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* ‘Long time before and during
the discovery the Cherenkov
emission light has been
observed by the readily
available light sensors -
human eyes. The story tells
that initially Pavel Cherenkov
did not like the topic of his
PhD thesis; he had to spend
many hours in a cold and dark
cellar for accomodating his
eves to darkness

e Then he has used a

From human eyes to huge
size telescopes

(camera above)

mirror
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1st Cherenkov pulses from the sky

Galbraith & Jelley, 1st telescope,
19

 The classical PMTs have
radically improved the

situation
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Gamma-ray Astronomy,

IL NUOVO CIMENTO VoL. VII, N. 6 16 Marzo 1958
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Summary. Photons in the visible range form the basis of astronomy. ‘3 '

f S N R I 1 n "hey move in straight lines, which preserves source information, but they -
ro m e X p O S I O wrise only very indirectly from nuclear or high-energy processes. Cosmic-ray ., ¥ f
¢ particles, on the other hand, arise directly from high-energy processes / -
@ O 2 _— 4 O O M eV ’Y S n astronomical objects of various classes, but carry no information about P i £
. .

source direction. Radio emissions are still more complex in origin. But A >
y-rays arise rather directly in nuclear or high-energy processes, and vet

travel in straight lines. Processes which might give rise to continuous

and discrete y-ray spectra in astronomical objects are described. and

possible source directions and intensities are estimated. Present limits

were set by observations with little energy or angular discrimination :

v-ray studies made at balloon altitudes, with feasible discrimination,

promise valuable information not otherwise attainable.

X *y¢
1. - The nature of the problem. ; i 2

Astronomy is based on information carried by incoming radiation of optical
frequencies. The photons in this channel retain the momentum with which
they were originally emitted: with precision in direction, subject only to a
rather easily interpreted Doppler shift in magnitude. On the other hand, such
photons are very indirectly related indeed to the processes, generally nuclear
in nature, which form the ultimate source of the radiated energy.
Insofar as energy-releasing processes are thermonuclear in nature, they
proceed deep in stellar interiors, screened by dense layers of matter. We cannot
26th OCtOber 2013, hope to obtain direct signals from such regions (except by way of the still
unexploited neutrino channel). But it is increasingly clear that energy-releasing
TrevorFeSt’ TUCSO”, pm(-ol.;sos of quite different type are also of importance for the evolution of

Arizona AsTronomy
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and discrete y-ray spectra in astronomical objects are described. and o8
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Insofar as energy-releasing processes are thermonuclear in nature, they
proceed deep in stellar interiors, screened by dense layers of matter. We cannot
26th OCtOber 2013, hope to obtain direct signals from such regions (except by way of the still
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y-rays arise rather directly in nuclear or high-energy processes, and vet
travel in straight lines. Processes which might give rise to continuous
and discrete y-ray spectra in astronomical objects are described. and
possible source directions and intensities are estimated. Present limits
were set by observations with little energy or angular diserimination ;
y-ray studies made at balloon altitudes, with feasible discrimination,
promise valuable information not otherwise attainable.

Giuseppe Cocconi,

1959, proposed to
measure y‘'s @ 1TeV

by usng air shower
detector. Expect a
Signal/Noise~1000

The nature of the problem.

stronomy is based on information carried by incoming radiation of optical
iencies. The photons in this channel retain the momentum with which
were originally emitted: with precision in direction, subject only to a

from Crab

26th October 2013,
TrevorFest, Tucson,
Arizona

v easily interpreted Doppler shift in magnitude. On the other hand, such
ons are very indirectly related indeed to the processes, generally nuclear
iture, which form the ultimate source of the radiated energy.

Insofar as energy-releasing processes are thermonuclear in nature, they
proceed deep in stellar interiors, screened by dense layers of matter. We cannot
hope to obtain direct signals from such regions (except by way of the still
unexploited neutrino channel). But it is increasingly clear that energy-releasing
processes of quite different type are also of importance for the evolution of
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The 1st large-scale instrument for y
astronomy

26th October 2013, Razmik Mirzoyan: Technological
TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy
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TrevorFest, Tucson,

R AR FUOECMT R g dHTK YIRS IC1C € P

$96¢ TPY /bl ON3HYECKOTO HHCTHTYTA mw. II. H. JEBEJEBA Tox XXVI

A. E. 9Y AROB, B. JI. TAAZGLIRHH, B. H. BAIIEIIHH,
H. M. HECTEPOBA

NOUCKH ®OTOHOB C YHEPTHEN ~10% 56
OT JIOKAJIbHBIX MCTOYHIROB
ROCMHYECKOTO PATTMOM3JIYYEHUA

B fmamHOIT cTaThe ONMCHIBAIOTCA METOAHMKA H pPe3yJbTaTH JKCIepHMEeHTa,
B KOTODPOM cjiellaHa TONLITKA O0OHADY/MKEHHA MoToKa (POTOHOB BEICOKOIl dHEp-
THH OT HEKOTOPHIX KOCMHYECKHX 00BeKToB (I B IIEpPBYIO OYepejb OT 00BeKToB
JleGens A u Teseny A). 9t HaOMONeENsA BeaNCh B TeYeHHE YETHIpeX JIETHHX
cezonos 1960, 1961, 1962 u 1963 rr. IlpegsapuTeabHsie peay JbTaThl paboTH
OBLIN JIOTOKeHb HA ME/KIAYHAPOAHHIX KOH(PEPeHIHAX IO KOCMHIECKHM JydaM
B flmormn [1] m Boausun (2] m ma Beecoosnoit KoE(epeHNU 110 KOCMEYECKIM
aysam B fIkyrcke.

Meropuka axcnepuMenTa OblIa OCHOBAHA Ha PErHCTPAIHA IMHPOKHX aTMo-
cepHBIX JHBHEIl B HE0OABIIOM TeJeCHOM yrie (HOpAAKa HECKOJbKHX THICHAY-
HEIX CTepaj{HaH) [0 CO3/1aBaeMOMY M B aTMocdepe SeMiIn 4epeHKOBCKOMY H3ITy-
YeHMI0 H CPaBHeHHH WHTEHCHBHOCTH JaCTHI[ BHICOKOIl dHEpPrHm, HAYIMX OT
Pa3IMIHGIX ToYeK HedecHoil cdeprr. [laa oroit mexn Owira paspaGorana Teie-
CKOIHYECKas ammaparypa OO0JbUION CBETOCHILI, CIOCOOHAS pPermcTpHpoBaTh
BCIBITIKA YePeHKOBCKOTO CBETa OT JMBHEil OTHOCHTeJLHO He(OoabImoil Havalb-
goit ameprun (~ 2-10'* s¢ npu maGmojeHumnm Ha ypoBHe Mop#a). Baaromaps
Goxbmioit oderTHBHOI ITOMAAN PermcTPANHI JMBHEH TAKAM METOTOM TeMII
cueTa JuBHeil (M0 HampaBieHHAM, OJAMBKAM K BepTHKamu) Mor OwTh JoBe-
en o 200—250 B MAHYTY M COOTBETCTBEHHO IOJYy4YeHa XOpomias CTaTHCTH-

YecKasad TOYHOCTH B CPABHEHHH MHTEHCHBHOCTEI 0T Pa3JaHYHBIX y9aCcTKOB Heba. |

OxoHvaTeNBHEIT Pe3yabTaT BCEX 4YeTHpeX CepHil HaO.dIoeHHil OKaszaics
oTpHnaTeabHLIM. Bo BCex caydasx ¢ TOUHOCTHIO okoxo 1% we obmapy:KeHO
BO3pACTaHHA MHTEHCHBHOCTH BOAHM3H o0cCiIefoBaHHHX o00BexToB. Ilpmnasars
peaibuoe 3nasenue sfderram mopagka 1%, mabmomaBmmMes faA 00BeKTa
JleGean A, okasanoch HeBoaMokEeM. TarmM 00pasoM, MOIyYeH BepXHHIL mpe-
eI BO3MOKHOII mETeHCHBHOCTH doronos. J{as ameprumii dororos £ = 5 -10' a8,
aToT mpejex cocrasiser O -107Vea®-cerl.

Beejpgenne

B mocaesmee Bpems Bce Goibimiee BHAMAHME HCCIefOBaTeNeil y/emsaercs
3ajiave PRCHEPAMEHTAIbHOr0 o0Hapy:keHHsA (OTOHOB BHICOKOI dHEPrHE B CO-
CTaBe NepBHYHLIX KocMHYecKuX Jaydeil. IIpm sTom mpepmoxaraercs, uro ¢oro-
HEL ¢ sEeprueii ot 10° 96 H CKOJb YroJHO BHIOIE OJ/KHB BO3HAKATH IPH CTOIK-
HOBEHMAX YaCTHI KOCMHYECKAX JIydeil ¢ AJpaMH aTOMOB paspe;KeHHOIl cpeisl
(6aroaps remepammm n’-Me30HOB M TocaefyomeMy ux pacmajy). Iloaromy

6th October 2013,

Arizona

1,

A serious experimental work

has

been performed by this team.
The technique and the

. Instrument

-—=2

1 0'13

L 1 1

10 10’ 10

Fuc. 3. IlpocrpancTBennoe pacupeeieHne
HHTEHCHBHOCTH Y€ PEHKOBCKOTO CBETa B I~
pPOKMX arTMOoc(epHBIX JHBHAX Ha ypPOBHE
MODs
1 — nepBuYHBe QOTOHBI; 2 — INEPBHYHEBIC IIPOTO-
HBl; OEGPHL ¥ KPHBEIX IIOKA3LIBAIOT SHEPIMIO
NEPBHYHLIX YacTHI B 36

Razmik Mirzoyan: Technological
Advances in Ground-Based Gamma

Astronomy

2

re well-understood, below

S, M

Puc. 11. 3asncnmocts d¢derTHBHOI MI0TTa (i
PeTHCTPATINE JIMBHEI OT SHeprim

1 — JI7IA TEIECKONOB C yritoM 3penua 1,75° pas cay-
wasg JMBHEN OF JIOKAJBHOro MCTOYHMKA (oToHOB
(uudpsl ¥ KPHBBIX — YIOIl MEKIY ONTHYeCKOl 0ChbI0
TeecKOnoB M HAlpaBleHyeM Ha MCTOYHHK); 2 — JIA
CBETONDHEMHHKOB ¢ HEOrDaHMIeHHEM YIJIOM 3DeHHs:
@ — 7A cydaA JMBHElH oT POTOHOB, 6 — MIA Cay-
yas JABHeNl OT NPOTOHOB
Tlo oc¥ opAMHAT OTIIOKEHEl BHAYCHWA IITomamn S, m?;
O 0CH a0CIICe — OHEPrHs TEPBITIHEIX YaCTHI B 96
MacmTad 1o_0CAM  JorapmpMuuecKii
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Tabamma 1

| 5. 9,
ACTPOHOMHYECKIIT ' YHEIT0 ;
of0BbexT 1 mepnox |Yacosoit yroxa | CrioHeHHe CeAHCOB B
Ha0I0Ie i 3 P Vot
a o Sl
JucrperHse PajgMoMNCTOTIHM KA
Tenery A (Kpabo-
BAJIHAA  TyMaH-
HOCTD) C b |
1960 ra 15 | —0,15+41,32 1 4,304-0,95
1961 shaom +-22°00" 13 | —0,70%1,20 0,60 F0,84
1962 * 19 | —1,40+0,82 _u 450,54
Raccnones A C
1962 aS A 8 -+0,604-0,93 | —0,47-40,56
1962 * 23424106 458735 12 —0,36+41,10 | —0,774-0,66
JleGenp A ' ‘
1960 19 -+1,6040,92 1,604-0,80
1961 19"58™,4 | 4-40°32 70 - 5 0,6740,28
1962 62 ,6 —0,65+ () D2
1962 * Cyg A 20 L5040, /b 7;4),()0}0,51
1963 * 20 WI 1640,77 -0,974-0,53
i : ’ s
Hesa A ‘ X Y
1961 | 10 —0,234-3,0 —0,14+4-2,10
, 5 - ’ = 5 ?
1962 ‘ 12"28™ .9 ~+-12°38’ 10 0,3741,0 | 4-0,544-0,70
Mepceit A Pe rseues A | |
1962 +-42°24’ —1,80-4-2,30 | —2,0041,24
L ) i lu Soie
Crpenern; A [ ‘
1963 17™43™ 3 ] +10,5-4-20

CRoOmJeHHS

numa 11

Bomnsmas  Mejse- alaxy C|U$te rS
1962 107547 —+-56°30" (

ralakRTHR

1 i —5,042,9

—3,041,24

\
ik
| &
|

CeBepHass KopoHa I I
1962 f 15"29™ _27°24" | 43,3421 1,941,4
Bonocst Beponux ca | I
1962 { 12h5E™M ’ A ‘ 41,543, 1. 742.4
Boaonac ‘ | E
1962 1433™ | 31°16° l { 2,446,9 | +6,64-4,7

* 3BesNOYKOM OTMEUEHHl M3MEDPEHHA ¢ KOMIeHcamueil Toka ot xeGa.

* A multitude of sources
have been observed and
serious statistical
treatment

of data has followed

« Except for some small

fluctuations no significant

flux has been observed
3.5-5 TeV,

Flux upper limit:

5 x 10-11 ph/cm?s

* Turned down the too
optimistic prediction of
Cocconi about 1000:1 S/N
from Crab
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Cherenkov Technique

used for

Gamma Ray Astronomy

Figure 3. Left: Neil A. Porter (1930-2006) (Photo: D.J.Fegan) Right: The second
ground-based gamma-ray telescope; the British-Irish experiment at Glencullen, Ireland c.
1964; the telescope consisted of two 90 cm searchlight mirrors on a Bofors gun mounting.
The experiment was led by Jelley and Porter.

1st Gen. Atmospheric
Cherenkov Telescope

Glencullen, Ireland
~1962-66

Univ. College, Dublin
group led by Neil
Porter (in
collaboration with J.V.

Jelley)

(quasars (AGN),
variable stars)
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Imaging: 1st snapshots of air

showers
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1st Monte Carlo simulted air shower
iImages
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1st Monte Carlo simulted air shower

tl. Theoret, Phys .) 47, 689

arriving frc
| f 3860 m above
against the celestial s
the calculations.
[

. INTRODUCTION

»n of ext

ov cou:

angular d butio

of the

tion is important primarily {r
al point of view (choice

e Cerenkov «

to mul
tiple
the air, electrons of enex
2 Gaussian d
axis of the showe.

atoms in

hp have

n the

on r

and angul C
8pectrum of the clectrons is an equilibriun
does not depend on the degree of de

clopme

shower in depth. For t
the varys

ion of the electro
iven by th

Tl 1

2 18 at the angle $Cer

'LAR DISTRIBUTION OF INTENSITY OF CERENKOV RADIATION FROM
ISIVE COSMIC-RAY AIR SHOWERS

ed in the

tions arc de for

evel and at an al-

pe of the flash of light

ment with

isfactory agr

2. STATEMENT OF PROBLEM AND METHOD
OF CALCULATION

ation is to determine

frequency ra

nit area of the earth's

the axis of the shower,

direction fr it of the

given po;

ial sphere.

. D

) arbitrary

el of cbse
e angular coordi -
angle) and ¢ (the azimuthal

seasure the azimuthal angle
woint of observation D

er on
ure OBCD lies in the pla
ing, and 00 in the perpendicular

shall determine for the neighborhocd of

ne

9

Thursday, November 7, 13



1st Monte Carlo simulted air shower
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Potential of the Stereo Imaging
Detector is Recognised

26th October 2013, Razmik Mirzoyan: Technological
TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy
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Potential of the Stereo Imaging
Detector is Recognised

CONCLUSION

The calculations that have been made enable us
to draw the following conclusions:

1. Since the maximum intensity of the light from
a shower does not coincide with the direction of
arrival of the primary particle, in researches in
which the determination of the angular coordinates
of the primary particle is made by photographing
the light flash from the shower one should seek
improved accuracy in this determination by photo-

26th October 2013, Razmik Mirzoyan: Technological
TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy
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Potential of the Stereo Imaging
Detector is Recognised

CONCLUSION

The calculations that have been made enable us
to draw the following conclusions:

1. Since the maximum intensity of the light from
a shower does not coincide with the direction of
arrival of the primary particle, in researches in
which the determination of the angular coordinates
of the primary particle is made by photographing
the light flash from the shower one should seek
improved accuracy in this determination by photo-

graphing the shower simultaneously from several

positions.

26th October 2013, Razmik Mirzoyan: Technological
TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy
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1st Smithsonian venture into VHE gamma-ray used Solar
Furnace at Natick, MA ~ 1965-6.

EETY

[

oth October 2013, ‘ Razmik Mirzoyan: Technological . .
TrevorFest, Tucson, Advances in Ground-Based Gamma Davis-Cotton de5|gn
Arizona Astronomy
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First Gamma-ray Experiment at
Whipple Observatory, 1967-68

Our pioneer of
gamma astronomy!

~

:\:* "
\r\

ii?l"-

4~‘

2T

Work on the Mt. Hopkins Observatory proceeds at an astonishing pace. The
laser and Baker-Nunn systems are now installed and operating and the large
optical reflector is scheduled to arrive by the end of next month. In preparation
for the LOR installation, Trevor Weekes (above, left) and George Rieke have
conducted seeing tests with two movable searchlight reflectors. Look care-
fully — some outcroppings at the base of Mt. Hopkins are visible upside-down
in the reflector.

26th October 2013, Razmik Mirzoyan: Technological
TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy
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e Pioneer: all lite-long trying really
hard,

until succeeding in 1988

THE AsTROPHYSICAL JOURNAL, Vol. 154,|November 1968

A SEARCH FOR DISCRETE SOURCES OF COSMIC GAMMA
RAYS OF ENERGIES NEAR 2 X 102 eV

G. G.|[Fazio pnp H. F. HELMKEN

Smithsonian Astrophysical Observatory and Harvard College
Observatory, Cambridge, Massachusetts

G. H. RExe

Mount Hopkins Observatory, Smithsonian Astrophysical Observatory, Tubac, Arizona,
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ABSTRACT

By use of the atmospheric Cerenkov nightsky technique, a study has heen made of the cosmic-ray
air-shower distribution from the direction of thirteen astronomical objects. These include the Crab
Nebula, M87, M82, quasi-stellar objects, X-ray sources, and recently exploded supernovae. An anisot-
ropy in the direction of a source would indicate the emission of gamma rays of energy 2 X 10 ¢V. No
statistically significant effects were recorded. Upper limits of 3-30 X 107 gamma ray cm™2 sec™ were
deduced for the individual sources.
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Cherenkov Shower Stereo Detectors

(1972-76)
 Josh Grindlay

demonstrates value of
stereo imaging with
two-pixel system
(Double Beam
Technique) at Mt.
Hopkins and Narrabri
(1972-76)

« 2 PMT per ,camera":
one watching the
shower max and the
other one the ,p-core”;
~ 2-times suppressing
the hadrons
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One of numerous mysteries in old
davs
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DETECTION OF PULSED GAMMA RAYS OF ~10% eV
FROM THE PULSAR IN THE CRAB NEBULA

J. E. GRINDLAY
Smithsonian Astrophysical Observatory and Harvard College
Observatory, Cambridge, Massachusetts
Received 1972 March 10

ABSTRACT

The previous evidence we have given for the detection of pulsed y-rays of ~10'2 eV from NP 0532
has been confirmed by an additional 99 drift scans on the Crab in 1971 November and December. Again,
only those extensive air showers detected to be possibly initiated by v-rays showed a 4.5 o excess at the
phase of the optical interpulse. The sum of these data and those reported previously yielded a 5.5 ¢ peak
at the interpulse and a 3.5 ¢ peak at the main pulse, consistent with a pulsed flux F(Ey > 6.8 X 10'!eV)
=~ 1.25 X 107! photons cm™2 s~ The ratio of interpulse to primary pulse is ~3.5:1, and the spectrum
appears consistent with an extrapolation from the X-ray data. Some implications of these results are
discussed.

~ 50 pulsating signal is reported from the Crab pulsar at

~1TeV
at the absense of any steady emission from the Crab
Nebula
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Figure la. Artist's concept of VHE Gamma Ray Observatory

showing seven 15 m aperture atmospheric Cherenkov cameras
with spacing of 75 m.

n array of ACIT’s was first
proposed in 1984 (prior to
the detection of the Crab

Nebula).

NASA Workshop, Space Lab. Science,
Baton Rouge, 1984)

This is the configuration that
was later adopted for
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Figure la. Artist's concept of VHE Gamma Ray Observatory

showing seven 15 m aperture atmospheric Cherenkov cameras
with spacing of 75 m.

n array of ACIT’s was first
proposed in 1984 (prior to
the detection of the Crab

Nebula).

(NASA Workshop, Space Lab. Science,
Baton Rouge, 1984)

This is the configuration that
was later adopted for
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Figure la. Artist's concept of VHE Gamma Ray Observatory
showing seven 15 m aperture atmospheric Cherenkov cameras

with spacing of 75 m.

n array of ACIT’s was first

proposed in 1984 (prior to

the detection of the Crab

Nebula).

(NASA Workshop, Space Lab. Science,
Baton Rouge, 1984)

Stereo Imaging suggested

by

Weekes and Turver, 1977

80 m

This is the configuration that

was later adopted for
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MATTIVUIU otlCTpydlliall alid 111os 17
imaging “stereo "telescopes:
GT-48 in Crimea
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" Platform
Bed

~— Jacks

20 m distance between the telescopes
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MATTIVUIU otlCTpydlliall alid 111os 17
imaging “stereo "telescopes:
GT-48 in Crimea

Construction and start of operation
1985 - 1989

Light detectors Light detectors

" Platform
Bed

~— Jacks

20 m distance between the telescopes
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VERITAS INAUGURATION,
Arizona, April 28t 200
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The 10m @ Whipple telescope of Trevor
gave birth to y-ray astrophysics: 9o from
Crab Nebula in 1988 !

s ,nhot only my telescope c
measure gamma rays, b
it can in a few s evapora
solid piece of steel”
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The 15t telescope (of 5 planned) we've built: 1989
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The 1%t tl.e-écope of
HEGRA, the CT1

(installed spring 1992)
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CT]1 started to collect data in summer 1992
The 15t signal from Crab Nebula fall 1992

The 1%t tl.éécope of
HEGRA, the CT1

(installed spring 1992)
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2 x larger reflector, 1997

....

The 1%t tiécope of
HEGRA, the CT1

(installed spring 1992)
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CTI

2 x larger reflector, 1997

The 1%t tlke-écope of

HEGRA, the CT1

(installed spring 1992)
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started to collect data in summer 1992

The 15t signal from Crab Nebula fall 1992

CT2 — CT6: 5 more telescopes were
built until 1997.

Astronomy

Thursday, November 7, 13




26th October 2013,
TrevorFest, Tucson,
Arizona

Razmik Mirzoyan: Technological
Advances in Ground-Based Gamma
Astronomy

Thursday, November 7, 13




The HEGRA detector, including

6 air Cherenkov imaging telescopes
Location: ORM (@ La Palma
Operation 1992 - 2002

Advances In
Arizona Astronomy
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Australia
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The Japanese 1st Cangaroo telescope in

Kifune, et al.,
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The 3.8m telescope on a alt-
azimuth mount was an ex-
lunar-ranging telescope used in
Dodaira observatory of the
National Astronomical
Observatory of Japan
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The French CAT telescope in Pirenees

Started operation
~600 -pixel imagi
Central 546 pixels o

~ Produced quite some nu
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Japanese 7-telescope Array in Utah, USA

- TS . X

26th October 2013, Razmik Mirzoyan: Technological

TrevorFest, Tucson, Advances in Ground-Based Gamma
Arizona Astronomy

Teshima, et al.,

Thursday, November 7, 13




Japanese 7-telescope Array in Utah, USA

Teshima, et al.,

L

‘ > gamma-ray
" astronomy is a
risky business...
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Cruise Missile Mishap
10. Dec.’97

NeWs {TEM: MissIE
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Beginning of sub-100 GeV
telescopes

A 10m? telescope has a threshold of ~1TeV

Long time it was a common belief that the threshold
of a Cherenkov telescope

Ethr ~ \/(1/Amirror)

That was suggesting that one needs a A, ~ 10*

m? for measuring few 10‘s of GeV; > the only
seeming solution: use huge solar power plants for
air Cherenkov

In 1994 understood that the above relation is wrong
for an imaging telescope. It scales simply as
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Sub-100 GeV telescopes

. Started looking for a telescope with A_..... = 200
2
m-.

* Found the 17m solar telescope near Stuttgart,
served as prototype of MAGIC

« A feasibility study for the 17m telescope showed a
threshold of

Ethl’~40 GEV

« MAGIC was born, threshold ~50 GeV

« Strong background at several tens of GeV
- multiple telescopes were needed; build at
least two
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and today...
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VERITAS, H.E.S.S. & MAGIC: the triumphal
procession of VHE y-astro-physics is

continueing

and today...
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Outlook : the next 5-7 years

Next generation VHE y ray Observatory: CTA

MAGIC Phase Il (MAGIC-I + MAGIC-II) since 2009 ereniov 1elescope Array
~160 sources are already discovered

1000’s of sources will be discovered

~1200 scientists
~130 institutions
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The 1st MPPC- (SiPM) based FACT
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Dual mirror
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QE of “old” and new PMTs

Hamamastu PMT(2013) VS Electron Tube
PMTs used by H.E.S.S. PMT(2012)

Peak QE: 26-27 %

CE~85%

PDE = 22.5 %
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QE of “old” and new PMTs

Hamamastu PMT(2013) VS Electron Tube
PMTs used by H.E.S.S. PMT(2012)

Quantum Efficiency Photonis XP29600 (28,5mm/23mm)
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Peak and average QE of recently produced Cta
Hamamatsu PMTs for CTA etk wempe 559

R11920-100-05 Peak Quantum Efficiency and Average QE over
290nm-600nm

peak Q.E. requirement line [t S st | 300 pieces
and
proposal line

-
o

+
L=

e
N

el
=

—_—
=
S
=
<
<
o
=
=
x
o
v
a
o
v

-
ol
—
-

202039
ZQ2054
Z(Q2087 -
202096
22106 -
202702 -
ZQ2711
22898 -
= ZQ2905
72912 -
22919

-
o
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1039-pixel camera of MAGIC-I.
Pixels of 0.10° @ are based on 1‘ superbialkali PMTs

, e
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Near future: assmeble imaging cameras
from matrixes of SiPMs with readout, as

Philips
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Technological improvements

« Compared to 1st detection of Crab in 1988, sensitivity is
increased by a huge factor.

« Today we can detect Crab with 50 in 1-minute!

« Operating in sub-100 GeV range, down to 50 (30) GeV

* Improving mirror parameters, telescope structures,
materials

« Moving towards more complex designs, robotic
operation

« Towards sealed, T° controlled and robust cameras

« Towards strongly reducing the remaining y-mimicking
background
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