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Cherenkov light: the beginnings

+n In a series of publications Oliver Heaviside has
calculated and predicted the main features of a special
emission when an electron movs in a transparent
medium with a speed higher than that of light.

n The work of the genius, who advanced his time by half
a century, was not appreciated by contemporary
scientists and was forgotten. In 1912 he calculated the
geometry and the angle of emission relative to the axis
of movement of the charge

n Please note that during the end of 19th century
scientists believed the space was feeled-in with ether.
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Cherenkov light: the beginnings

n_{ﬂ took almost 50 years until the effect was experimentally
discovered and later on got the name Cherenkov (1888,
1889, 1892, 1899, 1912a,b)

n Also Sommerfeld studied the problem of a charge moving in
vacuum with a speed v > ¢ (1904). The relativistic principles
prohibit such a motion in vacuum but in a medium with
given n then his equations give valid solution (,,sonic
boom*).

n First observation of ghostly bluish glow of bottles in the
dark cellar, containing radium salts dissolved in distilled
water, by Marie Curie in 1910 (E. Curie, 1937). It was
thought to be a type of luminescense.
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French scientists M.L.
s e iy e e Mallet

e e s do e, de g e g v v published 3 articles on the
bluish glow (1926-1929).
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e On the left | show a scan
of one of those papers
(1926) published by Mallet
(later on Cherenkov effect)
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Cherenkov light: the beginnings

— Hlsavel Cherenkov: born July 28th 1904 in a poor
peasant family village Novaya Chigla, VVoronezh
province.

n 1924-1928 studying in VVoronezh sate university.

n 1930: postgraduate student of Sergej Vavilov at the
Lebedev’s Institute of Physics of Soviet Academy of
Sciences (later of FIAN).

n 1934-1938 conducting a series of brilliant expeirments.

n Complaning about his boss: he had to spend 1-1,5
hours in a dark, cold cellar, for accomodating his eyes

n Obtained doctorate in 1940
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Cherenkov Effect Cherenkov Effect

Medium, refractive index n

Charged particle with v < ¢/n
traverses medium
==> local, shorttime
polarization of medium
cos @= 1/pn
Reorientation of electric

. ) . Similar to sonic boom ifv > c,,
dipoles results in (very faint)

acoustic

v > ¢c/n
==> radiation from different points along the

isotropic radiation trajectory arrive in phase within narrow

light-cone at the observer ==> bright light
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Paper by Sergej Vavilov
about the possible

UBER DNE MiGLICHEN URSACHEN DES BLAUEN +LEUCHTENE YON

FILOSSIGKENTEN b remSSt rah I u ng na.tu e Of

Yon 5. WAWILOW, Milglled der Akademsle

the bluish emission from
1934
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P.A. Cerenkov Phys. . D2, 37 sy -

- 6| afforded an exhaustive interpretation of all the peculiarities of the new
phenomenon, including its most remarkable characteristic - the asymmetry
According to ir theory, an electron moving medium of refractive
index n with a velocity exceeding that of light in the same medium (3 > 1
is liable to emit light which must be propagated in a direction fi
angle # with the path of the electron, this angle being dete

: equation:
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rif discoveries i where @ is the ratio of the electron velocity to that of light in vacuum.
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Copy of a seminal paper by
Cherenkov explaining the
essentials of the new
emission

Figure 2: Photographs showing asymmetry of luminescence, (a) wate

1.337; (b) benzene, n = 1,513

e latter were l-‘h':l.':l'.-l'll IO [ -::,'i:||'!'4':|l |'|||:]||!-._ Twi

Fig,

H:--|.::'.".:.l|'. exhibits two diffuse but clearly visible maxima of

blackening, which are symmetrical with respect to the primary
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Cherenkov light: the beginnings

I n It was noticed that the emission Is not chaotic, but is
related to the track of the moving particle.

n 1946: Vavilov, Cherenkov, Tamm and Frank obtained
Stalin‘s prize for their work

n Vavilov is usually given higher credit for the effect

n 1958: Cherenkov, Tamm and Frank obtained Nobel
prize

n 1964: Cherenkov became corresponding member of
Soviet Academy of Sciences
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The Very Beginning of the
Atmospheric Air Cherenkov
_l_TeIescope Technique

1948

 Blackett (Nobel prize laureate) was the first to
mention that there shall be Cherenkov light
component from relativistic particles in air showers
(mostly e-, e+, y-, u+) marginally contributing (~ 104)
to the intensity of the light of night sky (LONS)

 Until that the Cherenkov light has been detected
only in solids and liquids
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The Very Beginning of the Air
Cherenkov Technigque

—|_ o U ' 1953
» ' By using a garbage can,
‘ a 60 cm diameter mirror
R In it and a PMT In its focus

| Galbraith and Jelly had
discovered the
i Cherenkov light pulses
from the extensive air
* showers.
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Gamma-ray Astronomy,

the beginning

A§ _AIR SHORER TELESCOP
gy e e — & -

)

4
ieE Ly r—"r- 4'"*“'1- . ¥ {I Y v L=y £ 1Ty

A E i
LA i L 5 PR . Y ik Y N N I R L
e —-ﬁ_-_— —— i e — T —— il T kg,

Gluseppe Cocannd
Seminal paper by CERK = Ganeva.
Phillip Morrison,

1958

¢ 8Té 50mé numerical estimatas,

Mo Pvagh Rehiilpe V 5 R0 = B
443 LPAJ f_(-;u! ! Yigual L:?lignit.‘:d.: ¢l poliar {.I'CI_ ‘“},. t oe 9,

Magretic field in the gas shell He10™d paucs.
% _\; W el R o™
m? -;.-r.-{‘.-‘a rd Lry = ;O EL' i‘:: ‘Q(’J‘U EF/}E;‘; m " Qo

ped cosmic raye; and our es-

: o 134 ] e
Also proposed at 'mate 1s over-optimistie. 3'1‘3'*6:‘-“3.1‘, this source can probably be detected even 4f it
higher energies ‘ h '
independently by ks

';‘lr: t“ﬁ T"* K{E‘ lﬂ: 4 lu -rh I = .4 ; 4 &
Giuseppe Cocconi, ”T“"““T-ﬁ 2p' =185 H = 10 © gauss,
v el Mgk, Ltgadj.sm'wj‘wlmwh; aaund

Wednesday 20t VOusle 20, = 10
1959 SchiNeGHE, LecErpiE 5 0f Qsl_rqrru '\Jrr_l,)ny_nc
nentally wro | 2

iy emaller than postulated

;oY
(2/+ For this object cudava-




About how could ground-based ¢
astronomy profit from the end of
+the World War-I1

n Surplus of otherwise useful things not anymore needed
by the militaries !

n Parabolic search-light mirrors of ~0.5° angular
resolution and 1-2 m in diameter

n Gunmounts, also from military ships. Could be used as
telescope mounts with readily available drive system
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Cherenkov Technique used for
Gamma Ray Astronomy

’ " APV im
- )
P 25 J
- . ﬂ ¢
> o = ¥

<8 Crimea Ex

Chudakov, et al., (SNR, radio galaxies)
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Cherenkov Technique used for
Gamma Ray Astronomy

1st Gen. Atmospheric
Cherenkov Telescope

Glencullen, Ireland
~1962-66

Univ. College, Dublin
group led by Neil Porter
(in collaboration with
NAVA LAY

(quasars (AGN), variable
stars)



1st Smithsonian venture into VHE gamma-ray used Solar
Furnace at Natick, MA ~ 1965-6.
Gamma-ray Astronomy Group led by Giovanni Fazio
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First Gamma-ray Experiment at Whipple
Observatory, 1967-68

The pioneer, the #1
IN gamma astronomy e

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 arrive by the end of next month. In preparation
for the LOR installation |_jabuve. 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.
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The Pioneer: all life-long trying really hard, again
and again, until succeeding in 1988

November 1968

THE ASTROPHYSICAL JoUurNAL, Vol. 154,

A SEARCH FOR DISCRETE SOURCES OF COSMIC GAMMA
RAYS OF ENERGIES NEAR 2 X 10¥ eV

G. G. Fazio anp H, F. HELMKEN
Smithsonian Astrophysical Observatory and Harvard College
Observatory, Cambridge, Massachusetis

(. H. RIERE
Mount Hopkins Observatory, Smithsonian Astrophysical Ohservatory, Tubac, Arizona,
and Harvard University, Cambridge, Massachusetts

AND
T. C. WEEKEsS®

Mount Hopkins Observatory, Smithsonian Astrophysical Observatory, Tubac, Arizona
Received September 3, 1065

ABSTRACT

By use of the atmospheric Cerenkoy nightsky technique, a study has been 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 encrgy 2 X 102 V. No
1 #.sec! were

statistically significant effects were recorded. Upper limits of 3-30 X 107" gamma ray cm™? sec
deduced for the individual sources,
Razmik Mirzoyan, Max-Planck Munich:
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Schmidt Telescope Design with
Image Intensifier

CERENE (Y FeANDOM

Figure 5. Top: Image Intensifier used by Hill and Porter to record the images of cosmic
ray oir showers 4. Bottom Images of the night-sky criggered by an ACT (left) and

triggered randomly {right). The field of view was £12.5°,

Wednesday 20th June 2012, Razmik Mirzoyan, Max-Planck Munich:
SchiNeGHE, Lecce, Italy Beginnings of Gamma Astrophysics

21



Cherenkov Shower Imaging using Image Intensifiers
(1960-65) and Stereo Detectors (1972-76

CERENKOV RANDOM
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The 1st . N the

[ ) Ntan The calculations that have been made enable us » Ctor

SOVIET PHYSICS JETP vorume 20, 5 L0 draw the {ﬂ]lﬂ“‘iﬂg conclusions:
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terrestrial atmosphere by extensive air showers of co
shawers arriving from the zenith and for conditions of - : h ﬂ - h f h E I h.- outs of equal inteasity in the light flash at
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or distances 0, 100, and 400 m from the
1. INTRODUCTION bl
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lar coordinates of high-energy primary particles,

', & - ight of the maximum of the shower,

2. If the distance from the axis of the shower to p“ﬂ;cgpiwmi;:,s of the shae
io to determine the position of the
shower.
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clsctronkc componen, which makes up the bulk o both about the initial energy of the primary particle
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Pends on r. The dispersions of the transverse

and angular distributions depend on E. The encrgy  is the analysis of fluctuations in the development of

ions that have been made enable us

Bpectrum of the electrons is an equilibrium one and
does not depend on the degree of development of the
shower in depth, For the case of primary photons
the variation of the electrons with height is taken
fo be that given by the electromagnetic cascade
ll"‘e‘“‘)‘-(‘i and for the case of primary protons,
that given by the calculations of Nikol'skif and

showers in the atmosphere.
In conelusion I regard it as my pleasant duty to

owing conclusions:

maximum intensity of the light from
10t coincide with the direction of
rimary particle, in researches in
mination of the angular coordinates
sarticle is made by photographing

R, et e s o @Xpress my gratitude to A. E. Chudakov for sug-  moimnminis,
gesting this topic and for helpful discussions.
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Extgnsive AIlr Showers
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The Cherenkov light pool from a single L, the time
structure of a shower and the light pool of a shower

Gamma-
ray

Particle
shower
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Figure la. Artist's concept of VHE Gamma Ray Observa
showing seven 15 m aperture atmospheric Cherenkov can
with spacing of 75 m.

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

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

This Is the configuration that wé
later adopted for VERITAS.
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Some key developments

n

80°s: plenty of ,,discoveries* on 3-4 s level

M. Hillas: ,,A physicist‘s aparatus gradually learns
what is expected of it (blame the apparatus for a dog-
like desire to please)*

Charge concentration is a good parameter (>75%
charge is concentrated in 2 pixels)

Plyasheshnikov, Bignami (1985) showed ,,a,,is a useful
parameter

La Jolla, 1985: Michel Hillas suggested to use the -»
»,Hillas* parameters L -
1989: Whipple discovers 9s signal from Crab
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Arnold Stepanian and his 15t imaging
“stereo "'telescopes: GT-48 in Crimea

'n_

20 m distance between the telescopes

P

A
\ 4
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VERITAS INAUGURATION,
Arizona, Aprll 28th 2007
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The Pioneer Trevor Weekes and his 10m @
Whipple telescope gave birth to g-ray
| astrophysms 9s from Crab Nebula I 1988 '

=~ - = ,If atelescope can within
) a few s evaporate a solid
A wm piece of steel, it can also

¢ WA - -"h — __;'-_'"-" e ~ =
i T ‘t:;y“'_'“ e T = - measu re gam ma rays
et e s - v """ﬁ:*"‘ml. A e e )
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February 1985

Yerevan Physics Institute
Proposal for 5 imaging Cherenkov
Telescopes:
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The number ,,0“ workshop on IACTs took place in Crimea in 1989
(before the 1st in Paris in 1992)

CERENKDOV IMAGING TeV GAMMA-RAY TELESCOPE

F.A.Aharonian, AG.Akhper janian, A.M.Atoyan, A.S.Beglarian,
A.AGabrielian, R. ankanian,P.M.kazarian,
R.G.Hirzoyan,AAStepanian

- Yerevan Physice Institute, USSR
Crimean Astrophysical Observatory, USSR
Proceedings of the International Workshop on
cedings 1 P Abstract

A  Cerenkow imaging telescope being under construction for
investigation of TeV primary y-rays is described.

VERY HI(;H ENERGY (;AMMA RAY r”;--p ‘,rr::.;:;te:;;pq: bc;f investigations of cosmic VHE and UHE

¥ is high reguirements to the reliability of

fluxes from point sources as well as to identification of

AS’]‘RONOMY ‘yemvents®, Development of the background-suppressing technigues

seems the most promising way to achieve these aims. In the energy

range 10"%V, the main hopes are connected with the possibility

for an  analysis of the Cerenkov radiation images of atmospheric

showera [13. Efficiency of this method has been successfully

demonstrated recently by detection of p-ray fluxes at the 9o level

USSR from the Crab Nebula with the Wipple observatory lO-meter imaging
Cerenkov p-ray telescope [Z].

In 1989, at the COSmic ray station of Yerevan Fhysics

Institute near the Byurakan optical aobservatory (40.18% N latitude

1989 and 44.5 E longitude) at an alr_itycle of 1900m, we have begun the

construction of an  atmospheric Cerenkov  imaging telescope. which

will be equipped by an eguatorial mount. The main parts of the

telescope are successfully tested and now we are going to mount the

installation,

The main characteristics of the telescope are presented below.

The eguatorial mount will be digitally driven by stepping
motors through a gear drive. Each motor will be under mini-computer
control. Each axis will be eqguipped with a shaft encoder, the
angular resolution of which is 1.2 minutes of arc. The tracking
accuracy of the telescope will be 3.0 minutes of arc.

A A Slcp:mi;!n The 3-meter reflector of the telescope consists of 19 lapar.t;

T "t o 40-cm round glass mirrors with a total collection area of 53 m.

Crimean Astrophysical Observatory, USSR Each of the reflector facets is a spherical mirror with a curvature

radiuse of 10m. These facets are independently mounted on an almost

D.J. Fegan spherical frame s:ith a S-meter radius. Thus, the focal length of the
1. . . . reflector is 5 meters.

University College, Dublin, Ireland The mirrors are made in the optics department of the Yerevan

Fhysics Institute pilot production, The 20mm-thick slabs, &10mm in

M. F. Cawley diameter, are machined, including rounding, roughing, grinding and

St. Patrick's Co]lcgu. M&l)’n{\t‘l!h. Ireland pal:.s.hjng, Then on their frl‘)ﬂl‘. surface an aluminum layer and a

specially chosen protective coating are deposited by evaporation in

vacuum. The coating chosen provides a rather high reflectivity,

about 80X at  400nm, and long=time serviceability under severe

weather conditions. The dependence of mirFor reflectivity upon the

incident light wavelength is presented in fig.l. The upper curve

corresponds to the central region and the lower one - to the edge of

the mirror. The measurements have shown that the mirrors have an

angular resolution of =20 seconds of arc. Such a high guality of

mirrors is wvery important, especially for further improvement of the.

Crimea,

April 17 - 21

Edited by
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The 15t telescope (of 5 planned) I Ve built: 1989
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Proposal
for
Imaging Alr Cherenkov Telescopes in
HEGRA Particle Array

F.A. Abaronian, A.G.Akhperjanian, A.S. Kankanian,
R.G. Mirzoyan, A.A. Stepanian®

Yerevan Physics Institute

* Crimean Astrophysical Observatory

M. Samarski, W. Siamm

Institut fGr Kernphysik, University ol Kiel

M. Bott-Bodenhausen, E. Lorenz, P. Sawallisch

Mag-Planck-Institute for Physics and Astrophysics
Munich

nesday 20th June 2012,
SchiNeGHE, Lecce, Italy

DETECTORS: 1 m?

messurements (2 PM's

ELECTROMN
Fasi-timing
CONWEriion

counters for particle demsity amd
§ mm af lead for photan

wimtillation
each). with
ation since July 1928 (University of Rigl)
al £ . %0 of them in epermion since July
T 1 Decomber 1990 (MPl Mueich together
Uriversity of Madeid
& 49 furiher detectars to incresse the detector densiny in the
of the array. planned for 1991 (Usiversity of Hamburg)
] 49 MUON DETECTORS: 15 m? each, coassting of saedwiches of Gelger
'-H“”“ and  absorber layers, planned for 1991791 (University af
Wappertal together with University of Kicl) .
49 CHEREXNKOV.-LIGHT DETECTORS: cach conssting of a 20 cm diameter
PM and & light-collecting cone, plenned for 1991 (MPI Kunich
together wit h University of Madrid) _ )
5 Cﬁ!—'![—:ﬂl{ﬁ".‘ TELESCO®PES: 3 m in diameser with 19 mimors and _31' PHs
cach, imaging technigue, plaoned for 199192 (Yerevan lestitule
of Physics togeiber with MPl Munich and Uriversity of Kiel)

1989,
with

coalrs

I: Status and planned extensions of the HEGRA detector array.
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CT1 started to collect data in summer 1992
The 1%t signal from Crab Nebula fall 1992

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

The 1%t telescope of
HEGRA, the CT1
(installed spring 1992)

Wednesday 20th June 2012,
SchiNeGHE, Lecce, Italy



THE SYSTEM OF IMAGING ATMOSPHERIC CHERENKOY
FELESCOPES: THE NEW PROSPECTS FOR YHE GAMMA

RAY ASTRONOMY.

A

F.A. Aharonian, A.A.

Institute, Allkhanian Brothers 2,

ramn, 475036, Armenia

K. Konopelko, A.V. vasheshnikov

Altai § = Universify, Dimifrov 68,
f, 656099, R

Using Monte Carlo simulations the f billtles
ration of VHE gamma radiation by me

ezcopes (IACT)

 pepmetrical a

reflector d the angula of the pixel =
provide the energy resa . , and

from the Crab Nebula should
, this important f [

werful method
in YHE ga
The Lpp:u:u n of t c v light re
cus of the hi gh quality ..un.. al r C £ n possibil

scparote gamma ray- and proton-induce

A. Chilir lan, R.G. Mirzoyan

Bl Max-Planck Munich:
SEeIEeamma Astrophysics

Results of our Monte
Carlo studies on the
performance of the

5 telescope system were
published in 1993.
Although we
overestimated the

gain in sensitivity
(compared to a single
telescope), nevertheless
we understood the strong
background rejection
feature of the multiple
telescopes.
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The HEGRA detector, including

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

~
:3.-.“-\
‘ \,

Wednesday 20th June 2012,
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SchiNeGHE, Lecce, Italy
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Sources seen by the HEGRA telescopes. Flux is

In Crab units.
H: HEGRA; C:CAT; W.Whipple; T:7-Tel. Array
So+lrce Type |Distance | s._ ., =% Experim.
Kpc or Z (in Crabs)
Crab Nebula Plerion 1.6 kpc >> 10 1.0 Many
Cas A SNR 3.4 kpc ~6 0.03 HEGRA
TeVJ2032+41 | (shell) Unknown ~7 0.03 HEGRA
Unknown

Mkn 421 BL Lac 0.030 >> 10 0.04 -8 Many
Mkn 501 BL Lac 0.034 >> 10 0.33-11 Many
1ES 1959+650 |BL Lac 0.047 >> 10 0.05-2.2 H W, C, T
H1426 BL Lac 0.129 ~7 0.03-0.08 |H,W,C
1ES 2344+514 | BL Lac 0.044 ~4 0.03 H, W
M87 Radio gal. 0.0044 ~ 4 0.03 H

Wednesday 20th June 2012,
SchiNeGHE, Lecce, Italy

Razmik Mirzoyan, Max-Planck Munich:
Beginnings of Gamma Astrophysics
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The 1st Cangaroo telescope In Australia
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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

Wednesday 20th June 2012, Razmik Mirzoyan, Max-Planck Munich: 39
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Japanese 7-telescope Array in Utah, USA

Teshima, et al.,

But ...
gamma-ray
astronomy is a
risky business...
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Cruise Missile Mishap
10. Dec.’97
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Beginning of MAGIC
4

n A 10m2 telescope has a threshold of ~1TeV
n Since from the beginning it was a common belief that
threshold of a Cherenkov telescope
Ethr~ \/(1/Amirror)

n That was suggesting that one needs a A;,,, ~ 10*m?2 for
measuring few 10‘s of GeV; a the only seeming solution:
use huge solar power plants for air Cherenkov

n In 1994 | understood that the above relation is wrong for
an imaging telescope. It is simply

Ethr ~ 1/Amirror

Wednesday 20th June 2012, Razmik Mirzoyan, Max-Planck Munich: 42
SchiNeGHE, Lecce, Italy Beginnings of Gamma Astrophysics



Beginning of MAGIC

I n After that started looking for a telescope with

Airor = 200 m2. Soon found the 17m solare telescope

of German DLR in Lampoldhausen near Stuttgart, the
prototype of MAGIC

n In fall 1994 we performed a feasibility study for a
Ethl’~40 GeV

n It became clear: there was a very strong background at
several tens of GeV a Multiple telescopes were needed.

Wednesday 20th June 2012, Razmik Mirzoyan, Max-Planck Munich: 43
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VERITAS, H.E.S.S. & MAGIC: the triumphal
procession of VHE g-astro-physics Is continueing
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Outlook : the next 5-7 years

Next generation VHE g ray Observatory: CTA

MAGIC Phase Il (MAGIC-I + MAGIC-I1) since 2009 CieTeliovale leseopeyaliay)
~150 saurces are alreadv discovered 1000's of sources will be discovered

ScTA”

~1000 scientists
~120 institutions

% Crab

1% Crab
Signal Limited

Razmik Mirzoyan, Max-
Beginnings of Gamma
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