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Abstract

The TACTIC is a compat array of 4 synchronously-tcking Cererkov telescopesplacel at the cente and
the 3 cornes of atriangle of side 20 m. The centrd telescopereferral to as the Imaging Elemen (IE), will
eventually carty a photomultiplie-tube based 349-pixel imaging camea (at present 225 pixels), covering a
FoV of ~ 6° x 6° with apixel resolutian of ~ 0.31°. Inthis pape, we use the CORSIKA air-shower simulation
cock to estimae the quality factar of the |IE basel on image-supercstbackgroud rejection procedue and
examire the possibility of exploiting the relaively large FoV of the TACTIC imaging camea for concurrent
on-source/tf-source monitoring.

1 Introduction:

Inthe TeV ~-ray domain the dominar backgroud for anartow-bean Cererkov systen comprise cosmic-
ray evens which outnumbe signd (y-ray) events from a typicd point-soure by at leag a facta of ~ 100.
The Cererkov image processig and classificatim schemesso far used are basel on calculation of mainly
secom momens of theimage like the Hillas parametes or itsimproved versionsviz., supercus and dynamic
cuts In the supercut methodolog, the paramete spa® usal consiss of image angula Lengh (L), Width
(W), Distan@ (D) ard Alpha (« ) ard by exploiting the differencea found in the respedte values of these
parametes for signd events (y-rays from a compact sourcg and the isotropic cosmic-rg backgroud events,
both Monte Carlo simulatiors ard experimenta date have shown tha it is possibé for a typicd Cererkov
imaging telescop (single element to rejed cosmic-ry backgroud at 99% level while retaining ~ 50 -
60 % of the signd events This leads to a quality facta, Q ~ 8 - 10 in the TeV  -ray enagy range the
exad value dependig upa the actud experimenta details In the pape, we estimae Q for the |E of the
TACTIC instrument Furthermoreas the TACTIC is the first imaging systen which uses a large FoV camera
(~ 6° x 6°) with a uniform pixel granulation it is importart to establis that it can be usel efficiently for
concurreh on-source/tf-source obsevations an obsevation mode so far neglected but potentialy of great
practica relevance sinae it can on one hand help to cut down effective obsevation time by afacta of ~ 2in
ca® of steadyy-ray emittess and on the othe, provide a more efficient monitoring mechanim for episodic
y-ray emissions.

2 TACTIC Imaging Element:

Experimenthkey-features of the 4-elemeh TACTIC array, beirng set-ip at Mt. Abu (24.63 N, 72.7 W,
1300 m asl), have bee discussd elsawhere (Bha et al. 1997) We confire ourseles here to a discussio of
the front-erd optics ard focal-plare instrumentatia (imaging camerd of the IE. The light-reflecta (effective
light collection area~ 9.5m?) has a tessellatd structue comprisirg 32 x 0.6 m diamete, glas mirrors
with spherich surfaces of ~ 8 m radius of curvature The individud mirror faces are suitaby mounted
on the telescop mechanichbaket ard so aligned that the overal light collecta surfae approximats to a
Davis-Cotta opticd configuratiomn with an effective focd lengh of ~ 4 m. The experimentally-meased
spot-size for on-axs light inciden@ is consistehwith the correspondig simulatian resuls and yields avalue
of ~ 0.20° for the diamete of circle within which 95% photors are collected For the simulation studies
presentd here we have usal a uniform — pixel-granulatio (~ 0.31°) imaging camea consistirg of 349 fast
photomultiplie tubes (PMT), placead in a closely-paked 19 x 19 squae matrix geometrich configuration
(with truncatel corners to cover a FoV of ~ 6° x 6°. The PMT are provided with metallic light-guides on
the front side to ensue more or less uniform light collection efficiency by the PMT pixel over alarge range of



angles of incidence,<{ 20° ) from the light collector. The PMT voltage gains are closely monitored on-line
and appropriate corrections made for inter-and intra-pixel gain variations in an off-line manner. The event
triggers are generated from within the central 225 pixels of the imaging camera, leading to a triggerdFoV

as against an overall image FeV6°. These triggers are topological proximity triggers of Nearest Neighbour
Non-Collinear Triplet (3NCT) type ( Bhat et al 1994 ).

3 CORSIKA-generated data-bases:

The CORSIKA air-shower simulation code with Cerenkov option (version 5.61; Heck et al., 1998) has
been used for generatingray (cosmic-ray proton) data-bases in the energy brack@b -5 TeV ¢~ 1 - 10
TeV) for y-rays (protons). A total of 4000 events of either progenitor type have been considered, following
the representative integral spectral formE; !, whereE, is the primary energy. In accord with the actual
situation likely to be encountered in case of a compact source, ajtthgs are assumed to be incident along
the IE axis, while the background cosmic-ray events are assumed to be randomly oriented around this axis
within a circle of~ 4° diameter { trigger FoV of the IE). For convenience, the telescope axis has been held
fixed at the typical zenith angke~ 20° for the purpose of the present simulations and, in conformity with the
geometry of the 4-elements TACTIC array, a rectangular matrix of IE-like light collectors has been considered
with inter-element spacing of 10 m and 6 m along the 2 Cartesian axes. The shower axis has been fixed at
the centre of the matrix, permitting Cerenkov light to be sampled at core distances of upto 205 m along one
Cartesian axis. The altitude-(1300m) and magnetic field values §5.86 and 26.6 Tesla horizontal and
vertical component respectively), used in the CORSIKA input card, correspond to the permanent location
of the TACTIC array at Mt. Abu. The Cerenkov photon wavelength band chosen for generating the basic
data-base i\ ~ 300-450 nm; a photon bunch-size of 1-5 has been used to keep the data-base size within
manageable limits. Cerenkov photons likely to be received in othegions, consistent with the spectral
responses of the IE mirror and the PMT in the imaging camera are duly accounted for in an off-line manner.
A-dependent atmospheric extinction is considered for all the Cerenkov photons, using the standard atmospheric
model. The photons reflected from a given light collector are ray-traced into the imaging camera pixels and
the data-bases of resulting photolectron (pe) distributions are subjected to the Cerenkov image analysis. In
close agreement with the situation encountered in practice (after image cleaning), no significant sky-noise is
assumed to be present and the Cerenkov image parameters for the IE, at a given distance from the shower
core, are derived from the corresponding pe distribution pattern, present in the above-referred data-base. The
parameters calculated are the image size (S), Length (L), Width (W), Distance (D) and A)pktc(, as per
the super-cuts prescription given by Fegan (1996 ). For &gakalue, the total number of images considered
for the analysis work is sampled as pemR scaling, where R is the distance of the IE from the centre of the
array.This gives basic data-base comprising 90305 events of either type.

4 Results and conclusions:

Without introducing the size (S) cuts in the beginning, the distribution of the image parameters, L,W, and
D for y-ray and proton events are compared and the optimum ranges are found for these three parameters to
secure maximum acceptanceyefay and maximum rejection of proton events. These windows in the present
case (no S cut) turns out to be 18 L < 0.58%, 0.06 < W < 0.26° and0.35° < D < 1.55, containing
56475 and 898%-ray and proton events respectively out of the above-referred total of 90305 events. When
projected on thex-plane, as expected, the proton events distribute themselves more or less uniformly over 0
< a < 90° with 100 events per degree as against 39488y events clustering between0 o < 129( v
domain) . The fraction of proton angray events which thus constitute theay domain are 1200 and 39400
respectively, leading to a Quality factor of-<Q3.8 with no size cut. Using the above-refferred image parameter
domains, Q is found to change with S as shown in the Figure 1, first increasing fast and then flattening with Q
~ 8 for S> 80pe.

Taking Q~ 7.5 as a reasonable minimum value to be specified for the figure of merit for the extraction



of a~-ray signal (the signal recovery time required wot
be ~ 3 hours at 50 confidence level from the standal
candle Crab Nebula ). We can use Fig. 1 to yield the eft

10
tive image threshold level for the IE; it turns out to be :

pe, corresponding to a medigrray energy ot 0.9 TeV.

The maximum value of Q, suggested by the present si o |

lation studies (Fig.1), is compatible with the value expe
mentally derived for the IE when it detected a strontpy  ~
signal from the Mkn 501 during an observation campa c
carried out in April - May, 1997 with a 81-pixel prototyp &6 1
camera (Bhat et al.1997). 3
We now turn to investigate whether the large FoV (°
with uniform pixel granulation 0f).31°) can be utilised
to carry out concurrent on-source/off-source observati <
through a simple tracking sequence of the IE where
point-source is throughout kept on-axis. In Figure 2, , |
have plotted distributions of distance D parameter for bc
~ and proton events. It is clear from this figure that only
% of y-ray events contributing to B 1.7° and a substan- ‘ ‘ ‘ ‘ ‘ ‘
tial 32 % of proton-events lie in the correspounding di o .0 40 e 80 100 120
tance range. This allows us to demarcate D.7° as the SIZE (pe)

on-source region ( where essentially alkrays from an

on- axis point source should be expected, in additid# €

randomly distributed proton events), and>D1.7 as the Figure 1: Estimate of quality factor for TAC-
reference off- source region, where a statistically signffilC Imaging Element as a function of the image

cant fraction(3%) background cosmic-ray events shoubize(S).

lie. Figures 3 and 4 compare theplots for the two event species in the redefined on- source and off- source
domains. The more noteworthy thing in context of the present investigation s -ttistribution for the pro-

ton events for D< 1.7° (on-source) and D> 1.7° (off-source). They are compared in Fig. 5 after proper
normalization, to account for different total number of proton events present in the two D-ranges (normaliza-
tion factor =2.6). With respect to the normalized average level of 7 events per bin, the bin-to-bin fluctuations
in the two distributions are found to lie well within 2 This should therefore allow the off-source proton
a-distribution (D> 1.7°) to be used reliably, after normalization, for estimating the cosmic-ray background
level with respect to which one can determine the possjatay excess forw < 12° from the on -source

region data. It may be noted that a similiar picture about the on -source/off-source demarcation is obtained for
other S values.
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Figure 2: Integral distribution of gamma- and

proton events as a function of image distance
(D). Vertical dashed line at D = 1.7 degree de-
marcats on-source and off-source regions for
TACTIC Imaging Element.
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Figure 4: Same as Fig.3 but for off-surce region
(D>1.7 degree).
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Figure 3: Alpha distribution for gamma- and
proton Cerenkov images belonging to on-source
(D< 1.7 degree) region.
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Figure 5: Normalised alpha distribution for pro-
ton images in the on-source and off-source re-
gions. All bin-to-bin fluctuations arg 2 sigma
w.rt the mean level at 7 evermier bin.



