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Abstract. The well-studied VHE (F > 100 GeV) 0.5 days [2]. Mrk 501 also showed strong flaring activity
blazar Mrk 501 was observed between March and at X-ray energies during that time. The obtained X-ray
May 2008 as part of an extensive multi-wavelength spectrum was very hard and the synchrotron peak was
observation campaign including radio, optical, X-ray found to be ait~ 100 keV, about 2 orders of magnitude
and VHE gamma-ray instruments. Mrk 501 was in higher than in previous observations [3]. In the following
a low state of activity during the campaign, with a years Mrk 501 only showed a logray emission at the
VHE flux of about 20% the Crab Nebula flux. Despite order of 20-30% the Crab Nebula flux together with a
the modest flux level significant flux variations could few single flares of higher intensity. In 2005, the MAGIC
be observed in X-rays. Strong variations were also telescope was able to observe Mrk 501 during another
seen inv-rays although obscured by large measure- high emission state which, although at a lower flux level
ment errors. Overall Mrk 501 showed an increased compared to 1997, showed flux variations by an order of
variability when going from radio to ~-ray energies. magnitude and unprecedented flux doubling time scales
The broad band SED during the two different down to a few minutes [4]. Mrk 501 was target of many
emission states of the campaign was well describedmulti-wavelenght (MWL) campaigns (e.g. [5], [6], [7],
by a homogeneous one-zone SSC model. The best-fif8]) mainly covering the object during a flaring activity.
results were obtained using a magnetic field strength The data presented here were taken between March 25th
B = 0.19 G, a Doppler factor 6 = 12 and a broken and May 16th, 2008 during an extended MWL campaign
power-law electron spectrum with slopesn; = 2.0 covering radio (EFfelsbert, IRAM, Medicina, Metsahovi,
and ny = 4.2 for the low and n, = 3.6 for the Noto, RATAN-600, VLBA), optical (GASP/KVA), UV
high state respectively. Besides the electron spectrum (Swift/UVOT), X-ray (RXTE/PCA, Swift/XRT) andy-
slope, the break energyy,,..r also had to be adjusted ray (MAGIC, Whipple, VERITAS) energies. The dura-
in order to fit the low (vurear = 2.2 - 10%) and high tion as well as energy coverage of this particular Mrk
(Vorear = 2.6 - 10°) emission states. 501 campaign is rather unique.
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1. LIGHT CURVES

| INTRODUCTION Figure 1 shows the normalized light curbefor a

Mrk 501 is a well known nearby (redshift z=0.034)election of the instruments involved in the campaign.
blazar which was first detected at TeV energies by ﬂﬁ]e different ||ght curves cover the optica| R band
Whipple collaboration in 1996 [1]. In subsequent yeargsASP/KVA), the UV band (Swift/UVOT), the X-ray
Mrk 501 was regularly observed and detected at VHE pand (RXTE/PCA) and the VHE band (MAGIC and
rays by many other Cherenkov telescope experiments\JERITAS). The average flux values in the different

particular during 1997 when it showed an exceptionalnergy bands are given as: 3.8? mJy (GASP / KVA),
strong outburst with peak flux levels up to 10 times the

Crab Nebula flux and flux doubling time scales down to 1Each individual light curve was normalized onto its average
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Fig. 1: Combined normalized lightcurves for a selection ld instruments taking part in the campaign. Only
statistical errors are shown.

3.4? mCrab (RXTE/PCA), xxx (Swift/UVOT) and 20%
the Crab nebula flux (MAGIC and VERITAS). Other w
instruments providing valuable data (like Swift/XRT or
Whipple) have been omitted for the sake of clarity in

this plot. As can be seen, flux variations are large at 03
X-rays and~y-rays, but rather small at UV and in the

optical. Due to the small error bars in the X-ray data, 02
the most significant flux variations could be observed

at these energies. The plot also shows some evidence 0.
for a correlated flux variability at X-rays and VHE

~-rays indicating a low emission state between MJD 0
54550 and 54560 and a somewhat stronger emission

during MJD 54560-54574 and MJD 54574-54602, the e S T N T T
latter two regions only separated by the data gap at e 4z 02 468 |1° 12
most frequencies. These three regions were also used 00 EleV)
separately as part of the SED analysis presented beldu@. 2: Fractional variability parametéf,, as derived

Variability patterns will be discussed in the followingaccording to [9] for all the instruments that participated
two sections. in the campaignF’,,,- was computed using the measured

fluxes from the individual single night observations ex-
[1l. VARIABILITY cept for Swift / BAT for which data integrated over one
We followed the description given in [9] to quantifyweek was used. Vertical bars dendter uncertainties,

the flux variability by means of the so-called fractionair°izontal bars_lndlcate the approximate energy range
variability parameterr,,,.. In order to account for the covered by the instrument. The red arrows indicate 95%

individual flux measurement errors ., ;) the 'excess confidence level upper limits.
variance’ ([10], [11]) as an estimator of the intrinsic

source flux variance. This is the variance after subtracté

ing the expected contribution from measurement errof&:rr ~ the average mean squared error, all determined

F,.r was derived for each individual instrument takinggr a given instrument (energy bin). The uncertainty on

part in the campaign which covered an energy range<” Is estimated according to:
from radio frequencies at-8 GHz up to very high
energies atv10 TeV. F,,, is calculated as: 2 1
AF,q = —Jerr 2 )

0.4
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Foar = T2 (1) Fig. 2 shows the derived’,,, values for all instru-
Y

ments that participated in the MWL campaign. Note
Here < F., > denotes the average photon flux,the that several instruments show a negati¥g,,, even
standard deviation of th&/ flux measurements and though the vertical error bars are large and almost reach
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positive F,,,- values. These points are due to a negative
excess variance where 2. > is larger thanS2.

err

This can happen when there is little variability and/or
the individual flux errors are slightly overestimated. In 0.5 ' T
order to avoid imaginary numbers in those cases we +/>’<°(
take the negative excess variance in eq. 1 and Biyg 0
a negative sign, too. Essentially such a result can be
interpreted as no signature for variability in the data of
that particular instrument, either because a) there was no
variability or b) the instrument was not sensitive enough
to detect it. T
The plot, on the other hand, also shows significant vari- Time lag [days]
ability detected with various other instruments during the (a) RXTE vs. Magic
campaign. Essentially all instruments observing at opti-
cal or larger frequencies recorded variability. The plot .
also shows some evidence that the recorded flux variabil-
ity increases with energy: in the optical R band (ground
based telescopes) and the 6 filters from SwifttUVOT
the variability is around 2-4%, in X-rays it is about
13%, and at VHE at the 20% level, although affected 0
by large error bars (due to the large uncertainties in
the flux measurements). The radio instruments show no
evidence for variability, with the exception of Metsahovi, -
that shows 7+/-2 %.

In the Synchrotron Self-Compton (SSC) framework,
the observed flux variability contains information on the (b) RXTE vs. XRT

dynamics of the underlying population of relativistic_ o i _ i
electrons (and possibly positrons). In this context, tHg9- 3: Discrete Correlation Function for time lags

general variability trend reported in Fig. 2 suggests thgPanning from -10 to +10 days in steps of 2 day. The
the flux variations are produced by the injection o8"€Y ba_nd represents the expected fluctuation c_)fthe DQF
energetic particles, that are characterized by shortdr cod?!Ues in the case of completely uncorrelated time series
ing timescales; causing the higher variability amplitug@Ven the error bars from the actual observations.
observed at the highest energies.
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V. SEDMODELLING
IV. MULTIFREQUENCY CROSSCORRELATIONS

alABLE I: The SSC-model parameters used to describe
mae broad band SED for different flux states of the
ﬁampaign

In order to study the multi-frequency cross correl
tions between the different energy bands we used t
Discrete Correlation Function (DCF) as described i

[12]. This method can also be applied in the case o 12008 2008 2005 2005
unevenly sampled data as taken in this campaign. high state| low state | high low
The DCF was de”ved fOI’ a” dlf'fel'ent C0mblnatI0nS Of Voreak 2.6 - 105 2.9. 105 1.0 - 106 1.0 - 105
instruments / energy regions and, in addition, also fon n 2.0 2.0 2.0 2.0
artificially introduced time lags (ranging from -10 to +10 N 3.9 4.2 3.9 3.22
d bet the individual light curves. Such time lags B [C] 0-19 0-19 0-23 031
ays) between gr - 1899 Kem=3] | 1.8-10% | 1.8-10% | 7.5-10% | 4.3-10%
may occur as a result of spatially separated emission R [cm] 3-101% | 3-10'5 | 1.10%5 | 1-10°
regions of the individual flux components, as expected J 12 12 25 25

e.g. in External Inverse Compton models, or may be

caused by the energy dependent cooling time-scales ofThe broad band SED of Mrk 501 for the three
the emitting electrons. different time periods defined above, together with some
Based on the MWL data from this campaign, only signifhistorical data fromt the 2005 low and high state of the
icant correlations for the pairs RXTE/PCA - Swift/XRTobject are shown in Fig. 4. The host galaxy contribution
and also (less significant) RXTE/PCA (or Swit/XRT)(12.0 + 0.3 mJy [13]) has been subtracted from the
with MAGIC (or VERITAS) have been found (Fig. optical (KVA) data while they-ray spectra have been
3a and 3b). In both cases the maximum DCF valumrrected for EBL absorption using the ’low-IR” model
is obtained for a zero time lag. Due to the modesif [14]. The results from a one-zone SSC model fit
flux variability and / or large flux errors no strongto the different data sets are also shown in the figure
conclusions could be drawn from this analysis. as dashed lines. The model code was developed by
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Fig. 4: Broadband SED for Mrk 501 as obtained during this caigmpin comparison to a past low and high state
from 2005. The results from a SSC model fit to the data are shasvgolid and dashed lines.

Tavecchio et al. ([15], [7]) and is based on the following
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of the model parameters were required in order to adjus®!
the model to the two states. The proposed explanation
for the low - high state transition is the injection of fresh,
high energy electrons which lead to a shift of the.qx
energy and to a hardening of the spectrum.

The discrepancy between the model and the data at lower
energies (radio, optical) can be caused by synchrotron
radiation from additional, cooler electron populations
located further down the jet. In comparison to the
historical 2005 SED the model parameters have changed
significantly. We attribute this difference to the sparse
energy coverage of the 2005 data which does not allow
to constrain the large number of model parameters
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