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Abstract. Pachmarhi Array of Cerenkov Telescopes (PACT), based on wave-
front sampling technique, has been used for detecting TeV gamma rays from
galactic and extra-galactic «y-ray sources. The Blazar, Mkn 421 was one such
extra-galactic source observed during the winter nights of 2000 and 2001. We

- have carried out a preliminary analysis of the data taken during the nights of
January, 2000 and 2001. Results show a significant gamma ray signal from this
source during both these periods above a threshold energy of 900 GeV. The
source was contemporaneously observed by CAT imaging telescope during the
first episode of January 2000 while HEGRA CT1 was observing the source dur-
ing the sccond cpisode. Both these observations have detected variable y-ray
emission from this source and flaring activity during both these periods has
been reported. The light curve in the TeV gamma ray range derived from the
first PACT observations during both these episodes is in agreement with that
reported by other experiments. The analysis procedure and the preliminary
results will be presented and discussed.

K ey words: VHE - rays, Extensive Air Sllow;ers, Atmospheric Cerenkov Tech-
nique, Mkn 421, Blazars separation :

1. Introduction

Among the active galactic nuclei, those which are radio loud and also exhibit violent
optical variability are often called blazars many of which are BL Lacertae objects. These
are believed to be housing super-massive black holes at their ultra-bright nuclei from
which relativistic jets originate. These jets contain matter moving outwards with rela-
tively high Lorentz factor. One of these two jets points towards the observer giving rise
to strong Doppler boostmg of observed radiation. The strong optical and radio polar-
ization exhibited by these objecbs is often attrlbuted to synchrotron radiation from the
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magnetized plasma, in the jet. The jet cinission dominates that of the accretion disk asid
of the host galaxy over a large energy range. These objects also show very interesting
propertics in gamima ray encrgies too. The power spectrum of the source scens to peak
in the y—ray range. Hence the y—ray observations hold the key to the understanding of
the physics of relativistic jets including the particle acceleration and the highly efficient
processes of energy conversion into y—rays in the vicinity of a super-massive black hole.

Mkn 421 is an X-ray selected and closest (z=0.03) BL Lacertae object which belongs
to this group of blazars exhibiting extreme variability in VIIE y—ray cmission. This is
the first extra-galactic ebject discovered at TeV energies (Punch et al., 1992). Variability
time scale as low as 15 minutes observed froin this source (Gaidos et al., 1996) inplics
a compact emission region of dimension R less than 1074 pe which is only an order
of magnitude buger than the radius of the ovent horlzon of o 108 solar minss black
hole.  Cerrelations observed between X-rays and eV y—rays (Macomb el ol., 1995;
Buckley et al., 1996; Catanese et al., 1997) are most easily explained as emissions at
both wavelengths produced by the same population of high energy electrons. However
models which produce y—rays primarily through proton interactions (Mannheim, 1993)
can also explain the observations so far. More observations are still needed to understand
the nature of the proginitors of TeV y—rays. One more blazar which shows such flaring
TeV y—ray activity is the Mkn 501.

2. Observations

PACT is situated in the central Indian hill station Pachmarhi (longitude: 78° 26’ E,
latitude: 22° 28'N and altitude: 1075 m). It consists of an array of Cerenkov detectors,
cach of arca 4.45 m?, deployed in the form of o rectangular array. The detectors in the
E-W direction have a separation of 25 m and in the N-S direction the separation is 20
m. Each telescope consists of 7 parabolic reflectors mounted para-axially on a single
equatorial mount (Bhat, 1998, 2001).

The array has been divided into 4 sectors of six telescopes each and each sector has
its own data acquisition system which are networked with the master data acquisition
gyatem, The analog siganals from the soven individusl mrrors of o tolescopo are addod In
phase to generate a ‘royal i, The trigger Is genorated when any 4 oul of 6 roysl sums
are present in any sector. Following an event trigger the TDC and the ADC informations
from peripheral mirrors of each telescopes, the UTC (correct to a psec) from a real time
clock and the latch information are recorded. The master recording system at-the main
control room records the TDC information from all royal sums (Upadhya et al., 2001).

PACT has become completely operational since December 2000. Two of the four
sectors (consisting of a total of 12 telescopes) were ready about an year ago when the
science observations were started. Various putative cclestial point sources of TeV vy-rays
have been observed. Among these are the galactic sources like the Crab Nebula, Geminga
and extra-galactic sources like Mkn 421 and Mkn 501. We have detected positive signal
from the Crab Nebula (Bhat, 2001) and the detected flux is consistent with the expected
gensitivity of PACT.

The Aaring Blazar Mkn 421 has heen observed by PACT (nsing sectors 3 & 4 during
January 2000 flare and all the 4 sectors during the January 2001 flare). We have a total
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of 73.3 hrs of ON-source data and 50.6 hrs of OFF-gource data during the 2000 observing
scason while we have logged 45.6 hrs of ON-source data and 39.7 hrs of OFF-source data
until the end of February during 2001 observing season. - |

3. Analysis

From the vast amount of data logged so far, we have carried out only a preliminary
analysis of the January 2000 and 2001 data because of the flaring activity reported during
these epochs by other groups (Gouifles and Degrange, 2000, Boerst and Remillard, 2001).

The arrival dircction of each event with more than 8 telescopes participating, has
been estimated using a plane front approximation. In this preliminary analysis only
the telescope TDC values are used. The TDC-information from individual mirrors in
a telescope are not used. The mean value of the x? values of the plane front fit to
the TDC data is around 1. We rejected events with x? values more than 1 standard
deviation above the mean. The off-source data covering the same hour angle range as
the corresponding on-source run is taken on the same night as the source run or the
following night. On & off -source data segments are of snine duration spanuing tho samo
hour angle range.” The space angle between the direction of the primary estimated as
mentioned above and the source or the off-source direction as the case may be is estimated

for each accepted event. The space angle distributions are generated both for on & off

source data. The two distributions are normalized from the number of counts in the
space angle range 3° — 5° and the off-source distribution is subtracted from the on-source

. distribution to estimate the y-ray signal from the source. Different space angular ranges

were useéd for normalization and the RMS value of the estimated signal is used as a
measure of systematic error on the signal. It has been found that the signal strength is
not a sensitive function of space angle range used for normalization. In all cases the space
angle distributions of the signal arc similar, showing excess close to zcro and reaching
zero counts with increasing space angle while the FWIM of this distribution is conslstont -
with the angnlar resolution (Majimndar et al., 2001).

4. Results

Figure 1 (upper panel) shows a plot of the y-ray count rate from Mkn 421 during each
night of observation on January 11, 12 & 13, 2000 as a function of epoch. These are
shown as open squares and the error bars include systematic errora as mentioned ahovo,
Alsa shown in the same figure are tho connting rates above 260 GeV from the CAL
imaging telescope (shown as asterisks, Gouiffes and Degrange, 2000). These rates are
multiplied by a factor of 10 and re-plotted (shown as diamonds) for better comparison of
the variability of the two independent results. It can be scen that tho two light curves,
one with primary y-ray > 250 GeV (Piron et al. 1999) and the other with primary 7—ray
> 900 GeV are very similar. ’
Similarly, Figure 1 (lower panel) shows the nightly rates of TeV y-rays from Mkn 421
above 900 GeV from PACT observations during January 2001. Also shown in the same
plot are the y-ray (> 500 GeV) count rate contemporaneously detected by HEGRA CT1 -
(Boerst and Remillard, 2001). Figure 1 also (lower pancl) shows a re-plot of the HEGRA
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Mkn 421: January 2000 Episode

‘e 100¢ 7 ) E
£ : 11. N ]
~ x
X
s | ; VR I
2
v 10 - e
S E ]
3 - -
0O .
5} 5 ¥ X ]
3 X ]
L 1 [P U S [P S SRR S [N | 4 t a—
1555.0 1555.5 1556.0 1556.5 1557.0 1557.5
Epoch, JO
Mkn 421: January 2001 Episode
e 100F ; ' ' 3
E . T 3
~ B .
3 = ]
: 10;? x% X -
¢ : L th 3
5 : % [ :
O - -
(8 - X ]
) X X X i
Lol N X X . .
1932 1934 1936 1938 1940 1942

Epoch, JD

Figure 1. The 7-ray count rate from Mkn 421 as a function of epoch (MJD) during January 2000
(upper panel) and January 2001 (lower panel). The count rate observed by CAT during January 2000
and that observed HEGRA CT1 during January 2001 are shown as astorlsks. Theso aro re-plotted aftor
mltiplylng by 10 and 5 reapoctlvoly (shown as cronsos) for comparlkon of the varlabllity o the two
Independent, observations, ‘

CT1 rates multiplied by 5 to enable one to compare the counting rate variability in the
two independent observations (diamonds). During both the episodes there is a good
agreement between the two light curves despite different energy thresholds.

5. Discussions
It may be noted that this is only a preliminary result and honco wo have not estimated
the ‘LeV y-ray flux from this source during the laring activity. 'U'he enhanced counting

rate from PACT as compared that from imaging telescopes, is attributed to its increased
collection area.

We have carried several checks to improve the confidence level of the signal scen by
PACT. A positive signal could result, for example, if the space angle distribution of a
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Figure 2. The space angle distribution of two sets of background data taken on two different nights.

.'The two data sets span the same hour anglo range (upper pancl). 'I'he lowoer panel shows tho ratio of the

two distributions aa a function of apace angle showing that when two background data-sots are compared
no signal Ia seon adding crodibility to tho signal from the source roported horo, '

background region has some systematic problemn. Hence we compared the background
data taken during two different nights and after subtracting one from the other no pos-
itive excess was detected in any space angle range. Figure 2 shows the the space angle
distribution of events when two sets of background data are compared (upper panel).
The space angle distribution of the ratio’s (lower panel) shows no evidence of any signal
arising purely from the systematic variations in the background. Hence the systematics
in the data are unlikely to masquerade as a ~y-ray signal.

In addition, we compared an ON-source data with several nights’ background data
scparately and estimated the signal in each case. Table 1 shows the systematic variation in
the signal strength resulting from the systematic variation in the background data taken
during different nights. In addition, each on/off source data set has been subdivided as
per the number of telescopes that have participated during the event. Each subset was
independently analyzed and the signals estimated. The variation of signal strenjths from
segment to segment were consistent within the expected variation in each run.
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Table 1. A table showing the cousistency of signal strength with different backgrounds.

# of events  # of events  Fxcess Significance Durntion ~v-ray count
ON Source(S) OFF Source(13) (8-8)  (S-B)/VE+ 20 (mins.) rnlo (min~!)
14543 11508 3035 157 136.6 22.244.7
3311 2104 1207 164 68.9 17.5+4.2
7180 5771 1409 124 68.4 20.6+4.5
6604 4654 1950 158.5 62.2 31.4+5.8

The mean y-ray count rate = (22.93% 6.0) min™*

Hence we have a reasonable confidence in the consistent positive signal detected from
the sowree during both the flaring episodes.

8. Conclusions

A variable TeV y-ray signal above 900 GeV has been detected by PACT for the first time
during both the episodes in January 200 and January 2001. The variability measurements
are compatible with those independently seen by other atmospheric Cerenkov telescopes.
The fourth run taken in January 2000 did not show any signal once again confirming
that PACT analysis is working. However there are more data from this source to be
analyzed. '
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