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Abstract

We analyséASCAx-ray data and Whipple-ray data from the blazars Mkn421 and Mkn501 for short-timescale
variability. We find no evidence for statistically significant @o) variability in these data, in either source,
on timescales of less than 10 minutes.

1 Introduction

The recently detected TeV radiation from the Blazars Mkn421 and Mkn501 may be Comptonized syn-
chrotron radiation (Comastet al., 1997) or Comptonized ambient radiation (Siketal., 1997) or some mix-
ture of the two. Alternatively, the-radiation may result from a proton-initiated cascade (Beall & Bednarek,
1998). Models of they-radiation preict large qualitative differences in some source parameters, so a search
for short-timescales of variability in these AGN may be important in constraining models of emission and
ultimately in distinguishing between them. Short timescale variability may also constrain quantum gravity
effects predicted by some string theories (Amelino-Canredlial., 1998).
Variability studies (using thg?-test) have been carried out on data from Mkn501 and Mkn421. The shortest
observed timescales of variability in Te}rays correspond to doubling times in rapid flares-of5 minutes
for Mkn421 (McEnery, 1997) and 2 hours for Mkn501 (Quinret al,, 1999) which may indicate a variability
cut-off or a lack of instrumental or method sensitivity to real variability at timescales shorter than these. The
shortest timescales so far observed in these sources at x-ray energielsdag for Mkn501 (Kataokat al,,
1999) and 0.5-1.0 days for Mkn421 (Takahashi, Madejski & Kubo, 1999).
The analysis reported here involves a broadband variability study of Mkn501 and Mkn421 using the Excess
Pair Fraction (EPF) technique (Yagoebal, 1997). We analyse non-simultaneous Whipple Tekay data
andASCAx-ray data from these blazars.

2 EPF applied to x-ray data

ASCA(Tanakaet al.1994) observed Mkn 421 and Mkn 501, obtaining moderate energy resolution spectra
in the 0.5-10 keV band, with a time-resolution of be " ;
ter than 2 s for two of the four instruments onboard
s for the other two). Mkn 421 was observed on eic
teen occassions between 1993, May 10 and 1997, . al
3, with a total exposure time of 240 x 10%s. The °7f
1996 data do not overlap with the TeV data reportec os
this paper. Mkn 501 was observed on four occassi%o,s,
between 1996, March 21 and 1996, April 2, with a 1“0_47
tal exposure time of- 49 x 10® s. Additional ASCA
observations of both sources exist but only those m ™| -
of the dates mentioned above were in the publicarct °2_______--- " - T
at the time of writing. An excellent account of the Mk o4}
421ACSAobservations and results can be foundinTa | ‘ ‘
hashi, Madejski, and Kubo (1999) and thE CAresults 10 — 10

for Mkn 501 can be found in Kataolet al(1999). We _. . i
re-analysed thASCAdata ourselves, which were re_Flgure 1: EPFforASCAx-ray data on Mkn421.
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duced in the same manner as described in Yaqcdl (1998). We made EPF for each source following
the methods described in Yaqoebal (1997), averaged over all the available data sets.

The results for both sources are shown in Figs. &l)X2). The solid, dotted and dashed curves
show theoretical EPF for a source wit%, 5%, and * ‘ ! !
10% random amplitude variability respectively. Tt ost
curves were generated as described in detail in Yaq g
et al. 1997. It can be seen that in Mkn 421 we ¢ .
rule out variability at the5% level with a confidence
level greater thana@from ~ 500 s down to timescales "
of ~ 11 s. (Note: The kink at 32 s is due to onlg s

two of the four ASCAinstruments being used belo
this timescale because the two Solid State Spectro
ters have less timing resolution than the two Gas Im
ing Proportional Counters). For Mkn 501, for whic
much less data are available, we can rule out varia
ity at the 10% level with a confidence level greate
than 30 from ~ 400 s down to timescales of 32
s

3 EPF applied to~ -ray data
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Figure 2: Open circles show the Excess Pair Frac-
tion (EPF) computed from all thASCAMkn 501
observations (see text).

TeV data are recorded by the Whipple Observatory Imaging Atmospierenkov Telescope (IACT). The

IACT uses the well-established Extensive Air Show
(EAS) technique to indirectly observe very high e
ergy y-rays from sources such as AGN jets and sug
nova remnants (Cawlest al., 1990). Most atmospheric
showers are due to the collision of high energy ct
mic rays (hadrons or leptons), therefore the parent

ray data, as observed by the IACT, have a very snios

signal to noise ratio. Parameter cuts are used to e
inate most of the noise whilst retaining at le&sth

of the signal. The TeV data are typically recorded
~ 28minute intervals, at different elevations and durir
various weather conditions. Only those data sets v
the most stable raw count rates were used. The Mkn
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data were taken from the period April 1996-May 19<.,
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during which time the most significant flaring event eJgi@ure 3: Open circles show EPF for Whipple

seen at this energy was observed. The Mkn501 &4@421 data. The solid line is the theoretica! EPF
were taken from the period April 1997- May 1997, dufxpected fr.om a constant source and dashed lines are
ing which time this AGN was at its most active since € theoretical EPF for 5% and 10% random ampli-
discovery at this energy in 1995. The presence of strd#flf variability.
flaring within these data is important for statistical purposes as the count rate from the AGN increases from
typically < 1ymin—! to ~ 10y min—! during a strong flaring state.

Fig. (3) shows EPF for Mkn421. Approximately 1760 minutes of data are used in this analysis at TeV en-



ergies. None of the data points are greater thafrom  *
that of a theoretical constant source with the same m osr
count rate. Because of the 28 minute data binning ¢ o4
timescales less than 14 minutes can be considered t
this technique. The-ray rate & 3ymin~!) prevents
. . 0.6
us probing timescales much lower thas200 seconds.
Fig. (4) shows EPF for Mkn501 with approximatel& % 0% -
1900 minutes of data. Again none of the data poi o4 T e o
are greater thafio from that of a constant source wit o3 -7 /’ R %
the same mean count rate indicating a lack of signific , o /¢ N ﬁ%mm N sh %
variability in this source below- 10mins. Here the rate 01w AR
is ~ 9min~! and so the lower timescale below whi¢
the statistics become too poor4gl00 seconds. Thus ° ¢ 10
we can rule out variability in both sources belewl0O B <)
minutes at a confidence level 3¢ at the10% variabil- Figure 4: EPF for Whipple Mkn501 data.
ity level.

4 Discussion and Conclusions

Our results thus far show that there appears to be no statistically significant variability in either of the two
AGN, below timescales of 600s. From these results we conclude that either the statistics of the present data
are insufficient to establish significant variability or the data does not vary on these timescales. If we assume
that the source is not varying on timescales shorter than 10 minutes then we can estimate the minimum size
of the emission region: the Doppler beaming factor is giveby: 1/(1 + z)I'y(1 — Beosh) wherez is the
redshift of the sourcdy, is the Lorentz boost} = v'/c (wherev' is the velocity of the emitting region) and
0 is the angle between the jet axis and the observer. Causal arguments require that the size of the emission
regionR.,,, is constrained to satisfy

0.7

Repy < ¢t —— 1
Wheredt is the observed variability timescale (10 minutes here). For Mkn422 = 0.031, D ~ 13.8 and
SOR., ~ 2.5 x 10 cm. If the emission region is located in the putative jet then given a jet opening angle
of 3°, the emission region is at leas x 10" cm from the base of the jet, or assuming a black hole mass of
~ 10® M, the emission region is at leastL60 gravitational radii from the black hole.
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