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Milestone #1 1n the history of cosmic rays

"ﬂ 1912

In a balloon at an altitude
of 5000 meters, Victor
Hess discovered
"penetrating radiation"
coming from space.
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Images of Extensive Air Showers in
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Ground-based VHE y Astrophysics

# of sources discovered by H.E.S.S., MAGIC, VERITAS, Milagro, Cangaroo: ~155
Also sources by Whipple, HEGRA, Durham, Crimea, Potchefstroom, Telescope Array

.-l- =
A total of ~170 reported sources during past 28 years, mostly by IACTs
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Cherenkov light: the beginnings

m In a series of publications Oliver Heaviside has calculated
and predicted the main features of a special emission when
an e- movs in a transparent medium with a speed higher

than that of light.

m 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 (1888, 1839, 1892, 1899, 1912a,b)

m 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

Il I't took almost 50 years until the effect was experimentally

discovered and later on got the name Cherenkov

m 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*).

m 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 fluorescence.
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ACADEMIE DES SCIENCES.

RADIOACTIVITB, — ZLtude spectrale de la luminescence de l'eau et du sul fure
de carbone soumis au rayonnement ganuna. Note (') de M. L. Mavrer,
puscnlce par M. Ch. Fabry.

Dans une Note publiée aux Coniptes rendus (*) nous signalions que I'eau et
cerlaines substances organiques exposées aux rayons y des corps radioactifs
émettent une luminescence blanche. I’étude photographique de cette lumi-
nescence & l'aide d’éerans de verre, de quartz et de sel gemme nous avait
permis de supposer, que celte lumlcu devait conlenir des radiations s’éten-
dant dans I'ultraviolet.

L’¢tude spectrographique de ce rayonnement trés faible aurait été
impraticable avec les appareils ordinaires. J’ai pu la mener 4 bien au moyen
d'un spectrographe trés lumineux (*) construit sur les indications de M. Ch.
Fabry. La chambre photographique de cet appareil est munie d'un objectif
ayant une ouverture égale & I/ 2 (objectif Taylor-Hobson), dont la distance
focale est de ro8™ et dont, parsuite, 'ouverture utile est de 54™=. L’appareil
est disposé de telle maniére que I'on puisse utiliser divers trains de prismes,
pour changer la dispersion ; je me suis servi de deux prismes en flint, de 30°,
dont 'un regoit la lumiére sous I'incidence normale, tandis que l'autre est
ulilisé sous émergence normale. La lentille du collimateur est une simple
lentille fmluomdtiquc d’onverture IY/ 1o, ayant par suite 50° de distance
focale. L'appareil ainsi disposé donne des spectres peu dispersés mais trés
lumineux ; on peut sans difficulté , obtenir les spectres de corps faiblement

‘phosphorescents ou fluorescents. .

Nous avons pris comme source de rayonnement v deux tubes de verre con-
ténant chacun 250™ de radium élément (sous forme de So*Ra) qui: ont été
placés dans une gaine de 2" de plomb. Le rayonnement émergeant était
constitué par des rayons ¥, sans aucun rayonnement prmmne Le foyer

radioactif a été placé, soit dans un récipient de bois muni d'une fenétre de
celluloid et rempli d’eau distillée; soit dans un récipient en pVIe\ stihstance
‘qux présente une luminescence propre négligeable.

~“Nous avons exposé lé récipient contenant 'eau devant la fcntc du spec—'

trographe, dont la largeur a pu-étre réduite 4 o™, 2 sans augmenter exagé-

2404 Séance du 17 juillst 1918.
miptes rendus; 183; 1926, p: 974
2L a arml sera prochainement:dégrit dam un aubre recueil.
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* French scientists

M.L. Mallet

published 3 articles on the
bluish glow in transparent
liquids (1926-1929).

* On the left one can see a
scan of one of those papers
(1926)

* Mallet recongnised the
continuous spectrum of
emission that was
contradicting the
fluorescence theory, but
failed to offer any deep

explanation
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Cherenkov light: the beginnings

Pavel Cherenkov: born July 28th 1904 in a poor
peasant family in village Novaya Chigla, Voronezh

province.
m 1924-1928 studying in Voronezh sate university.

m 1930: postgraduate student of Sergej Vavilov at the
Institute of Physics of Soviet Academy of Sciences in

Sankt-Petersburg (later on FIAN).

m Had to find the fluorescence nature of solvents of
uranium salts, emitting bluish light

m Big was his surprise that also pure solvents and even
water were emitting the annoying background light
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Cherenkov Effect

Medium, refractive index n

Charged particle with v < ¢/n

traverses medium

==> |ocal, shorttime
polarization of medium

Reorientation of electric
dipoles results in (very faint)
isotropic radiation

Cherenkov Effect

n

[ cos @=1/pn
v > e/n Similar to sonic boom if v > ¢,

==> radiation from different points along the
trajectory arrive in phase within narrow
light-cone at the observer ==> bright light

V v

coustic

* Initially complaning about his boss: he had to

spend >1-1,5 hours in a dark, cold cellar, for

accomodating his eyes

* He noticed that the emission is not chaotic, but

is related to the track of moving particle. bk

N
*1934-1938 conducting a series of brilliant -
expeirments.
e Obtained doctorate in 1940
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N3REO-MATOMATHYECKRI HECTRTYT

aneman Haye uxm. B. A, Crexaona. Hocrynuio
Jernarpaa. 27 V 1934,

PHYSL

UBER DIE MOGLICHEN URSACHEN DES BLAUEN y-LEUCHTENS VON
FLUSSIGKEITEN

Yon 8. WAWILOW, Mitglied der Akademie

Die allgemeine Erscheinung von Leuchten reiner Fliissig
Anregung durch y-Strahlen, weiterhin kurz als y-Leuchten bezeichnet, die in
der vorangehenden Mitteilung von P. Cerenkov b:schrieben ist, lisst sich

cht mit der blaven Fluoreszenz identifizieren, die bei Bestrahlung , rei-
ner“ Fliissigkeiten mit ultravioletten Licht fast immer zum Vorschein
(). Hier wird das Leuchten zweifellos dwich Verunreinigungen
verursacht, die sich bisweilen durch mehrfache Destillation entfernen las
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* Theory paper by Sergej Vavilov
about the possible bremsstrahlung
nature of the bluish emission (1934).
* In the same issue a paper by

P. Cherenkov about the experiment,
that Vavilov refused to co-author.
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The Suspicious Emission

l m In 1937 Cherenkov succeeded

to measure the anisotropy of
the emission and submitted it
to the journal ,,Nature*

m . Nature” declined his paper

m Fortunately ,,The Physical

Review* accepted it

m In that paper he has mentioned
the possibility to measure fast
e-
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P.A. Cerenkov Phys. Rev. 52, 378

LETTERS TO THE EDITOR

Prompt publication of brief reports of important discoveries in physic
may be secured by addressing them to this department. Closing dates for
this department are, for the first issue of the month, the eighteenth of the
preceding month, for the second issue, the third of the month. Because of
the late closing dates for the section no proof can be shown to authors.
The Board of Editors does not hold itself responsible for the opinions

expressed by the correspondents.

Communications should not in general exceed 600 words in length.

P.A. Cerenkov
The Physical Institute of the Academy of Sciences U.S.S.R., Moscow
Received June 15, 1937

Visible Radiation Produced by Electrons Moving in a Medium
with Velocities Exceeding that of Light

In a note published in 1934 [1] as well as in the subsequent publications
[2] [3] [4] the present author reported his discovery of feeble visible radiation

emitted by pure liquids under the action of fast electrons (3-particles of
radioactive elements or Compton electrons liberated in liquids in the process
of scattering of 4-rays). This radiation was a novel phenomenon, which could
not be identified with any of the kinds of luminescence then known as the
theory of luminescence failed to account for a number of unusual properties
(insensitiveness to the action of quenching agents, anomalous polarization,
marked spacial asymmetry, ) exhibited by the radiation in question.
In 1934 the earliest results obtained in the experiments with ~-rays led S.I.
Wawilow [5] to interpret the radiation observed as a result of the retardation
of the Compton electrons liberated in liquids by ~-rays. A comprehensive

quantitative theory subsequently advanced by I.M. Frank and I.LE. Tamm

Tuesday 23rd May 2017,
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6] afforded an exhaustive interpretation of all the peculiarities of the new
phenomenon, including its most remarkable characteristic — the asymmetry.
According to their theory, an electron moving in a medium of refractive
index n with a velocity exceeding that of light in the same medium (3 > 1/n)
is liable to emit light which must be propagated in a direction forming an
angle @ with the path of the electron, this angle being determined by the
equation:
cosf = 1/0n, (1)
where 3 is the ratio of the electron velocity to that of light in vacuum.
A successful experimental verification of formula (1) was only performed

with water [4] for which, at the moment

lo lhe Mo_p:aﬂt’r o&fc/t've
§

,—-taz:

Figure 1: Arrangement of apparatus

of publication of the above theory, data were already available which had
been obtained by visual observations by the method of quenching [7] [8].

We recently performed additional experiments in which the intensity of
radiation was recorded photographically, the records being taken simulta-
neously for all the angles @ lying in a plane passing hrough the primary
electron

beam. The liquid was placed in a cylindrical glass vessel with very
thin walls, and the light emitted by the liquid was reflected by a conical
mirror in an upward direction to the object glass of a photographic camera
as indicated in Fig. 1. An approximately parallel beam of ~-rays, filtered
through a 3-mm lead plate, fell on the liqnid horizontally. The ~-radiation
used was equivalent to that of 794 mg of radium. The considerable thicknes
of the lead screen, the large aperture of the object glass (f : 1.4) and 1}

long exposure (72 hours) ensured sufficient distinctness of the photographs.
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Seen from above the anisotropy of the
emission will show up as an arc

+

(camera above)
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Cherenkov light: the beginnings

I m 1946: Vavilov (who just became the president of the
Academy of Sciences of USSR), Cherenkov, Tamm
(head of theory division in FIAN) and Frank obtained

Stalin‘s prize for their work

m Vavilov in former USSR was/is usually given higher
credit for the effect (which is not clearly justitied)

m 1958: Cherenkov., Tamm and Frank were awarded

Nobel prize

m 1964: (rather late) Cherenkov became corresponding
member of Soviet Academy of Sciences
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Cherenkov, Tamm and Frank

- awarded Nobel Prize in 1958

*S. I. Vavilov has
passed away in
1951 (after ~10

- heart attackes).

* Nobel prize is
awarded only to
scientists who are
alive
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19338

Pierre Auger, who had positioned particle
detectors high in the Alps, noticed that

Auger had discovered "extensive air showers,"
showers of secondary subatomic particles
caused by the collision of primary high-energy

particles with air molecules.




The Very Beginning of Atmospheric
Air Cherenkov Telescope Technique

1948

* Patrick Blackett (Nobel prize laureate of 1943: study
of cosmic rays using counter-controlled cloud
chamber) was the first to mention that there shall be
Cherenkov light component from relativistic particles
in air showers (mostly e-, e+, p-, p+) marginally
contributing (~ 10*) 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 Experimental Beginning

| 1953

By using a garbage can,

a 60 cm diameter mirror

in it and a PMT in its focus
Galbraith and Jelly had
discovered the

Cherenkov light pulses
from the extensive air
showers.
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the animal. There is thus no indication which of our
postulated reaction sequences is the more important.
Other mechanisms whereby hexoses might be
transformed into L-ascorbic acid, involving L-glycer
aldehyde, L-sorbose, D-sorbitol and p-gluconic acid,
have not been found in cress seedlings or in the rat.
This work will be published in detail elsewhere.
F. A. IsEERWOOD
Y. T. Caewn
L. W. Marsox
Low Temperature Station for
Research in Biochemistry and Biophjy
University of Cambridge and
Department of Scientific and Industrial Research,
Dec. 6.
. N., Biochem. J., 28, 996 (19
* Jackel, S, 8., Mosbach, E. H., Burns, J. J., and Xiug, C. G., J. Biol.
Chem., 186, 569 (1
* Hoeowits, H.
199, 2

H J. Biol. Chem.,
198 (0

s A P, and King, C.

Light Pulses from the Night Sky
associated with Cosmic Rays

In 1948, Blackett' suggested that a contribution
approximately 10~ of the mean light of the night-sky
might be expected from Cerenkov radiation® pro-
duced in the atmosphere by the cosmic radiation.
The purpose of this communication is to report the
results of some preliminary experiments we have
made using a photomultiplier, which revealed the
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presence of light-pulses of short duration correlated
with cosmic radiation.

A photomultiplier was mounted with its cathode at

focus of a parabolic mirror (ses disgram, inset)

e fleld of view of this ‘telescope’ being a:)pmximu.ti‘h:

12° from the zenith. The output of tho photo-
tube was connected to an amplifier with
differentiation and integration time-constants of
0-032 usec. The apparatus was mounted in a field
adjacent to this establishment at the centre of a
square array of sixteen Geiger-Miiller countors (each
of area 200 em.?; the sides of the entire array wero
180 metres) designed by Cranshaw® for studies of
extensive air-showers. The results obtained were as
follows.

(@) On the night of September 26, the pulses
were first observed visually on tho oseilloscope and were
seen to be several times the mean height of the noise
pulses due to the general night-sky illumination.
Photographs of the pulses were taken and a pulse
height distribution plotted (see graph). With the
bias arbitrarily set at three times the night-sky noise,
97 pulses were recorded in 100 min. i

Artificial night-sky noise was then produced by
means of & small lamp inside a lid placed over the
telescope. In 50 min., no noise build-up pulses were
observed at the same bias and gain conditions.

(b) Three-fold coincidence pulses corresponding to
showaers detected by the extensive shower array were
used to trigger the time-base of the oscilloscope, and
the light pulses (if any) displayed on the Y‘-p]m.,

© 1953 Nature Publishing Group
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In nineteen such showers there was no evidence of
any having associated light pulses.

{¢) On the night of October 14-15, we decided to
trigger the oscilloscope from the light pulses (again
selected to be greater than three times night-sky
noise) and display the pulses from all the sixteen single
counters from the extensive shower array on the
Y-plates. Out of fifty time-bases triggered (in
58 min.), eighteen had single Geiger—Miiller pulses at
the same point on the time-base; two had a coin-
cidence between two Geiger-Miiller tubes, one
corresponding to three Geiger—Miiller tubes and one
to four Geiger-Miiller tubes. This rate of observing
Geiger—Miller pulses on the time-bases associated
with light-pulses (when the association is to within
3 usec.) is approximately a thousand times the
accidental coincidence-rate. Moreover, the fact that
all the Geiger-Miiller pulses occur at the same point
on the time-base and correspond in some instances to
more than one counter being discharged strengthens
the correlation between them and the light.

(d) On October 22, a night of complete cloud,
when the cloud-base was known to be between
4,000 and 9,000 ft., pulses at about half the rate
were observed under the same conditions of gain and
bias.

The conclusions are: (i) a large fraction of the
light pulses observed are directly correlated with the
cosmic radiations ; (ii) none of the light pulses may
be attributed to spurious effects, for example, hij
tension breakdown, electromagnetic pick-up or noise
pile-up ; (iii) from the steepness of the front of the
electrical pulse, it is deduced that the duration of
the light pulses is less than approximately 0-2 usec.

The negative result of experiment (b), in which we
observed no light pulses on the nineteen time-bases
triggered from the showers, may be accounted for by
the smaller angle of acceptance for the light by the
telescope than for showers by the Geiger array.

Some of the light pulses observed may result from
relatively soft showers high in the atmosphere from
which only a few particles survive at sea-level.
There is no evidence in the experiments carried out
80 far to show that the light is, in fact, Cerenkov
radiation rather than light produced by ionization.
A series of experiments is planned to investigate the
exact nature of the phenomenon.

The above experiments were undertaken following
a discussion with Prof. P. M, 8. Blackett, to whom we
aro grateful for his continued interest. We wish to
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thank Mr. W, J. Whitehouse and Dr. E. Bretscher
for their encouragement, and Dr. T, E. Cranshaw for
the use of the extensive shower array.

W. GaLsraTH
J. V. JeLLEY

Atomic Energy Research Establishment,
Harwell, Didcot, Berks.
Nov, 19,
! Blackett, P. M. B,, Physical Society of London Gassiot Committee
Report, 34 (1048).
* Berenkov, P. A., C.R. Acad. 8ci., U.S.5.R., 8, 4561 (1034).
! Cranshaw, T. B. (10 be published).

Determinations of Size of Particles with
the Electron Microscope

A MBTHOD recently reported by Timbrell® for the
determination of particle-size with the light micro
scope has been applied with slight modification to
size determinations of textile-bonding agents with
the electron microscope. These materials are dis
persions of spherical polymer particles having sizes
in the range 0-0-2u. The normal method of size
determination involves measurements on photographic
plates obtained at known magnification using a trans-
parent graticule. This method, which is tedious, may
be subject to errors due to fatigue of the operator ;
and the method described has been found much more
rapid and reliable,

The photographs of the dispersion are obtained
in the usual way with the electron microscope, and
the plates are trimmed with a glass cutter so that
they can be placed in the holder of an ordinary slide
projector. The projected beam is intercepted and
deviated on to a screen by a front-aluminized glass
mirror which can be oscillated about a vertical axis.
Size discrimination can then be made as in Timbrell's
method, by the number of overlapping areas present
on the screen, each representing a particle with &
diameter larger than the amplitude of the oscillation.
All the determinations made to date with the instru
ment have been obtained by counting overlapping
areas for various settings of the amplitude control,
thus giving the cumulative size-distribution curves.

It has been found advantageous to increase the
visual effect of an overlap area by introdueing a eolour
contrast in the following way. A circular sheet of
‘Perspex’ was dyed in two operations so that one half
was red and the other half green. This was then

L Mrurune
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B¢ mevon
Cprovaen mime

Flg. 1
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Gamma-ray Astronomy,

the beginnine
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About how could ground-based g

astronomy profit from the end of the

+W0rld War-11

m Surplus of otherwise useful things not anymore needed

by the militaries !

m Parabolic search-light mirrors of ~(0.5°-1.5° angular
resolution and 1-2 m in diameter

® Gunmounts, also from military ships. could be used as
telescope mounts with readily available drive system
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Chudakov and the air Cherenkov
technique

‘|7l After the presentation of G. Cocconi at Moscow ICRC
in 1959, G. T. Zatsepin (from GZK cutoff) has adviced
Chudakov to measure the predicted gamma-ray
sources

m Chudakov moved to Crimea and easily got first 4, then
8 more parabolic mirrors of 1.5m but of 1.5° angular
resolution from militaries securing the Black see border

m Very fast a high class installation has been constructed
and measurements begun, for almost 4 years.

m A 2-fold and 4-fold (preferred) triggers were used
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3 Alexander Chudakov and the

Cherenkov Technique for
Gamma Ray Astronomy

L SR
il

S b

o Crlmea Experlment 1 959- 1965
Chudakov, et al., (SNR, radio galaxies)
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BA Tom XXVI

A. E. 9V IAROB, B. JI. TAABIRHH, B. H. SAIIEITHH,
H. M. HECTEPOBA

NONCKHA ®OTCHOB C SHEPTHUEN ~10 36
OT JIOKAJIbHBIX MCTOYHMROB
KOCMHYECHOTO PATMON3JIY YEHM A

B maHHOI cTaThe ONMHCLIBAIOTCA METOAMKA W Pe3yabTaThl DKCIIEPMMEHTa,
B KOTOpOM cjiellaHa TONGITKA O0OHAPY/KeHHs HOTOKa (OTOHOB BEICOKOIl BHEp-
TR OT HEKOTOPHX KOCMUYECKHX 00BEKToB (I B IEPBYIO OUepeib OT 00BeKTOB
Jle6enp A u Temermr A). 9tn HaOMOJEHAsA BEIUCh B TeYeHMe YETHIpeX JIETHHX
cezomos 1960, 1961, 1962 u 1963 rr. IlpexBapuTenbHsie pe3y ILTATH PAbOTEH
GBI [IOTOKEHbl HA MEKIYHADOAHBIX KOHPEPeHIHAX N0 KOCMHI IeCKHM JydaM
B Auornn [1] m Bomusun (2] 1 ma Beecowosnoit KOEQepeENIHN 10 KOCMUYECKIM
aygam B SIKyTCKe.

Meronuka sKcrnepuMenTta Oplla OCHOBAHA HA PErACTPANUH IMHPOKHX aTMO-
chepHBIX NHBHEr B HEOONBIIOM TeJeCHOM yrie (MOpAAKA HECKOJIbKHUX THICIY-
HEIX CTEpa[HaH) 0 CO3/{aBaeMOMy UM B aTMOc(epe SeMIn 4epeHKOBCKOMY H3JIIy-
YeHMI0 W CPABHEHWH WHTEHCHBHOCTH JACTHI[ BBRICOKOIl dHEPTHE, HAYIIAX OT
Pa3THIHKIX Touek HeGecHoii cdepsr. [aa aroit mennm Onira paspaborana Tene-
CKONHYECKAsA ammaparypa OOJbBIION CBETOCHILI, CIIOCOOHAs pEermcTpupoBaTh
BCIBITIKE UePeHKOBCKOTO CBETa OT JIMBHEIl OTHOCHTEIHHO HeGOoIbIIoil Hadalb-
Hoit ameprum (~ 2-10'® 96 mpu maGmojeHumnm Ha ypoBHe Mop#a). Baaromaps
60abInoit sdHEKTUBHOI IWIOMALN PErACTPANAA JIHBHEH TaKAM METOIOM TeMIl
cgera mauBHEll (MO HAMpaBIeHHAM, OJNH3KAM K BepTHKagn) Mor OHITH JoBe-
med 1o 200—250 B MHHYTY H COOTBETCTBEHHO IOJy4YeHA XOpoIlas CTaTACTH-

YecKasd TOYHOCTH B CpDaBHEHHH MHTEHCHBHOCTEIT OT Pa3idnYyHBIX yYacTHOB meba.

OxoHYATeTLHEIT Pe3yabraT BCEX YeTHPeX Cepuil HaOJIOeHMIT OKazalcs
orpunareabEEM. Bo Bcex ciydasx ¢ TogHOCTHIO okoxo 1% wme o0mapyskeHo
BO3pACTaHNsA WHTEHCHBHOCTH BOXM3H 00CieqoBAHHHX 00BexroB. IIpmmasarsb
peaxpHOe suaueHue shdexrram mopaara 1%, mabmomapumMes IA 00HeKTa
JleGean A, okaszasoch HEBO3MOKHEIM. TakuM 00pas3oM, MOXYYeH BePXHHIL mpe-
el BO3MOJKHOI HETeHCHBHOCTH hororos. [[1s suepruit gororor £ == 5 -10'% a4,
aToT mpefex cocrasisier O -107ew - cerl.

Beepgenmne

B mociemmee BpeMs Bce 0oibiree BHAMaHWe NcCecjefoBaTenell yjemsercs
3ajade SKCIEPEMEHTAILHOTO 00Hapy/KeHHs (OTOHOB BEICOKOH dHEPrHU B CO-
¢TaBe MEPBHYHBIX KocMudeckux aydeil. IIpm srom mpemmomaraercs, uto $oTo-
HEL ¢ sEeprueii ot 10° 96 I CKOIb YroXHO BHIME JOJI/KHEL BO3HAKATH OPH CTOIK-
HOBEHHAX JaCTAL KOCMAYECKHUX JIyJeil ¢ AJpaMH aTOMOB Pa3pe;KeHHOIl Cpe/isl
(6raromaps remepamuu m’-ME30HOB W ToCHefyomeMy HX pacuany). Ilostomy
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A serious experimental work has

been performed by this team.

The technique and the instrument

were well-understood, below some

excerpts from a paper from 1964

10" L - L
10° 10 10 10° M

FPuc. 3. IIpocTpaHcTBEHHOE pacIlpeielieHne
MHTEHCHBHOCTA Y€PEHKOBCKOTO CBETA B IIH-
POKUX arMOC(epHBIX JIHBHAX Ha yPOBHE
MODA
1 — TNepBUYHbIE [IJOTOIIbI; 2 — IepBUYHBIE IIPOTO-
HBI; I(Hll)pbl ¥ KpPHUBBIX IIOKa3BIBAIOT JHEePIuIo
TICPBUYHBIX YacTHI B 36

Razmik Mirzoyan, Max-Planck-Institut fiir
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Puc. 11. BasmenmocTh dPPeKRTHBHOI MIIOTa I
PETHCTDAII JIMBHE 0T YHEPIum

1 — IUIA TeJECKOIOB C YIVIOM 3peHHA 1,75° mis cay-
uyag JIMBHEH OT JIOKATBHOrO0 WCTOYHAKA (OTOHOB
(mudpsl ¥ KPUBBIX — YTOIL MEXIY ONTUIECKOU OCBHIO
TeTeCKONOB U HApPaBICHNeM HA MICTOYHMAK); 2 — MJIA
CBETONPUEMHIKOB ¢ HEOIDAHWIEHHEM YIIIOM 3PeHis !
@ — TIs cydas JMBHEH OT (OTOHOB, 6 — IIA CIy-
gas JABHE OT MPOTOHOB
Tlo OoC¥ OPAMHAT OTIIOFKEHBL SHAYEHUA ITomamgn S,m?;
TIo OCH abcouce — 9Heprusg MNePBHIHBIX YacCTUI B 967
macmTab I0_ 0CAM Jorapu@MUYeCcKuit
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Cherenkov Technique used for
Gamma Ray Astronomy

Ist Gen. Atmospheric
Cherenkov Telescope

Glencullen, Ireland

~1962-66

Univ. College, Dublin
eroup led by Neil Porter

(in collaboration with

J.V.Jelley)

ye; the British-Irish experiment at Glencullen, Ireland c.
0 90 em searchlight mirrors on a Bofors gun mounting.

The experiment was led by Jelley and Porter.

(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

Razmik Mirzoyan, Max-Planck-Institut fiir
Physik: Early Days of Cherenkov Emission
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First Gamma-ray Experiment at Whipple
Observatory, 1967-68

The pioneer of
gamma astronomy

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 (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.
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The Pioneer: all life-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 axp H. F. HELMKEN
Smithsonian Astrophysical Observatory and Harvard College
Observatory, Cambridge, Massachusetts
G. H. REkE

Mount Hopkins Observatory, Smithsonian Astrophysical Observatory, Tubac, Arizona,
and Harvard University, Cambridge, Massachusetts

AND
T. C. WEEKES™
Mount Hopkins Observatory, Smithsonian Astrophysical Observatory, Tubac, Arizona
Received September 3, 1968

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. N
? 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-Institut fiir

Tuesday 23rd May 2017,
Physik: Early Days of Cherenkov Emission

SPSAS School, Sao Paulo




Cherenkov Shower Imaging using Image Intensifiers

1960-65) and Stereo Detectors (1972-76

CERENKOV RANDOM

CERENKOV LIGHT
. ) ) DETECTED IN COINCIDENCE BY
Figure 5. Top: Image Intensifier used by Hill and Porter to record the images of cosmic PHOTOMULTIPLIERS:
ray air showers 2¢. Bottom Images of the night-sky triggered by an ACT (left) and
triggered randomly (right). The field of view was +£12.5°.

CIRCULAR TRACK
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Victor Zatsepin, born in 1928

In 1960°s Victor Zatsepin well-
-understood all the main features of the
air Cherenkov technique.

I learned from him that in 1960¢s he

was long seriously considering a key question about

how one could measure multiple images of showers
(which kind of cameras can do it?).

He performed simulations of air showers in 1961-64
(were there computers available, really ?)

* ,URAL® was the name of the russian computer
that was operated by a specially trained staff.
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The 1st §

SOVIET PHYSICS JETP

-

VOLUME 20, N

THE ANGULAR DISTRIBUTION OF INTENSITY OF C

EXTENSIVE COSMIC-RAY AIR SHOWERS

V. L. ZATSEPIN

P. N. Lebedev Physics Institute, Academy of Sciences

Submitted to JETP editor March 2, 1964

J. Exptl. Theoret. Phys. (U.S.S.R.) 47, 689-696 (Augus

The angular distribution of intensity is calculated for
terrestrial atmosphere by extensive air showers of co
showers arriving from the zenith and for conditions of
titude of 3860 m above sea level. Photographic observ.

against the celestial sphere, as obtained in (%7

the calculations.
1. INTRODUCTION

I.\' the registration of extensive air showers (EAS)
by means of Cerenkov counters, -~ a knowledge
of the angular distribution of the Cerenkov radia-
tion is important primarily from the methodologi-
cal point of view (choice of the angle subtended by
the Cerenkov counters to obtain optimal signal-to-
noise ratlo, estimates of the accuracy of the angu-
lar coordinates of high-energy primary particles,
and so on). Besides this, the angular distribution
of the light from showers is already itself the ob~
ject of physical invesngauon,tu and therefore it
is important to ascertain what kind of information
about a shower can be obtained from such data.
The present calculation has been made for this
purpose, and is based on the following ideas.
Cerenkov radiation is mainly caused by the
electronic component, which makes up the bulk of
the charged particles in a shower. Owing to mul-
tiple Coulomb scattering by the nuclei of atoms in
the air, electrons of energy E at a depth p have
a Gaussian distribution of distances r from the
axis of the shower, and a Gaussian distribution
of angles relative to a mean angle #, which de-
pends on r. The dispersions of the transverse
and angular distributions depend on E. The energy
8pectrum 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
to be lhal_glven by the electromagnetic cascade
theory, (4] ang for the case of primary protons,
that given by the calculations of Nikol'skil and
-::“:all;skﬂ.‘-’-‘ The light emitted by the electrons
€ angle $oe, with the direction of their

e —
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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.

2, If the distance from the axis of the shower to
the detector is determined from independent data,
then an analysis of the shape of the light flash from
the shower and its total intensity gives information
both about the initial energy of the primary particle
and about the position in the atmosphere of the
maximum of the shower, and can thus be used for
the analysis of fluctuations in the development of
showers in the atmosphere.

In conclusion I regard it as my pleasant duty to
express my gratitude to A. E. Chudakov for sug-
gesting this topic and for helpful discussions.

Razmik Mirzoyan, Max-Planck-Institut fiir
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Arnold Stepanian and his 1*' imaging

“stereo "telescopes: GT-48 in Crimea
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The publications of the Crimean group led by Arnold Stepanian

Publications

B.M.Vladimirsky, A.A.Stepanian, V.P.Fomin. "High energy gamma-ray outburst
Cyg X-3." Proc. of 13th Internat. Conf. on Cosmic Rays". v.1. p.456-460. Dem
A_A Stepanian,B.M. Vladimirsky, Yu.I.Neshpor, V.P.Fomin, "A Search for Discri
Sources of Energy greater than 2 10"%ev
A.A.Stepanian. "A possible contribution of discrete sources to the diffuse gamn

™, Astrophys.Space Sci., v.38, p.267-2!

over galactuc longitude™. Proc. [5th Internat. Conf. on Cosmuc Rays. Plovdiv. v
Yu.INeshpor, A A Stepanian, V.P.Fomin. S.A Gerasimov. B.M. Vladimirsky. Yu
periodical very high energy gamma-ray emission from Cyg X-3." Astrophys. Sp
p.349-355, 1979
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Krimskoi astrofiz.obs., v.62, p.79-97. 1980

S.A.Gerasimov, A.A Stepanian, "On the time variation of the Crab pulsar NP 0:
Astrophys. Space Sci.,v.69, p. 127-131. 1980

S.A.Gerasimov, Yu.I.Neshpor. A.A.Stepanian, "Initial period and pulsar's age.",
astrofiz. obs.. v.65.p.163-168, 1982.

A_A Stepanian, "On a possible model of the object Cy;
347-361, 1982

Yu.INeshpor and Yu.L.Zyskin " Long-period gamma-ray variability of Cygnus
Lett. 1986, p. 189-191

A.A Stepanian, V.P.Fomin, Yu.INeshpor, B.M.Vladimirsky, Yu.L. Zyskin, "A re'
Astrophysical Observatory very high energy gamma-ray experiments." Proc. In
Very High Energy Gamma-ray Astronomy, p.4 . Ootacamund. India, Septen
A.A.Stepanian, V.P.Fomin, B.M.Vladimirsky. "A method to distinguish the ganu
flashes from proton component of cosmic rays." Izv. Krimskoi astrofiz. obs., v.¢
V.P.Fomin, Yu.I.Neshpor, V.G.Shitov. A.A.Stepanian, B.M.Vladimirsky, Yu.L.Z;
distribution of Cherenkov light in EAS with energy 10'2 eV, Proc. 18th Inte
Cosmic Rays, Bangalore.India, August 22-September 3, v.6, p. 223-227, 1983
B.M.Vladimirsky, Yu.L.Zyskin. Yu.I.Neshpor. A.A Stepanian. V.P.Fomin, V.G.S
results of the Cherenkov EAS flashes observations on the multi-mirror installati
Astrophysical Observatory". Proc. 19th Internat. Conf. on Cosmic Rays. La Jol
11-23, v.7. p.203-206. 1985

B.M.Vladimirsky, Yu.L.Zyskin, Yu.I.Neshpor. A.A Stepanian. V.P.Fomin, V.G.S
Gamma-telescope GT-48 of the Crimean Astrophysical Observatory of the USS
Science". Proc. of the International Workshop on VHE Gamma-Ray astronomy
A.A.Stepanian. D.J Fegan. M.F.Cawley. Crimea. USSR, April 17-21. 1989, p. 2
A_A.Stepanian, "On the VHE gamma-quanta flux from the Crab Nebula", SIF: (
proceedings vol 28 "Frontier Objects in Astrophysics and Particle Physics", Ed
G.Mannocchi, Bologna, Italy. p. 377-382. 1990. Yu.I.Neshpor. A.A.Stepanian, '
fenomenological model of its evolution.” Astron.Jurnal, v.68. p.992-998. 1991
A P.Komienko, A.A Stepanian, Yu.L.Zyskin, Yu.I.Neshpor, V.P.Fomin, V.G.Shif
B.M.Vladimirsky, "The characterisation of a Cherenkov imaging telescope for
gamma-ray astronomy through correlation of coincident images." Experimenta
p.77-86, 1993

A.PKornienko. A.A.Stepanian, Yu.L.Zyskin. "The influence of imaging camera
the measured parameters of Cherenkov flashes", Astroparticle Physics, v.1, p.2
A.P.Kornienko, Yu.L.Zyskin, Yu.I. Neshpor, A.A.Stepanian, "The efficiency of «
observations by using Cherenkov detectors of EAS with imaging cameras.”, Ex
Astronomy. v.4. p. 147-157, 1993

A A Stepanian, Yu.L.Zyskin, A.P.Komienko, "The effect of calibration errors o

. Astrophys. Space

¢
1

Tuesday 23rd May 2017,
SPSAS School, Sao Paulo

ge camera for detecting EAS Cherenkov flashes and variation of sky brightness on results of

data analysis.”, J.Phys.G:Nucl.Part Phys., v.19. p. 1967-1973. 1993

V.P.Fomin, A A Stepanian, R.C.Lamb. D.A.Lewis, M.Punch, T.C.Weekes. "New methods of

atmospheric Cherenkov imaging for gamma-ray astronomy. I.The false source metls
Astroparticle Physics. v.2, p.137-150, 1994
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O.R Kalekin. Yu.I.Neshpor. A.A.Stepanian. Yu.L.Zyskin, A.P.Kornienko, B.M.Vlac
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Crimean Astrophysical Observatory.", Astronomy Letters, v.21, No 2, p.163-167, 1
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of calculation and the description of the 2-nd generation gamma-ray telescope GT-
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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

is is the configuration that w:

later adopted for VERITAS.
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Some key developments

70-80°s: plenty of ,,discoveries” on 3-4 G 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 ,,0.,,is a useful

parameter

La Jolla, 1985: Michel Hillas suggested to use the

,»Hillas* parameters

1989: Whipple discovers 96 signal from Crab !!!
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The Pioneer Trevor Weekes and his 10m O
Whipple telescope gave birth to y-ray

-

- = If a telescope can within
a few s evaporate a solid
piece of steel, it can also
measure gamma rays"

) N

S
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this interpretation. : < which th
We now turn to a discussion of the 1986 observations of Hercules X-1 in which three groups

apparently observed the same anomalous frequency, which was 0.1.6% higher than the neutron
star spin frequency. In table 5, the three observations are summarized.
Table 5. 1986 Observations of Hercules X-1 at an anomalous frequency

Observatory (Ref.) Energy Frequency Reported Prob. Prob.(including dc excess)

Haleakala (20) 1TeV  0.80911 0.7x10~2 0.7x10~2
Whipple (21) 1 TeV  0.8092 0.9x10~2 0.3x1072
Los Alamos (22) 100 TeV  0.80927 0.2x10~* 0.2x10~3

What is the overall significance of these three detections? If we treat them simply as three
independent tests of the same (no-signal) hypothesis, then they can be combined using Fisher’s
test as described by Eadie et al. (1971)%. This test does not make use of the information that
all frequencies were the same and therefor it tends to overestimate the chance probability; the
ad hoc nature of the search range used by all three groups (£0.3%) tends to increase it. An
implicit assumption is that Hercules X-1 was not being observed by any other groups in 1986
using detectors of comparable sensitivity, so that the three observations consititue the total set
of o!)servations of this source. Unreported nondetections make it difficult to assess the overall
slxgg:éﬁ(cance,t but v;oulddin generalhdecrease the significance. If we restrict our attention only to

a posteriori), and assume there are no signi : : . s :
chance probability is calculated to be less thanglrgﬁgfr’l;‘alllczzd:: i'(::l: r\lrs ldm.'mg R
Hercules X-1 was a source of T\ ga i alue it would appear that

s 2 eV/100TeV emissions in May-July 1986
probabilities are dangerous and are best treated as a h hy 354 F Wowae, o p .ostcrzorl
tinues with no confirmation of this anomalous fr T = it taals. .f.i.s 5

equency (Gupta et al. 1990%7 notwithstanding)




There were plenty of reports on somehow mysterious gamma sources

inary Systems

TeV GAMMA-RAYS FROM ACCRETING BINARY SYSTE\q - ma-Rays from Accreting Binary S

i - . The pul,

ity i verted into gamma-rays pulsed
osity ;:;;:ven'-s which were registered by more
dh.en the analysis. This is an indication of a flat
g7 be expected when the gamma-rays are
h may _ m.\! alartrons on soft nhotone

eimer, AR North, OC de Jager, PJ Meintjes, C Brink e
Gy han { the available accretion e

onter the emission nearly double
ki . : S/ i e use
Physics, Potchefstroom University, South Africa = pordeperesmmg -
< amactram from the source whic

CONCLUSIONS

It was shown that Vela X-1 emits steady, pulsed TeV emission o.ver five yea.rs' of
observations, at a period corresponding with the expected. X.-ray period. No Oﬂ.)ltal
modulation could be established. For Cen X-3 pulsed emission was found only in a

nart of the orbit, corresponding with the known accretion wake. It also seems that the
emission in the wake is steady over time scales of years. In both cases weak evidence
for a period shift was found. With the detection of AE Aqr as a possible source of TeV
samma-rays, a new area of candidate sources has been opened up for TeV astronomy. In
all cases it will be imperative to observe sources over a number of years, and if possible,
make use of multiwavelength observations to investigate the behaviour of these ob jects.

Galli i : = : PR . b w2 g 7. neuey IL, et al, Ap. J. 268,

;e af—ig:i*;&a;ixmo - n::’e made msutnmn when weather conditions v 10. Nagase, F, Publ. .:llr. Soc. ﬁg(tlng.a:z 1(1989)

55 yﬁ;—sﬁ:‘: ‘m:;caxn ing :;:;PL Pmoedlfm , the data were first corrected to LL. Patterson, J, Ap. J., 234, 978 (1979) g

of the Dl ik ot e ::mlids e epemeris. A further correction w.t.h.e foﬂl 12. Patterson, J, et al, Ap. J., 240, L133 (1980)

= ;;_:‘ ey < P s e Rayleigh test was applied to each individual 13. Bookbinder, JA, et al, Ap. J., 323, L131(1988

observation at the expected X-ray period and the powers were added incoherently. The : 14. Mardia, KV, Statistical methods for experimen)nl physics, (1971)
i sics, (1971

€ 1951 American Institute of Physics
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VHE y workshop at 22nd 1CRC, Dublin, 1991

Aa'r20 4 cce

Report on Workshop on Very High Energy Gamma Ray Astroncomy at the
22nd ICRC, August 14, 1991.

I promised I would circulate the one page summaries of the Program for the Very High Energy Gamma Ray Workshop
workshop to all interested parties. I am enclosing a copy of the . 3

summaries received and some personal comments. Arnold Stepanian Wednesday Evening, August 14, Dublin

was unable to attend until later in the conference but sent his

comments for presentation; since I only received them a few Chairman: J.V.Jelley

minutes before the workshop I opted not to present them, but

enclose them here.

The workshop was, I think, a success. This was in no small part Program

due to our able chairman, John Jelley, to whom we all owe a debt : sovier s

of gratitude. I had hoped that by convening representatives of (a) Atmospheric Cherenkov Telescope Sensitivities.

all the active groups we could get some agreement on the relative

merits of the various versions of the technique now being used; Speaker Group Summary
in particular I had hoped that some of the criticisms of various

techniques which are said in private might be voiced in public so

that tgey could be discussed gnd analysgd. In this we were only C.Raubenheimer Potchefstroom Yes
partly successful in that all groups were not represented and 1

those present seemed largely uncritical of their colleagues' g B.S.Acharya Tata/Pachmari Yes
experiments.

o No representative Durham/Narrabri No

It appears that there are two distinct schools of thought re

assigning sensitivities. One school bases its derivation entirely
on the measured response to hadronic showers; the other school
uses absolute calibrations and simulations and ignores the -
hadronic response. There are some who use some intermediate P.Goret Saclay/Thenis
method. Techniques which bias heavily against the detection of

hadronic showers obviously cannot use the hadronic response to G.Thornton Adelaide/Woomera
calibrate their response to gamma rays. Groups which do not have
reliable Monte Carlo simulations prefer to use the measured
response. However there does not seem to be any strong feeling
that either method is seriously in error and it appears that 2
differences in measured fluxes (and upper limits) must arise from R.C.Lamb Iowa/Whipple
causes other than the defined sensitivities. In this sense we

have made no progress. A.A.Stepanian (absent) Crimea

G.Sembrowski Haleakala/South Pole

P.Edwards Tokyo/Cangaroo

I am sorry the program was so crowded; obviously we should have
scheduled more time for the workshop. I am particularly sorry Westamm/a. KiKonopelko Yerevan/HEGRA

that we did not have time to get on to the second topic of the . 3 =
workshop, "Overlapping observations with GRO" and apoleogise to (b) Observing Programs, GRO Overlap (No discussion)
Neil Gehrels for leaving no time for his presentation. He has

kindly provided a one page summary of the GRO observing schedule. N.Gehrels, GRO Status and Program

GRO Project Scientist

Please note that the Whipple Observatory group has agreed to
distribute information pertaining to GRO that is of interst to
ground-based gamma-ray observers by e-mail (this includes non-GRO
specific programs that may be of interest to the community); we
will be happy to include you on the e-mail distribution if you
will send us your address. Our BITNET address is
"GAMMAGARIZRVAX".

Thanks for helping make the workshop a success; from the large
atte nce there is obviously a lot of interest in the topic,

Trevor C. Weekes Sept. 11, 1991
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NOOITGEDACHT Mk 1 v-RAY TELESCOPE & A o L |

- ——— . e - e N e F o— .

5, ENERGY THRESHOLD

(a) how defined : defined as the average energy of a gamea ray
event to trigger the telescope

(b) how estimated : The average trigger rate (per minute) for the
source direction {s obtained from the data, Using the well
measured Cosmic ray spectrum, this rate is converted to the Cosnic
ray energy threshold. The relevant smolid angle factor and the
average tcenith angle are used as inputs to this calculation.
Finally, the gamma ray threshold is taken as half the Cosmic ray

energy threshold.
3.COLLECTION AREA

(n)how defined :defined to be within the radius of 100 meters with
the telesocope ar the centre.

(b)how esmtimated: circles of 100 meter radius are drawn around
each telescope . The collection area for the whole array is
computed considering the fact that some area will be common to all

telescopes,
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THE UNIVERSITY OF ADEL;AIDE’S VHE GAMMA RAY TELESCOPE

AT WOOMERA (aka BIGRAT) ﬁ? a'
Description . ) . gim . ‘ THE CANGAROO COLLABORATION 3.8m TELESCOPE AT WOOMERA
The Woomera telescope is located at 31° 06’ S, 136° 47’ E at an clevation of 160m. It consists of three
twelve square metre composite mirrors on a common alt-azimuth mount. At each focus (f=2.7m) there Q(Q [) .
are three 51mm phototubes providing a ~2° field of view. The tubes are arranged in a triangle with the

centroid on axis. The anode signals are ac-coupled, without amplification, to discriminator inputs. The
discrimination level is 25 photo-electrons (nominal). We currently run the tubes at ~2-3 kHz singles rates Description

on the night sky, padded to 5 kHz by computer controlled LEDs. An event trigger is formed by a triple ~ The 3.8m telescope is located 100m east of the University of Adelaide telecope
coincidence between the corresponding tubes at the three foci. The vertical trigger rate is ~7 Hz. (BIGRAT) at 31° 06’ S, 136° 47' E, 160m a.s.l. The 3.8 m telescope is a composite

mirror on a alt-azimuth mount. The central 1.7m diameter section of the mirror
is made from aluminized duralumin. The six outer segments are canigen coated
aluminium alloy. In the focal plane (f=3.8m) is an imaging camera of (64/)256/500
photomultipliers, providing an aperture of 3.2°/4.0° diameter. The anode signals
Ey, = 500GeV (Emedian = 800GeV) are amplified with a gain of 100, allowing low, stable tube gains, before discrimina-
tion. A specially designed circuit containing 16 channel amplifiers, discriminators,
ADCs, TDCs and single count scalers has been developed. The TDCs aid in night
sky background rejection. An event trigger is formed from analog sums and hit

Energy threshold

As our definition of F, we use the modal energy of triggering showers from an E~?! differential
spectrum of Hillas monte carlo gamma-rays. For vertical showers

Collecting area
We do not explicitly define the collecting area. A value can be calculated by requiring consistency

hotuwnan tha avent rate the fisld Af viaw and m » naramatare [ cona navt itam)

Frnerov thrachald

Energy threshold
An energy threshold at the zenith of ~500GeV is believed possible, depending
on the final triggering conditions. This corresponds to an event rate of ~10 Hz.

- » r

A, =~ 1.1 x 10%m? (1.e. R = 190m)

where Igp, is the cosmic ray flux and S/ B is the ratio of the signal to the cosmic ray background.

Background rejection/ Future plans

We currently employ no background rejection techniques but we are about to install a 37 pixel camera
ir place of one of the detector triplets. This should be in place by December 1991. We are experimenting
with a pulse shape digitizing system which should provide some gamma/nucleon discrimination.

References
Clay R.W. et al., 1989, Proc. Astron. Soc. Australia, 8, 41

Hillas A.M. & Patterson J.R., 1990, J. Phys. G, 16, 1271
Patterson J.R. & Hillas A.M., 1989, Nucl. Inst. Meth. A278, 553
Protheroe R.J., 1987, 20th ICRC, 8, 21
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Yerevan Physics Institute
Proposal for 5 imaging Cherenkov
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The number ,,0* workshop on IACTs took place in Crimea in 1989
(before the 1st in Paris in 1992)

éERENKOV IMAGING TeV GAMMA—-RAY . TELESCOPE

F.A.Aharonian, A.G.Akhperjanian, A.M.Atoyan, A.S.Beglarian,
A.A.Gabrielian, R.S.Kankanxan.P.?’l.K‘azarnn,
R.G.Mirzoyan,A.A.Stepanian

. Yerevan Physics Institute, USSR
Crimean Astrophysical Observatory, USSR

ational Worksho, n
Proceedings of the Internationa o p o Abstract

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

VERY HIGH ENERGY GAMMA RAY y-rays s characterized. by high ressirewsnts to  the relabinty of

fluxes from point sources as well as to identification of

ASTRONOMY "y—events". Development of the background-suppressing techniques
seems the most promising way to achieve these aims. In the energy

range 10** el the main hopes are connected with the possibility

for an analysis of the Cerenkov radiation images of atmospheric

showers [1l. Efficiency of this method has been successfully

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

USSR from the Crab Nebula with the Wipple observatory 10-meter imaging

Cerenkov y-ray telescope [2].
In 1989, at the cosmic ray station of Yerevan Physics
Institute, near the Byurakan optical observatory (40.18° N latitude
April 17 21. 1989 and 44.5 E longitude) at an altitude of 1900m, we have begun the
pr - ’ construction of an atmospheric Cerenkov imaging telescope, which
will be equipped by an equatorial 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 equatorial mount will be digitally driven by stepping
motors through a gear drive. Each motor will be under mini-computer
control. Each axis will be equipped 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. Stepanian The 3-meter reflector of the telescope consists of 19 separat;
Cri A hysical Observator USSR| 60-cm round glass mirrors with a total collection area of 5.3 m.
rimean Astrophysica S Ys Each of the reflector facets is a spherical mirror with a curvature

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

D.J. Fegan sphen‘ial frame with a S5-meter radius. Thus, the focal length of the

5 . N reflector is S5 meters.
UnlverSIty College, Dublin, Ireland The mirrors are made in the optics department of the Yerevan

Physics Institute pilot production. The 20mm-thick slabs, 6&10mm in

M. F. Caw]ey diameter, are machined, including rounding, roughing, grinding and
St. Patrick's Collcge, Maynooth, Ireland polishing. Then on their front 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 BOZ at 400nm, and long-time serviceability under severe
weather conditions. The dependence of mirror reflectivity upon the
incident 1light 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 quality of
mirrors is very important, especially for further improvement of the:

Crimea,

Edited by
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The 15t telescope (of 5 planned) we ve built: 1989
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Proposal
for

Imaging Air Cherenkov Telescopes in the

HEGRA Particle Array

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

Yerevan Physics Institute

* Crimean Astrophysical Observatory

M. Samorski, W. Stamm

Institut fiir Kernphysik, University of Kiel

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

Max-Planck-Institute for Physics and Astrophysics
Munich
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ELECTRON DETECTORS: 1 m?2 scintillation counters for particle density and
fast-timing measurements (2 PM's each), with 5 mm of lead for photon
conversion.

® 37 detectors in operation since July 1988 (University of Kiel)

0159 additional detectors, 90 of them in operation since July 1989,
the rest since December 1990 (MPI Munich together with
University of Madrid)

O 49 further detectors to increase the detector density in the centre
of the array, planned for 1991 (University of Hamburg)
MUON DETECTORS: 15 m2 ecach, consisting of sandwiches of Geiger
tube and absorber layers, planned for 1991/92 (University of

Wuppertal together with University of Kiel)

+ 49 CHERENKOV-LIGHT DETECTORS: each consisting of a 20 cm diameter
PM and a light-collecting cone, planned for 1991 (MPI Munich
together wit h University of Madrid)

@ CHERENKOV TELESCOPES: 3 m in diameter with 19 mirrors and 37 PM's
each, imaging technique, planned for 1991/92 (Yerevan Institute
of Physics together with MPI Munich and University of Kiel)

Fig. 1: Status and planned extensions of the HEGRA detector array.
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CT1 started to collect data in summer 1992
The 15t signal from Crab Nebula fall 1992

N4

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

The 15t telescope of

HEGRA, the CT1
(installed spring 1992)
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THE SYSTEM OF IMAGING ATMOSPHERIC CHERENKOYV

TELESCOPES: THE NEW PROSPECTS FOR VHE GAMMA Results Of Monte

RAY ASTRONOMY.

F.A. Aharonian, A.A. Chilingarian, R.G. Mirzoyan Carlo Studies On the

Yerevan Physics Institute, Alikhanian Brothers 2,

oo performance of the

A.K. Konopelko, A.V. Plyasheshnikov

5 telescope system were

S published in 1993.

Using Monte Carlo simulations the possibilities are
investigated for registration of VHE gamma radiation by means Although We
of systems of imaging air Cherenkov telescopes (IACT). It is
shown that even a system of IACT’s with moderate properties t.
(three telescopes with the geometrical area of the optical d h
reflector =5 m” and the angular size of the pixel =~0.41% could Overes lmate t e
provide the energy resolution 20-25% and achieve the

sensitivity (minimum detectable flux) up to gain in Sensitivity

10_12/)/10t0n/cm Zg at the effective energy threshold =1 TeV.

Altai State University, Dimitrov 66,
Barnaul, 656099, Russia

(compared to a single

1. Introduction.

telescope), we clearly

So far all observations of primary gamma rays at E=1 TeV have been
made with Air Cherenkov Telescopes (ACT). In the foreseeable future this

technique will dominate at least at energies E<10 TeV. understood the StI‘Oﬂg

One of the most remarkable features of the ACT’s is their high rate
capability. For collection area S(-f/23-1080m2 , easily achieved by simple . .
ACT, the counting rate of VHE gamma rays from the Crab Nebula should b l d
be higher than 0.1 events per minute. However, this important feature can aC igroun re] GCtlon
acquire its practical significance only in the case of effective suppression
of the background induced by the proton-nuclear component of the primary f f h l . 1
cosmic radiation. Different ways for cosmic ray background rejection were eature O t e mu tlp e
proposed (for review see, e.g., Weekes, 1988); however at present only
the so called imaging technique is realized as a powerful method for 1
significant improvement of the sensitivity of detectors in VHE gamma ray te eSCOpeS.
astronomy. The application of the multichannel Cherenkov light receiver
in the focus of the high quality optical reflector gives a possibility to
separate gamma ray- and proton-induced showers, analyzing the

Experimental Astronoi 993

03.
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The HEGRA detector, including

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

\
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Beginning of large-size telescopes

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

m Since from the beginning it was a common belief that
threshold of a Cherenkov telescope

E, ~ V(1/A

m 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

mirror)

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

E, ~ /A

r mirror
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Beginning of large-size telescopes

I m After that started looking for a telescope with

A . .. 2200 m> Soon found the 17m solare telescope

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

m In fall 1994 we performed a feasibility study for a
B, .~40 GeV

m [t became clear: there was a very strong background at
several tens of GeV = Multiple telescopes were needed.
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VERITAS, H.E.S.S. & MAGIC: the triumphal

procession of VHE y-astro-physics is continueing
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Outlook : the next 5-7 years
Next generation VHE y ray Observatory: CTA

Cherenkov Telescope Array
MAGIC Phase 11 1000’s of sources will be discovered

*ecTn®

~1400 scientists
~130 institutions

E2 x Flux Sensitivity (erg cm? s)

www.cla-observatory. org (2017-04-03)

Differential flux sensitivity

Razmik Mirzoyan, Max-Planck:
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