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“Reflectiong in a Traghbin” ~ Galbraith & Jelley (52-53)

Light Pulses from the Night Sky
associated with Cosmic Rays

In 1948, Blackett®! suggested that a

luced in the atmosph | Imic radiation.
The purpose of this communication is to report the
results of some preliminary experiments we have
made using & photomultiplier, which revealed the

duced in the atmosphere by
radiation.”

coincident with cogmic-rayg

atmogphere

NATURE February 21, 1953 voo 1

thank Mr. W, J. Whitchouse and Dr. E. Bretscher
for their encouragement, and Dr. T. E. Cranshaw for
. . . the use of the extensive shower array.
W. GaLsgaiTn
J. V. JeurLey

Atomic Enorgy Research Establishment,
Harwell, Didecot, Berks,
Nov. 19,
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“In 1948, Blackett' suggested that a
contribution approximately 104 of the
mean light of the night-sky might be
expected from Cerenkov radiation 2 pro

the cosmic

* First ingtance of detection of light pulges

* Could not digtinguigh if the pulses were a regult
of Cherenkov radiation or ionization in the

naging Telescope Array System



Meanwhile in the US.SR. (Crimea) - A. Chudakov

“It seems to us that showers from primary
photons with energy E ~ 102 ev, in a solid
angle Q ~ 103 sr, can be registered more
reliably and with much simpler means by using
the Cerenkov radiation produced by the
shower in the atmosphere. For this purpose,
the light flash should be registered with a
photomultiplier placed at the focus of a large
parabolic mirror. The angular resolution of
such a system can be reduced to + 1°.”

* |2 parallel oriented parabolic mirrorg — light
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*  Uged in time eoineidence to digeriminate from

SOVIET PHYSICS JETP VOLUME 14, NUMBER 2 FEBRUARY, 1962
Letters to the EditOI‘ lower energy can be registered. At high energies, b&OkQY‘OUI’\d N addlflOﬂ 10) OOIHOIdQﬂf parﬂole

the ratio of the photon effect to the cosmic-ray
background can be improved by using penetrating- Oounferg
particle detectors connected for anticoincidence.

METHOD OF FINDING LOCAL SOURCES An advantage of the proposed method, in addi-

OF HIGH-ENERGY PHOTONS tion to the possibility of placing the apparatus at
sea level, is the relatively large effective area of

G. T. ZATSEPIN and A. E. CHUDAKOV shower registration (on the order of 10* m?), so
that high statistical accuracy can be attained; the v I l:l{ I I AS

P. N. Lebedev Physics Institute, Academy of . e s .
latter is very important, since the optimistic esti-
Sciences, U.S.S.R. mnntan siean o (1] g0 4o Josan ey 20 4R 2 B2 L
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Image Intenifier Work at [0 eV~ Porter and Hil
(61-64)

PHOTOTUBRE
[ A, ’
e | * Firet photgraphg of EAS at [O® eV
{ scrmvior PLATE | | N’
o i) | CONVENTIONAL
» TRIG L A
N sy 2 * Zenith pointed, recorded 4 photog/hr
4 g
\ [/ [1_736
: (stomce AT [ rum . AR 4 .
" R TH First indication of utility of shower shape in
— \/. ToNsEn digerimination and in shower localization both
Neil A. Porter A5TMIRROR onosPHOR~1yS

D. A. Hill
Fic. 1. The essential features of an image imtensifier system with p]msp?mr storage. On fhe gkg and fhe ground

SHOWER

* Abandoned by Porter cirea 64 to pursue
radio detection of EAS

CERENKOV RANDOM

3) A Cerenkov hade flsh pd oograpd d againnt the backpround bebe 1
. - - - . h o) ’ » !' (%3 ‘l‘yk
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A Landmark Publication - Firgt Hint at a Way Forward

. o ' Jelley and Porter, 63
Cerenkov Radiation from the Night
Sky, and its Application to y-Ray Discusged both OMT and [ntengifier gystems

Astronomy OMT aysterg
J. V. Jelley and N. A. Porter

QJRAS, 4R, 275,
1 nuclear initiated showerg

* Noted eggential differences between y-ray initiated vergug

* Shower development ig fagt

* High angular regolution ig degirable

* Temporal coincidence in multiple systemg reduces background
from random noige pulses

[ntendifier gystems
* Schmidt optics; wide FOV and high angular resolution
Shapes give information on arrival direction and impact point

John V. Jelley

Neil A. Porter

* [wo geparated telescopes operating stereogcopically enhzinee
the effects

Very Energetic Rodation Imaging Telescope A



Meanwhile in Ireland and the UK - Harwell/UCD
Glencullen and Malta 63 - 72

Mk [l
A\ Mk [ at Clencullen, Co. Dublin

* 2 mirror fagt coincidence system

* Operated from 63 - 66

* Yielded only upper limite and a thegie for T. C.
Weekeg

to Malta

ot e e © Uery fagt integration and eoineidence timeg

o - - 'w o~ with a narrow FOV - exploit the fagt annulug
CCARCHES 1O MG ENERGY CANMARAYS FRON PLLSARS * Operated from 69 - 73; only upper limite

USING A FAST NIGHT SKY CERENKOV DETECTOR®

W. N, Cuarmaxn, J. H, Fruix, ). V. iy

David J. Fegan

Atomi Energy Rescarch Establsshment, Harwell, England

D. J. Froax, D, M. Jiszanas, £ P, O'Moscas, No AL Poxrnex
G M. Wurms

University College. Dublin, Ircland
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W .
10t ICRC, Calgary, 1967
]

|

Meanwhile in the US.A. - SAO
\ 14 nblina /) 67-78

After pureuing and advaneing y-ray astronomy at
lower energies Giovanni Fazio along with Henry
Helmken decide to give ground based detection a
try

Solar furnace at Natick, MA
E xploratory effort in 65 - 66

SAQO agrees to build a large optical reflector for y-
ray agtronomy in 1966

Trevor Weekes hired on ag an NAS-NRC postdoce
for the effort

Efforte commence on building the [Om telescope
and developing the Mmmgervaforg »
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Meanwhile in the US.A. - SAO

Mt Hopking, AZ 67 -73 * |Om telescope completed and
Mount Hopking Observatory
dedicated - 68

Site of FLWO circa

Degpite the large mirror area
the [Om wag ill a simple
counting ingtrument

The focal plane detector wag a
| pixel camera

Obgervationg continued until

The 10m telescope at the Mt. 78 ah‘hough gporadloallg aﬂer
Hopkins ridge 75

Trevor Weekes and
George Rieke with
a searchlight
mirror

York on the ML Iepkins Observalory proceeds al an astonishing pace he
laser and Baker-Nenn systems are sow instalied and operating aad the large
eptical reflector Is scheduled (o asrive by the ond of next month. In preparation
for the LOR ssstallation, Trever Weehes (above, lefl) and George Ricke bave
conducted seving tests with two movable searchiight rellectors. Look care

h.xl‘l.\- Some owiorop ings al the base --.l ML, Mophins are vissble upside-down
n the rellector WRII‘
The 10m camera circa 1968 1 S
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oom shvrwinng bow the *eRiptical’ images i fgure §

Pocume 9, The prometry of Chermkow lmage detec-
are prodeced.




Phil. Trans. R. Soc. Lond. A 301, 615-628 (1081)

Printed in Great Britain
Gamma-rays above 100 GeV _QQ SN
By K. E. Turvert anp T. C. Weekest$§ e
t Department of Physics, The University, Science Laboratories, South Road, Durham DH1 3LE, U.K. RN
and § The Royal Greenwich Observatory, Herstmonceux Castle, Hailsham, [ i - ¥
East Sussex BN27 ARP, U.K. |
£ oy
The Cherenkov light technique for the ground-based detection of ultra-high energy N
y-rays is described and some of the most significant measurements are R y
Improvements in experiments leading to increases in sensitivity are outlined and the b

aims of future work are discussed.




Phil. Trans. R. Soc. Lond. A 301, 615-628 (1081)
Printed in Great Britain

Gamma-rays above 100 GeV

By K. E. Turvert anp T. C. Weekesti§
t Department of Physics, The University, Science Laboratories, South Road, Durham DH1 3LE, U.K.
and § The Royal Greenwich Observatory, Herstmonceux Castle, Hailsham,
East Sussex BN27 \RP, UK.

The Cherenkov light technique for the ground-based detection of ultra-high energy
ir-nysndencnbshand memmou significant trnl:edandth
mprovements in experiments to increases in sensitivity are ou ¢
amoffumnwukaredmmed

and possible
particle detector

Ficure 13. The proposed configuration of a Cherenkov experiment that would cover the energy range
101%-10" ¢V by using the imaging and timing techniques discussed above; each reflector would have an
aperture of 10-15 m and the separation would be 50-100 m.




The Decade of the 80’e - Birth of a New Agtronomy

Degpite a lack of funding work on building the
firet camera commenced in 1980 at SAO
and UCD

The firgt camera wag a 7 pixel system ; 5 em
OMTe on a O.5° epacing.

In 198l it wag desired to expand the
collaboration and (SU, Durham, U of Hawaii,
and Hong Kong were added ~ became the
Whipple Collaboration ag the observatory wag
renamed in honor of Fred Whipple

82-83 geagon saw the uge of a (9 pixel
camera

83 the camera wag expanded to 37 pixele

VERITAS
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The Decade of the 80’e - Birth of a New Agtronomy

* Al the pieces were in place in 983 and now other difficult agpects raiged their
heads

* How ghould the system be calibrated

* How ghould one deal with noige and varying sky brightnesg

* What should be the normalization procedure

* How should gaing be normalized and monitored

* How do you pick out a y-ray from the large cosmic ray background

* Thig wag a difficult gtruggle for a emall group of people

* Upon invitation from Weekes Hillag visited Tueson in 84 to pregent a talk at a
AAS meeting on Cyg X-3

* Hillag wag doing simulations for EAS arrays and wag intrigued with the Whipple
telescope

* Upon return to Leeds he began a detailed simulation study gpecifically for the
[Om gygstem

* A close collaboration and exchange between the groups led to a get of geleeﬂok EI (I If \S

nritoria

waging Telescope Array System



The Decade of the 80’e - Birth of a New Agtronomy

448 0G 9.5-3
CERENKOV LIGHT IMAGES OF EAS PRODUCED BY
PRIMARY GAMMA RAYS AND BY NUCLEI « 1985 [CRC at La JO”Q
A. M. Hillas
Physics Departaent
University of Leeds, Leeds LS2 WT, UK, . 4
* Hillag pregents data gelectiong baged on the
ABSTRACT
It is shown that it should be possible to distinguish very moment fittina of an ellibge
effectively between background hadronic showers and TeV gassa-ray w.,?/'f .
showers from & point source on the basis of the width, length and e pa
orientation of the Cerenkov light images of the shower, seen in A ) f..,..
the focal plane of a focusing mirror, even with a relatively s | /\ / l
coarse pixel size such as employed in the Mt, Hopkins detector. [ —

* Thig set of selections would prove to be the firgt
get of imaging gelectiong that yielded an increaged
gengitivity

* The next 2 yearg obgerving would be crueial for

the field VERITAS

Figure 31 histogress of isage charecteristics. (vertical showers) Very Energetic Rodiation Imaging Telescope Array System




Tom AsTaoenrscar Joumsas, M2 375-35% 1989 Judy |
© 1. The Americen Astoncuscal Soceny. AR fghts servad Famind 11 USA

OBSERVATION OF TeV GAMMA RAYS FROM THE CRAB NEBULA USING THE
ATMOSPHERIC CERENKOV IMAGING TECHNIQUE

T.C. Weskes! M. F. Cawizy,” D. ). Froan® K. G Gmms,' A M. Hitas® P.W. Kwox,'! R C Lawa*
D. A Lewss® D, Macomn,” N. A. Portir.? P. T. Revnowns,'? axp G. Vacanm®

The Whipple Observatory ‘ ' g ) ‘ - 3
mM:rev— ¥ : ) 3 ¢ \
than 98% of the background is rejected; a detection is reported at the 9.0 ¢ . .
18 x 10°" # 57" above 0.7 TeV (with a factor of i y v
. &— e e
A
?
e

(T

0 06 o8
AZWIDTH (degrees)

Fii. 6.—Dstnbution of “ sl ™ 06 snd 0FF sxwidth parameters (with : < 307) for smage 20nes | and 2 combined, with the differences in the two Stributions is the
gamma-ray doman shows m the inuet
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Rapid progreas wag the hallmark of the 90’¢ - increagingly more
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The Decade of the 90’ and Beyond- Growth and Rapid Advancement

Including stereo obgervationg with the [Om and 8m at Mount Hopking

Astrcpanicie
Physis

NH,
e

HaVR Asvopamiche Phpues B (198 21022

Stereoscopic observations of gamma rays at the Whipple
observatory

F. Kreanich*®, C.W. Akerlof®, J M. Beckley’, J. Busséns-Gordo', DA Canter-Lewis®,
M.E Caniey . MA. Catanese*, V. Consaughton”. D.J. Fegaa®. )P Finley®. J A. Gaidos®,
K.H. Hamis?, AM. Hills*, RC. Lamb* M.J. Lang*, G. Mohanty*, J. Quinn',

AJ. Rodgers®, H). Rose*, A.C. Rovero', M.S. Schubrell*, G.H. Sembrosk) *

T.C. Weekes?, C. Wilson®

* 545 houre of ON/OF data collected in
1996 demongtrating the increage in
gengitivity with a stereo gystem

146 m
* By thig time, 1996, VERITAS wag a proposed
next generation ygtem VERITAS

Very Energetic Rodiation Imaging Telescope Array System



“The Road”

In the early part of the "90s Whipple had consolidated its position as a leader in the
field: refining the analysis, improving the hardware, identifying new sources and

(and a long and winding one it was!)

attracting an outstanding group of graduate students and postdocs.

However, the field (including the competition) was evolving and it became time to

move on!
Tl . l.__

Irwin Shapiro (SAO Director)
suggests that
Trevor solicit MSI funds

A

Trevor submits a proposal
for “VHEGRO” an
array of 9 x ~10m teles

Trevor sends out
a call for interested parties to
expand the Whipple Collab.

- N ]
g0
. y -
. )

f{‘.&' P .‘\" ‘-~d
Ken Gibbs

00 | D
1 199 | 1 1997

VERITAS
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A search for both a site and funding

(only the beginning)

| 1997 I I 1 | R

Trevor's MSI proposal Steve Criswell Steve and Trevor meet with ISt_XERITAS Mtg
receives a very favorable joins VERITAS the Forest Service (FS) .}t~ in Chicago
review - ;
but no $$ before FY00
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Reviews and Montosa Cyn

(the first of many, reviews and canyons)
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e Trevor makes
Whipple makes fg_;:mal" presentation TAOR object to
site appliggltiﬁﬁ"to FS to SAGENAP Montosa site

Y

| 1998 I """"" Y - Y

A

A

LOI sent to SAO, DOE
NSF and NASA

FS “scoping”
letter out for
public comment in

Trevor and Steve
meet with TAOR
the “talking circle”

TAOR: To All Our Relations - a community program providing

sweatlodge and other American Indian ceremonies.

VERITAS
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SI Funding on the horizon

(albeit, the distant horizon)

SI Capital Plan incl. VERITAS presentation | | FS denies Montosa Cyn TR 4 -
$1M FYO02 + $3.5M FY03 to Decadal Survey site application /‘v;""f ‘ﬁ; 7]
P N
Y Y Y FAREP
| 1999 I I 1 f Y I 2200 I Ken Gibbs
SAGENAP review DOE determines that W‘l_ljppl‘é'i:(;,submits
favorable but NSF “support should be provided” | .} application

participation required:
“best instrument”
“excellent team”
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Yet more reviews and some funding
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Ritz review: DOE: $500K for R&D
NSF and DOE NSF: $876K to Utah and Chicago
endorse “V7” SI/SAO: IR&D only until FY02
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...... @ Ken Gibbs

2000 |-
[2000 F—1

Revised proposal
(7 teles in Montosa Cyn)
submitted to DOE, NSF,
PPARC and EI

A

A

A

Decadel Survey endorses
VERITAS as
“moderate” initiative

“Castle” Meeting:
DOE, NSF and SI

Teaming Agreement
signed by 10
founding institutions

VERITAS
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No SI funding but site progress

(a very shaky “three legged [funding] stool”)

OMB rejects SI FY02
funding for VERITAS

Y

FS asks that Steve meet with
TAOR; TAOR unresponsive

b7 L

Ken Gibbs

| 2001 I yy

A

Y
I

ready
to proceed

DOE and NSF:

P
P
.
.

.t
.
L.

DOE and NSF:
“no SI funding
then no DOE or NSF”;
but DOE approves
Prototype const.

Trevor to Shapiro:
“the future of VERITAS is
very much in doubt”
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... OF NO site progress?
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| 2001 I yy

SKY Island objects
to Montosa Cyn:
cites visual impact

X
-
K
o
o
o
.
o0
.
.
K
o
;>
.
o
i
.

.
.
.
‘‘‘‘
.
Py
-
.

0"
xS

.
e
.
0
»
K

.
i
e

Ken Gibbs

.-
....
s’
.
‘‘‘‘
.

FS still unable
to provide a
decision re Montosa Cyn

Y

V7 descoped:
V4+3

V4 proposal submitted
to NSF

2003
A

Blandford review
of four telescope array
and viability
of VERITAS project
as a whole

VERITAS
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Kitt Peak (NOAOQO) throws a lifering

(the natives are friendly, and anyway there is the lease)

FS decision Kitt Peak (KP) suggested KP Director meets TO:
appealed as an alternative they express reservations

2003 x Y ‘ Y ‘ Y

FS gives go-ahead DOE: “you must have NOAO and SI sign lease |...
for Montosa Cyn a site by June for Horseshoe Cy_l‘l‘sit'e";' is now an
or be shut down” NOAO notifies approved project”
Tohono O*odham (TO)
E2004I ! ......................... I-.-- Y 2005 A Y 2006 ‘ Y A 2007

VERITAS
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... wWhich falls short
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"""""""""" Second EA
completed official protest! initiated

wet®
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Construction begins STOP-WORK
at Horseshoe Cyn order issued

VERITAS
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... wWhich falls short

o
o
0
o
e
o
e
o
K

.
t”
.
.

EA and design TO file first

¥
e

completed official protest!

"""" Second EA
initiated

.
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V.t
.
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.
0

SI and NOAO meet a second time
with Tribal and District Chair
and Attorney General

Y

Construction begins
at Horseshoe Cyn

STOP-WORK
order issued

Il 2006 II 2

2007
A

SI and NOAO meet
Tribal and
District Chair
and Attorney General

SI/SAO
“throw in
the towel”

VERITAS
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Events on the ground ...

(meanwhile, back at the Basecamp ...)

7Y
Prototype const. Prototype detects T2 const. T3 const. T4 const. Full 4 Tele. . A *;‘ ,ﬁ )
begins Crab Nebula begins begins begins operations begin | & 4 "’\:\‘"tﬂ
2003 L [ 2004 I L II 2005 |I Y |I 2006 IIY YII 2007 II v 2008 Pl
First Prototype T1 const. T1 & T2 operate T3 const. T4 const
events completed in stereo mode nearly ;
Tcte completed

T3 - 6/2006

s ll

T4 - 10/2006

e VERITAS
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Available online at www.sciencedirect.com

science (@homect:

Astroparticke Physics 25 (2006) 391-401

S ——
Astroparticle
Physics
——
www.elsevier com/locate/astropart

The first VERITAS telescope

J. Holder **, R.W. Atkins ®, H.M. Badran ¢, G. Blaylock ¢,

S.M. Bradbury *, J H. Buckley K.L. Byrum ', " D.A. Carter-Lemsg 0. Cellk o
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S.P. Wakely *, T.C. Weekes P RJ White *, D.A. Williams *, R. Wagner




VERITAS today
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