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Whipple Observations of BL Lac Objects
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Abstract

Only BL Lac objects have been detected as extragalactic sources of very high enerd@d0(EGeV) gamma

rays. Using the Whipple Observatory Gamma-ray Telescope, we have attempted to detect more BL Lacs using
three approaches. First, we have conducted surveys of nearby BL Lacs, which led to the detections of Mrk
501 and 1ES 2344+514. Second, we have observed X-ray bright BL Lacs when the RXTE All-Sky Monitor
identifies high state X-ray emission in an object, in order to efficiently detect extended high emission states.
Third, we have conducted rapid observations of several BL Lacs and QSOs located close together in the sky to
search for very high flux, short time-scale flare states such as have been seen from Mrk 421. We will present
the results of a survey using the third observational technique.

1 Introduction

Three BL Lacertae objects (BL Lacs) have been detected at very high energies (VHBQ&EGeV) by
the Whipple Observatory Gamma-ray Telescope. The discovery of the first of these objects: Mrk 421 (Punch
et al. 1992), prompted a comprehensive search of other BL Lacs, resulting in the detection of Mrk 501 (Quinn
et al. 1996) and 1ES 2344+514 (Catanese et al. 1998). The detection of other BL Lacs could lead to further
constraints on gamma-ray emission models and also to an estimate of the density of extragalactic background
infra-red radiation through its attenuation effects on VHE gamma-ray spectra (Biller et al. 1998).

BL Lacs belong to a class of active galactic nuclei (AGN) called blazars. The radio to optical/X-ray
emission produced by these objects is dominated by non-thermal synchrotron radiation believed to be from a
relativistic jet moving almost directly towards the observer, so that its intensity is greatly enhanced by Doppler
boosting. Gamma-ray flares almost as short as the basic timescale associated with accretion on to a black hole
of mass 18 - 10° M, have been seen, indicating that we may be observing processes right at the beginning
of the jet. Models of the high energy emission include synchrotron self-Compton (Bloom & Marscher 1996),
inverse Compton scattering of low energy photons from outside the jet (Sikora, Begelman & Rees 1994), and
cascades produced by high energy protons e.g., (Mannheim 1993).

Observations of both Mrk 421 and Mrk 501 have shown that their emission can vary by nearly two orders
of magnitude, with extreme variability on timescales from 15 minutes (Gaidos et al. 1996) to years (Quinn et
al. 1999). The fact that Mrk 501 became so bright in 1997 (Protheroe et al. 1997) having been considerably
fainter than Mrk 421 in previous years suggests that other BL Lacs not yet detected could do the same, and
become detectable. By monitoring several BL Lacs with nightly 10 minute observations throughout the ob-
serving season, we maximise our chances of seeing an episode of high emission. Table 1 lists two groups of
objects observed in this manner during February 1999, when there was a suitable two hour slot in our observ-
ing schedule.



2 Observations and Analysis

The VHE observations reported in this paper were made with the 10 m imaging atmospaegitov
telescope (Cawley et al. 1990) located at the Whipple Observatory on Mt. Hopkins in southern Arizona
(elevation 2,300 m a.s.l.). A wide field-of-view camera, consisting of 331 photomultiplier tubes, is mounted
in the focal plane of the reflector and has a field of view~0f.8 degrees. Images of atmospheftierenkov
radiation from air showers produced by gamma rays and cosmic rays are cleaned and parameterised to allow
candidate gamma ray selection as described by Quinn et al. (1999).

The results reported in this paper use a tracking analysis wherein events whose orientations do not point
towards the source direction are used to estimate the background event rate. Approximately 100 non-source
data files, consisting of off source observations and non-detected objects were combined to estimate the factor
which converts the off-source events to a background estimate. The count rates are converted to integral fluxes
by expressing them as a multiple of the Crab Nebula count rate and then multiplying that fraction by the Crab
Nebula flux, 16500 GeV) = 5.9 x 10!! photons cm? s ! (Hillas et al. 1998). This procedure assumes that
the Crab Nebula VHE gamma ray flux is constant, and that the object’s photon spectrum is identical to that of
the Crab Nebula between 0.5 and 10 TeV, which may not be the case. If no significant emission is seen from
a candidate source, a 99.9% confidence level upper limit is calculated using the method of Helene (1983).
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Figure 1: Gaussian fit to the significance distribution of the BL Lac object observations.

3 Results

In Table 1 we present the results of observations from February 1999. The sources were chosen primarily
for their close, high elevation positions in the sky during that period, to minimise time lost slewing between
them (which accounted for less than 10% of the total observing time). There is no evidence of emission from
any of the objects in this survey, so 99.9% confidence level upper limits have been determined for each source.
The distribution of the significances of the observed excesses is shown in Figure 1.



Table 1:Summary of BL Lac Observations.

Observ. Exp. Max. Flux
Object z Type® Epoch (mins) Excess Exce8s (Crab)¢ Flux?
Mrk 180 0.046 X 10-20 Feb. 1999 77 0.04 1.05 <0.663 <3.91
W Comae 0.102 10-23 Feb. 1999 296 -0.37 2.03<0.198 <1.17
1ES 1118 0.124 10-21 Feb. 1999 118 -0.57 2.22<0.257 <1.52
1H 1219 0.130 11-24 Feb. 1999 60 -0.06 1.37 <0.426 <2.51
RXJ 11365 0.135 10-20 Feb. 1999 80 -1.23 1.62<0.451 <2.66
1ES 1212 0.136 12-24 Feb. 1999 69 0.32 1.41<0.591 <3.49
1ES 1255 0.141 12-24 Feb. 1999 96 0.11 2.48<0.361 <2.13
1ES 1239 0.150 12-24 Feb. 1999 69 -0.24 1.10<0.535 <3.16
1229+645 0.164 10-24 Feb. 1999 154 0.51 1.10<0.456 <2.69
ON 325 0.237 X 11-23 Feb. 1999 59 1.61 1.65 <0.648 <3.82
?Indicates whether the object is a radio selected (R) or X-ray selected (X) BL Lac object.
bMaximum excess per 10 minute observing run.
“Upper limit expressed in units of the Crab Nebula flux.
Integral flux upper limit quoted above 500 GeV in units of 1tcm=2s~1, at the 99.9% confidence level.
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To demonstrate the validity of this search method, we have taken four 10 minute data samples of Markarian
501 observations from 15 February 1999 when it was in a high state of emission. Figure 2 shows the gamma
ray rates and the corresponding significance of each sample. The fluxes are expressed in units of the Crab
rate above>500 GeV. Note that at a rate of 2 Crab an excess & can be seen in 10 minutes. A detailed
analysis of the flux variability of Markarian 501 can be found in Quinn et al. (1999), and a report on 1999 Mrk
501 observations will appear in another paper to be presented at this conference (Breslin et al. 1999).
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Figure 2: Gamma ray rate expressed in units of the Crab rate for Markarian 501 observations taken on 15
February 1999, illustrating that a BL Lac in a high flux state can be detected in under 10 minutes.



4 Conclusions

The results of the Markarian 501 observations show that a signal can be detected from a BL Lac object
during a high flux state in only 10 minutes. By scanning these closely grouped sources for 10 minutes each
we are able to observe a high proportion of very high energy BL Lac candidates on a regular basis within a
given amount of observing time. Further observations need to be made using this technique; in view of the
fact that the frequency of very bright emission episodes from BL Lacs is unknown, our initial hon-detection is
in no way discouraging.
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