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Observations of extreme flaring activity from Markarian 421 with
the Whipple 10m telescope
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Abstract. Markarian 421 was the first TeV blazar to be de- contemporaneous world-wide multiwavelength campaigns have
tected and has shown extremely variable gamma-ray emisprovided excellent evidence for correlated variability between
sion levels over various timescales. During observations bythe emission at X-ray and TeV gamma-ray energies (Buckley
the Whipplel0 m telescope in the 2000/2001 observing sea-et al., 1996; Catanese et al., 1999; Maraschi et al., 1999).
son the source was in an extremely active state. We report In this paper we report on observations of Mkn 421 with
here on these observations, including the results of a searcine Whipple10 m telescope from the 2000/2001 observing
for very short timescale variability. season, concentrating on the time variability of the gamma-
ray flux. The results of an intensive multiwavelength cam-
paign during March 2001 (Jordan et al., 2001), detailed spec-
tral measurements (Krennrich et al., 2001) and observations
of flaring behaviour in the 1999/2000 observing season (Fe-

Markarian 421 was the first extragalactic source to be de 92" etal,, 2001) appear elsewhere in these proceedings.

tected at TeV energies (Punch et al., 1992). ifRie spectral
energy distributions (SEDs) of blazars such as Mkn 421 are i
characterized by their “double bump” structure. The lower 2 Observations

energy bump (up te- 100 keV) is thought to be due to syn- . .
chrotron radiation from electrons in a relativistic jet oriented Thevcurrent status of the Whipple Observat&fym imag-

close to the line of sight. The GeV-TeV emission is proba- "9 Cerenkov telescope .is de_scribed in detail in.FinIgy etal
bly produced by inverse Compton scattering of low energy(2001). The telescope triggering threshpld was fixed in O(;to—
photons by the electron beam (Jones et al., 1974; Dermeli)erIZOOO and the energy threshold, deﬁned as the peak differ-
et al., 1992; Sikora et al., 1994) or possibly pion IOhOtOIOrO_ent|al gamma-ray flux for a source with the same spectrum

duction from a hadronic component of the relativistic beam as the Crab Nebula, is now estimated 10398 -+ 80 GeV.
(Mannheim, 1993) Mkn 421 was regularly monitored from the end of November

Mkn 421 is the closest blazar in the EGRET catalogue2000 until the end of April 2001. The majority of observa-

(z=0.031), with a relatively low flux but a rather hard spec- tlgns we(;e ma:_de n al traql:;]ntg]h moge n V\tlh ich ghe dso;rce s
trum (Hartman et al., 1999). The TeV flux at the time of its ODSEIVed continuously, wi € observations divided up n

original detection was- 0.3 times that of the Crab Nebula, 1© "UNS 0f28 mins. A subset of 10 minute runs are also in-
but since then it has shown extremely variable emission Iev—CIUdecj in the analysis.
els over various timescales, the most dramatic flaring episode
occurring on 7th May 1996 (Gaidos et al., 1996), when the
source reached a level ef 10 Crab. Eight days later an-
other flare was observed, with half the maximum intensity
of the previous flare, but with a remarkably fast doubling
timescale of~ 15 mins.

Since its TeV detection Mkn 421 has been regularly mon-
itored by various atmospherfberenkov experiments (Buck-
ley, 1999; Aharonian et al., 1999b; Piron, 1999). In addition,

1 Introduction

3 Analysis

The events were parameterized using a standard moment anal-
ysis and candidate gamma-ray events were selected by ap-
plying a version of the Supercuts technique (Reynolds et al.,
1993), Supercuts 2001 (Finley et al., 2001), optimized on
data from the Crab Nebula obtained over the same observing
season. Observations of off-source regions were combined
Correspondence tal. Holder (jh@ast.leeds.ac.uk) to calculate the tracking ratio: a factor which converts the
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Fig. 1. Light curves for Mkn 421 in 2000/200Top: Whipple results for each run, with the measured gamma-ray rate shown as a fraction of
that from the Crab Nebuldiddle: Whipple daily averageBottom ASM/RXTE quicklook daily averages.

number of events not orientated towards the source positiombove has been applied to correct for the different elevations
(20° < a < 65°) into an estimate of the background rate.  and weather conditions at the time of observation.

In order to provide the most complete coverage possible of Also shown is the corresponding light curve in the-
the source light curve, data have been taken under all weathdr2 keV range as measured by the All Sky Monitor (ASM) on
conditions and over a wide range of zenith angles. To the firsboard the Rossi X-Ray Timing Explorer satellite. Mkn 421
order, the effect of these different conditions on the measureghowed a clear increase in X-ray activity during this period.
gamma-ray rate can be corrected by the use of a “throughin Fig. 2 we plot the daily averaged TeV gamma-ray flux ver-
put” factor derived from the spectrum of the total amount sus the daily averaged X-ray flux. There is evidence for a cor-
of light (size produced by background cosmic ray images. relation between the two wave bands, with a straight line fit
The sizespectrum is first measured for a reference run andgiving ® x (counts sec™1) = 0.90+1.16® 7.y (Crab units).
the throughput factor for each run which produces the sam&he TeV data have again been corrected for throughput; a
sizespectrum as the reference run is then calculated by a similar fit using uncorrected Whipple data taken under good
minimization. The gamma-ray rate can then be found by ~ weather conditions only yields@? value of 470 for 54 de-

grees of freedom, with a linear correlation coefficient=

measured rate 0.67
true rate = ——————~ .
throughput®

. . . 4.2 Short Term Variabilit
wherea = 1.5 is the assumed integral spectral index for the Short Term Variability

source. Tests using data from observations of the Crab Nebrpa timescale of flaring emission in AGN is an important
ula indicate that this parameter provides a reasonably acCys,rameter to measure as it can be used to constrain the size
rate correction for changes in both weather and zenith angley¢ ihe emission region. During the 2000/2001 season the TeV
conditions (S. Le Bohec, private communication). emission from Mkn 421 was clearly variable over the course
of a night; some examples of this are shown in Fig. 3. The
throughput correction method is still rather preliminary and
so has not been used in the searches for short term variability
4.1 Light Curves and Correlation with the X-ray flux described in this section. We have instead used only data
taken under good weather conditions and above an elevation
The Mkn 421 light curve for 2000/2001 up until Apgfrt® of 45°.
2001 is shown in Fig. 1. The throughput correction described The scale of the variability of a source can be quantified by

4 Results
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(Aharonian et al., 1999a). Fig. 4 shows the distribution of

8 8 Chi2/ndf =613.7 /65 7 for each consecutive pair of runs where Mkn 421 was de-
£ | Daily Averages (All runs) PO =0.8977x 0.06004 tected with a significance 20. The distribution is symmet-
3 o Corrected for Throughput pl =1.157+0.04384 rical, implying that the rising and falling behaviour of the
z L emission levels are not systematically different. The shortest
< . . . .
r 7 values are ofv 30 mins, that is, the duration of a typical
4; run. It therefore seems worthwhile to search for variability

within each run.
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Fig. 2. The correlation of the TeV gamma-ray rates with one-day r
ASM quicklook count rates. The linear correlation coefficient .

0.63. : J
N

measuring the time gradient between two points. Assuming i
an exponential increase or decay in the flaring behaviour, we ' [ H H H H HH HH (
PRI N T I A AT A vt A

calculate the time constant

A 0—1000 -800 -600 -400 -200 0 200 400 600 800 1000
s 8t T (mins)
AIH(I)TEV

whereAt is the time difference between each run @dd®;.;, Fig. 4. The distribution of the exponential rise/decay constant for
is the difference between the logarithms of the measured fludjacent runs. Only values of less thas1000 mins are shown.
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We have searched for variability by applyingiatestfor 5 Conclusions

a constant rate with bin sizes of three and nine minutes. The _ _ - .
distributions of the raw probabilities?, =, that the emission ~ The extreme flaring behaviour exhibited by Mkn 421 in 2000/

is constant about the mean are shown in Fig. 5. Search2001 constitutes the most sustained high state we have seen
ing for variablility over many runs imposes a large statisti- from this source; the average gamma-ray rate over the pe-
cal penalty and we correct for the number of triais,using ~ riod of the observations was 1.5 times the steady gamma-ray
Peorr = 1—(1— pX2)N, After applying this correction there rate from the Crab Nebula. We have shown that the variabil-
is no evidence for significant variability within any single run ity of the TeV and X-ray emission is correlated, and found
on either timescale. The rates for the runs with the lowesthat the shortest timescale for variability at TeV wavelengths

probability of constant emission at both timescales tested aré < 30 mins, confirming the behaviour previously observed
shown in Fig.6. from this source. There have been various reports of a pe-
riodic or quasi-periodic component to the gamma-ray and
X-ray emission from Mkn 501 during its 1997 high state
(Nishikawa et al., 1999; Kranich et al., 1999; Hayashi et al.,
veriepllity within @ run. 5 minute Bins 1999; Fegan et al., 1999), although the results appear incon-
clusive. A search for similar periodicities in the Mkn 421
data from the 2000/2001 season is underway.
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Variability within a run, 9 minute bins
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Fig. 6. Rate vs time for the runs with the lowest probability
of constant emission at both timescalébop MJD 51930.3334,
P.orr = 0.5. Bottom MJD 51943.4825P.,» = 0.1



