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ABSTRACT

Context. The high frequency peaked BL Lac PKS 2155-304 with a redsii=0.116 was discovered in 1997 in the very high energy (VHE,
E>100 GeV)y-ray range by the University of Durham Mark Wtray Cherenkov telescope in Australia with a flux correspogdo 20% of
the Crab Nebula flux. It was later observed and detected wgth significance by the Southern Cherenkov observatory$HE .establishing this
source as the best studied Southern TeV blazar. Detectiontfre Northern hemisphere idiittult due to challenging observation conditions under
large zenith angles. In July 2006, the H.E.S.S. collabonatported an extraordinary outburst of VhiEemission. During the outburst, the VHE
y-ray emission was found to be variable on the time scales nfites and with a mean flux ef7 times the flux observed from the Crab Nebula.
Follow-up observations with the MAGIC-I standalone Chémntelescope were triggered by this extraordinary outtams PKS 2155-304 was
observed between 28 July to 2 August 2006 for 15 hours at lamgigh angles.

Aims. We studied the behavior of the source after its extraorglifiare. Furthermore, we developed an analysis method irr tod®nalyze these
data taken under large zenith angles.

Methods. Here we present an enhanced analysis method for data takghatenith angles. We developed improved methods for esedattion
that led to a better background suppression.

Results. The quality of the results presented here is superior toegbalts presented previously for this data set: detectiahefource on a
higher significance level and a lower analysis threshold averaged energy spectrum we derived has a spectral index8.6f+ 0.2) above
400 GeV, which is in good agreement with the spectral shapesumed by H.E.S.S. during the major flare on MJD 53944. Furtbee, we
present the spectral energy distribution modeling of PK&E52304. With our observations we increased the duty cycte@tource extending the
light curve derived by H.E.S.S. after the outburst. Finallg find night-by-night variability with a maximal amplitaaf a factor three to four and
an intranight variability in one of the nights (MJD 53945)twva similar amplitude.

Key words. BL Lacertae objects: individual (PKS 2155-304) — gamma rayservations — methods: data analysis

1. Introduction

The blazar PKS 2155-304 is the so-called lighthouse of the

Send offprint requests to: corresponding author D. HadaschSouthern hemisphere. The high frequency peaked BL Lac
(hadasch@ieec.uab.es) PKS 2155-304, at a redshift @£0.116, was discovered in the
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VHE v-ray range by the University of Durham Mark \ji- The structure of the paper is the following: In secfidn 2 we
ray Cherenkov telescope (Australia) in 1997 with a flux corréntroduce the MAGIC telescope. In sectioh 3 we present a new
sponding to~0.2 times the Crab Nebula flux (Chadwick et alanalysis method optimized for large zenith angle (ZA) obaer
1999). PKS2155-304 was confirmed as a TeVay source tions. We test the method on Crab Nebula data taken under larg
by the H.E.S.S. group after observations in 2002 and 2088nith angles (60to 66’) in sectior4.1L. In section 4.2 we ap-
(Aharonian et all_2005a). In July 2006, the H.E.S.S. coHabply the method to the PKS 2155-304 data set and in addition, we
ration reported an extraordinary outburst of VHEemission model the spectrum in sectién 4.2.3. We summarize the sesult
(Aharonian et al. 2007). During this outburst, theay emission in sectior’b.

was found to be variable on time scales of minutes with a mean

flux of ~7 times the flux observed from the Crab Nebula f
E>200 GeV. Large amplitude flux variability at these time ssal?eé' The MAGIC telescope

implies that the TeV emission originates from a small regioe  The MAGIC collaboration operates two 17 m diameter Imaging
to the requirement that light travel times must bdfisiently Cherenkov Telescopes on the Canary Island of La Palma. The
short in the frame of the emitting region. Follow-up observalata set presented here was taken in 2006, i.e. before the
tions of the outburst by the MAGIC telescope were triggered second MAGIC telescope was installed. Therefore, only sin-
a Target of Opportunity program by an alert from the H.E.S.§le telescope data are available for this analysis. The cam-
collaboration/(Benbow et al. 2006). The results of this caipp era of the MAGIC phase | telescope has hexagonal shape
are presented in this paper. The CANGAROO group also ohith a field of view (FoV) of~ 3.5 mean diameter and com-
served the source immediately after the flare, obtainingya Sprises 576 high-sensitivity photomultiplier tubes. Theeigy
nificance of 4.8 and an averaged integral flux above 660 Ge}esolution iSAE/E=20% above 200 GeV. The single telescope
that corresponds te45% of the flux observed from the Crabflux sensitivity for a point-like source is 1.6% of the Crab
Nebula (Sakamoto et al. 2008). The H.E.S.S. collaboration ¢ Nebula flux for a o detection in 50 hrs of on-source time.
tinued observations and detected 44 hours later again armajhe energy threshold is about 50-60 GeV at the trigger level.
VHE flare. The data were taken contemporaneously with tif@irther details of telescope parameters and on the perfmena
Chandra satellite and a strong correlation between theyX-rean be found irl_Baixeras etlal. (2004); Cortina et al. (2005);
and the VHEy-ray bands was found_(Aharonian etlal. 2009aAlbert et al. (2008b). These performance values are validiie
MAGIC observed on six consecutive nights following the trigservations at small zenith angles, where the distance ketthe

ger and here we present the final results of the data set. R¥xeended air shower and the telescope is the shortest.

to observational constraints, MAGIC did not observe thesau In the case of PKS 2155-304 the observations had to be con-
during the major flares, but in two cases data were taken igdcted at high ZA (up to 69 since this source culminates at58
mediately afterwards, part of the data being simultanedtls wZA in La Palma. Under these special conditions a lardfective
H.E.S.S. and Chandra data. Two years later, in 2008 anothega is achieved and sources from a large section of the &outh
multi-wavelength campaign was performed providing siarult sky can be observed with a threshold of a few hundred GeV
neous MeV-TeV data taken by the Fermi Gamma-ray Spagel00 GeV-500GeV, zenith angle dependent). Observations at
Telescope and the H.E.S.S. experiment (Aharonian/et a@tA00 such high ZA not only produce a significantly higher threshol
With these data the low state of the source could be modeled,but also usually result in a considerable loss of sengitiihe
cluding high energy data for the first time. All these obsgores analysis presented here is a re-analysis of the data peesient
establish this source as the best studied Southern TeVrblaza|Mazin & Lindfors (2008). The goal of this re-analysis wasrte i
prove the results, obtain a more significant detection andan

Blazars are Active Galactic Nuclei whose relativistic phas analysis threshold

jets nearly point towards the observer. The overall (radip-t
ray) spectral energy distribution (SED) of these objectsash
two broad non-thermal continuum peaks. For high ener@y Data Analysis

peaked BL Lac objects (HBLs), the first peak of the SED cov- L . .
ers the UyX-ray bands whereas the second peak is in the ml.@él; data analyzec_i In t.h's Wor_k were taken in wobble modg, €.
GeV band. There are various models to explain this spectfgcking a sky direction, which is 0:4ff the source position
shape. They are generally divided into two classes: leptmmd and alternating it every twenty minutes to the opposite side
hadronic. Both models attribute the peak at keV energiest{be _cahmera centi_r. Tf_lrehsebchall(nges a(;/ﬁ'ei:e:._ cat:sgdf by (i‘gm'
synchrotron radiation from relativistic electrons (andipons) ra NNOMOGENEILES. The background s estimated from e m
within the jet, but they dfer on the origin of the TeV peak. Therored source position in the same FoV, which improves th&-bac

leptonic models advocate the inverse Compton scatterircgl_nmeground estimation and yields a better time coverage because
anism, utilizing synchrotron self Compton (SSC) interaesi extra OFF data have to be taken. In this analysis we use three

andor inverse Compton interactions with an external photg FF regions which are d.'s.'t”bUt.Ed at angles of,9IBO" and

field, to explain the VHE emission, (elg. Maraschi etlal. @)99 0 from the source position with respect to the camera cen-
Dermer et al. [(1992); Sikora etlal. (1954))_ On the other harfr' These OFF regions have the same size and the same distanc
hadronic models account for the VHE emission through ihiti fom the camera center. . -

p-p Of p-gamma interactions or via proton synchrotron eimiss The analysis presented here improves on the original one of

(e.g.Mannheim (1993); Aharonian (2000); Pohl & Schlickeis Mazin & Lindfors (2008) in several aspects. It makes use ef th
(2000)) ) g ) g pixel-wise timing information for the image cleaning, asliwe

as in the background suppression, through the gradienteof th
Blazars often show violent flux variability, which may orsignal arrival time along the major image axis. These improv
may not be correlated between thefelient energy bands. ments allow to reduce the energy threshold for these higittzen
Strictly simultaneous observations are crucial to ingeg8 angle observations from600 GeV to~300GeV, and increase
these correlations and understand the underlying phydicstloe overall significance of the excess from 11 to 25 standexd d
blazars. viations. In the following the analysis is explained in deeta
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In this work we use the time image cleaning (Aliu et altrum, is shown in Figur€ll. For a low energy analysis the pa-
2009): given the sub-nsec timing resolution of the data acquameterization of the spectrum cut is:
sition system and thanks to the parabolic structure of tlee te 2
scope mirror a small integration window can be chosen. TH¥€a < (1.4 (10g;o(SZE) - 0.8)" + 1) - x, 1)

reduces the number of pixels with signals due to night skkbag, here x is varied between 0.007 and 0.009 to study the depen-

ground which survive the image cleaning. A minimum numbefancy of the spectrum from the cufieiencies. The red points

of 6 photoelectrons in the core pixels and 3 photoelectmti® i, £ re 1 represent Monte Carlo (MC) gammas and the black
boundary pixels of the images are requiredf@ences between 5" hackground events before cuts. The stand&EA cut

the signal arrival times have to be smaller than 1.75ns. dRis | sed for the detection and the spectr@REA cut are shown by
lows a reduction in the pixel threshold level (i.e. retagpixels  iha plue and the green parabolas, respectively. For thérapec

With less charge) of the image cleaning, Iea_ding loa Iow_aryan AREA cut, it can been seen that events with srBbIEs survive
sis energy threshold. The cleaned camera image is chazactery, background suppression.
a_

by a set of image parameters based on Hlillas (1985). These p
rameters provide a geometrical description of the imagekef
showers and are used to infer the energy of the primary partic
its arrival direction and to distinguish betwegmay showers and
hadronic showers.

Cosmic-ray background suppression is achieved by mes
of dynamical cuts imPAREAT versusSIZEd (Riegel et al[ 2005).
Typically, events with lowSIZE are rejected because thg
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AREA cut for low zenith angle data is shown in Figlife 1 b'% 4
the blue line. This standard cut removes ISIZE events cor-
responding to events with low energies. 0.0

The angular distance, between the reconstructed directior
of an event and the catalog position of th&ay source is an 0.0
essential background rejection parameter. The eventtidirec - >
is obtained by using the DISP parameter (Lessard &t al.l 201 K T T B T
Domingo-Santamaria et'al. 2005), which uses the image sh log,,Size [phe]

to estimate where, along the major axis of the image, lies tpﬁa 1. Red: Monte Carlo gammas at high ZA (6®6°), black:
point in the camera that corresponds to the shower diredi%ﬁékgrouﬁd events befo%e cutiue AREA cut used for the

e s €11 € o of the Crab Nebulayeen: Specialzed area
distribution ' 9 P parameterization used for the spectrum of the Crab Nebula.

Analysis of data taken at high ZA requires special treatment
compared to low ZA data. The Cherenkov light of the showers . . :
observed at large ZA has a longer optical path, as it has @ pas A duantitative estimate for the background suppression
a thicker layer of atmosphere. Therefore, the shower maximP@Wer can be made with the quality factr

detection cut

Area

is located farther from the observatory and the photon teosi €
each shower decreases. This reduces the number of deg¢ect ﬁ’ )

showers, especially at low energies. The glolftdat is a shift
of the energy threshold to higher energies with increasiAg Zwheree, is the fraction ofy-rays that are retained after a cut.
At the same time, images taken at high ZA correspond, foreg, is the corresponding fraction of retained background esent
given value ofSIZE, to events with higher amount of showeiTo check that the background suppression with a combination
particles than at low ZA. The higher amount of shower pazticl of the newAREA cut and ag? cut is working for smallS ZE-
reduces the intrinsic shower fluctuations. For this reasenad- values, we calculate th@-factor for the four lowest bins in
tains better defineg-ray showers at high ZA. This implies thatSZE (see tablé&]l). For thAREA cut we require a-efficiency
the minimumS ZE at which dfective background suppressiorof 0.9 and for thes? cut one of 0.5. Having)-factors (QHZA)
is possible can be lowered for high ZA compared to low ZA. lin excess of 1 in each bin implies that the applied cut works
this section we quantify thisfkect. efficiently. Comparing Qza with the one obtained for low ZA

A specialized parameterization of tHREA cut was de- (Qiza) shows a stronger background suppression power for the
veloped for this high ZA study. Together with improving théigh ZA case. We also look closer into the rejection powehef t
cosmic-ray background rejection power, its main objectiess AREA and6° cuts individually. First, e compare the nzaAdron-
to lower the energy threshold. A comparison between the stgficiencies for theAREA cut at high €,“") and low ZA ().

dardAREA cut, which is used for the detection of the source, and'ere is no dierence between the two for IpgSIZF) < 2.0

the specialized parameterization, used for obtaining frez-s and there is a clear advantage for a h.igh_ ZA analysis at higher
SIZE values. Next we compare ti#é-distributions of MCry-

events for the lowessl ZE-bins at high and low ZA. We calcu-

; ; ; late the ratio of thé? cut values with 50%-ray event éiciency
1 AREA=rxWxL, W andL being the width and length of the image . oS EEE
as defined in_Hillas (1985). (_HEZA,SOO/:/ gaZAzso%' see table]1). This fraction is dlr.ectl.y propor-
2 Total number of measured photo electrons in the image. Htirev tional to the improvement of the background rejection ahhig
is roughly proportional to the energy of the primary pagifdr a given ZA with respect to low ZA since the background has a flat dis-
ZA. tribution in theg?-plot at6? < 1 ded. We obtain roughly 2 times
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better background suppression at high ZA than at small ZA férl.1. Data set and analysis sensitivity

smallSZE values. In October 2007, the MAGIC telescope took Crab Nebula data
with a zenith angle range of 6Qip to 66. The data were taken

Table 1. Quality factors for high and low ZA analyses derivedinder dark sky conditions and in wobble mode. After quality
by using MCy-events and real background ever@stactor at cuts an €ective on-time of 2.15 hrs is obtained. Using detection

high ZA: Quza; Q-factor at low ZA: Qza; hadron-diciency of ~cuts presented in sectibh 3, Hig. 1 (i.e. optimized on siaifte
the AREA cut at low high ZA (y-efficiency= 0.9): ehZA/q'jZA of a separate Crab Nebula sample also taken at high zenith an-

g?-values at lowhigh ZA (y-efficiency= 0.5):62, , .., /62, 9l€S), atotal of 247 excess events above 187 backgrountseven
Whig & Y= 0.5):6zn 500 Orizasons have been detected. The number of background events is ob-

tained from three equally sized OFF regions and applying-a ge
SZE-bin  Quza Quza/Quza  §7/6" O nson/azasos ~ OMetrical scale factor of 0.33 (see FAig. 2). The significanice

log, (S ZE) this y-ray signal, obtained using Eq. 17 of Li & Ma (1983), is
15-175 1.06 1.25 1.0 1.92 12.80. This corresponds to an analysis sensitivity of 8\/%(%
%-85 _2222 %g% 1-23 11-103 %-gg Using the same set of cuts we obtain the following sensiivit
225-25 444 173 2.0 2.0 for integral fluxes ¢):

®(E > 0.4TeV) = 5.7% Crab in 50 hrs

®(E > 0.63TeV) = 5.6% Crab in 50 hrs

In addition to theAREA cut, cuts are applied to timing pa- ®(E > 1.0TeV) = 5.9% Crab in 50 hrs
rameters, which describe the time evolution along the migjer ®(E > 1.5TeV) = 6.8% Crab in 50 hrs

age axis and the RMS of the time spread. These two additional
parameters lead to better background suppression, yighlin

better sengitivity (Aliu_ et al 20(?9). o N
A possibley-ray signal coming from point-like sources car Significance 12.8 a, off-scale 0.33
be identified with the directional information of the paraer®. 247.3 excess events, 187.7 background events

The necessary signature ofyaay signal is an excess at small
62 values, usually lower than 0.04 ded he cuts used to calcu- 180
late the significance of the detection and the cuts used teeder 4,
the energy spectrum of PKS 2155-304 were optimizedonaCr 144

Nebula sample taken at large zenith angles[(sde 4.1 folgjetai 2120 T

The primary y-ray energies were reconstructed fron 3 199 =
the image parameters using a Random Forest regress © g :t :t
method [(Albert et al. 2003a) trained with MC simulated egsen 60~ ++Z|Z:|:=|= j: —
(Heck & Knapp 2004; Majumdar et dal. 2005). The MC sampl  40F ! :F+:‘:+:.:=|f|—:|:+¢+:‘:
is characterized by a power-law spectrum between 10GeV & 20F :

i i i - Eovw Lo b b b b b b b b 1

30 TeV with a diferential spectral photon index a&-2.6. The 0005 004 006 008 01 o ola ol ois o2

events were selected to cover the same ZA range as the d

Compared to the previous analysis (Mazin & Lindfors 2008) in

provements are obtained because of an updated MC sample at ] o

h|gh zenith ang|es |eading to better agreement betweeraddta F19- 2. The ON-source and normalized background distribution

MC. of 2. The ON-source is shown in the black crosses and the back-
Since the analysis technique described in this sectionsis n@round is shown in the gray shaded region. 2.15 hrs of Crab dat

we first test its performance on a data set from a known, brigHtoWw an excess with a significance of 12.8

and stabley-ray emitter: the Crab Nebula before applying the

method to PKS 2155-304.

6" [deg’]

4. Results 4.1.2. Differential Energy Spectrum

4.1. Crab Nebul Using the data set described in the previous section, weetbri
-+ tfab Nebula the diferential energy spectrum of the Crab Nebula (seeFig. 3).

The Crab Nebula is one of the best studied celestial objegﬂy%e spectrum is well described by a simple power law of the

because of the strong persistent emission of the Nebula o -

21 decades of frequencies. It was the first object to be dgy . “246:013 gy

tected at TeV energies by the Whipple collaboration in 198§ = (27+04)-10° (ﬁ/) (m)

(Weekes et al. 1989) and is the strongest steady source of VHE

v-rays. Due to the stability and the strength of theay emis- The errors are statistical only. The gray band represemts th
sion the Crab Nebula is generally considered the standard ceange of results obtained by varying the total ctficeency

dle of the TeVy-ray astronomy. The measuredray spec- between 40% and 70%, i. e. the cufigency after applying
trum extends from 60 Ge\l_(Albert etlal. 2008b) up to 80 Te¥he AREA and the#? cuts. For comparison, the Crab Nebula
(Aharonian et al. 2000) and appears to have maintained a cepectrum from data taken at low zenith angles is drawn as a
stant flux in the VHE range over the years (from 1990 tdashed line/ (Albert et al. 2008b). A very good agreement has
present). been found.
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——— ] PKS 2155-304, July-August 2006 —————
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_? 10 =N Significance 25.3 o, off-scale 0.33
o CoooS 1029.0 excess events, 846.0 background events
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, , . Fig.4. The ON-source and normalized background distribution
Fig. 3. Differential energy spectrum of the Crab Nebula. Blackt g2 The denotations are the same as in Figilire 2. A clear excess
line: power law fit to the data, gray band: systematic un@erta,yith a significance of more than 25 standard deviations for a

ties of the analysis, dashed line: published data takenvat I@yyrce at the position of PKS 2155-304 is found.
zenith angles (Albert et al. 2008b).

il

E Lo

HI0TETTTN
4.2. PKS 2155-304 o E N

Wi N
The MAGIC telescope observed the blazar PKS 2155-304 frc'_ 10° ¢ . X
28 July to 2 August 2006 (MJID 53944.09 — MJD 53949.22) ov: m& g \\

the zenith angle range of 5% 64°. The data were taken unders 10° N
dark sky conditions and in wobble mode. After quality cuts
total efective on-time of 8.7 hrs is obtained. For the detectic

of PKS 2155-304, the same cuts are used as for the detectiol 107
the Crab Nebula. Three OFF regions are used and 1029 exc
events above 846 normalized background events are detec
A significance of 25.3 standard deviations is obtained, e&®r
with the previous analysis only #rlcould be achievel. The
corresponding?-plot is presented in Fi] 4. 10°

/

/

10°

N
N N
\
S N

10° 10*
E [GeV]

4.2.1. Differential Energy Spectrum . . . .
9y =p Fig. 5. Differential energy spectrum (black line) for the whole

The diferential energy spectrum for the whole data set data set together with systematic errors obtained by vanyins

shown in Fig. 5 as a black line together with the spectrusfficiencies (gray band). The black dashed line corresponds to

of H.E.S.S. (dashed line), measured during the strong osttbithe H.E.S.S. measurement during the flare.

(Aharonian et all_2007). Note that H.E.S.S. and MAGIC data

are not simultaneous. The spectral points obtained in trat a

ysis are fitted in the energy range from 400 GeV to 4 TeV, be-

cause at lower energies H.E.S.S. reported a change of the sl .

(—3.53+ 0.05 above 400 GeV te2.7 + 0.06 below 400 GeV). £2.2. Account of EBL attenuation in y-ray spectra

The fitted MAGIC data points are consistent with a power lawfFor the VHE-spectra in Figll6, representing data from the
day MJD 53946, the absorptiorffect caused by the extra-

dN S E 20 pn galactic background light (EBL) was taken into account. The

E - (1.8+0.2)-10° (ﬁ/) (m) VHE photons interact with the low-energy photons of the EBL
(Gould & Schréeder 1966; Hauser & Dwek 2001). The predomi-

) ) - ) nant reactionyyye + yesL — €'€” leads to an attenuation of the

with a fit prObab”lty after the( -test of 81%. Above 400 GeV, intrinsic AGN spectrum Nl/dEintr that can be described by

the energy flux measured by H.E.S.S. from the preceding flare

of PKS 2155-304 is one order of magnitude higher than the flai/dEqs = dN/dEiy - eXpl-T,,(E, 2)]

measured by MAGIC. It is interesting to note that although th

flux measured with H.E.S.S. is higher, the spectral slopaiesn With the observed spectrumNddEqs, and the energy de-

the same within the statistical errors. pendent optical depth,,(E,2). We apply the EBL model of
Franceschini et al. (2008) which is the same as the H.E.8IS. ¢

3 The earlier analysis ifi_Mazin & Lindfdrs (2008) made use dfgPoration used to accountfor EBL attenuation in their spe,

Random Forest for background Suppression’ but using Oﬁp@h‘n_ and which agrees well with other state-of-the-art EBL medel

age parameters; the analysis presented here uses als(ntiamq])ers, (Kneiske & Dole 2010; Dom’lnguez etlal. 2()11; Gilmore et al.

which later became standatd (Aliu etlal. 2009). 2011).
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with the MAGIC result. For the modeling we did not take into
account the optical data point from ROTSE, because this mea-
surement was taken before the high state of the source.

We modeled the multi-wavelength spectrum (Fiyy. 6, gray
line) with a one-zone, time independent SSC code from
Krawczynski et al.[(2004). This "by-eye” adjustment of mbde
parameters, instead of exg’-minimization, is a common proce-
dure with data of this kind because of degeneracy of the model
and rather large uncertainty in the data. In Fiy. 9 we show in
colored bars the time span of data we used for the SED mod-
eling. Note that the data set we modeled was taken few hours
o after the flare and no significant variability is seen in H.B.S

Iongo(v [Hzﬁg or MAGIC data (see Fid.]9), which justifies usage of a time in-
dependent model. Still, the time independent model shoeld b
taken with caution. The resulting model parameters shown in

Fig.6. The overall spectral energy distribution (SED) offable[2 provide a possible solution in the SSC model param-
PKS 2155-304 from optical wavelengths through Viifays. eter space. The parameters are similar to the ones typiniadly
The gray line denotes an SSC model as_in_Krawczynskilet tdined for HBLs, see e.g. Aharonian et al. (2005b); Alelesial.
(2004). The éect of the EBL is taken into account by using thg2012): the Doppler factor is high and the magnetic fieldgite
model of Eranceschini et al. (2008). Red points: MAGIC, red ais low. It has been pointed out that such high Doppler facioes
rows: MAGIC 20 upper limits, black: H.E.S.S., blue: Chandrain conflict with what is seen on VLBAL(Piner etlal. 2010), but
green star: optical point (ROTSE). All data were taken starul this issue is beyond the scope of this paper.

neously on the day MJD 53946 with exception of the ROTSE

point and they are taken from Aharonian etlal. (2009a). $edec

historical data from infrared tg-rays are shown in gray for com-4.2.4. Light curves

parison reasons (Giommi et/al. 2002).
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Figure[T shows the integral light curves for energies above
400 GeV. In the upper panel, each point corresponds to an aver
age flux every two data runs (roughly 10 min exposure), wteerea

in the lower panel each point corresponds to an average flux
per night. Significant detections in most of the time binsaire

SSC models have been very successful in describing the tjned. A significant intra-night variability is found fone: sec-
served HBL multi-frequency spectra. In the homogeneous or@d night MJD 53945 (29 July 2006) giving a probability for
zone SSC model, the X-ray emission comes from synchrotrarconstant flux of less than»610°°. For the other nights, no
radiation emitted by a population of high energy electrdok, significant intra-night variability is found. In the loweapel of
lowed by inverse Compton scattering of synchrotron photohig.[7, a night-by-night light curve is shown. A fit by a corgtta
to TeV energies, which explains theray emission from TeV to the run-by-run light curve results in a chance probabdit
blazars. Based on this model itis possible to constrainanarp- less than 10*2 However, a fit by a constant to the night-by-
eter space of the emission region and estimate its basimgaranight light curve results in a chance probability ok 10°°. We,
ters, the Doppler factob), and the rest-frame magnetic fieR], therefore, conclude that there is a significant variabiitythe
of the emitting plasma in the relativistic jet. time scales reaching from days (largest scale we probedj dow
The acceleration region is approximated by a spherid® 20 minutes (shortest scale we probed).
"blob” with radius R and bulk Lorentz factoF that is moving In Fig.[8 we show the MAGIC light curve with data taken
along the jet under a small angldo the line of sight. The blob directly after the first major flare detected by H.E.S.S. (@§ J
contains relativistic electrons of densjiyaccelerated by shock 2006) (Aharonian et al. 2007). The MAGIC points are binned in
acceleration processes. It is assumed that the energywsmeaft 10 minute intervals and the H.E.S.S. points have a binningef
the electrons in the jet frame can be described by a brokeepowmwinute intervals|(Aharonian etlal. 2009a). After the largee]
law with low-energy Emin t0 Eprea) and high-energyByrea t0 - with a measured flux above 200 GeV of up to 15 times the flux
Emax) indicesn; andny, respectivelyff is from dN/dE « E™;  of the Crab Nebule (Aharonian et al. 2007), the source retlirn
E is the electron energy in the jet frame). The electron spett to a lower state, with fluxes of the order of 1 Crab. The second
has exponential cutffs at energie&in andEpax. flare observed by H.E.S.S. is shown in Eih. 9. MAGIC observed
For a successful modeling simultaneous multi-wavelengthe source in the low state simultaneous with H.E.S.S. on 30
information is required. In Fif]6 almost simultaneous daken July 2006. The measurements are in good agreement concern-
on 30 July 2006 with MAGIC, H.E.S.S. and Chandra are showimg the trend of the data points, but the MAGIC data points ap-
The data taken by Chandra are contemporaneous with thpsar to lie systematically below the points obtained by B.&.
taken with MAGIC. Please note that we scaled the spectrurhe observed dlierence in the flux is compatible with the sys-
obtained by H.E.S.S., since the data are not entirely contetematic uncertainty of the analysis, which has been estidtat
poraneous with the MAGIC data. The data for the spectrube 20% of the energy scale or 50% on the flux level. Typically,
computed by H.E.S.S. are from MJD 53946.013-53946.12B¢ systematic energy scale uncertainty for analysis ofjinta
whereas the MAGIC data are obtained slightly later betwe&herenkov telescope data is at the level of 15% to 20%, see e.g
MJD 53946.092-53946.186. These time spans are represeifideyer et all 2010). The fierence we find in this analysis is at
in Fig.[d. This diference is large enough to produce &aii the upper edge of the usual systematic uncertainty, whigh ma
ence in the average fluxes by almost a factor of 3. We scaled treedue to additional systematics of measurements at higtihzen
H.E.S.S. spectrum down by this factor and get a good agreemangles where details of the atmosphere are less certain.

4.2.3. Spectral energy distribution and SSC modeling
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Table 2. Parameters for SED modeling

Doppler factor B R o Emin Erax Epreak nl n2
[T] [m] [particle/cn®]  Ig(Emin[eV])  I9(Emex[eV])  19(Epea[eV])
50 0085x 10% 09x 10™ 0.07 6.3 11.5 10.2 2 4
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Fig. 8. Integral flux above 200 GeV of the first flare observed from PKS52304 on MJID 53944 versus time measured by H.E.S.S.
(gray points) and by MAGIC (red points). The MAGIC points afgtained using the integral flux above 400 GeV and extragdlat
down to 200 GeV using the derived photon spectral index &.4Bistead, assuming the spectral index of -2.7 below 400 &V
found by H.E.S.S., the MAGIC points would be 24% lower in flhe horizontal line represents the observed flux of the Crab

Nebula(Aharonian et al. 2006).
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Fig. 9. Light curve of PKS 2155-304 of the second flare observed by MA&d H.E.S.S. in the night of July 29-30, 2006. The flux
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