬂx cm) strips

— =T S o 1g-2ia8 aina nEiia SNSRI o
| rs r e IAII m

2% 5555552255555555525%%2%% 1222222222222 Fukiin
GAS 2mm

AR T T
A R Ty
R L L L L LR R R LR RRRRRR A
& LR RLRZLZ L L E L L L LR LR L LR R LR

N
N
N
[
~

TS L VIS TTETT TS TS
£ S Y

2K Lf ....\:.
v v/ ”i/m"“ '

spacers Plck-up
Pad

High Votuge
Resistive Plate Chambers (RPCs)
are gaseous ionisation detectors
with parallel resistive electrodes
Good time and spatial resolution
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MILAGRO (moved to > HAWC)

Achieves full coverage in a different way: Cherenkov light emission in water

PMTs

A
B EdEENE HES B
Y
| 50 meters -
- 80 meters —
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MILAGRO

Some suppression of the background of hadron-initiated
showers is possible through the so-called compactness
parameter. MILAGRO has successfully detected Crab and
Mrk 421, and claims an extended source in the Cygnus
region

Cv?nus Region Mrk421 Crab

- - ™
Lol

PR 2 ] N - 1A L A - L) - LRl L2 LA - LS 1)

4.5 years of data, Ey,eqp = 2 TV
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MILAGRO sensitivity

<

-
-~

Declination (deg
- NN W’R

Declination (deg)

‘e
N

M

&

>

| B
e

L

- TP TETEN MRS z 6 M M KX NN N X
RA (deg) KA (deg)
Pre-Outngger — data since 2000 Post-Outrigger — data since 2003
« Ophimwred wath MC smulahons « (GOOO angular reconstruchon on
« Published detecton of the Crab off-pond cores
APJ 505 803 (2003) « Sonsitivity ~Ba'vr on the Cral

« Jayron the Crat

« 10.00 in 4.5 years « 9.7 In 1.5 years
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HAWC

HAWC is located at an altitude of 4100 meters on the slope
of the Volcanoes Sierra Negra and Pico de Orizaba at the
border between the states of Puebla and Veracruz in Mexico.

Currently all 300 Cherenkov detectors are deployed

and taking data. Each Cherenkov detector consists of
180,000 liters of extra pure water stored inside an enormous
tank (5 meters high and 7.3 meters in diameter) with four
highly sensitive light sensors fixed to the bottom of the tank
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Inauguratlon of HAWC Mexico, 20 03 15
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A 100 GeV y-ray event on the ground
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A 200 GeV proton on the ground
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Flux sensitivities of Wide-angle
AS Instruments

Threshold Sens. (1 yr)

Milagro ~ 2 TeV ~ 0.5 Crab
(HAWC: x 20 Milagro)
Tibet III shower array ~ 3 TeV ~ 1 Crab
ARGO YBJ 0.5-1TeV ~ 0.3 Crab
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Searching for answers LHAASO

The 1.25 bilhon yuan (S166 mulhion) Large Hgh Altitude Air Shower Observatory will be
the workd's largest and highest cosmic observatory when completed in 2021

Other 12 Main facility: a detector filed,
detector telescopes ehtiess water tank 2.5 imes
: the sare of Bepng s maler cube

What does it do7 The 1366 hactare observatory 4 410 meters
Ahowe sas ievel detects conmi rays.

What are cosmic rays” They are high-energy particies from .
$PICe 30 powerful that they make the Sun's cosmree rays “lock SCHUAN
N0 A SreCracher IN COMPANSON. Says ONe scunbst . T

Wiy study them? Research Can help soentists understand the A D :
QORIN O the universe and could yweid decovenes that revolutionize . '\‘ -
oo and materals 2 elecironic engneenng %4

aarve Xu v v MAA T
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The Pioneer Trevor Weekes and his 10m O
Whipple telescope gave birth to y-ray
astrophysics: 96 from Crab Nebula in 1983 !

,If a telescope can within
a few s evaporate a solid
piece of steel, it can also
measure gamma rays"
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The HEGRA detector, including

6 air Cherenkov 1imaging telescopes
Location: ORM (@ La Palma
Dperation 1992 - 2002
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VERITAS, H.E.S.5. & MAGIC: pushing the VHE

v-astro-phvsics to its limits
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Today's VHE y-ray Sources in the Sky

Source Types

PWN

XRB PSR Gamma BIN
HBL IBL FRI FSRQ LBL
AGN (unknown type
Shell SNRMolec. Cloud
Starburst

DARK UNID Other
uQuasar Star Forming

g Hegion Globular Cluster
i Cat. Var. Massive Star

http://tevcat.uchicago.edu/ Cluster BIN BL Lac
(class unclear) Wi
> 200 Established Sources
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Outlook : the next 5-7 years

Next generation VHE y ray Observatory: CTA

CTA

>1500 scientists Cherenkov Telescope Array
~130 institutions ~1000 sources will be discovered

N
ST

EU, US, JAPAN, India, Brazil,...
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Cherenkov Telescope Array
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The 1st 23m diameter LST (between 2 MAGICs)
of CTA is in the end phase of commissioning
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Gamma Ray Absorption by EBL

Extragalactic Background Light

blaz

- wm e TMKOY (this work) — Primack et al. 2005)

- e w cnergy threshold of MAGKC ‘-. ecker et al, (2006)

Primack et al. 2005
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o

Kneiske et al. (low limit) 2004

3C279, z=0.536

= = s
F 4 7 107 E
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o |1 l)
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Oldest VHE y-rays in Universe from a
source at red shift of z = 0.944

Discovery of Very High Energy Gamma-Ray Emission
From Gravitationally Lensed Blazar S3 0218+357 With
the MAGIC Telescopes

Razmik Mirzoyan (Max-Planck-Institute for Physics) On Behalf of the MAGIC
Collaboration
on28 Jul 2014; 14:20 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp .mpg de)

* On a few occasions Fermi mission measured flares of the blazar
S3 0218+357 with a time lag of 11.5 days.

 This was interpreted as due to the gravitational lensing effect

» 2 weeks ago MAGIC detected a flare with > 5 ¢ at the anticipated
time of the arrival of Fermi gravitational lense echo

* The most distant source discovered @ VHE !
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Gravitational lense system S3 0218
also known as B0218+357

Fermi LAT Plux (E>100 MeV] ligh curve
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Discovery of Very High Energy Gamma-Ray Emission
from the distant FSRQ PKS 1441+25 with the MAGIC
telescopes

ATed #7416; R. Mirzopan (Max-PlanchJusinee for Physics)
on M Apr 2015 0200 UT
Credemia! Cornrason Masatare Teshimg (aoe 1hima ® spowu mpg Se )
Sebjects: Garrena Ray, TeV, VHE, AGN, Blacer

Rederrod to by Alel £ 7417

33, M9
W Yennt
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Discovery of
FSRQ PKS-1441 +25

« Along with S3 0218 +357,

z = 0.944, this is the most distant
VHE source: z = 0.939

« Started observing on April 17t
after alert from Fermi, for 10 days

2212000

10000

Time =2990h
N = 20871; Nd. = 168641+ 749

N, = 4006.9
Significance (Li&8Ma)

$.200
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PKS-1441 +25
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SED PKS-1441 +25
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. g""f’_" i Lack of absorption features in the
[oom e \ 2;‘; measured HE - VHE y-ray spectra
/{ \/ \ 1., allows one to constrain the location of
! ’ n n n
L - Preliminary 1 emitting region to be far from the
il = ~™ e center
if ‘/#l \/ b \. :: g_; FSRQs: the “far dissipation” scenario
TN I
/ s 1
""f[u MID 571490 nj & A1 9
| . £
2 3 2
; i A | {4 8
v l:'w z;"l\ec;:nen:") ) [!i:tl -
) ’ External Compton scenario
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Joint NASA-MAGIC-VERITAS press-
release on PKS-1441 +25 on 15t
Dec. 2015

@

FineCut4-NASA-8PM-11-Dec-15.mp4
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Composite figure of Crab Nebula
Crab in Gamma rays

»

% Crab pulsar
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Cartoon of a pulsar

cm l;/'

Gaps represent

v
de fuatlor\fs from Da a
orce-iree Harding (1996)
conditions
Cheng et al. (1986)
Romani (1996)
Dyks & Rudak (2003)

Arons & Scharlemann (1979),

Null charge
Musiimov & Harding (2003, 2004)

S
(rB=0
V- Ey = —47 (p — pcs)
(1-B
$G: r,<095R. Pg) = - 5
TPCir ,<075R -
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MAGIC established the Crab pulsar as the
most compact accelerator of TeV y rays

® Discovered pulsed emission from
Crab, spectrum extending = 1.2 TeV

A A T B B 7 ® Challenging the emission models
Q‘g lO-lO SW*O.O“% :
P G -+ * MAGIC-Fermifit shows IC emission
42 F . from~10 GeV to =1 TeV
oL‘uU 1012 = = .. .
. - ®* Emission from the neighborhood of
101 Light Cylinder (r ~1600km)
0*E  usace \\ \\ < ® TeV pulsationis used to put
B g 5 - : quadratic limits for Lorentz
9101 | 10 107 10° Invariance Violation (LIV):

e EQG2 > 4.4 x 1010 GeV: this is only
factor 3 below current best limit from
Fermi
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MAGIC & Crab Nebula

% | sk Aleksic et al. (MAGIC) JHEAP, 5, 2015
5 10° i (| emmaa. Log parabola fit (Fermi+MAGIC)
E Modit. log-parabola fit (Fermi+MAGIC) ) Crab NebU|a SpeCtrum from
5 - Fermi-LAT ApJ 749 (2012) .

Balb o = 60 GeV till 30 TeV
o » Together with Fermi LAT

o precision definition of the IC

peak
107 ~
10‘ - “.“11 - ““.1‘10 o ‘l““(l)z - |.“i‘i)3 . ‘Elg‘ev‘) — . MAGIC JHEAp 2 (2015)
 PRELIMINARY 4 MAGIC this work

HEGRA ApJ 614 (2004)

3

HESS A&A 457 (2006)

[TeVem®s')
2

-]
Large zenith angle observations * o BRI
9 S 700 [ agreement between ' ,\ e
for exploring the E range ~80 TeV [ el TN
10 ystematics under study . o
s 107 - 16" ‘ 10 ‘ ;l)"
E [GeV]
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Discovery of the Arc @ Galactic Center

Ré'lative“fIUx with f'sucontours (E ~ 1Ten\]) |
»

MAGIC, thi K 0.22
¥ - WOr 1 1
r % ' Preliminary 0.2

i O 0.18
¥ SgrC .

_ v SgrB2 0.16
¥ Gog ‘-“ 0.14

0.12

0.1

332 By using the very large zenith angle

004 observation technique: 0., ~58" -70° ,
%% MAGIC collected very significant statistics

178 1775 2 at the high energy end

» Good correlation: 90 cm radio image and TeV skymap (E =2 1TeV)

» Detected significant TeV gamma-ray excess apparently coincident with
the radio Arc

 MAGIC source is coincident with the Fermi 3FGL J1746.3-2851c
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Next ~ 5 - 10 years

« Successful source hunting and deep observation of

diverse source types is in its best phase with current
telescopes

» Better sensitivity and larger-size installations are
under construction, commissioning and entering into
operation phase
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