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Gamma Ray Astronomy from High Altitudes: HAGAR
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High Altitute Gamma Ray (HAGAR) experiment, an array of seven atmospheric Cherenkov telescopes, is installed at
Hanlein Ladakh, at an altitude of 4300 m, in 2008. This experiment is designed to study very high energy gamma rays
from astronomical sources. Taking advantage of high altitude location HAGAR has achieved energy threshold of about
200 GeV. Design details and performance parameters of HAGRA are discussed here. Also preliminary results for Crab

nebula, which is astandard candle, are discussed.
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1. Introduction

Study of Very High Energy (VHE) gamma ray
emission from celestial sources is carried out using
ground based atmospheric Cherenkov technique. In
thistechnique gammaraysfrom astronomical sources
are detected indirectly. Gamma ray interacts at the
top of the atmosphere by pair production, in presence
of air nucleus. Electron and positron formed herelose
part of their energy in theform of gammaray photon
by Bremsstrahlung. With successive pair-production
and Bremsstrahlung, a cascade of lower energy
gamma ray photons and charged particles develops
in the atmosphere. These charged particles moving
at relativistic speeds cause atmosphereto emit bluish
Cherenkov light. This light comes as a flash of
coherent radiation lasting for afew nanoseconds and
is spread over acircular area of radius of about 100
m at ground level. Ground based atmospheric
Cherenkov telescopes detect this Cherenkov light.

Present era of VHE gamma ray astronomy
started in 1989, with statistically significant detection
of signal from Crab nebula by Whipple observatory
(Weekes et al., 1989). This experiment is based on

imaging version of atmospheric Cherenkov
technique. Imaging telescope consists of a large
mirror with cluster of PMTs at its focus, with each
PMT viewing different region in the field of view.
Imaging tel escope sampleslongitudinal development
of shower. Other variant of atmospheric Cherenkov
technique is wavefront sampling. In this version,
using large arrays of telescopes, lateral distribution
of Cherenkov light is sampled. Imaging technique
was pioneered by Whipple and experimentsincluding
French experiment CAT, Russian experiment
SHALON, BARC experiment TACTIC at Mt. Abu
etc are based on thistechnique. Whereas experiments
including French experiments Themistocle and
CELESTE, STACEE and CACTUS in US, TIFR
experiment PACT at Pachmarhi are based on
wavefront sampling technique. By middle of 1990s,
stereoscopic imaging technigue was pioneered by
German experiment HEGRA at La Palma. In this
technique array of several imaging tel escopesisused.
Thistechnigue, in some sense, combinesimaging and
wavefront sampling technique. Many of the present
generation big experimentslike European experiment
HESS in Namibia, MAGIC at LaPalma, VERITAS
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in US and Australian-Japanese experiment enegy threshold experiments can detectgkar

CANGAROO in Australia are based on this number ofAGN and also can give estimate of EBL

technique. based on detected spectraA@@Ns with distances
varied over wide rangénother important aspect is

. detection of gamma ray bursts by ground based
gni:ggll){tthtr)eshglds n Fhe r?rllzggRoé?OOt()Bm/aLEev ) atmospheric Cherenkov experiment. Most of the
atetlite based experimen onboard -omp ongamma ray bursts are at cosmological distances, so

Gamma Ray Observatory operated during 1991-2000

gamma rays from these distant objects are also
anq covered engy range of 20 Me\B0 GeV So the attenuated by their interaction with extragalactic
region 30-300 GeWvas lagely unexploredAt the

. . . background lightThere have not been any detections
same tlme there was strong physics motivation ©sf GRBs by atmospheric Cherenkov experiments so
cover this engy range. For example, EGRHEiRd far, but lowering engy thresholds of the experiments
detected pulsed emission from seven pulsars upto th?s likely to help detection of GRBs . Because of these
enegies of few GeVs, but none were detected by

: _ reasons there is a globalf@t to reduce engy
.gro.und based e>.<per|ments above 300 GRhs threshold of atmospheric Cherenkov experiments and
indicates a cutdfin the pulsed component of the

i i cover part of hitherto unexplored gamma ray band.
spectrum.This cut-of occurs in the unexplored P P g Y

window of gamma ray band and has important 2. HAGAR

implications on models for pulsatio’so gamma

rays from distanAGN are attenuated due to their 2.1 Methods for Achieving Lower Energy
interaction with extragalactic background light.a  Thresholds

result, experiments with erggrthreshold of about 1
TeV can detect gamma ray light from only nearby
AGN with redshift within about 0.03Whereas
experiments with engy threshold of about 100 GeV
can detecAGN with redshift as high as 1. So lower

Most of the experiments operated in 1990s had

There are several ways of reducing gyer
thresholds of atmospheric Cherenkov experiments.
Enegy threshold decreases with increase in mirror
area. Experiments like MAGIC have adopted this
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Fig. 1: Lateral distribution of Cher enkov photons, i.e. Chegnkov photon density vs distance &im showeraxis, for showers initiated by 100
GeV gamma rays and 250 Geprotons for various altitudes: sea level (diamond), 1 km altitude (plus sign), 2 km altitude (asterisk) and
4.5 km altitude (triangle)
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approach of using lge mirrors (17 m diameter mirror HAGAR. HAGAR is situated at base camp of Hanle
in case of MAGIC), to reduce emggrthreshold below  at altitude of 4.3 km& he first telescope of HAGAR
100 GeVBut this is an expensive method. Other cost was installed in 2005 and the remaining telescopes
effective way to decrease eggrthreshold of the were installed in next two years. For about an,year
experiment is to take the experiment to higher various engineering tests were conducted and science
altitude. Cherenkov light is emitted in the form of a observations commenced in Septem2&08 with
cone, with most of the light being emitted from the full array
vicinity of shower maximumrhis shower maximum . .
is at the altitude of typically 10 km above sea level in HAGAR is an grray of seven telescopes with
the case of showers initiated by 100 GeV gamma rays,SIX telescopes forming a, hexagon and. one telescope
incident vertically At sea level, this light is spread at the centre (see Fig. 2). Spacing between
over a circular region with radius of about 1404%.
one goes higher up in the atmosphere, size of this
Cherenkov pool decreasdss a result, Cherenkov
photon density increases but the collection area
decreases. Hence it is possible to detect shower:
initiated by lower enggy gamma rays with
experiments at higher altitudes compared to similar
experiments at lower altitudéhis is further clarified
by Fig. 1 which shows lateral distribution i.e.
variation of Cherenkov photon density vs distance
from shower axis for showers initiated by gamma
rays and protons at various altitudes : sea level, 1
km, 2 kms and 4.5 kms. Cherenkov photon density
increases by factor of 4-5 near shower core at 4.5
kms altitude, compared to that at sea ledto
atmospheric attenuation of Cherenkov photons is
much less at higher altitudes. It is about 14% at Hanle
(4.3 kms altitude) compared to 50% attenuation atneighbouring telescopes is 50 m. Each telescope
sea level. Based on these simulations Hitjitude consists of seven para-axially mounted parabolic
Gamma Ray (HAGAR) experiment was proposed. mirrors of diameter 0.9 m eachhe f/d ratio of these
mirrors is about 1The mirrors were fabricated by
2.2 Design Details of HAGAR forming 10 mm thick float glass plates into parabolic
shapesThe front surface is aluminisedt the focus
Pf each mirror fast UV sensitive Photonis phototube
of the type XP2268B is mounted (Acharga
al.,2008) Photograph of HAGAR after completing
Ynstallation of all seven telescopes is shown in Fig.

Fig. 2: Schematic of HAGAR array

HAGAR was proposed in 2001. Simple design
consisting of seven telescopes based on wavefron
sampling technique was adopted for HAGARe
reason for the simple design was to get the array read
in a short timeThe extreme cold weather conditions
prevailing at Hanle impose certain restrictions for =

civil work. At Hanle, civil work can be carried out Te|escopes have alt-azimuth mounts where each
only in summer period, i.e. from May to September axis of the telescope is driven by a steppar motor
months.Also HAGAR was planned in such a way The telescope movement control system consists of
that it should be operational when GLAST (named two 17 bit Rotary encoders, two steppar motors and
Fermi Gamma-ray Spadelescope after launch in  Microcontrollerbased Motion Control Interface Unit
2008) is launched'he aim was to have simultaneous (MCIU). Steady state pointing accuracy of the servo
coverage for sources with Fermi telescope andis+10 arc-sec with maximum slew rate of 88inute.
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Fig. 3: Photograph of HAGAR

The resulting blind-spot size while tracking the stars 2.3 Pointing Model
near zenith is~1.2° . The movement of telescopes is
maneuvered by the control software developed unde
Linux.

Jt is necessary to attain good pointing accuracy of
mean direction of 7 mirrors in each telescope as well
as low spread in pointing directions of mirrors about
High voltages given to phototubes are controlled this meanThe mirrors are initially co-aligned roughly
using C.A.E.N. controller model SY1527. Pulses with a guiding telescope provided with each
from phototubes are brought to the control room telescope, by sighting a distant stationary light source.
situated below the central telescope via coaxial cablegnitially the pointing models for guiding telescopes
of types LMR-ultraflex-400 and RG 213 with total are worked out sighting lge no. of stars. CCD
length of about 85m. Data acquisition and recording camera(S¥#) is used to obtain the pointing data for
is done through CAMAC based instrumentation this purposeAfterwards several RA-DEC scans are
which is interrupt drivenThere are two types of performed pointing telescopes to isolated bright stars.
interrupts: Event interrupt which arises on event |n these scans, telescopes afsaiffrom the star in
trigger and monitor interrupt which arrives at the RA and DEC in the steps of 0.5 deg and count rates
frequency of 1 Hz. Pulses from 7 phototubes of eachare recorded for each mirraEount rate vs @det
telescope are added linearly to form a telescope pulseprofile is generated for each mirror and centroid of
Event trigger is generated on coincidence of at leasthis profile gives diet of the mirrarBased on these
4 out of 7 telescope pulses in narrow coincidenceoffsets, mirror alignment is fine tuned and
window. Data recorded on event interrupt consists improvement is verified conducting RA-DEC scans
of (a) relative arrival time of Cherenkov shower front again. RA-DEC scans also provide mean of the
at each mirror accurate to 0.25 ns as givefiDgs,  pointing directions of seven mirrors as a function of
(b) Cherenkov photon density or pulse height at eachaltitude and azimuth of the staf&his data is used
mirror given by 12 biADC and (c) absolute arrival  for fine tuning pointing models of all the telescopes.
time of event accurate {ts as given by Redlime _ _ ] _ o
Clock (RTC) module synchronised with GR&rious A2|muth. and altitude .correctlons. in pointing
count rates including individual phototube rates, Models are given by following expressions:

telescope rates etc are recorded on monitor trigger Aa = AN x sinA x tan E AW x cosA x tan E + NP
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AE xtan E + I1A + telescope mirrors achieved by this method is@Q.12
. deg.
ACEC x cosA + ACES x sinA D g
and 3. Performance Parameters of HAGAR
AE =AN X CoSA—AW XSinA + |E + CTC x Etxperlrrr:er\tsé::ke I-:(AGtARh, \./vhlcr:]I a:retbased on
SinE + CTT x tan E ) atmospheric Cherenkov technique, detect gamma rays

with enegies from few hundreds of Getd few tens
whereA = Azimuth angle of the staE = Elevation  of TeVindirectly Itis not possible to directly calibrate
angle of the staAN, AW, NPAE, IA, IE, ACEC and these experiments using calibration beams of known
ACES are coditients corresponding to real physical enegies. In absence of direct calibrations,
misalignments and other mechanical distortions in performance of these experiments can be understood
the telescope (Wlace, 2010), CTC and CTare only through detailed simulatioriBhese simulations
empirically found codicients. consist of two parts. First part is simulation of
extensive air showers initiated by gamma rays and
Cherenkov emission caused by these showers. Second
part is simulation of detector response which takes
into account design parameters of the experiment.

The distribution of dkets of stars relative to
axis of the guiding telescope after application of
pointing model is shown in Fig. 4. Similarlthe
distribution of the pointing errors of 7 mirrors in a
telescope after fine tuning of mechanical alignment We have used a package called CORSIKA
and after refinement of the pointing model is shown (COsmic Ray Simulation for KASCADE) version
in Fig. 5.The overall pointing accuracy of HAGAR 6.019 for simulations of extensive air showers for

HAGAR (Heck et al., 1998).This package was

Teleseape #1 originally developed by a German group at Karlsruhe

.2 to perform simulations for KASCADE (KArlsruhe

Radius Shower Core andrray DEtector) experimenthis
¢ 0.2 deg is one of the packages used widely for simulations of

/ atmospheric Cherenkov experimenW¥e have
E 82 simulated showers initiated by gamma rays as well
- as those initiated by cosmic rays, which form

background against which gamma ray signal is to be
0.5 deg detected Amongst the cosmic rays, we have

simulated showers initiated by by protons, alpha
Fig. 4: A typical pointing error distribution of a guiding telescope particles and electrons since these form bulk of the

after applying pointing model triggers for HAGAR. In CORSIKA we have selected
Telescope #1 package GHEISHAor lower enegy hadronic
N interactions an&ENUS for higher engy hadronic

interactions.

\" 1.0 deg Gamma rays are simulated over the gneange

of 20-5000 GeV following spectral slope of -2.49 in

accordance with spectrum of Crab nebula as

measured bWhipple experimeniThese showers are

assumed to be incident along the vertical direction.

Showers initiated by protons and alpha particles are

initiated following spectral slope of —2.7 over the
Pointing error: 0.16:0.058 deg enepy ranges of 50 Ge¥TeVand 100 GeMOTeV

Fig. 5: Pointing error distribution of 7 mirr ors in a typical telescope respectively Showers initiated by cosmic electrons

m
R
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were also simulated following steeper spectrum with curve for gamma ray initiated showers. Ener
index of -3.3 over the engy range of 50 GeV 5 threshold of HAGAR is about 185 GeV for vertically
TeV. Gamma rays originate from particular sources, incident showers, as shown in the Fig. 6. Expected
so these showers were generated assuming verticdtigger rate from Crab like source is about 9.6 counts/
incidence. Cosmic ray initiated showers were minute. Collection area of the experiment is estimated
simulated within 3 cone around vertical following to be about 4x10m?for vertically inclined showers.
isotropic distribution. Impact parameter of shower Both, enegy threshold and collection area will
axis relative to centre of HAGAR was varied over 0- increase for showers incident at an angle relative to
200 m. Geomagnetic field appropriate for Hanle vertical. % sensitivity of HAGAR for 50 hours of
location was usediltitude of observation level was observations is estimated to be about 1.68 ®010
set to Hanle altitude i.e 4.3 kms. US standard emg/cn¥/s.

atmosphere profile was assumed. Information
regarding Cherenkov photons reaching HAGAR
array with wavelengths within the range of 270-650
nm was recordedhis information includes arrival
position, arrival angle, arrival time since first
interaction and production height of each Cherenkov
photon.

Efforts are on to reduce eggrthreshold of
HAGAR. At present phototubes are operated at
somewhat lower gain. In order to have idea about
variation of trigger rate and emgr threshold with
phototube gains, simulations were performed for
various values of gains between 1 ¥ 1®5 x 16 .
Enegy thresholds and trigger rates for these various

Cherenkov photon distribution given by conditions are shown in the Fig. 7. For the phototube
CORSIKA is then passed through the detector gain of 5 x 168, enegy threshold is 60 GeV
simulation program which simulates processing of
Cherenkov pulse in HAGAR experimerithis . ) . :
package is developed in-house and takes into accoun‘?Xpe”ment IS the abll!ty of the experiment to pletect
various instrumental and site related detdilsese gamma ray signal in presence of cosmic ray

include night sky background at Hanle (1.5 % pb/ bagkground. Sensomylty of I(;IAQAR_lsFe?st_lr;:lgted
cm?/s/sr), mirror reflectivity (80%), phototube under various conditions and given in =1g.18Is

quantum diciency (peak value of 24% at 400 nm), figure shows observation duration required to detect

phototube pulse shape (Gaussian with 2 ns rise timgamma ray signal atfﬁ3|gn|flce_lnce level as a
and 3.3 ns width), phototube gain of 2.2 %10 function of source flux in Crab unit&t present raw

attenuation of Cherenkov pulse in coaxial cables,sens't'v'ty of HAGAR, i.e. sensitivity without cuts

amplification of pulse (by factor of 10) by amplifier
module, discriminator threshold for telescope pulse
(~180 mV) etc. Finally this program applies trigger —  ,.cc Differential rate_
criteria of at least four telescope pulses out of seven :
crossing discriminator threshold in narrow g E
coincidence window of about 150 ns and writes down _  ...F 3
Cherenkov photon pulse information for triggering g :
showers.

Sensitivity of atmospheric Cherenkov

0.0605 3

0.0003F E

Rate (Hz)/Gev

Total trigger rate obtained from simulations, 00002
which is sum of trigger rates from protons, alpha
particles and electrons, is 13.7 Hhis is consistent £
with the observed trigger rate of about 14 Hz near “*~ o e e
vertical. Enegy threshold of the experiment is one Energy (GeV)

important performance parameter and is _ . .
. . . . Fig. 6: Expected diferential gamma ray count rate spectrum fom
conventionally given as a peak of thdeliéntial rate Crab nebula with peak around 185 GeV

0.0001F =
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Rl S T T cosmic rays are isotropic in nature, whereas gamma
A ] rays originate from specific sources. So if
e ] experiments have good angular resolution, it is
[y ] possible to detect Ige fraction of cosmic ray
' showers. Secondlyeven though there are many
, ] similarities in showers initiated by gamma rays there
s are certain dierences due to dérence in kinematics
] of these two types of showers. For example, at lower
observation altitudes gamma ray showers show
distinct hump in lateral distribution at distance of
" E— E— about 120-140 m from cor&his is due to artificial
frager rote (1) focusing of Cherenkov photons from range of
Fig. 7: Trigger rate vs energy theshold forphototube gains of 1, 2, altitudes for which product of Cherenkov angle and
2.5,3 and 5 x 10 Energy threshold deceases and trigger  gjtitude remains roughly constant (Rao and Sinha,
fate Increases with incease In phototube gain 1998). Such hump is not seen in the case of cosmic
ray showers (Chitnis and Bhat, 1998)so cosmic
S semsiiciy-for HAGAR ray showers show lger fluctuations in Cherenkov
T e SRR e photon density as well as higher jitter in arrival times
0 6ot S v e of Cherenkov photons, compared to showers initiated
- by gamma rays (Chitnis and Bhat, 2002; Chitnis and
Bhat, 2001)Also there are diérences in Cherenkov
pulse shapes produced by gamma ray and cosmic ray
initiated showers (Chitnis and Bhat, 1999 and Chitnis
and Bhat, 2001)These type of diérences can be
studied and parameterised through simulations and
applied to experimental datihese are gamma-
hadron separation parameters. Using these, one can
reject cosmic ray showet&lork on these parameters
and study of their &itacy for HAGAR is underway
Fig. 8: 5o sensitivity of HAGAR array under various conditions We have estimated sensitivity of HAGAR under
various conditions as shown in Fig. 8. Sensitivity is
estimated for higher phototube gains. For highest
phototube gain considered here, sensitivity will be
3.60/Vhour (shown by dashed line in the figure). For
) y == the highest phototube gain, we have estimated
in about 7 hours of observation duratiohhis o nitivity assuming 98% rejection of cosmic ray
sensitivity is .rathe.r poqut is due to the fact that _ showers (which we hope to achieve usinfjais
gamma ray signal is gune weak compared to (_:osm'crejection and through usage of GHS parameters), and
ray background. Ratio of no. of gamma ray triggers 3go4 4cceptance for gamma ray showers sensitivity

to cosmic ray triggers is almost 1:100, as is evidentOf HAGAR is estimated to be T6/hour (shown by
from trigger rates of 9.6 co.unts/mlnute an.d 13.7 Hz dash-dotted line in figureXhis is the best possible
for gamma rays and cosmic rays respectiveiyly

way to improve this sensitivity is by rejectingdar

fraction of cosmic ray triggers, at the same time
retaining most of the gamma ray events, while
analysing the datalhere are two possibilities for The Fig. 9 shows sensitivity of HAGAR
effective rejection of cosmic ray showers. Firstly alongwith other experiments. Sensitivity of GLAST

Energy Threshold [GeV)
o
=]
T
|

mm

Observation duration (haurs)
o
[

0.01 0.10 1.00
Flux in Crab units

to reject cosmic ray generated showers, is/{/18our
(shown by solid line in the figure). It means that we
can detect Crab like source at Significance level

sensitivity we can hope for HAGAR and corresponds
to detection of Crab at significance level af b
just about 26 minutes.
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107" . o (5 km). Cosmic ray background could be reduced
10-81 | considerably by limiting the field of view of the
. i reconstructed showers close to telescope axis (i.e by
o rejecting the dfaxis events)This approach is suited
for point source searches as cosmic rays arrive
. isotropically whereag-ray events arrive from the
direction of sourceTo extract the signal in the
presence of cosmic ray background, source
50 houds S¢ observations were carried out in ON-OFF mode, i.e.
e R R observing Source and ©$ource regions in
Energy (Gev) succession, at the same local coordinates on the sky
_ . , , _ S0 as to have the same overburden of air Mgsair
Fig. 9: Sensitivity of various satellite based and atmospheric . .
Cherenkov experiments given as gamma ray flux that can of observations typlca”y last for about an hdidre
be detected at significance level ofdin 50 hours of Source region is compared with thé-8durce region
observation duration and an estimate gfray signal from Source is made.
However the atmospheric observing conditions do
change even though On-source anéi$ofirce data
were collected over the same zenith angle region as
the ON-OFF pair is dfset in real time (On-source
and Of-source data were not collected
simultaneously)Thus, normalization of events from
both ON and OFF source data is necessary and done
by comparing the distribution of arrival direction of
showers at laye space angles (defined as the angle
between the telescope axis and the reconstructed
shower direction) whergiray events from a point
source are not expectefin important step in the
validation of data analysis method is to analyse data

GLAST { 1 Year )

Flux (em™ sec™)

1o 14 i ‘
1p ! 109 10

1

i.e. Fermitelescope is shovor duration of one year
Sensitivity of other experiments, which are
atmospheric Cherenkov experiments, is given as
gamma ray flux that can detected atsignificance
level in 50 hours of observatiomhe figure shows
sensitivity of Whipple which pioneered imaging
technique. Sensitivities of present generation big
telescopes, i.&ERITAS, HESS and MAGIC are also
shown. Green line indicates sensitivity of Pachmarhi
Array of CherenkovTelescopes #®CT). This
experiment is similar to HAGAR, but iger in size
and located at altitude of 1 km at Pachmarhi in
Madhya Pradesh. Ergr threshold of RCT is 750
GeV, whereas that of HAGAR is 185 Geltpresent. Crab nebula: 9.1 hours of data -——> 5.9 sigma

By going to high altitude, we have already achieved 1000~ = ON/10
reduction in eneagy threshold by factor of 4. _ F 5 85':8'(:’::'"/10
Sensitivity of HAGAR is shown as band r SRR
corresponding to various conditions in Fig. 8. m;

400—
4. Results fiom HAGAR wool-
Since October 2008, regular observation of celestial o— ————
objects using HAGAR were starte@he signal o

extraction procedure relies heavily on the estimation — =jf——tfb b b b b
of arrival direction of the showéFhe arrival direction Spaceangle (degree)
is obtained by fitting the time of arrival of spherical N

. Fig. 10:Distribution of space angle of events im Crab (On-source),
Cherenkov wavefront at the telescopes, using plane background region (normalised Of-source) and signal

front approximation as the radius of curvature igdar (background subtracted On-souce). Forreadability ON and
OFF distributions were scaled down by a factoof 10
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0 i T ' T Crab nebula from HAGAR experiment is shown and
107k i , . . . .
compared with other results in Fi ritto et al .,
10° 5‘:{1 Crab Nebula P d B
W E tal 3 2009).
E A HAGAR
10° f £ (PRELIMINARY) 1 .
« 10°f o . 5. Conclusions
w
) 10"” - +D B E . .
E af A EGRET YoMy HAGAR has been operating since October 2008.
S W0 w coss ? ¥ 1
L/I\J i o CauTe % ] Routine observations oAGNs, pulsars and
= 10'2 P e s *35; 1 supernova remnants are being carried thé data
- Yhipple ol . . .
W F A smron 1 acquisition system is upgraded recently with the
10" F v Temistocle Upper limits: T L ;
w[ ® HEGRACT2 D Tibet addition of 8 channel, 1 GHz sampling pulse
107 F % cangaroO & CASA-MIA 1 L. . . i L
10" il il il i digitizers.This additional system besides aiding tools
LU NS U S L (s for Gamma-hadron separation also serve as parallel
Skufsynn.etal 2007 & data acquisition system. FurtheACE, 21 m

, diameter imaging telescope, will be commissioned
Fig. 11: Integral energy spectrum ofy-rays from Crab nebula as L.
measured by different groups. The preliminary flux by the BARC group at the same site in the near future
estimation from HAGAR is also shown (Koul et al., 2005) . Both MACE and HAGAR wiill
then be integrated to have greater ability to reject
cosmic ray background.

from fake sources (dark regions not having any Acknowledgements

sources)We do not expect to see tlgay signal _

from these sourceEhe same method is later applied We thank Profs B/ Sreekantan and R Cowsik for
to the standard candle source Crab NebAtaan their encouragement and keen interest in this project.
example, the space angle distribution of events fromThanks are also due to the many collaborators,
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