1504.06115v2 [astro-ph.GA] 27 Apr 2015

arXiv

Mon. Not. R. Astron. Sod00, 1-12 (2015) Printed 28 April 2015 (MNAIEX style file v2.2)

MAGIC detection of short-term variability of the high-peaked BL
L ac object 1ES 0806+524

J. Aleksi¢, S. Ansold?, L. A. Antonelli®, P. AntoranZ, A. Babic®, P. Bangal®, J. A. Barrid, J. Becerra Gonzalé?®, W. BednareR, E. Bernardini©,
B. Biasuzz?, A. Biland!, O. Blanch, S. Bonnefoy, G. Bonnol?, F. Borracf, T. Bret2226, E. Carmon&, A. Carost, P. Coliff, E. Colombd,
J. L. Contrera§, J. Cortind, S. Covind, P. Da Vel4, F. Dazz?, A. De Angeli€, G. De Canev®, B. De Lottd, E. de Ofia Wilhelnt?, C. Delgado Mendéz,
F. Di Pierr@, D. Dominis Presté; D. Dornef?, M. Doro'®, S. Einecké®, D. Eisenaché?, D. Elsaesséf, A. Fernandez-Barr4| D. Fidalgd , M. V. Fonsec,
L. Font’, K. FrantzeR®, C. Fruclé, D. Galindd®, R. J. Garcia Lop&z M. Garczarczyk®, D. Garrido Terrats’, M. Gaud”’, N. Godinovi®, A. Gonzalez
MufioZ, S. R. Gozzini®, D. Hadasck*?7, Y. Hanabat®, M. Hayashid&’, J. Herrerd, J. Hosé, D. Hrupeé, W. Ided, V. Kadeniug®, H. KellermanA,
M. L. Knoetig!!, K. Kodant®, Y. Konnd'®, J. Kraus& H. Kubd'®, J. Kushidd®, A. La Barberd, D. Lela®, N. Lewandowsk¥, E. Lindfors%28,
S. Lombardi, F. Longd, M. LépeZ, R. Lopez-Cotd, A. Lopez-Oramas E. Loren?, |. Lozand, M. Makariev?, K. Mallot'?, G. Maneva!, K. Mannheint?,
L. Marascht, B. Marcoté®, M. Mariotti®, M. MartineZ, D. Mazirf, U. Menzef, J. M. Mirand4, R. Mirzoyarf, A. Moralejot, P. Munar-Adrovel,
D. Nakajimd?®, V. Neustroe?®, A. Niedzwieck?, M. Nievas Rosilld, K. Nilssorf®28, K. Nishijimal®, K. Nod&, R. Orito'?, A. Overkempind®, S. Paian®,
M. Palatiell#, D. Panequ® R. Paolettt, J. M. Paredé$, X. Paredes-Fortur§, M. Persié 2%, J. Poutanét?, P. G. Prada MoroA?, E. Prandini®30, I. Puljalé,
R. Reintha?® , W. Rhodé®, M. Rib6!8, J. Ricd, J. Rodriguez Garcfa T. Saitd?, K. Saitd®, K. Sataleckd, V. Scalzottd®, V. Scapid, C. Schult?5*,
T. Schweize?, S. N. Shoré?, A. Sillanpa&°, J. Sitarek, I. Snidari®, D. Sobczynski A. Stamerra, T. Steinbring?, M. Strzy$, L. Takald®, H. Takami?,
F. Tavecchid*, P. Temniko¢!, T. Terzi®, D. Tescar®, M. Teshim@&, J. ThaeléS, D. F. Torre$®, T. Toyam4, A. Treveg4, P. Voglet!, M. Will 8, R. Zanirt8,
K. BergePl, S. BusoA®™, F. D’Ammandd?, D. Gasparrint>34, T. Hovatt&> 3¢, W. Max-MoerbecR?, A. Readheatf, J. Richard®®

(Afiliations can be found at the end of the article).
Accepted 2015 April 20. Received 2015 April 13; in originatrh 2014 November 12

ABSTRACT

The high-frequency-peaked BL Lac (HBL) 1ES 08824 (z= 0.138) was discovered in VHErays in 2008.
Until now, the broad-band spectrum of 1ES 08684 has been only poorly characterized, in particular ah hig
energies. We analysed multiwavelength observations fraays to radio performed from 2011 January to March,
which were triggered by the high activity detected at optfoaquencies. These observations constitute the most
precise determination of the broad-band emission of 1IES$-88®4 to date. The stereoscopic MAGIC observations
yielded ay-ray signal above 250 GeV of (B+ 0.7) per cent of the Crab Nebula flux with a statistical signifiza
of 9.9¢. The multiwavelength observations showed significantakglity in essentially all energy bands, including
a VHE y-ray flare that lasted less than one night, which providedergzlented evidence for short-term variability
in 1ES 0806-524. The spectrum of this flare is well described by a powervativ a photon index of 37 + 0.29
between~150 GeV and 1 TeV and an integral flux of33- 1.9) per cent of the Crab Nebula flux above 250 GeV. The
spectrum during the non-flaring VHE activity is compatibléhathe only available VHE observation performed in
2008 with VERITAS when the source was in a low optical statee Broad-band spectral energy distribution can be
described with a one-zone Synchrotron Self Compton modél parameters typical for HBLs, indicating that 1ES
0806+524 is not substantially fferent from the HBLs previously detected.

Key words: BL Lacertae objects: individual: LES 086524 - galaxies: active - galaxies: jets
- gamma rays: galaxies - radiation mechanisms: non-thermal

1 INTRODUCTION the axis of the accretion disc of matter that surrounds arsuge
sive black hole (e.gBlandford & Rees 1974 Numerous AGNs
are known to be blazars, characterised by relativistic giisely
aligned to the line of sight of the observer. Based on theiicap
spectra, blazars are divided into two classes: flat spectadio
quasars (FSRQ) that show broad emission lines, and BL Lacer-
tae objects (BL Lacs) characterised by the weakness or dven a
sence of such emission line®/¢ymann et al. 1991Stickel et al.
1997). Depending on the frequency of the low-energy peak of the
spectral energy distribution (SED) the latter class is sided
into high- (HBL), intermediate- (IBL), and low- (LBL) fregncy-

* Corresponding authors: C. Schultz, E-mail: cornelia.Kzf@pd.infn.it, peaking BL Lac objectsRadovani & Giommi 199p The Tuorla

S. Buson, E-mail: buson@pd.infn.it, R. Reinthal, E-maiein@utu.fi, F. Blazgr Monitoring P.rogramT(akaI.o et f.i|- 200Bm0nit0rsalsample
Tavecchio, E-mail: fabrizio.tavecchio@brera.inaf.it of objects in the optical band, triggering VHE observatibyshe

Active galactic nuclei (AGN) are among the most variablecols

in the known Universe. Their broad-band energy spectrum-spa
ning from radio to very high energy (VHE, & 100 GeV)y rays
can be characterised by two distinct peaks: one in the sukienm
X-ray range, commonly interpreted as synchrotron radiatémd

a second one in the-ray band that is hypothesised to originate
from inverse Compton scattering of photons. The emissiasis
sumed to originate from relativistic particle jets launghedong
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MAGIC (Major Atmospheric Gamma-Ray Imaging Cherenkov)
telescopes during high optical stateslkert et al. 2006 20073
20083 Anderhub et al. 200%Aleksit et al. 20124). This allowed
the discovery in VHEy rays of several blazars, especially HBLs
and leads to the suggestion that in HBLs a high optical ssatigor
ically accompanied by a high state in VHEays. In some cases,
studies of broad-band emission confirm a possible connebie
tween the two wavebands (e&haronian et al. 200Aleksic et al.
20129 whereas in other sources this seems to be only partially the
case (e.gFoschini et al. 200,72008).

1ES 0806-524 (RA 08:09:49.18673, DEC
52:18:58.2507; J2000, Petrov & Taylor 201) is classi-
fied as a BL Lac $chachter etal. 1993with a redshift of
0.138 Bade etal. 1998 It was suggested as a VHE candidate
(Costamante & Ghisellini 20Q2with a predicted intrinsic flux
of Fe.o3Tev 1.36 x 10" cm?st. Several VHE observa-
tions have been carried out by the Whipple Collaboration and
the HEGRA Collaboration yielding flux upper limits above
300GeV Horan etal. 2004 de la Calle Pérez etal. 20p3and
1.09 TeV @haronian et al. 2004 respectively.

In 2008, the VERITAS Collaboration reported the first de-
tection of 1ES 0806524 in the VHEy-ray band Acciari et al.
2009. The collected data set spanned from 2006 November to
2008 April yielding a total of 245 excess events with a signifi
cance of 6.3. The integral flux above 300 GeV corresponded to
1.8 per cent of the Crab Nebula flux, which is below earlier up-
per limits obtained by MAGIC-I observations in 2005 (5.6 per
cent C.U! above 230 GeVAlbert et al. 2008b7.2 per cent C.U.
above 140 GeVAleksit et al. 2011 No significant variability on
a monthly timescale (thg?/d.o.f? for a fit with a constant is
6.785; Acciari et al. 2009 could be established for this object.
The spectrum was obtained only for a subset of data taken with
four telescopes during winter 20@D08. Accordingly, the spec-
tral characteristics were poorly defined. Thus, the spetidex
was measured to be 3#61.00.3ys in a narrow range between
300 GeV and 700 GeV. The time-independent version of the one-
zone jet radiation transfer code Bbttcher & Chiang(2002), with
parameters appropriate for a pure Synchrotron Self Con(®t6g)
model Maraschi & Tavecchio 20Q3vas able to describe the data
sufficiently well within the uncertainties.

In this paper we report the highly significant detection @ th
source with the MAGIC stereoscopic system during a flariagest
in 2011 February. We analyse in detail the variability arelgpec-
tral evolution of the source and present complementary fiaita
observations in high-energy (HE, 30 Me¥E < 100 GeV)y-rays
carried out by thd=ermi Large Area Telescope (LAT), in X-rays
performed by theSwift satellite and in the optical R-band by the
Kungliga Vetenskapsakademien (KVA) telescope. Radio data
erage is provided by the Owens Valley Radio Observatory (OYR
telescope at 15 GHz. Thanks to the good multiwavelength (MWL
coverage, we investigate the connection among these wagsba
Finally, we model the SED including all MWL data.

1 The integrated flux level in Crab units (C.U.) is obtained bymalizing
the integrated flux measured above a certain threshold tCithie Nebula
flux, which is considered to be stable, measured above the gaeshold.
2 d.0.f= Degrees of freedom.

2 OBSERVATION AND DATA ANALYSIS
2.1 MAGIC observations and data analysis

Since 2009 MAGIC has operated as a stereoscopic system of two
17 m Imaging Atmospheric Cherenkov Telescopes (IACTs)tkexta

at the Roque de Los Muchachos, La Palma, Canary Islands’(28.8
N, 17.8 W, 2225 m a.s.l.). Due to its low energy threshold (as low
as 60 GeV in normal trigger mode) and high sensitiyitlis a well
suited instrument for VHE-ray observations of blazars.

MAGIC observed 1ES 083624 between 2011 January and
March on 13 nights for a total exposure 24 h. The observa-
tions from February to March were triggered by a flux increase
the optical R-band as part of a dedicated MAGIC Target of @ppo
tunity (ToO) program to observe blazars showing high atstiat
other wavelengths. After applying quality selection cuasdd on
the event rate;3.8 h of data were discarded. Additionally, correc-
tions for the dead time of the readout system yielded féectve
observation time of 16.1 h. Part of the observations wengethout
under moderate moonlight conditions.

Observations were performed in the so-callegbble
mode Fomin et al. 199%during which both telescopes alternated
every 20 minutes between two sky positions with #iset of 0.4
from the source. The acquired data cover a zenith angle fim 2
to 46°.

The data analysis was performed using the MAGIC stan-
dard tool ‘MARS’ (Moralejo et al. 2009 including adaptations
to stereoscopic observations. Based on the timing informa-
tion (Aliu et al. 2009, and absolute cleaning levels, the image
cleaning was performed. The images were parametrized im eac
telescope individually according to the description ofi&tilHillas
1985.

For the reconstruction of the shower arrival direction the-r
dom forest regression method (RF DISP methAtEksic et al.
2010 with the implementation of stereoscopic parameters sach a
the impact distance of the shower on the ground and the hefght
the shower maximum was usddofmbardi et al. 201)L

To perform the gamma-hadron separation, the random forest
method was applied¥(bert et al. 2008 using the image parame-
ters of both telescopes and the shower impact point and ek
imum. Energy lookup tables were used for the energy recamstr
tion. An angular resolution 0£0.07 at 300 GeV and an energy
resolution as good as 16 per cent in the medium energy raege (f
hundred GeV) are achieved (details on the stereo MAGIC aisly
can be found irAleksic et al. 2012y

For sources with VHE~ray spectra similar to that of the Crab
Nebula, the sensitivity of the MAGIC stereo system is besivab
250 - 300 GeV. For sources with spectral shapes softer thetn th
of the Crab Nebula, the best performance occurs at sligbiiei
energies. Consequently, we chose 250 GeV as the minimurgyener
to report signal significances ameray fluxes in light curves, while
for the spectral analysis, in order to use all the availablerma-
tion, we also considered energies well below 250 GeV, wheze t
analysis of the MAGIC data can still be performed.

2.2 Fermi-LAT data analysis

1ES 0806-524 has been observed by the pair conversion telescope
Fermi-LAT optimised for energies from 20 MeV up to energies be-

3 Better than 0.8 per cent of the Crab Nebula flux in 50 h of olisgrime
above 290 GeVAleksit et al. 2012y
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yond 300 GeV Atwood et al. 2009 In survey mode théermi
LAT scans the entire sky every three hours. The data sampiehw
consists of observations between 2010 November 22 and 201 J
13, was analysed with the standard analysis gpiike, part of the
FermiScience Tools software package (version 09-27-01) availab
from theFermi Science Support Center (FSSC)

We selected P7CLEAN events located in a circular region of
interest of 10 radius centred on the position of 1ES 08624.

To reduce the contamination from the Earth-limbays produced
by cosmic-ray interactions with the upper atmosphere, deate
restricted to a maximum zenith angle of 100

For they-ray signal extraction, the background model used
included two components: Galactidldise and an isotropic fluse
emission, provided by the publicly available files @glearp7v6-
trim_v0.fits and isop7v6clean.bd.

The model of the region of interest (ROI) also included
sources from the secorfeermi-LAT catalog (2FGL;Nolan et al.
2012 that are located within T50f 1ES 0806-524. These sources,
as well as the source of interest, were modelled with a power |
spectral shape with the initial parameters set to their 2WalL
ues. In the 2FGL catalog 1ES 08&&24 is associated with the
source 2FGL J0809:%6218, which has been reported with a flux
of (22+0.3)x 108 cm? st and a photon index of (34+ 0.06) in
the 2FGL catalog. When fitting, the spectral parameters wfces
within 10° from our target were allowed to vary while those within
10° - 15° were fixed to their initial values.

During the spectral fitting, the normalizations of the back-
ground models were allowed to vary freely. Spectral pararset
were estimated from 300 MeV to 300 GeV using an unbinned max-
imum likelihood techniqueNlattox et al. 199%taking into account
the post-launch instrument response functions (IRF; fipatly
P7CLEANLV6, Ackermann et al. 2092

During the MAGIC observing period, the source was not sig-
nificantly detected on a daily basis. To ensure a good compsm
between having a significant detection in most of the inferaad
details on the temporal behavior of the source, the lightewas
produced with weekly binning. Flux upper limits at 95 per tcen
confidence level were calculated for each time bin where éke t
statistic (TS) value for the source was below 9 (see secB@).

The systematic uncertainty in the flux is dominated by the sys
tematic uncertainty in thefkective area, which is estimated to be
10% at 100 MeV, decreasing to 5% at 560 MeV, and increasing to
10% at 10 GeVAckermann et al. 2002 The systematic uncertain-
ties are smaller than the statistical uncertainties of #ita goints
in the light curve and spectra.

2.3 Swift observations and analysis

Beside its prime objective of detecting and following wgay
bursts, since its launch in 2004 November tBeift Gamma-

various purposes due to its fast response and its MWL abil-
ities (Gehrels etal. 2004 Swift hosts three telescopes opti-
mised for diferent energy ranges: the Burst Alert Telescope
(BAT; Barthelmy etal. 2006 suited for observations between
15-150keV, the X-ray telescope (XRTBurrows etal. 200b
with a 0.3-10keV coverage and the YDfptical Telescope
(UVOT; quing et al. 200poptimal for observations within the
1800-600A wavelength range.

Following the VHEy-ray flare detection of 1ES 080624
by MAGIC (Mariotti et al. 201}, Swift ToO observations were re-
quested and performed from 2011 February 26 to March 2; five ob
servations together with MAGIC. A high-activity state oétsource
was confirmed reporting clear variability in X-rayStamerra et al.
2011). The source was monitored with ti&wifyXRT in photon
counting (PC) mode with 2 ks snapshots each night for a total ex-
posure time of 10 ks.

The data processing was performed with #repipeline
v0.12.6 distributed by HEASARC as part of the HEASoft pack-
age. Events with grades 0-12 (according to 8wift nomencla-
ture; Burrows et al. 200bwere selected for the PC data and the
response matrices included in tBwift CALDB” were applied. All
observations showed a source count rat.5 counts s, thus
pile-up correction was required. We extracted the souremtev
from an annular region with an inner radius of 3 pixels (eatia
by means of the point spread function (PSF) fitting technique
seeMoretti et al. 200% and an outer radius of 30 pixels, while
background events were extracted from an annular regiotnezkn
on the source with radii of 70 and 120 pixels. Ancillary resge
files were generated witkrtmkarf, and account for dierent ex-
traction regions, vignetting and PSF corrections.

We fit the spectra in the 0.3-10 keV energy range. The spec-
tra were rebinned with a minimum of 20 counts per energy
bin so that they? minimization fitting technique could be used.
The spectral analysis was performed with XSPERehaud 1996
adopting a simple power law model that includes a hydrogen-
equivalent column density fixed to the Galactic vahte¢ = 4.1 x
10?°°cm? (Kalberla et al. 2005

SwiffUVOT data were taken with the ‘filter of the day’ (ei-
ther U, UVW1, UVM2, or UVW?2 filter;Poole et al. 2008chosen
day by day by theSwift science planners. We analysed the data
using theuvotsource task included in the HEASOFT package.
Source counts were extracted from a circular region of Searcs
radius centred on the source, while background counts were d
rived from a circular region of 10 arcsec radius in the someigh-
borhood. Conversion of magnitudes into dereddened fluxitiens
was obtained by adopting the extinction valegB — V) = 0.039
from Schlegel, Finkbeiner & Davi§l998, the mean Galactic ex-
tinction curve inFitzpatrick(1999 and the magnitude-flux calibra-
tions byBessell, Castelli & Plef1998.

Ray Burst observatory has become an instrument suitable for24 Optical observations and data analysis

4 http://fermi.gsfc.nasa.gov/ssc/

5 httpy/fermi.gsfc.nasa.ggssg¢datgaccesgat/BackgroundModels.html

6 The test statistic value quantifies the probability of hgvanpointlikey-
ray source at the location specified. It corresponds routghtiie standard
deviation squared assuming one degree of freeddattox et al. 1995
The TS is defined as2log(Lo/L), whereLg is the maximum likelihood
value for a model without an additional source (i.e. theI'ilmypothesis’)
and L is the maximum likelihood value for a model with the additibn
source at the specified location.

The optical data used in this study were obtained with the KVA
located at the Roque de los Muchachos observatory on La Palma
and consisting of two telescopes mounted on the same fork. Th
smaller, a 35 cm Celestron, is used for photometric measmtm
while the larger, a 60 cm one, is used for polarimetric observ
tions. They are operated remotely from Finland. The photome

7 http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/swift/
8 http://www.astro.utu.fi/telescopes/60lapalma.htm
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measurements are performed in the optical R-band usiffigr-di
ential photometry, by having the target and the calibratech-c
parison stars in the same CCD imagé&sofucci, Tosti & Rizzi

1998. The magnitudes of the source and comparison stars are mea-

sured using aperture photometry and converted to lineardium
sities according to the formulg(Jy) = Fo x 10M9%-25 where
Fo is a filter-dependent zero poinE{ = 3080 Jy in the R-band,
from Bessell 1979 To obtain the AGN core emission, contribu-
tions from the host galaxy and possible nearby stars thatcatifed
overall flux have to be subtracted from the obtained value@s&h
values were determined WNilsson et al(2007) and in the case of
1ES 0806524 the host galaxy contribution of (0.690.04) mJy
was subtracted from the overall flux.

The KVA telescope is operated under the Tuorla Blazar Mon-
itoring Prograr, which has been running as a support program
to the MAGIC observations since the end of 2002. The project
uses the Tuorla 1 m (located in Finland) and the KVA telessope
to monitor candidates (fronCostamante & Ghisellini 20Q2and
known TeV blazars in the optical waveband and to providgster
MAGIC on high states of these objects in order to triggerdioH
up VHE observations. 1ES 088624 was one of the objects on the
original target list and has therefore been monitored styusince
the beginning of the program. The object had been relatigety
mant over the last years, showing some variability but ntiqdar
flaring activity. The large flare occurring at the end of 20%8¢(
sectior3.2) is by far the largest optical activity recorded from this
source during the last ten years, although this kind of ftagn-
tivity is not uncommon in the optical light curves of otheabhrs
observed within the Tuorla monitoring program.

25 OVRO dataanalysis

Observations at 15 GHz were carried out with the 40 m OVRO
radio telescope, located in California. The observatiohdES
0806+524 were carried out in the framework of a blazar monitor-
ing program Richards et al. 20))Imeasuring the source flux den-
sity twice a week. Occasional gaps in the data sample areadue t
poor weather conditions or maintenance. Observations pere
formed using a Dicke-switched dual-beam system, with argkco
level of switching in azimuth to alternate between sourag siy

in each of the two horns, which removes much of the atmospheri
and ground interferenc®gadhead et al. 1989The data were cal-

ibrated against 3C 286 with an assumed flux density of 3.44 Jy

at 15 GHz Baars et al. 1977 The data were analysed using the
pipeline described iRichards et al(2011).

3 RESULTS
3.1 MAGICresults

Above an energy threshold of 250 GeV the MAGIC data yieldefaft
event selection cuts) an excess of +4& events in the distribution

of the squared angular distangebetween the reconstructed event
direction and the catalog position of 1ES 08824, i.e. in the so-
called ‘On’ region. The background level of 1346 events was
calculated from three equivalent fOregions, located at 90 180

and 270 with respect to the reconstructed source position in the
camera, applying the same event selection cuts (ig.

9 Project web pagéittp://users.utu. fi/kani/1m/
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Figure 1. Distribution of the squared angular distang®) for the on-source
counts in the direction of 1ES 088624 (black points with error bars) and
the normalised fi-source events (gray histogram and open black squares)
extracted from three background regions which are locate@6°a180 and

270 with respect to the reconstructed source position in theecanThe
signal is extracted in thé?-region indicated by the vertical dashed line.
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Figure 2. VHE y-ray flux (E> 250 GeV) of 1ES 0806524 for the single
MAGIC observations performed in 2011. The red arrows cpoed to 95
per cent confidence upper limits, which were computed footiservations
where the interval flux: error contains zero. The measured fluxes for these
intervals are also shown (gray circles).

The significance of the event excess corresponds to 8-
culated with formula [17] of Li & Ma (1983). During the MAGIC
observations, the source underwent a flaring event on Februa
24 (Mariotti et al. 201). Within 3.0 h of observation an excess of
50+ 8 events (15 2 background events) above 250 GeV was mea-
sured corresponding to a confidence level ofd7.After excluding
the flare of February 24 from the data set, the remaining MAGIC
observations (13.1 h) still show a significant detection ®£915
excess events (99 6 background events) above 250 GeV corre-
sponding to 7.3. In the following, we will refer to the VHE/-ray
flare as the high state. The low state refers to a low actikityHE
v rays including the remaining MAGIC observations.

The integral flux above 250GeV was .95+ 1.1) x
102cm2st corresponding to (3 + 0.7) per cent C.U. Exclud-
ing the flare, the integral flux was measured to bd 31.0) x
10*2cm? s corresponding to (9 + 0.7) per cent C.U. (A +0.7
per cent C.U. above 300 GeV). This result is in good agreement
with the flux level above 300 GeV reported by VERITAS in 2009
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Figure 3. Unfolded high-state dierential energy spectrum of 1ES
0806+524 measured by MAGIC on 2011 February 24. The open black
triangles correspond to the measured spectrum to which plesipower

law (solid black line) is fitted; the filled blue triangles depthe mea-
sured spectrum after correction for the EBL attenuatiomgishe model

by Dominguez et al(2011). For comparison, the observed spectrum and
derived upper limits (gray squares and arrows respecjiyaiplished by
VERITAS (Acciari et al. 2009 and the Crab Nebula spectrum (red dashed
line) published by MAGIC Albert et al. 2008y are shown. See text for
further details.

(1.8 per cent C.U.Acciari et al. 2009. During the night when the
source was flaring the integral flux wasg# 0.3) x 107**cm? st
equal to (9B + 1.9) per cent C.U. The flare showed a flux-e8 o
above the mean flux lev@lwhich corresponded to a flux increase
of about a factor of three (Fig). No intra-night variability was
found during the VHE/-ray flare within the statistical and system-
atic uncertainties. Besides the first flare observed by MAGIC
2011 February 24 (MJE 55616), the VHE data showed a hint of
increasing flux towards March 2 (MJB 55622), when the source
was detected at5 o with a flux of (7.0 + 2.3) per cent C.U. above
250 GeV. Fitting the overall light curve with a constant ftioo
yields a probability of 0.5 per cent?/d.o.f. = 24.9210) for a non-
variable source. Since the nights before and after the javent
of February 24 showed a significantly lower flux, we assumetsho
term variability of the timescale of one day as an upper limit

The diferential energy spectra of the high and low states
are shown in Figs3 and 4 respectively. Both spectra can be
described with a simple power lavof the form dN/dE =
fo(E/500 GeV)" with a flux normalizationf, at 500 GeV of
(1.25+0.21)x 10 cm? s~ Tev* for the high and (89+1.04)x
102 cm?s ! Tev! for the low state. The photon inddx was
found to be 27 + 0.29 for the high and &5 + 0.36 for the low
state. The spectra have been unfolded using the Tikhonovitdim
to correct for the finite energy resolution of MAGIC. fBirent un-
folding algorithms as described Albert et al.(20070 were com-
pared and found to agree within errors.

To account for Extragalactic Background Light (EBL) attenu

10 The deviation from the constant flux level was computed biditig the
difference of the flux measured during the Vhiay flare and the mean
flux level by the sum in quadrature of the statistical errarste flux in the
high and mean flux levels.

11 The fits of the high and low state spectra with a power law have a
y?/d.o.f. of 0.883 (83 %) and 1.18 (76 %), respectively.
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Figure 4. Unfolded low-state dferential energy spectrum of 1ES
0806+524 measured by MAGIC in 2011. The open black triangles
correspond to the measured spectrum to which a simple poswer |
(solid black line) is fitted; the filled blue triangles depitie mea-
sured spectrum after correction for the EBL attenuatiomgishe model

by Dominguez et al(2011). For comparison, the observed spectrum and
derived upper limits (gray squares and arrows respecjiyaiplished by
VERITAS (Acciari et al. 2009 and the Crab Nebula spectrum (red dashed
line) published by MAGIC Albert et al. 2008)lare shown.

ation, a correction by means of the EBL modeDafminguez et al.
(201D*? was applied. The corrected spectral flux of the two dif-
ferent source states follows a power law parametrized byoa ph
ton indexI" = 2.30 + 0.52 and 215 + 0.59 as well as a flux nor-
malizationf, at 500 GeV (57 + 0.81)x 10t cm?s Tev-! and
(9.10+ 4.03)x 10*2cm? st Tev4, for the high (Fig.3) and low
state (Fig.4), respectively. The low state spectrum observed by
MAGIC shows a good agreement within errors with the observed
spectral points published by VERITAS. A comparison of thiedl
ential energy spectra describing thé&elient source states indicates
an increase in flux but no significant hardening of the speattru

3.2 Multiwavelength results

Figure 5 shows the long-term MWL light curves in VHE rays
(MAGIC), HE vy rays Fermi-LAT), X-rays (Swif), in the R-band
(KVA, Tuorla) and radio regime (OVRO telescope).

TheFermi-LAT light curve was produced fixing the power law
index of the source of interest to the value derived from gextal
analysis of the data set from 2010 November 22 to 2011 June 13,
i.e. 188+ 0.17.

Possible variations in the source emission in #Eys have
been tested following the same likelihood method describede
2FGL (Nolan et al. 2012 The method, applied to the data from
2010 November to 2011 June, indicates that the source is vari
able (TS, = 52 for 29 d.o.f.). When applied only to data taken
during the MAGIC observation period (MJB 55603 to MJD=
55622) the probability for constant emission increases3@er
cent (TSa/d.o.f.= 10.98). Considering the entire data sample, i.e.

12 This  model is among the most recent ones
(e.g. Franceschini, Rodighiero &Vaccari 200Binke, Razzaque &Dermer
201Q Gilmore et al. 201pand agrees within the uncertainties with other
models.
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Figure 5. MWL light curves of 1ES 0806524 from 2010 December to 2011 June. From top to bottom: \WHERys (red circles) by MAGIC, HE rays
(orange triangles) bifermi-LAT, X-rays (green squares) by SwifiRT, R-band (purple triangles) by KVA, and radio (blue diamds) by OVRO. The optical
data are corrected for the host galaxy contribution acogrth Nilsson et al. (2007). Upper limits at 95 per cent comfigelevel are indicated by downward
arrows. In the VHE light curve, upper limits (red arrows) ecenputed for the observations where the interval fitecror contains zero. The measured fluxes
for these intervals are also shown (gray circles). The idd& light curves are daily binned except for the light @iim the HE band from Fermi, where a
binning of seven days has been used. The horizontal dastesdréport the mean flux in each light curve.

from 2010 November 22 to 2011 June 13, the average flux level curring on February 1) with the highest flux (occurring on bfar

corresponds to (20+ 0.14)x 108 cm? s (E > 300 MeV).

2). A fit with a constant function yieldg?/d.o.f. = 150’5, showing

A smooth flux increase from the beginning of 2011 March @ clear X-ray variability and confirming the high-activitiate of
until 2011 mid-April reaching a maximum of &+ 1.3) x the source during the MAGIC observations performed at tloeoén

108 cm2s ! was observed with a delay compared to the other February and beginning of March.

wavelengths. Given the long integration time of seven

daygs, SwifflUVOT observations were carried out withffdirent fil-

clear conclusion regarding simultaneous source varighifith re- ters in the ultraviolet bands. The brightness of (14.8.03) mag
spect to that observed in VHErays can be drawn within the time  measured on March 2 in the UVW2 and UVM2 bands is al-
interval of the flare. In particular, during the night of theii y- most unchanged with respect to February 1 where a brightfess
ray flare the source was only marginally detected €78) in the (14.5+ 0.03) mag was measured. However, 1ES 0854 appears
FermiLAT energy band. about 1 mag brighter compared to the UV flux observed in 2008

In order to provide simultaneous coverage in this energgpan March. During the observations, the UV band photometry iaco
we computed the 95 per cent confidence level upper limit be- patible with a constant flux within the errors.

tween 300 MeV and 300 GeV for February 24 corresponding to In the R-band, the core flux showed a large increase over
7.2x 10" ergecm? s at a center energy of 580 MeV. the long-term base level starting from 2010 November (Ejgln

The X-ray spectra derived with the individugWifyXRT ob- the subsequent months the flux density continued to incnastde
servations are reported in TaldleThe time-averaged X-ray fluxin  reaching a maximum of (45 + 0.09) mJy (host galaxy subtracted)
the band 2-10keV is (5 +0.2) x 1012 erg cnt2 571, with a flux in- in the night of 2011 February 24 during the outburst in VHE

crease by about a factor of six when comparing the lowestflox ( rays; this was almost three times higher than the quiesdetd s
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Figure 6. Host-galaxy-corrected\jlsson et al. 200ylong-term light curve of 1ES 08@&24 of the optical R-band observed by the KVA telescope. Thg g
shaded area marks the period of the MAGIC observations id.2Die quiescent stat®éinthal et al. 201pis indicated as a dashed line.

Table 1. Log and fitting results oBwiffXRT observations of 1ES 086624
using a power-law model withly fixed to Galactic absorption in the range
from 0.3 to 10 keV.

Observation  Photon index Flux 2-10 keV x?/d.o.f.

Date [MJD] r x10 12 erg cm? st
55593 275+ 0.30 176+ 0.43 Cash
55617 236+ 0.09 491+ 0.36 36.8434
55619 244+ 0.10 813+ 0.73 27.7327
55620 238+ 0.09 573+ 0.51 46.3937
55621 240+ 011 563+ 0.49 33.6727
55622 229+ 0.08 1292+ 0.94 38.5840

a: The Cash statisticHumphrey, Liu & Buote 200pwas used to fit the
spectrum.

of 1.72 mJy Reinthal et al. 201R Later, the flux level steadily de-
creased.

The long-term radio light curve is consistent with constant
emission (probability 0f6.2x107%; y?/d.o.f. = 61.2525) with an
average flux level of (A36+ 0.01) Jy. Considering only data taken
during MAGIC observations (MJB 55603 to MJD= 55622), the
hypothesis of a non-variable emission at a mean flux levelld Oy
has a probability of 75 per cent. Compared to 2010 November ob
servations, the radio data show a marginal flux increase 20l
mid-January to May, exceeding the mean flux level of the divera
observation period.

3.3 Variability study across wavebands

To study the connection between variability patterns inviddal

(from MJD 55568 to MJD 55622) were studied. Due to the sparse
overlap of simultaneous multi-frequency data and the édhilu-
ration of the MWL observations, detailed methods such as e.g
calculating cross-correlation functions of simultaneaciasa sets
were not applicable. We therefore settled for a simple lirga-
regression analysis where we plotted the simultaneouspdetiés
from one waveband as a function of flux in the comparison wave-
band.

MWL data from five diferent wavebands (radio, optical, X-
rays, HEy rays and VHEy rays) were available for comparison.
The HEy-ray band was excluded due to the inability to detect 1ES
0806+524 with Fermi-LAT on day timescales, as it was done in
the other wavebands. The data in the optical, X-rays and YHE
rays were fairly simultaneous being on average less thanrglh a
individually no more than 3.25 h apart, while they all had #iset
of roughly 12 h with respect to the radio observations. Indagse
of two radio measurements (M355616.4 and MJB:= 55620.4)
there were two observations in other wavebands, perfornigmcav
gap of~12 h before and after the corresponding radio observation.
In those cases, we calculated the estimated flux level of ahe ¢
parison waveband at the time of the radio measurement asgumi
linear behavior of the flux between the two points. This leth®
exclusion of radio to X-ray and radio to VHE data sets from the
study due to a low number of concurrent data points. In tetal,
have four waveband pairs for the study: radio vs. opticaicapvs.
X-rays, optical vs. VHE rays and X-rays vs. VHE rays.

We settled on a 16 h window as a trad@&{oetween strict si-
multaneity and feasible daily overlap for selecting the M@drre-
lation points. In practice, this onlyffi@cted the comparison of radio
to other wavebands as all the rest of them had fairly simattas
pointings. Nevertheless the number of available points guate

wavebands, MWL data gathered during the MAGIC observations low ranging from three to eight with radio to X-rays and ratho
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Figure 7. One-to-one connection plots derived for the MWL correlatitudies carried out between VHEays, X-rays as well as the optical and radio bands.
The data are marked in black (filled circles), while the canstnd the linear fits are represented by blue solid and rgteddines respectively.

Table 2. Results of the linear regression analysis.

optical to  optical to  optical to  X-ray to
radio X-ray VHE VHE
x?/d.o.f(const. fit) 595 4.1/4 19.3/7 5.9/4
¥2/d.o.f (lin. fit) 3.0/4 3.4/3 17.8/6 1.8/3
fit likelihood (const. fit) 0.33 0.39 0.0073 0.21
fit likelihood (lin. fit) 0.56 0.34 0.0068 0.62

VHE having the lowest number of concurrent points. The tesful
this correlation study is shown in Fify

In order to determine whether there is a correlation between
activities in diferent wavebands we compared the probability of a
linear fit to the data to that of a constant fit (TaB)e

We find that the linear fits are not significantly better tham th
constant fits. The case with the largedtetience occurs for the X-
ray to VHE flux, where a likelihood ratio test shows that thaco
stant fit has a tail probability (computed using the Wilksoitesn)
of 0.04.

It is worth noting that, while the VHE observations were trig
gered by the optical high state, there seems to be no oneeto-o
correlation between the fluxes in the two wavebands in thet sho
term. Focussing on observations right before and after tre,fl
optical observations indicate a rather constant flux whieerhea-
surements performed in VHE rays lead to the derivation of a
short-term variability on a daily timescale. This suggehts the
variability timescales are very fiierent in these two bands and for
future studies a longer time span should be used.

4 SPECTRAL ENERGY DISTRIBUTION AND
INTERPRETATION

The SED of the source describing the high and low source dtste
ing the MAGIC observations, together with contemporanetata
from Fermi, Swift, the KVA and OVRO telescopes are presented in
Fig. 8. EBL corrections have been applied to the VhiEay data
using the model bypominguez et al(2011). SwiffUVOT data and
optical data in the R-band provided by the KVA telescope have
been corrected for Galactic extinction and the host galaxyribu-

tion respectively according tBitzpatrick(1999 andNilsson et al.
(2007). Simultaneous and quasi-simultaneous data have been com-
bined accordingly to the high and low state in VhtEays. In gen-
eral, quasi-simultaneous data have to be considered whéyirsg

the broad-band variability of blazars because strictiydiameous
observations are not always available. In this particuladys by
quasi-simultaneous observations we mean the usa@svit (X-

ray and UV) data from one day after the VHE flare detected by
MAGIC.

Unfortunately, the high state data do not include a simekan
ous HEy-ray detection, agermidid not significantly detect 1ES
0806+524 during the flares in VHE rays and X-rays. In order
to provide simultaneous coverage in this energy band, thpe®5
cent confidence level upper limit (300 MeV to 300 GeV) for 2011
February 24 was included in the SED modeling (due to the poor
statistics only one upper limit for the whole energy band laen
calculated). In addition, an averaged SED from eight mowths
observations taken from 2010 November to 2011 June has leeen d
rived and is shown for comparison. Consequently, the latéta
are not included in the modeling of the high state SED. Fotde
state of 1ES 0806524, an averageermispectrum was produced
considering data collected during the period from 2011 danto



MAGIC detection of short-term variability of the high-pedkBL Lac object 1ES 088624 9

March 2 and excluding the night of the VHEray flare (February
24) from the data sample.

With respect to thé&wiftdata, the high state comprises obser-
vations carried out on February 25 since it is the closesiy{spec-
trum to the VHE flare detected by MAGIC on February 24, whereas
the low state encompasses observations performed on Fglirua
Because of the high variability in the X-ray and VHE bands (es
pecially during the flaring state), the lack of simultandigtween
these two energy bands places uncertainty in the intetjpetaf

model, corresponding to two fiierent values of the Doppler fac-
tor (6 = 30 ands = 15) bracketing the typical range of values
found in TeV BL Lac modeling (e.glavecchio et al. 2010

The physical parameters derived reproducing the SEDs of
both source states are reported in Tebl&o model the high state,
we consider the quasi-simultaneous X-ray data from FeprRar
observationsq = 30) and the assumed simultaneous X-ray spec-
trum (¢ = 30 ands = 15). The values of the parameters are similar
to those inferred for other HBL objects (see elgvecchio et al.

the broad band SEDs within the one-zone SSC model. Thus,-we es 2010.

timate the X-ray spectrum for February 24 by scaling the spet
from February 25 (Fig5) with a factor of 3.3, which is derived
from the linear fit to the X-ray-to-TeV-flux (Fig7). Since we were
not able to reproduce both the optical and ViHeay SED points
from previous MWL observation#\¢ciari et al. 2009, they are not
shown.

The MAGIC observations show a clear flux variability of
about a factor of three in VHE rays when comparing the high and
low states (see Fig8.and4). TheFermi-LAT light curve study in-
dicated variability for the time period considered in thisrky(MJD
= 55603 to MJD= 55622).

The SwifyXRT spectrum from February 25 is marginally
harder than that from February 1, and the X-ray flux above 2 keV
from February 25 is about three times higher than that frobri~e
ary 1 (Tablel). The ratio between the assumed X-ray spectrum for
February 24 (high state) and the flux of February 1 (low state)
about nine.

The flux in the R-band started to increase well before the flar-
ing activity in the VHE regime and in X-rays (see F&j. It reached
a maximum level at an almost constant flux with only marginal
variations towards the end of February when the \j4Ey flare
occurred. Therefore, no clear variation between the highlaw
state SEDs is seen. While the inverse Compton peak indifiates
variability between both activity states, the synchrottomponent
shows only minor variation. Unfortunately, the weak detetin
the HEy-ray band limits the determination of the inverse Compton
peak.

A one-zone SSC model is applied to reproduce the SEDs
of both source states (for a detailed description of the inode
seeMaraschi & Tavecchio 2003 where a spherical emission re-
gion of radiusR is assumed, filled with a tangled magnetic field of
intensity B. A population of relativistic electrons is approximated
by a smoothed broken power law that is parametrized by the min
imum ymin, breaky, and maximum Lorentz factormay, as well as
by the slopes; andn, before and after the break respectively. Rel-
ativistic efects are taken into account by the Doppler faétorhe
emission is self-absorbed at radio frequencies. This esphat the
jet decelerates from the source region to the outer regitwesenthe
bulk of the radio emission originates. Therefore, radi@dat not
included in the SED modelling.

It is well known (Tavecchio, Maraschi, & Ghisellini 1998

The diferences between the high and the low state is mainly
driven by the value of the Lorentz factor of the electrons @t
ing the emission at the synchrotron pegk,which almost doubles
from the low to the high state, while the other parameter fadv
most the same value (except for the electron normaliza€idinat,
for the cases = 30, halves from the low to the high state). As
expected Tavecchio, Maraschi, & Ghisellini 199&he magnetic
field intensity is inversely proportional to the Dopplertag being
therefore larger in the cage= 15. B field values of @5- 0.1 G
are commonly derived for HBLs (e.§avecchio et al. 2010

We also report the power carried by the jet through electrons
(Pe), magnetic field Pg) and protons By, derived assuming the
presence of one cold proton per emitting electron). We ricaé t
while in FSRQ this choice is dictated by energetic requinetsie
in the case of BL Lac there are no stringent constraints on the
composition (e.gCelotti & Ghisellini 200§. However, this choice
has a rather small impact on the derived total power, which is
dominated by the leptonic component for both valuesi.oThe
magnetic field and protons appear to contribute less to the je
power, which is mostly carried by the electrons. lIts totduga
Piet = Pe+Pg+P, ~10* erg st is also typical (e.gGhisellini et al.
2010. While the jet power carried by the electrons and protons
doubles during the source flare, the magnetic field strergytle-i
duced.

The Doppler factors assumed for the SED modelling re-
ported in this papers( = 15 and ¢ 30) are larger
than those typically derived from radio observations by wbo
one order of magnitude. This discrepancy is commonly found
in the TeV BL Lac population Elasietal. 2013 Such so-
called Doppler crisis implies that the jet decelerates fritta
source region to the outer regions where the bulk of the ra-
dio emission originates (e.gseorganopoulos & Kazanas 2Q03
Ghisellini, Tavecchio & Chiaberge 20p5

The assumed one-zone model, although applied here to the
average SED of the low state, is strictly valid only for sriays,
since the traveling and expanding blob is expected to chémge
emission properties because of adiabatic and radiatise$oAs
noted e.qg. inragliaferri et al.(2008), the emission region may be a
standing shock through which the jet plasma continuoustges

Assuming that the whole emission regiBy, is causally con-
nected on the observed timescale, the physical parametgve @

that the one-zone SSC model is constrained once the basic SEDminimal variability timescale of,armin = [Rem - (1 + 2)](C - 6) ~

parameters and the variability timescéalg - related to the source
radius - are known. In the case studied here only an uppet limi
on the variability timescale is derivetiy, < 1 day. This timescale

is much larger than the variability timescale that has beea-m
sured during some flaring episodes in BL Lac objects, esiheaia
the TeV band, for which sub-hour variability has been obseérv
(Gaidos et al. 1996Albert et al. 2007¢ Aharonian et al. 2007
This uncertainty or, prevents us from strongly constraining the
model parameters. In particular, the Doppler fagtand the mag-
netic field B. We thus provide two possible realizations of the

0.3(0.9) days for the high state assuming either the high (low)
Doppler factor. The values found are both perfectly confybeati
with the variability timescale of one day inferred from thél&
light curve.

The SSC model of the quasi-simultaneous data @jign-
plies an increase of the inverse Compton peak by a factoreéth
for the high state SED with respect to the low state. When us-
ing the assumed simultaneous X-ray spectrum, such inciease
excluded. Considering the assumed simultaneous X-ray thea
SSC model indicates a shift of the synchrotron peak and the in
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Figure 8. SED of the high (left) and low (right) state of 1ES 08®24 obtained during the MAGIC observations. The red (blaokykers depict the
simultaneous (quasi-simultaneous from February 25) M\Wh.dBhe MAGIC VHEy-ray data are shown with open squaresymi-LAT HE y-ray data with
triangles and arrows for the upper limitSwift XRT data with filled squaressSwiftUVOT data with filled circles, KVA data with crosses and OVRiata
with open diamonds. The solid (dotted) black curve deplsdne-zone SSC model matching the simultaneous (quasltaireous) data assuming a high
Doppler factor. We also show the modelling (dashed linehefd¢imultaneous data assuming a lower Doppler factor. Fopadson purposes, the left panel
shows also th&ermiLAT HE y-ray spectrum from 2010 November to 2011 June (grey opemgiea and grey arrows). See text for further details.

Table 3. Input model parameters for the high and low state SEDs showaigi 8. We report the minimumnypmin, breaky, and maximum Lorentz factofmax
and the low- and high-energy slope of the electron energyilalision, the magnetic field intensity, the electron dgnshe radius of the emitting region
and its Doppler factor. We also report the derived poweri@ay electrons, magnetic field, and protons (assuming ofteproton per emitting relativistic
electron and the frequencies of the synchrotron and in@osepton peak). (1): high state with quasi-simultaneousaXdata; (l1gb): high state with assumed
simultaneous X-ray data modelled with a higlv Doppler factor; (lllgb): low state modelled with a higlow Doppler factor.

ng np B K R o P

Ymin

Yb Ymax e Pg Pp Vsync viC
[10°] [10%] [109] [G] [10%cm®] [10%6cm] [10%ergsl] [10%ergs?] [10¥%ergs?]  [Hz] [Hz]
1 165 7 2 385 005 190 112 30 79.9 0.1 28.9 1826 10884 ()
1 32 7 2 385 006 30 170 30 343 0.35 11 1897 107461 (lla)
1 36 7 2 385 Q10 26 300 15 24.0 0.76 7.3 1890 107448 (lIb)
1 21 7 2 415 Q05 40 170 30 43.0 0.2 14.3 1833 10387 (llla)
1 28 6 2 430 Q10 18 320 15 18.6 0.9 5.8 1856 107409 (1)

verse Compton peak towards higher frequencies and a syrmhiro  VERITAS results is likely due to the fierent synchrotron peak
dominance rather than an equal peak flux of both energy bumps.frequency that, in the case of VERITAS, allowed a larger saifi
Such synchrotron dominance is more pronounced when using th the magnetic field.

high Doppler factor for the modelling.

In comparison to the VHE data frorcciari et al. (2009,
the inverse Compton peak is more constrained by the MAGIC
data of the high source state. The comparison between tre phy
ical parameters obtained from the low state SED observed by
MAGIC to MWL observations of 1ES 08@&24 in 2008 March
8 is not straightforward, aécciari et al. (2009 applied an SSC
model whose electron spectrum is approximated by an unbroke
power law. The synchrotron and inverse Compton peak pasitio
(veyne ~ 10 Hz, vic ~ 10**Hz, corresponding te-41eV and
~13 GeV) derived for the SED from 2008¢ciari et al. 2009 and
MAGIC observations presented in this paper are locateceatdme
order of frequency.

In contrast toAcciari et al.(2009, our SSC model implies a
clear deviation from equipartition (with electrons donting the
total energy density), which is even more pronounced duttireg
high state of the source. The origin of thisffdrence with the

5 SUMMARY & DISCUSSION

In this article we report on the MAGIC observations of the HBL
object 1ES 0806524 from 2010 December to 2011 June, which
were triggered by an optical high state. MAGIC detected adme
long flare with a VHE flux three times larger than the flux during
the low state. This flaring episode lasted less than one dayn F
this relatively short, high-activity state, whose obséorain weak
sources like 1ES 08@6%24 is rather rare, a short-term variability of
one-day timescale has been inferred. This in turn sets ronist on
the size of the emitting region during the high VHE state.|Eoing

the flare night, the VHE/-ray flux from the source was in good
agreement with the one observed by VERITAS in 2008, when the
source was in a lower optical state. We present detailedrspiec
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the energy range from a few hundred GeV to one TeV, describing REFERENCES

both the high and the low VHE state.

We studied the variability patterns of 1ES 08@24 during
the MAGIC VHE y-ray observations across the available wave-
bands ranging from radio to VHErays in order to investigate the
possible connection between the emission fietént frequencies.
The 2D linear regression we carried out did not reveal a octiore
between the flux levels in any of the possible waveband combin
tions. Although the VHE observations were optically trigegh no
apparent evidence of a short-term correlation was founedest
these wavebands.

As the multifrequency data cover both the high and the quies-
cent VHE state activities of 1ES 088624, we performed one-
zone SSC modelling of the SEDs obtained from the respective
data sets assuming twofkdirent Doppler factors due to the un-
certainty on the variability timescale. This model coul@quately
explain the broad-band emission during both source statieg u
physical parameters similar to those from other HBL objedta-
simultaneity of some of the MWL data hampered detailed studi
on the broad-band variability of 1ES 080624.
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