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Abstract: We have observed the blazar PKS2155-304 between 2006 July 28 to August 2 and between
August 17 to 25 with the CANGAROO-I111 imaging atmospheric Cherenkov telescope in South Australia,
which was triggered by the aert from the H.E.S.S. that the strong outburst of TeV gammarray emission
was detected. The flux of very high energy gamma-rays above 590 GeV from the CANGAROO-III
observations shows variability on time scale of an hour. The highest activity during our observations was
seen early night in July 28 up to 140 % Crab flux level. The source activity had decreased in August.

I ntroduction

PKS2155-304 (» = 0.116) isawell known high-
frequency-peaked BL Lacertae objects (HBL),
which is repeatedly observed over a wide range of
frequenciesfrom radio to Very High Enegry(VHE)
gamma rays (e.g., [16], [17], [20], [14], [1], [6],
[2]). One of the distinguished characteristics of

this sourceis, like other HBL, arapid and vilorent
broadband variability of the flux.

In 1997 November, Durham group observed
PK S 2155-304 with the Mark 6 telescope, and re-
ported the first detection of VHE gamma-rays at
the 6.8 o level above 300 GeV[4]. At that time,
a gamma-ray and X-ray flare from PKS2155-304
was detected by EGRET[18], BeppoSAX[5] and
RXTE[19].
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PKS2155-304 was confirmed as a TeV gamma-
ray source by the H.E.S.S. group in 2005[2]. A
clear signal with asignificancelevel of 45 o at ene-
gies greater than 160 GeV was reported. The flux
variability on various time scales from months to
hours, and the steep power law shape energy spec-
trum with a photon index of 3.3 was also reported.

In July 2006, the H.E.S.S. group reported that TeV-
outburst of PKS2155-304 was detected at VHE
gamma-rays above 200GeV [3]. CANGAROO-
[11 observations of PKS2155-304 was started from
2006 July 28, and we successfully detected a
signal[15].

Here we present our results, particularly the time
variation of the flux, obtained from observationsin
July and August 2006.

Observations and analysis

We have observed PKS2155-304 using
the CANGAROO-III imaging atmospheric
Cherennkov telescope system operated in
Woomera, South Australia. It is located at
latitude 31°06" south and logitude 136°47’ east
(160 m asl.). Details of the CANGAROO-III
telescope system was described in [11],[10]
and [7]. Observations were performed for five
moonless night in July lunation between 2006
July 28 to August 2 and six moonless night in
August lunation between August 17 to 25. Total
observation time is 48.1 hours.

Due to a mechanical tracking problem with
one (T3) of three working telescopes (T2, T3,
and T4), stereoscopic observations with three tele-
scopes were done only after culmination dur-
ing these periods. Observation times with three
telescopes are 17.6 hours for July lunation and
19.1 hours for August lunation, respsctively. Av-
eraged zenith angles during these observations for
each lunation are 20.4° and 20.9°, respectively. A
local trigger condition for each telescope is de-
scribed in [15], and a global trigger system of
CANGAROO-III is explained in [12] and [13].
The average trigger rate of three-fold coincidence
including cloud effectsis ~ 11.4 Hz for July lu-
nation and ~ 10.9 Hz for August lunation, respec-
tively. The datain July 29 were affected by cloud.

Stereoscopic observations with two telescopes (T2
and T4) were made before culmination from July
28 to August 2 in order to compensate for the
lack of observation time with three telescopes.
Average zenith angle is 26.6° in these two-fold
stereo observations, and the total obseravtion time
is11.4 hours. A local trigger condition isthe same
asthat of the case of three telescopes.

We have done standard image cleaning for night
sky background rejection and rate cut for avoid-
ing the effect by cloud, and then cal culate the mo-
ments of the shower image to parametarize by the
Hillas parameters. After reconstructing arrival di-
rection using I P-fit, the Fisher discriminant method
is applied to eliminate numerous cosmic ray back-
ground events. Then thefinal §2 distribution is ob-
tained. These analysis procedures are described in
[15] and the details are explained in [8].

It is confirmed that the results obtained from the
data taken with two telescopes are consistent with
those from three-fold data. The details are pre-
sentedin [15].

Each dataset taken by two telescopes and three
telescopes is divided by the zenith angle into
two dataset, small zenith angle data (= < 60°)
and large zenith angle data (= > 60°), respec-
tively. The estimated analysis threshold energies
are 620 GeV for small zenith angle dataand 1 TeV
for large zenith angle data, respectively.

Timevariations

The live time t;,, number of excess events NV
and significence s for each night using all shower
events are summarized in Table 1.

Figure 1 shows an obtained light curve of
PKS2155-304 expressed by the integral flux
of VHE gammarays at energies greater than
620 GeV on a half night basis using small zenith
angle data. This figure indicates there is at least
a nightly variation of the flux, and on averge a
decreasing tendency can be seen. In particular,
the flux in the early night of July 28 reached ~
140 % Crab flux, and ~ 100 % Crab was detected
aso in July 30. The H.E.S.S. group reported the
averaged flux of ~ 8 Crab in July 27 and was de-
creased to ~ 1 Crab in July 28 above 200 GeV.
Considering the 8 hours time difference between
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Obs. tiiv N s
Date [hrs]  [events] [o]
July 28 34/35 169/66 5.4/3.3
July 29 22/0.9 3528 14/24
July 30 2.8/35 29/128 1.0/5.8
July 31 17/3.6 32/46 1224
Aug. 2 -135 - /20 -/11

Aug. 17-25 -/17.1  -/106 -12.7

Table1: Summary of nightly resultsfor PKS2155-
304 from 2006 July 28 to August 2 and combined
results from August 17 to 25.The data before (two-
fold) and after (three-fold) culmination are shown
separately by dash
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Figure 1: Light curve of PKS2155-304 between July
28 and August 2. Closed circles indicate the data taken
by three-telescope coincidence and cross indicate those
by two-telescope before culmination. Analysisthreshold
energy isjustified to 620 GeV for both data, where only
data taken at zenith angles smaller than 30° are used.

the CANGAROO-I1| site and the H.E.S.S. site due
to the longitude difference, and aso considering
the difference of threshold energies, obtained light
curve in July 28 seems to be smoothly connected
to their flux.

We further divide a part of small zenith data in
July 28 and 30 into ~an hour width bins and the
intra-night flux variation are investigated. Then we
found the decreasing of the flux less than a half
during July 28 obseravations on atime scales of an
hour to a few hours for both energy thresholds of
620 GeV and 1 TeV. In July 30 observations, in-
creasing tendency can be seen, but it is not clear.

In Figure 2, we compare the light curve which
we obtained in this work to those of the X-
rays (quoted from quick-look results provided by

the ASM/RXTE team and from [9]), UV and opti-
cal wavelength [9]. As Foschini et al. [9] pointed
out this figure shows that the amplitude of the flux
variation at TeV energiesis larger than by a factor
of ten and is the largest compared to other wave-
length.

Conclusion

Time variations of the flux of TeV gamma
rays from PKS2155-304 was studied using the
CANGAROO-III imaging atmospheric telescope.
Observations has been done in July and August
2006 which was triggered by the H.E.S.S. report
that the PKS2155-304 was very strong TeV active
state. Time variations of the flux on the time scales
of afew hours was detected, and the highest flux
above 620 GeV during our observations reached
~ 140 % Crab flux. Obtained flux are smoothly
connected to the flux reported by the H.E.S.S,
which is offset in time by about eight hours from
contemporaneous H.E.S.S. observations.

Acknowledgements

We thank Dr. W. Hofmann, Dr. S. Wagner, Dr. G Row-
ell, Dr. W. Benbow, Dr. B. Giebels, and L. Foschini for
giving us useful information and data on the activities of
PKS2155-304. Thiswork is supported by the Grant-in-
Aid for Scientific Research, Ministry of Education, Cul-
ture, Science and Technology of Japan, and Australian
Research Council.

References

[1] Piner B.G. and Edwards P.G. Astrophys. J.,
600:115-126, 2004.

[2] Aharonian F. et a. Astron. & Astrophys.,
430:865-875, 2005.

[3] Benbow W. et al. Astronomer’s Telegram,
#3867, 2007.

[4] Chadwick PM. et a. Astrophys. J., 513:161—
167, 1999.

[5] Chiappetti L. et al. Astrophys. J., 521:552—
560, 1999.

[6] Dominici T.P. et a. Astrophys. J., 128:47-55,
2004,

[7] Enomoto R. et al. Astrophys. J., 638:397—
408, 2006.

[8] Enomoto R. et al. Astrophys. J., 652:1268—
1276, 2006.

uonip3 8oualajuon-aid - sbuipessoid /002 DNIDI



TEV GAMMA-RAY S FROM PKS2155-304

- x10"?
2 60
50 >l<
40
30
20 * }k
10
0 &

——
53945 53950 53955

——
53960

i — —
53965 53970 53975 MJD

RXTE

B2

'

;66ni§§*‘xi ¢ ¢
1% R

—— ——
53945 53950 53955

a
ol
o
S|
3

Swift XRT
IS

20
18
16 %
12
1g ° ' + [ L
.
o [ ] ° °
4 » |
2 S

——
53945 53950 53955

i
53960

Swift UVW2

;;éd*h *

—— ——
53945 53950 53955

=

Swift B-band

BN WA O~ ®O O

——

set 3 3¢ H

(e)

RIRIRERE }

——
53945 53950 53955

——
53960

—— _— -
53965 53970 53975 MJD

Figure 2: Light curves of PKS2155-304 at various wavelength. (a) Variations of integral flux at energies greater than
620 GeV obtained by the CANGAROO-III. Plotted data and symbols are the same asin Fig. 1. An averaged integral
flux between August 17 and 25 is also plotted. (b) X-rays [2-10 keV] quoted from quick-look results provided by the
ASM/RXTE team. (c) X-rays [0.3-10 keV] by XRT on Swift [9]. (d) UV-band [1880A]:UVW2 data by UVOT on
Swift [9]. (e) B-band [4390A] by UVOT on Swift [9].
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