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Recent HEGRA observations of BL Lac (2200+420)

O. Mang, M. Schilling, M. Siems, and the HEGRA collaboration
Universifat Kiel, Institut ur Experimentelle und Angewandte Physik, Leibnizstr. 17-19, D-24118 Kiel, Germany

Abstract. The active galaxy BL Lac is the prototype of the undergone outbursts in the optical wavelengths and at GeV
so-called BL Lac objects. All AGN detected in the TeV en- energies (Bloom et al., 1997). It has been observed by the
ergy range so far belong to this class of objects. BL Lac hadHEGRA system of Cherenkov Telescopes (see next section)
been observed by the HEGRA system of imaging Cherenkown several occasions over the past years, but no evidence for
Telescopes for a total time of 10.5 hours from September toTeV ~v-emission has been found so far (Bojahr et al., 1999).
November 2000. We compare the results of these observa- To determine the state of BL Lac, X-ray data from the All-
tions with X-ray data from the All Sky Monitor aboard the SkyMonitor (ASM, Remillard and Levine (1997)) aboard the
RXTE satellite and present an upper limit on thélux for RXTE satellite are used. For example, Mrk-421 showed an
energies above 0.7 TeV. increased activity in the ASM data during its recent outburst
(Jan.-Mar. 2001). If BL Lac were in a high state and not
detected in the TeV energy band, this would limit the spec-
tral energy distribution and thus the parameters of the blazar
model for this particular AGN.

1 Introduction

The detection of active galactic nuclei (AGN) as extragalac-
tic sources of Tey-radiation and the observation of spec-
tacular outbursts have put these objects in the focus of Te
~y-astronomy. Since all Te-ray emitting AGN known to-

day belong to the BL Lac class, many efforts have been mad )
to improve the understanding of BL Lac-type AGN. One of ?’:herenkov telescopes (CTs) at tBbservatorio del Roque

the goals is the detection of other BL Lac objects in the TeVOle los Muchachosn La Palma (Canary Islands). The Ob-

energy range. The most obvious candidate for this kind Ofservatory Is located at an altitude of 2200m a.8d.75°N,

search is the prototype of the class, the active galaxy BL Lac-rlg’ggf :ginLtJilrllgtlimacr;(;Zr?t(;?g’aﬂgsviié-iﬁolg?gztiﬂé% ‘ZZ_
ertae (RA 22.0, Dec +42.0). y 9

o . . h in thi k. F il
One of the most striking features of BL Lac-objects is tectors, but these were not used in this wor or details see

: o : Barrio et al. (1998).
their temporal variability. For the objects Mrk-421 and Mrk- .
501 strong flares have been observed in the TeV-regime (sef% The HEGRA CTs form a square a0 m x 100m with

e.g. Kohnle et al. (2001) and references therein). Simulta 4" CTs located on the corners and one in the centre of the
neous observations with the RXTE satellite revealed similarfgfllfcr?'ei?gg §8T5C°Qt:'n” dS :a'cg?rilsglr?(r)ffamg:aa t_(:rt]al
outbursts in X-rays; both lightcurves showed a strong corre-, v D0 1T '9 utl Wi

271 phototubes in the focal plane.

lation (Sambruna et al., 1999). These multi-wavelength ob- .
The arrangement of the CTs allows a stereoscopic obser-

servations are helpful for the distinction of different accelera- ¢ the air sh in ch kov liaht and .
tion scenarios (e.g. proton or electron populations) and hav&ation of the air shower in Cherenkov light and a precise re-

made the SSC (synchrotron-self-compton) model the mos[:onstruction of the shower parameters. The energy threshold

probable explanation for the spectra of blazars. For a review?f the System i$00 GeV” near the zenith with an energy res-
of blazar models see e.g. Urry and Padovani (1995). olution of 20%; the angular resolution for the reconstructed

BL Lac has been known to be variable from the begin- ér]rower a_>(<j|s 'T O'lt'dV\t/'th :hgseTp?/ram(_ate_rs, thfe HEGFTA
ning (it was originally discovered as a variable star) and has; S are deally suited fo study 1€V emissions Irom galac-
tic and extragalactic sources and to perform searches for new

Correspondence taD. Mang (mang@physik.uni-kiel.de) TeV ~-ray sources. For further details on the HEGRA CTs

\; The HEGRA system of imaging Cherenkov telescopes

The HEGRA collaboration operates a system of five imaging
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Fig. 1. The ©2 plot (see text) for BL Lac with the cud.5 < Fig. 2. The corresponding plot for the Crab Nebula based on a data
mscw < 1.2 applied. A TeV~-signal would be indicated by an set of 10.8 hours, collected during the same time as BL Lac-data,
excess in the first bins (see Fig. 2). with ¢ < 30°. The~-signal is clearly visible in the first bins.

see Daum et al. (1997a) or Daum et al. (1997b). Time-resolved analysis for BL Lac |

N

3 The data sample

Significance
P

1
The data used in this analysis were taken with all five CTs o5
operational during September—November 2000 with zenith
anglesl5® < ¢ < 45°, yielding a total dataset of 10.5 hours.

A dataset from the Crab Nebula taken during the same
time was used as a reference. Assuming a Crab-like spec-
trum for BL Lac, one can derive an upper limit expressed in
“Crab flux units”. This way a treatment of systematic errors 2 e L '2'0' — '2'5' — '3'0' L
and uncertainties from simulations can be avoided. RUN numMber

Since the energy threshold depends not only on the hard-
ware of the instrument, but also on the zenith angle, a reFig. 3. A time resolved analysis shows the significance of every

stricted dataset was used to derive the upper limit. Only datgjngle data run (duration 20 minutes). No evidence for an outburst
with a zenith angle) < 30°, where the change in the en- of BL Lac can be found.

ergy threshold is small, have been selected. This restriction

reduces the dataset to 6.3 hours with an averaged zenith an-

gle of ¥ = 27.8°, resulting in a threshold energy of 0.7 TeV. The width of the shower image is scaled taking into account

Only data taken under good weather conditions were chosethe size (i.e. number of photons) and the width of a corre-

for this analysis. spondingy-shower, the zenith angle and the distance of the
For comparison, a datasample recorded by the AllSky-shower impact point, and then averaged over all telescopes.

Monitor (ASM) aboard the RXTE satellite was used. The For a detailed description see Konopelko et al. (1995).

ASM QuickLook datare publicly availableand provide a Fig. 1 shows the®? plot for BL Lac with standard cuts.

measure for the X-ray activity of objects in its field of view. Using the square of the angular distart@¢eas the abscissa

We use data that cover the whole period of the HEGRA ob-results in bins of equal solid angle. The leftmost bi@g «

servations of BL Lac mentioned above. 0.05) reveal no excess events from the direction of the ob-

served AGN. Fig. 2 shows data of the Crab Nebula, the first
_ bins exhibit a very strong-signal.
4 Analysis and Results To test the data set for possible outbursts or flares of BL Lac,

. the data have been divided into datasets for individual nights
The HEGRA datasamples were subjected to the standard '%nd also individual data runs of 20 min. duration (Fig. 3).

::r?nsttrurctmn anid f||llterr alg:rltrhrrl. dThﬁ rvnvalrn p?ratrﬁeteas olf I\#either method revealed a signal on short timescales.
€ stereoscopically reconstructed showers are the anguia Fig. 4 shows the integrated X-ray flux of BL Lac as mea-

g;?;;ﬁ.g;gig?ﬁ:’e ez;nd;rfgltel?jnv;i?j'fgfetﬁgzﬁg&ne?ifngge gb- sured by the ASM at the time of the HEGRA observations.
) ge. Except for the date MJD 51873 (No25** 2000) no indi-

http://xte.mit.edu/ASMc.html cation for an increase in the flux has been seen. Since the
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Fig. 4. Daily average of BL Lac for the HEGRA observation period
measured by the RXTE AllSkyMonitor. The data contain no strong
hint of increased X-ray activityASM QuickLook data provided by
the ASM/RXTE team.

errors of the ASM data are an underestimate in many case
this is probably still compatible with a zero flux and not a
significant increase of the X-ray flux.

Comparing the dataset of BL Lac with the one of the Crab

30°. This is compatible with flux limits that were previously
published by the HEGRA collaboration; the best upper limit

so far is at 7% of the Crab flux, assuming a constant quies-
cent state of BL Lac. The results given here are preliminary;

refined results will be presented at the conference.

The comparison with X-ray data from the RXTE/ASM in-
strument shows that BL Lac was in a rather quiet state during
the HEGRA observations and therefore no increased activity
(if any) in the TeV-regime could be expected.

To improve the result and hopefully catch a more active
state of BL Lac, further observations have been scheduled
for autumn 2001 with a total time of ca. 70 hours. This will
substantially increase the chance of a detection of BL Lac or
at least yield greatly improved flux limits.
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