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MAGIC long-term study of the distant TeV blazar PKS 1424+240 ina
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ABSTRACT

Aims. We present a study of the very high energy (VHE;1IBO GeV)y-ray emission of the blazar PKS 142240 observed with the MAGIC
telescopes. The primary aim of this paper is the multiwangtle spectral characterization and modeling of this blaghich is made particularly
interesting by the recent discovery of a lower limit of itdskift of z> 0.6 and makes it a promising candidate to be the most distdft 86urce.
Methods. The source has been observed with the MAGIC telescopes in ¥/ k#ys for a total observation time ef33.6 h from 2009 to 2011.
A detailed analysis of ity-ray spectrum and time evolution has been carried out. Mereave have collected and analyzed simultaneous and
guasi-simultaneous multiwavelength data.

Results. The source was marginally detected in VHEays during 2009 and 2010, and later, the detection was ooedirduring an optical
outburst in 2011. The combined significance of the stacketbkais~7.20. The diferential spectra measured during th@atent campaigns can
be described by steep power laws with the indices ranging 8%+ 1.2 to 5.0+ 1.7. The MAGIC spectra corrected for the absorption duedo th
extragalactic background light connect smoothly, withistematic errors, with the mean spectrum in 2009-2011 gbdeat lower energies by the
Fermi-LAT. The absorption-corrected MAGIC spectrum is flat withapparent turn down up to 400 GeV. The multiwavelength lagitve shows
increasing flux in radio and optical bands that could poira t@mmon origin from the same region of the jet. The largerseipa between the two
peaks of the constructed non-simultaneous spectral e@tibution also requires an extremely high Doppler fadtan one zone synchrotron
self-Compton model is applied. We find that a two-compongntisrotron self-Compton model describes the spectralggrdistribution of the
source well, if the source is locatedzat 0.6.
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1. Introduction structure. It is widely accepted that the lower energy bump i
. . : . due to synchrotron emission produced by the relativistc-el
Blazars are active galactic nuclei (AGN) that host a reisliv_ y.,n¢ spiraling in the magnetic field of the jet. The locatifn

jet, which is pointed at a small angle to the line of sight. T ; : : ;
speciral energy distribution (SED) of blazars shows a t hﬁ"ue peak of this lower energy bump in the SED is used to classif
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the sources as low, intermediate, and high-synchrotrakegub In this paper, we present MAGIC observations of the source
blazars|(Abdo et al., 2010b). that include the first detection of the source in 2009, follow
The high energy-peaking blazars are the most numerous, gRr-observations in 2010, and target of opportunity obsimat
tragalactic very high-energy (VHE, £100 GeV)y-ray sources. triggered by the optical high state of the source in Spring120
The origin of the VHEy-ray emission is still under debate.The diferential and integral energy spectra are presented with a
It is typically modeled with synchrotron self-Compton (§SCstudy of the spectral variability. We carried out an extessnul-
emission models where the synchrotron radiation serveseaas stiwavelength study which makes use of the data availabta fro
photons for inverse Compton scattering (Maraschi et aB2).9 rays to radio to study multiwavelength properties and méut|
However, hadronic processes, such as proton synchrotn &iED of the source.
radiation produced by the secondary patrticles, can alstuse
the observed VHE-ray emission (e.g., Mannheim & Biermann, ,
19927 Aharoniari, 2000). 2. MAGIC observations and results
Both models fit the observed IR, optical, X-ray, apday > 1. MAGIC data
data well (e.g., Tavecchio etlal., 2010; Reimer, 2012), eviiis
generally assumed that the emission region is still opagua-i MAGIC (Major Atmospheric Gamma-ray Imaging Cherenkov)
dio bands and that the radio emission originates fronffardint iS a system of two 17 m Imaging Atmospheric Cherenkov
emission region (Katarzynski etlal., 2001). Telescopes (IACT) located at the Roque de los Muchachos,
The object PKS 1424240 was discovered in the 1970s as &anary Island of La Palma at the height of 2200 m above
radio source (Fanti et ., 1974) and was identified as a blgza Sea level. The commissioning of the second MAGIC telescope
Impey & Tapia (1988). The source was detected mays by the finished at the end of 2009, and since then, both telescopes
Fermi Large Area Telescope (LAT,_Atwood et/dl., 2009) witthave worked together in stereoscopic mode (Cortina etG09?2
a very hard spectrum with a photon indexIof= 1.85 + 0.07 AI_eksu’: etal., 20_12a). In S|mple terms, MAGIC observes the
(Abdo et al.,[2009), and it entered the family of VHEray famt_ Cherenk_oy light emitted in the atmosphere_byashovflero
emitters in spring 2009 when a detection was first reported Bgrticles thatis induced by a VHgray when entering the atmo-
VERITAS (Ong,2009) and soon after confirmed by MAGIGPhere. The light is focused into a camera and forms an image,
(Teshima [ 2009). The source was previously observed durigich is triggered, registered, calibrated, and then patered
2006 and 2007 by the MAGIC-I telescope, and a flux upith the so-callecHillas parameters (Hillas, [1985). These pa-
per limit of 8.2 % Crab Unif$ for E> 120 GeV was derived rameters are used to separateyHike events, which constitute
(Aleksic et al. 2011). The VERITAS observations in 2008iin the signal, from the background dominated by hadronic event
cated a steady flux with the photon spectrum, which is well dé1 addition, dedicated Monte Carlo simulations of the syste
scribed by a power law with a photon index 0880.5¢+0.3¢s performance are used for the energy reconstruction ang-the
and a flux normalization at 200 GeV of.{5+ 0.9 + 0.5g) - hadron separation. o
101 TeV- cm 2 s (Acciari et al. | 2010). As this manuscript Thg source PKS 1428240 was observ.ed in single-telescope
was being resubmitted to the journal, the VERITAS collabor&0de (.. using only MAGIC-I) from April to June 2009, when
tion reported observations of PKS142240 from 2009, 2011 MAGIC Il was in commissioning phase, and observed in stereo
and 2013, confirming the soft spectrum that had been reporfB@de in Spring 2010 and Spring 2011. Each data sample was
with the 2009 dataset but indicated significant gamma-ray fi@nalyzed independently since the performance of the imsin

variability (Archambault et all, 2014) this time. changed over the years. ] -
The source PKS 142240 is a BL Lac object, which by The source PKS 1424240 was observed in good conditions

definition shows weak or no emission lines in its optical sggec f0r 12.5h in 2009 (from MJD 54938 to MJD 55005), covering a
Therefore, like for many BL Lacs, the redshift of PKS 14240 zenith angle range betweef Anq 36. In addltlon_, stereo data

is still uncertainl Rau et al. (2012) reported a photomepiger Were collected at the same zenith angle range in early 2010 be
limit of zy = 1.1. Recently Furniss et all_(2013) determined §v&en March to April (from MJD 55269 to MJD 55305) for a
lower limit of the redshift z> 0.6035 from the L and L total observation time of11.6 hours and 9.5 hours from April
absorption. This is more distant than 3C 278-(.536), which {0 May 2011 (from MJD 55875 to MJD 55889). The whole data
was long considered to be the most distant Vi#Eay emitter. samplle was taken in the .false—source tracking (wobble) mode
Even though there are other sources with high lower limits gfominetal.. 1994), in which the telescopes were altethave

the redshifi, this makes PKS 142440 a strong candidate to€"Y 20 Minutes between two symmetric sky positionsit off-

be the most distant known VHE gamma-ray emitter. Later wgt from the source. The wobble enables us to take both source

discuss the redshift constraints obtained from VjtEay data and background data simultaneously. .
analysis, which seem to confirm this result. The analysis of the data was performed using the stan-

It should be noted that Meisner & Romahi (2010) report dard MAGIC analysis and reconstruction software (Albegléat

detection of the host galaxy in the i-band, and assumingthieat Zoo?‘i; b.,c;tﬁtliu el Elil 200tg).k|n ghe atnalysi:i of Sftere(_) Pata
galaxies hosting BL Lac objects can be considered as stano??rn ed in this work, we took advantage ot a direction recon-

candles|(Sbarufatti et al., 2005), they estimated the ittdsh >truction method based on tiESP RF method, as described
be = O~é3+8'8g- However. this v)alue?/s in conflict with a new'" Aleksic et al. [(2010), and adapted to the stereo obsenst

photometric lower limit from Shaw et al. (2013) and with théSee Aleksic et all (2012a) for more details).

spectroscopic limit reported in Furniss et al. (2013).
2.2. Signal search

1 The Crab unit used in this work is an arbitrary unit obtaingd b . . . L
dividing the integral energy flux measured above a certa@stiold by The signal search is performed by making use of the distri-
the Crab Nebula flux, which was measured above the same tidgsh  bution of the6? parameter, which is defined as the square of
MAGIC (Albert et al. /| 2008a). the angular distance between the reconstructed shower-dire

2 e.g. KUV 00311-1938,2 0.506 [Pita et all, 2012) tion in the telescope camera and the real position of theceour
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To avoid systematicfiects in the background calculation, webackground of the dierent datasets, we estimated the system-
considered only events with the paramediee that is larger atic uncertainties to be 30% in the flux level and 0.7 in the
than 200 photo-electrons (mono analysis) and 50 photdreless power-law index for the 2009 dataset (obtained with mono ob-
(stereo analysis). The corresponding energy threshotdfm@tl servations), 20% and 0.54 for the flux and the power-law index
as the energies where the number of Monte Castay events for the 2010 dataset (obtained with stereo observatiosgee
with assumed spectral indices is maximized in the histogrtmtively, and 19% and 0.22 for the flux and the power-law index
the imagesize) are~150 GeV for 2009 mono observations andor the 2011 dataset (obtained with stereo observationsrevh
~100GeV for 2010 and 2011 stereoscopic observations. the gamma-ray flux is about twice that measured in 2010), re-
The signal is extracted by comparing tbfedistribution of spectively. The error on the flux does not include uncernaint
the source regiordN) with the background@FF), which is es- on the energy scale. The energy scale of the MAGIC telescopes
timated from one (in 2010 and 2011 data samples) and threeigedetermined with a precision of about 17% at low energies
gions (in the 2009 data sample) of the sky located near thesouE <100 GeV) and 15% at medium energies ¥800 GeV)
of interest and collected simultaneously with the sourceeob (Aleksic et al.| 2012a).
vation. The significance of the detection for thefelient data The mean dterential flux registered by VERITAS between
samples can be found in Talgle 1. During the 2009 observatiofabruary to June 2009 is significantly lower from the speutru
campaign, a hint of a signal was found with a number of excessserved by MAGIC | in the same period. This apparent dis-
eventsNe, ~ 498 Nex = Non — Norr) and 4.67, which are crepancy is likely related to the fiérent time coverage of the
calculated according to eq. 17 lof Li & Ma (1983). This hint ofwo observations and is discussed later. The spectral si@pe
signal was confirmed later in the 2010 and 2011 campaigns: therive is consistent with the results presented in_Acctaalle
62 distribution from the 2010 sample give830 excess events (2010). However, unlike the methodlin Acciari et al. (20 M,
with a significance of 4.8, while an excess oNe~333 was do not detect excess events above 400 GeV in any data sample.
found corresponding to a significance of 5. the 2011 sam- We therefore derive a 95% confidence level upper limit for the
ple. The stacked significance of the overall sample (33.6shoenergy bin 416- 601 GeV of 72- 1072 TeV-tcm2s! for 2011
of data from 2009 to 2011, 1161 excess events) is more than data. This limit agrees with the value measured by Acciaailet
(2010) at~ 500 GeV.

2.3. Differential energy spectra

The diterential energy spectra observed with the MAGIC telez-'4' VHE variability analysis

scopes in 2009, 2010, and 2011 campaigns are sShownTihle[2 reports the integral fluxes measured by MAGIC from
Figure[1. In each case, the spectrum can be well fit with a §mploog to 2011 above 150 GeV, which are drawn in Fig. 2 (dashed

power law of the form: lines). All the fluxes are below the upper limit derived from
T the previous MAGIC observation in 2006 and 2007, which was

dN _ . (_E ) [ ph 1. (1) (above 120GeV at 95% confidence levell 810 *'cn2s*

dE 200 GeV cné-s-TeV (Aleksic et al.| 20111).

The parameters resulting from the fits are compatible within A constant flux hypothesis is consistent with the yearly val-
the uncertainties and are reported in Table 2. The systemati U€S from 2009 to 2011 at 95% confidence level/@.o.f. =
certainties in the spectral measurements with MAGIC focspe 4:4/2). In addition, constant fits to the Ilght_ curves of the indi-
similar to that of the Crab Nebula (i.e. bright and relatveard Vidual years also agree with the hypothesis of constant flux a
spectra) were reported|in Albert ef al. (2008d) and Aleksial. the same confidence level.

(20124a) for mono and stereo observations, which were about
11% in the normalization factor (at 300 GeV) and 0.15-0.20 in
the photon index. However, for spectral shapes describeal by

. A (o ==
photon index of 4 and gamma-ray fluxes lower than that of thi & [
Crab by one order of magnitude, the systematic errors iserea 5 [ —
substantially. Considering the spectral shape of PKS 1220, 3 10° —_—
the relatively low dynamic range over which MAGIC detects & F ]
photons (100-400 GeV), and the relatively low signal-tiseo 2 | _T——%:
10V TN .
3 The parametesize represents the total number of photo-electrons B =t—
In an image. - _i_' I
10 =
E o Waecmo l_'T
Table 1. PKS 1424-240 observation characteristics and signal L —— wmacicaon
search results. The year of observation, the observatios oif E [ VERTAS 2009
the final selected sample, the energy thresholg (Ehe number L
of excess events (), and the significance of the signal are 102 Energy [GeV]
reported.
Fig. 1. Differential energy spectra of PKS 142240 measured
Year Obs. Time B Nex. Significance by MAGIC in 2009 (gray circles), 2010 (squares), and 2011
2009 125h ~150GeV 498 4.0 (black circles). The black downward arrow represents tHgé 95
2010 116h ~100GeV 330 4.8 confidence level upper limit for 2011 data. The gray-shaded
2011 95h  ~100Gev 333 5.5 area represents the results obtained in 2009 with VERITAS

(Acciari et al.; 2010).
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Table 2. PKS 1424240 spectrum power-law fit parameters and integral flux walue

Period  Fitrange fo r F(>150 GeV)
[GeV] [cm? st Tev Y] [cm=2 s
2009 150-400 (1.3 0.64y + 0.4ys) - 10°° 5.0+ 1.744 + 0.7ys (1.66+ 0.50)- 1071
2010 100-300 (0.5 0.4 + 0.15¢) - 1072 3.5+ 1.245 + 0.55s (0.53+ 0.25)- 1071
2011 100-400 (1.8 0.3y +0.2y5) - 102 3.9+ 0.74y + 0.2ys  (1.00+ 0.30)- 101!

7 E VAGIC 2000 tion of VHE photons with the EBL leads to electron-positron
5 oF pair production. Theféect is a partial or total absorption of the
e VHE photons coming from distant sources and a consequent dis
8 E % tortion of the emitted spectrum. Due to the large unceriesnh
§ ’E cL ---------------------- the direct EBL measurements, many models have been proposed
of- + in recent yearsl (Stecker et al., 2006; Franceschini et 8082
T L . S, Gilmore et al., 2009; Kneiske & Dale:, 2010; Dominguez e} al.
! MAGIC 2010 2011; Stecker et al., 2012).

In|Acciari et al. (2010), the authors present the photon in-
dex measured withFermi-LAT at low energies in combina-
tion with VERITAS data corrected by the EBL absorption ef-
fect using three recent EBL models (Franceschini et al. 8200
Gilmore et al.,l 2009; Finke et al., 2010) and derive an upper

o
=
T

F (> 150 GeV) x 10! [cm? s
°
o
¥

o
w
reT

O e e e e limit of the redshift of 20.66 with a 95% confidence level.
- e e A similar approach is undertaken in_Prandini et al. (2010,
T E MAGIC 201t 2011), where the idea that the slope of the VHE spectrum cor-
L rected for EBL absorption should not be harder than the one
zosE % measured byermi-LAT at lower energies is tested on a sam-
g % ple of known redshift sources. The redshiftsat which the two
N T % """"""""""""""" % """ - slopes match are compared to the spectroscopic redsiifis,
Y with the result that* is abovezspec in all the cases considered.
Time [M20] Thereforez* can be used as upper limit estimate of the source
, , distance if there is no spectroscopic redshift available.
Fig. 2. VHE y-ray light curve of PKS 1424240 for E>150 GeV If we apply the same method to the data presented here,

from the observation campaigns in 2009, 2010 and 2011 wéth thnq in particular, to the 2011 spectral points that are thetmo
MAGIC telescopes. Dashed lines represent the mean MAGKrecise, we obtai'=0.61+ 0.10, wherez* is the redshift at
fluxes, while the gray points represent the light curve mestsu \yhich the EBL-deabsorbed spectrum has the same slope as
by VERITAS in 2009, as adapted fram Acciari et al. (2010)  measured byFermi-LAT at lower energies, by assuming the
: Franceschini et al. (2008) EBL model. This impliesa @pper
limit on the redshift of 0.81.

Interestingly, VERITAS found no variability in the 2009 The upper limit derived agrees with the value obtained by
dataset in th(ga ){anergy range of 140 GeV-600 é/e\/. In FigLrefHmiss etal. [(2013), and, therefore, we hereafter adepei-
the gray markers refer to VERITAS 2009 observations fro ift sz = 0.6 for the source to not overestimate the EBL ab-
Acciari et al. (2010). Since VERITAS reported the integrakfl sorption.
in the range 140 GeV-600GeV, the fluxes have been scaled
down by 18% (derived from the spectral indexIct 3.8 mea- 3. Multiwavelength view of PKS 1424+240
sured by VERITAS) to be compared to the MAGIC light curve i
at above 150 GeV. The statistical errors of the MAGIC flu{ne multiwavelength data for PKS 142240 were collected
measurements are larger than those from VERITAS because 9§ Several ongoing monitoring programs in radio, optieal
MAGIC 2009 observations were performed with a single telé@ys and high-energyrays. The resulting multiwavelength light
scopB and were substantially shorter (12 hours vs 28 hours) the{fves are shown in Figuie 3.
those from VERITAS.

3.1. Radio data

2.5. Redshift estimation from y-ray observations The object PKS 1424240 is monitored at 15GHz using the
The redshift of PKS 1424240 is still uncertain and can be con#0 Meter telescope of the Owens Valley Radio Observatory as
strained by VHEy-ray observations by considering the inter& Partof a larger monitoring program, where a sample &700
action of energetic photons with thefidise optical and near- SOUrces is observed twice a week (Richardset al.,|2011). The
infrared background, which are also called the extragialacte!€Scope is equipped with dual-beamefi;axis optics and a

background light (EBL)/(Hauser & Dwek, 2001). The interac‘?OOIe,d recei\(er install_ed at the prime focus. The two skyrizea
are Dicke switched using thdfesource beam as a reference, and

4 The MAGIC Stereo sensitivity is a factor of 3 better than tne o the source is alternated between the two beams in an ON-ON
of the MAGIC | telescope at the lowest VHE energies (Alelstial., fashion to remove atmospheric and ground contaminatioa. Th
20124). calibration reference source is 3C 286 for which the flux dgns
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of 3.44 Jy at 15GHz is assumed (Baars et al., 1977). The sgbjects showing lower Doppler factors in theray loud AGN
tematic uncertainty of about 5% in the flux density scale is n{Lister et al., 2011). The VLBA core is resolved in the MOJAVE
included in the error bars. Details of the observationspbcal images and has a mean-fitted FWHM Gaussian of 0.1 milliarc-
tion, and analysis are givenlin Richards etlal. (2011). sec, which corresponds to 0.67 pc at0z6. The images were

Visual inspection of the 15GHz light curve shows amlso investigated for limb brightening, which is consiadkte
increasing trend from 2009 to 2011; the average flux ife a signature of a spine-sheath structure, and recentvabser
creases from 0.28).01Jy (MJD54923) to 0.340.01Jy tions of Mrk 501, for example, have shown limb brightening
(MJD55807) with minimum and maximum values of(Pineretal., 2009). However, for PKS 142240 we find no sig-
0.20:0.01Jy (MJD54954) and 0.3D.02Jy (MJD55721), nature of limb brightening.

respectively. The constant hypothesis can be discardetbdise Simultaneous single-dish and VLBA observations show that
low probability (?/d.o.f. = 861/126, probability smaller than the extended jet contributess0 mJy to the total single dish 15
0.0001). GHz flux density (M. Lister, priv. comm.).

We test the trend by using the five methods for obtaining the
linear regression fits from Isobe et al. (1990) and find thedre3 > Optical d
to be significant at the- 200 level. We also calculate the in-~"“ ptical data
trinsic modulation index of the light curve using the likedod The source has been observed as part of the Tuorla blazar
method introduced in Richards et al. (2011). The intrinsedm monitoring program since 2006. The observations are done
ulation index is a measure of variability, similar to therstard  with the KVA (Kungliga Vetenskapsakademi) telescope on La
variability index (e.g. Aller et all, 1992) but takes thecgsrand Palma, which is operated remotely from Finland and the Buorl
sampling into account in the calculation of the likelihoset¢ 1 meter telescope, located in Finland. KVA consists of twe-te
Richards et all, 2011, for further details). For the raditadwe scopes, the larger one being a 60cri%j Cassegrain tele-
obtain a modulation index 0f.072+ 0.005. This value confirms scope equipped with a CCD polarimeter capable of polarimetr
that the source is significantly variable and the variab#itn- measurements in BVRI-bands that uses a plane-parallétecalc
plitude is close to the mean value of 0.636010 obtained for a plate and a super-achromati2 retarder. The second, a 35cm
sample of 98 HSP BL Lacs in the OVRO sample (Richardslet atelestron telescope, can be used for photometric measaoteme
2014). in B, V, and R-bands. The observations of PKS 14240 are

The visual inspection also suggests a small amplitude flafene in the R-band and analyzed using the standard procedure
in 2011. The existence of this flare was tested by removing tgth the pipeline developed for the monitoring program gsin
increasing trend by fitting a line to data and then calcuigtie et al. in prep.). The magnitudes are measured wiffewtintial
intrinsic modulation index using the likelihood methodcBese photometry by comparing star magnitudes from_Fiorucci et al
this method takes the flux density of the source into accou(it996). The polarimetric measurements were done without fil
the average flux density 0.28 Jy was added to the residuads. s to improve the signal-to-noise of the observationg dé-
intrinsic modulation index for the de-trended data is th€26+  gree of polarization and position angle were calculatethftioe
0.003, implying that the light curve is indeed variable abdwe t intensity ratios of the ordinary and extraordinary beaniagis
3o level even if the trend is removed. standard formulae and semiautomatic software speciailglde

The source has also been observed by the Metsahovi 18péd for polarization monitoring purposes.
meter radio telescope at 37 GHz. The measurements were maden April 2011 during the high optical state of the source, ob-
with a 1 GHz-band dual beam receiver centered at 36.8 GHarvations were also performed at the Nordic Optical Telesc
The observations are ON-ON observations, which alteriae to get a better sampling of the light curve, as KVA wafesting
source and the sky in each feed horn. A typical integratimeti from technical problems. The data were reduced using the sam
to obtain one flux density data point is between 1200 and 140@socedure as for KVA and Tuorla data.
A detailed description of the observation and analysis o#gh  The object PKS 1424240 has also been observed as part of
can be found in_Terasranta et al. (1998). The detectiont (e the Catalina Sky Survey (CSS) Program in the optical V-band.
fined as 3\ > 4) of the telescope is on the order of 0.2 Jy undethe data are publicly available (Drake et al., 2089nd are
optimal weather conditions. Given that the typical flux dgns used to get better sampling for the optical light curve.
of PKS 1424-240 at 37 GHz is close to this limit, the source can During the six years of monitoring, the optical R-band mag-
usually be observed during good weather only, and thergfofgiude of the source was between 13.6 and 14.5 (V-band: 13.9
the observed light curve from this source is sparse. Fig(fies8 and 14.6), and after the beginning of 2009, the source has
panel from the top) shows the significant detections of thec® peen brighter than R14.2 in all measurements (V-band: 14.3).
from 2009 to 2011. The measured flux densities are between Qgstorical data from 1994—1995 (Fiorucci et al., 1996) agga
0.35Jy, which is close to the detection limit and resultsaigé  (Mead et al., 1990) show R-band magnitudes from 14.75 (1988)
measurement errors. Within these error bars, the lightcdoes  to 14.2 (1995) and the V-band measurement from 1984 shows
not show significant variability. V=16.2. The optical magnitudes measured from 2009 to 2011,

In addition to single dish observations, the source has algrefore, clearly present an optical high state of thecowhen
been observed with the Very Long Baseline Array (VLBALompared to historical data. Within these three years dd,dat
at 15GHz as a part of the-ray selected MOJAVE samplethe average magnitude has been Rt (7.7 mJy) with the high-
(Lister et al., 2011). Analysis of all seven observed MOJAVEst optical flux in 2011. The maximum flux reached13.65
epochs up to now reveals two moving components wiif10.7 mJy), which is~40% above the average core flux from
speeds of 5& 24uarcsegy and 51+ 9uarcsegy (M. Lister, priv.  2009-2011, and is the highest optical flux measured from the
comm.). Using z=0.6, this converts to a speed ef1.2c and source to our knowledge. The 2011 MAGIC observations were
Doppler factors = 5.5 (assuming an average BL Lac objectriggered by this high optical flux. However, the data takafg
viewing angle of Bas determined by Hovatta et al. (2009). NotMAGIC started when the optical flux was already decreasing
that a viewing angle of “Lresults ind = 12, which is rather
slow but is in accordance with high-energy peaking BL Lac® httpy/nesssi.cacr.caltech.g¢@ataReleage
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and the average optical flux during 2011 MAGIC observatioradlow us to perform a reliable spectral fit, and for this remso
was R=13.83 (9.0mJy), while it was R14.01 (7.68 mJy) and they have been excluded.
R=14.05 (7.39 mJy) in 2009 and 2010, respectively. The spectra were extracted from the corresponding event
The optical light curves in the R- and V-bands start thrddes and binned using GRPPHA to ensure a minimum of 27
years earlier than the 15GHz light curves, but the incregasifounts per bin in a manner, so that fifestatistic could be used
trend seems to be present also in optical data. We also testrigiably. Spectral analyses were performed using XSPESlver
the existence of this trend in radio data. In the optical Reha 12.6.0.
the trend is significant at the &9evel. The intrinsic modulation ~ The results are summarized in Appendix A. TablelA.2 shows
index of the light curve is @52'5919 and with the trend sub- the results of a power-law model fit to the data. Photo-electr
tracted it is 0071+ 0.005. The same analysis is repeated for tr@bsorption with a hydrogen column density fixed to the Galact
V-band data (which have better sampling in 2006-2008) lreswaluen = 3.1 x 10?° cm2 (Kaberla et al, 2005) was included
ing in a lower but still highly significant trend at the-3evel. in the model.

In 2011, we also performed two polarization measurements: Atthe beginning of the observations, the source was in a high
May 6th (MJD 55688) and May 21st (MJD 55703). The poX-ray state compared to the lower X-ray states in 2010. A flare
larization was found to be.Z + 0.5% and 91 + 0.6%, respec- has been observed on June, 15 2009 lasting 3 days (Figure 3)
tively. Compared to historical observations from 1984 agggl With the flux doubling on a one-day timescale. During the turs
(without filter 47 + 0.3% (Impey & Tapia/ 1990) and R-band@ spectral hardening is recognizable, although a clearehard
4.9+ 0.3% (Mead et dl], 1990)), the polarization is significantiwhen-brighter trend cannot be seen in the whole data set.

higher. The polarization degree is still within the typicahge ~ The observed day-scale X-ray variability sets an uppet limi
for BL Lacs (e.gl Jannuzi et al., 1993). for the size of the X-ray emission region given by the catsali

relation:R < cty6/(1+ 2) ~ 1.6 x 10'% [cm] by assuming a
_ ' redshift of 0.6.
3.3. Swift UV and X-ray observations Swift/lUVOT observed the source with all filters (V, B, U,
Swift observations of PKS 142440 were performed using two U\g/vsvﬁhg\]{i'l\:lezr’-o%\t/r\g-zg a(;/V(renro%j%e (J?g; .ulzg(;m_?_ht 2 rleﬁ/(gtrﬂs]gﬁ?ce
(éf the threte IO nét())?%rd mstrur?ﬁntos:zTth)Ii-rsy telesc%pe ((jX gunts were extracted from a 5 arcsec-sized circular rezgon
th””g‘("/SOe tf"‘ '-'l Tel ) coversUVeOT. R XE ter}er%¥)05an ' a{b%d on the source position, while the background was ebeitia
e UV/Optical Telescope ( —n~oming et al., ) COVirom a nearby larger, source-free, circular region. This.esere

ers the 180 - 600 nm wavelength range with V, B, U, UVW ; -
, S rocessed with thevotmaghist task of the HEASOFT package.
UVM2, and UVW?2 filters. The third instrument, the Burst Aler he observed magnitudes have been corrected for Galagtic ex

Telescope (BAT, Barthelmy etlal., 2005), is a coded-mask irﬂhction E(B- V) = 0.059 mag (Schlegel et al., 1998), apply-

ager that covers the 15 - 150 keV energy range. The SOUILE the formulas by Pei (1992) and finally converting thenoint
has not been detected by the complete analysis of 54 mo es following Poole et al. (2008). The observed magnisude

of the BAT survey data, or the 2nd Palermo BAT catalog d the de-reddened fluxes are collected in Table A.3. The UV
(Cusumano et al., 2010), and therefore, the BAT data were §iopyness is marginally variable, increasing during theay
used in the present analysis. In the following, the XRT dedenf flare of June 15

0.2 to 10 keV are discussed with the UVOT data.

Swift observed the source extensively in June 2009, follow- _
ing the detection of VHE emission by VERITAS (Ong, 20093.4. Fermi-LAT y-ray data
Acciari et al., 2010); a few sporadic observations followd

November 2009, January 2010, and November 2010, summFerm|-LAT is a pair-conversiory-ray telescope sensitive to pho-

; {0f energies greater than 20 MeV. In its nominal scanninganod
lrjigetg t?](te%t/alftoét?seear%tizofsnzso?:;?(bssialgzgzg& TDlelA.1 Summﬂ’surveys the whole sky every 3 hr with a field of view of about
o 2.4 steradians_(Atwood etlal., 2009). The LAT data presented
The XRT data were processed using the_FTOOLS tagkhis paper were collected from MJD 54682 (2008 August 4)
XRTPIPELINE (version 0.12.6), which ‘is distributed by, \jp 55200 (2011 June 4). An unbinned likelihood spectral
HEASARC within the HEASoft package (v6.10). Events W'tarinalysis was performed to produce the light curve with tha-st
grades 0- 12 were selected for the data (see Burrows et aljarq analysis toogtlike, which included in the Science Tools
2005) and response matrices version 20100802 avaﬂablmlné]oﬁware package (version v09r23d0IJhe PZSOURCEV6
Swift CALDB were used. For the spectral analysis, the mogysiryment response functions were used, which is a refine-
est pile-up &ecting the June 2009 data was evaluated folloWseny 1o previous LAT response functions, reflecting imptbve
ing the standard procedfirewhich resulted in a piled-up re- ,ngerstanding of the point-spread function arftetive area
gion with a radius of~ 7 arcsec. This region was maskediackermann et all, 2012). For this analysis, only photooated
and the signal was extracted within an annulus with inner rgr 5 circular region of interest (ROI) with a 10 degree radius
dius of 3 pixels (7.1 arcsec) and outer radius of 25 pixels (¥ntered at the position of PKS142240, were selected. In ad-
arcsec). The pile-up correction was applied only to obsengtion we excluded photons arriving from zenith ange$00°
tions with count rates higher than 0.6 cps. The o_bservamnmms_ to limit contamination from Earth limky rays, and events are
ID 00038104001 and 00038104010 show a strip of dead p'xﬁ?é‘tected while the spacecraft rocking angle wa2° to avoid
crossing the source; although the xrtpipeline creates ai-angime intervals during which Earth entered the LAT field ofwie
lary response file (ARF) correcting for the exposure map, WEov)
excluded these data from our analysis. The observatiohd @it = ' the v- lvsi d the Galacti d
00039182002 and 00039182003 have few counts due to the [aonic difuse. emission models gayearp7vevo fits and
source flux and short observation time. The low statisticaato '

7 For a documentation of the Science Tools, see
6 httpy/www.swift.ac.ukanalysigxrt/pileup.php httpy/fermi.gsfc.nasa.ggss¢datgdanalysigdocumentatiofi.
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Fig. 3. Multiwavelength light curve of PKS 142240 from MJD 54700 to MJD 55800. Since 8lift/UVOT filter data show the
same trend, only filters B, V, and W1 are shown. The dashedlgrayepresents a linear fit to th&rmi-LAT data after the X-ray
flare.

iso_p7v6source.txt. The isotropic background is defined as tleelarger than half the flux itself_(Abdo etlal., 2010a). Alleth
sum of residual cosmic-ray background and extragalactic dincertainties stated here are statistics only, the estinsys-
fusey-ray background (file provided with Science TodlsAll  tematic uncertainty of the integral fluxes above 200 MeV and 1
point sources in thEermi-LAT Second Source Catalog (2FGL;GeV are both about 10% for a hard source like PKS 1420
Nolan et al.| 2012) are within 200f PKS1424-240, including (Ackermann et &ll, 2012).
the source of interest itself, were considered in the amalys The spectral analysis was performed in the full band (from
Those within the ROI were fitted with power-law models with 00 MeV to 300 GeV) for the whole 2008-2011 period us-
spectral indices set to the values obtained from the likekh ing a simple power-law model. The best-fit parameters for the
analysis of the full data set, while those beyond t&dius ROI fyll-band model ard” = 1.784+ 0.016 and an integral flux of
had their values frozen to those found in the 2FGL. Uppettémi(7.7 + 0.2) x 108 ph cnT2s with the corresponding detection
at 2-sigma confidence level were computed for time bins witynificance given by the/TS ~ 860-.
test statistics (T$J< 9 and when the nominal flux uncertainty The Fermi-LAT integral flux light curves above 200 MeV

® For details on the background  models, Se@.r_ld 1GeV were derlve_d by perforr_nmg separate flux estimation
htpy/fermi.gsfc.nasa.ggesgdataaccesgayBackgroundModels.htrl  With 10- and 30-day bins, respectively, and are shown tageth
i with the multiwavelength light curves. They show a flickerin

® The test statistic (Mattox et/al., 1996) is defined@s= 2(logL,— Pehavior, and no strong activity is detected during thestive
log Lo), whereL is the likelihood of the data given the model with,Y ~gated period. A constant flux hypothesis has a low probgbilit
or without (Lo) a point source in the chosen position. (x?/d.of. = 225/110, incompatible with the hypothesis of con-
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Fig.4. Zoom of multiwavelength light curve of PKS 142240 around the X-ray flare in 2009.

stant flux at 95% confidence level). The light curves have & hinend. The trend seen in radio and optical suggests a common
of a fast flare occurring at the same time as the X-ray flare l@rge, emission region for these wavebands. As it is knowh th
2009 that was detected, and another similar event was aasemost of the emission at 15 GHz originates in the parsec setle j
in July 2010 (MJD 55748), but no X-ray or VHE observationésee Section 3.1), this also plays a significant part of thizalp
are available during this flare. No spectral variation isestred, emission there. However, in addition to the long-term tréind
even during the X ray flares. The fitted value of the spectral iBvident that the optical light curve also shows faster flares
dex is consistent with being constant in time with a proligbil Figure[@ shows the light curves in 2009. There is fast X-
value of 93%, which agrees with the hypothesis that ther@is ray flare observed in June 2009 and around this time, the flux
significant spectral variations at a 95% confidence level. in UVOT band also starts to increase. However, the incresase i
much slower and also smaller in amplitude, and therefois, it
not clear if it has common origin with the X-ray flare.

In the radio bands, the time coverage of the measurements
The radio light curve at 15 GHz and the optical light curves (Rloes not allow any conclusion, and in VHE and HEays,
and V-bands) show a clear increase of flux with time, as cotie simultaneous time bins do not show short-term varigbili
cluded in Sections 3.1 and 3.2. In the htEay light curves, the Interestingly, there also seems to be a simultaneous iserefa
flux level seems to slightly increase toward the 2011 sedson.optical and HEy-ray flux above 200 MeV at around the time
particular, forFermi-LAT data above 1 GeV (after June 2009)when there was an X-ray outburst (MJD 54995), which might
the likelihood ratio test indicates a non-zero slope withrenosuggest a common origin for the optical and kHeay emission.
than 99% confidence (dashed line in Eig.3). In X-rays and VHEowever, this trend is not significant in Herays when consid-
v rays, the sampling is sparse and prevents measurement of anirgg the entire data sample.

3.5. Multiwavelength light curve
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In addition to visual inspection of the light curves, we alsond peak is more uncertain but seems to be located at very high
perform a simple correlation study betweeffelient bands. The energies, making the separation between the first and second
only two bands showing a possible correlation are the dptigaeak large. This feature isfficult to model with a traditional
and radio (15 GHz) wavelengths: in Figlide 5, the data pairs sifigle zone SSC. Additionally, the multiwavelength vailigb
the R-band and 15 GHz with a timefidirence< 0.9 days are suggests a possible correlation between radio and opticad]
plotted against each other. Although the linear fit has a lmipp which means that the emission could originate in the VLBAecor
ability, it has a Spearman correlation ¢ogent of 81% and, for which the Doppler factor and the size of the emitting oegi
in a likelihood ratio test, it is significantly>( 99.9%) preferred were derived from the MOJAVE data (see 3.1). Therefore, in ad
over constant fit. The correlation is dominated by the lagrgat  dition to a traditional one-zone model (Tavecchio etlal Q&9
trend. We did not see any significant correlation when censiiaraschi et al., 2003) (Fid.] 6), we also explore the two-zone
ering timescales shorter than one year. This result sugtfest model of Tavecchio et al. (2011) (FIg. 7). The parameterbef t
the radio and optical emission have a component in commfits are presented in Taklé 3.
that originates in a source, which varies efryear timescales. In the canonical one-zone SSC model, the emitting plasma
A confirmation of this statement will not be possible unti rais contained in a spherical region of radiR$n relativistic mo-
dio/optical data are accumulated over many more years. tion (described by a bulk Lorentz factd) along the jet at an

angled with respect to the line of sight to the observer, so that
special relativistic fects are cumulatively described by the rela-

034 tivistic Doppler factorg = [I'(1—Bcosd)] L. The emitting region
032 g + is filled with a homogeneous tangled magnetic field with inten
ook S Pl sity B and by a population of relativistic electrons of density
5 F e + p whose spectrum is described by a broken power law as a func-
gor -:57/—— S s tion of the energy of the relativistic electrons:
S o2 [ ] 7+ nm—n
2 F T L H#{T T -n A
€ oaaf Ay N(y) = Ky™ (1+ —) R (2)
i 0,22: )/b
F | whereK is the normalization factoty, is the Lorentz factor of
= electrons at the spectral break ancandn, the spectral indices
N A T below and above the break, respectively.
opteal flaxdensity ) As a first approach, we fit the SED excluding the radio data

Fig. 5. Optical R-band flux versus radio 15 GHz flux. The datéassuming that the radio emission originates in féedznt re-
pairs are selected with a timefiéirence ok 0.9 days. The lin- 9ion that does not contribute to the emission in other energy

ear fit is significantly preferred over the constant fit (seefier regimes). The fit is performed using the fully automatizéd
details). minimization procedure of Mankuzhiyil etlal. (2011). Thessy

tematic errors on the flux were estimated to be 2%, 10%, and
40% for radio-optical-X-ray, GeV rays, and VHEy rays, re-
spectively. The resulting fit is shown with a dashed line m[Bi
While reproducing the high-energy SED data reasonably, well
fails in reproducing the shape of the optical-UV continuum (
. set of Fig[6). If the radio-optical connection can be condidm
3.6. Spectral energy distribution with long-term study, this model is disfavored because #uior

Using the multiwavelength data discussed in the previobs sifmission is assumed to be produced inféedent part of the jet.
sections, the SED of PKS 142240 was constructed from VHE  AS @ second approach, we include radio data in the modeling
y rays to the radio band. For VHErays, we plot the data from bY considering the possible connection we found betweeio rad
the 2009, 2010, and 2011 observations, which is corrected f§'d optical wavebands. _
the EBL absorption using the Franceschini étlal. (2008) thode HOwever, it is not possible to reproduce the SED using a
The EBL model of Dominguez et al[ (2011) gives compatibf@oppler factor of-10, such as that derived from the VLBA data,
results. The spectrum frofermi-LAT covers the whole 2008- PY assuming typical viewing angles of-15° (see section 3.1).
2011 period. In X-rays, we use two spectra fr@nift from The Doppler factor found from fitting the SED is an order of
2009, one from a high state (MJD 54997) and one from "Bagnitude higher than the VLBA-derived value (dashededbtt
low state (MJD 54996), and simultaneous UVOT data for the§ge fit of Fig.[6). Even when constraining the Doppler factor
epochs. The R-band points correspond to the average flux@0 in the fitting procedure, the low energy peak data cannot
2009, 2010, and 2011 during the MAGIC observations. In tf€ properly described by the model (continuous line of Hg. 6
radio band, we subtract the contribution from the exteneed Moreover, this last model cannot fulfill all the requiremeerin
(see 3.1.) from the OVRO 15GHz measurement and plot tRarticular, the variability timescale of one day observedrdy
average flux between 2009 and 2011. Additionally, we use tH X-ray flare in 2009 cannot be atéalngd. The causalityiczia
Planck data from January-February 2010 that are published (8 < Ctvard/(1+2)) givesR < 6-5><%01 cminthis case, while the
Giommi et al. (2012). The data are not simultaneous, but fitParameter requireR ~ 19x 10'°cm. It, therefore, seems that
gether they present a low and high state ifiedent wavebands. the emission zone parameters do not agree with the onegderiv
The SED of PKS 1424240 shows a wide synchrotron bumgOr the VLBA core in the one-zone modeling. This is problem-
peaking around the optical regife The location of the sec- atic because all the emission in a one zone model should orig-
inate in the same region, which, basing on the radio emission
10 | the SED shown in Fig. 4 6f Acciari etlal. (2010), the syn¢too  could be placed in the VLBA core.
peak seems to be narrower due to lower (possibly erroneceply- For the two-zone modeling, we adopt the model pre-
duced) X-ray luminosity. sented for the flat-spectrum radio quasar PKS 223 in
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Tavecchio et al! (2011) with small modifications. We negtket
external seed photon contributions as PKSh424D is a BL Lac
object where the disk and broad-line region are assumed to b
weak, and therefore, external Compton models are not appeal
ing. The two emission regions are separated: the innermegio
assumed to be smaller. This could mean that it is closer to the
central black hole or that it is a spine, while the larger oegi

is a sheath. For the larger emission region, the raRliissequal

to half the cross-sectional size of a conical jet. Both regiare
described by the same parameters as the one-zone modet;assu
ing an electron population distributed as a broken powerifa
each region. Since the cooling time of the electrons at thledst
energies is shorter than the light-crossing time (i.e. twape
from the source), the absence of a break in the electroni-distr
bution requires a continuous acceleration of high-enelgy-e
trons. The SED is modeled with two emission regions such that
the larger emission region would have the properties oleserv
for the VLBA core. The resulting fit is shown in Figuré 7, and
the adopted parameters are in the last line of Table 3. The two
zone model results in an acceptable fit to the data. The high-
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energy part of the SED model Figurk 8 reveals that in this case

the peak of the second bump is located~80 GeV. The high Fig 6. SED of PKS 1424240 constructed from radio to VHE
ymn Obtained is compatible with the hypothesis of shock heafrays: radio 15 GHz from OVRO (black filled circles), 30 GHz
ing, as suggested, for example, in Virtanen & Vainio (2008) a to 857 GHz from Planck (black arrows and filled circle), opti-
Sironi & Spitkovsky (2011). _ cal R-band from KVA (blue filled circles), optical to UV from
The measured powers indicate a strange behavior of the mgg§/OT (pink (lowest state) and purple (highest state) filléd ¢
netic field, V\(hose_ relative importance (_:ompared to kinetic €cles), X-rays fromBwift-XRT (light blue (high state) and violet
ergy of particles increases with the distance. For a very d{fow state) filled circles), HE rays fromFermi-LAT (red filled
ferent radius R, we obta_ln the same magnetic field B, meadircles) and VHEy rays from MAGIC (2009: black, 2010: gray,
ing a very large magnetic energy in the large zone. The bgy11: light blue). The SED is fitted with three single-zon&SS
havior of the bulk Lorentz factoF suggests some deceleramodels: the highymn fit (solid line) and the fits that result from
tion of the flow (e.g. Georganopoulos & Kazanas, 2003) whigRe 2 minimization (dashed and dot-dashed lines) (see text for

could explain the magnetic field increase (through comegs  details). The inset shows the optical-UV range of the SEDron a
This behaV|0r, hOWeVer, IS not #icient to eXp|aIn the values expanded scale. A redshift o20.6 is assumed.

of the model. Assuming a steady jet under expansion, B is ex-

pected to scale asR Then the relation between the magnetic

field and the radius of the inner and outer regions should be

Bout/Bin = Rin/Rout=0.025. Deceleration could in principle com-

pensate for this decrease, sirgec I'"! through compression if

the decelerating jet propagates cylindrically. In the aafseKS could be due to the shorter MAGIC observations (in compar-

1424+240, if we consider that the viewing andglg=1/Tii,, then ison to those from VERITAS). The upper limit on the flux at

Iin = vin, While the viewing angle of the outer region wouldb00 GeV reported in Figure 1 agrees with the value reported by

be 6y = 1.91° and thereforel'o: = 4.66. The relation among |Acciari et al. (2010) at the same energy. The 2onfidence up-

the two emitting regions would bBgy/Bin = Tin/Towt = 6.44, per limit for the redshift, z< 0.81, derived from the MAGIC

which is too small (by a factor of 10) to compensate for th2011 spectrum (which is the most precise among the MAGIC

expansion. A possible explanation is a jet with primaryjggé- spectra) and the Franceschini et al. (2008) EBL model, agree

tion that changes parameters with time. Alternativehhé two  with the new lower limit.

regions are not located atfférent distances along the jet butare [Furniss et al. [(2013) reported that the VERITAS VHE spec-

cospatial and form a spine-layer structure (e.g. Ghisedtial., trum (corrected for EBL absorption) exhibited a lower fluarh

2005), it is then possible that the magnetic field is unifonrthie  an extrapolation from thEermi-LAT power-law spectrum in all

jet, which explains the same value in the fast and slow regionbut the highest energy bin, which was interpreted as an over-

estimation of they-ray opacity or the onset of an unexpected

VHE spectral feature. In this work, we used the average 2008—

2011Fermi-LAT spectrum, which extends to higher energies and

In this paper, we present the first long-term study of the VHBEas smaller statistical error bars than the 2B@9ni-LAT spec-

y-ray emission from the BL Lac object PKS 142240. The trum that is simultaneous to the VERITAS observations used i

redshift of this source is uncertain. Recently, a lower fliofi [Furniss et al. [(2013). The 3-year Fermi-LAT spectrum exsend

the redshift z> 0.6035 was determined from thegynd Lyy beyond 100 GeV and connects smoothly (within uncertainties

absorption of the intergalactic medium|by Furniss €t/al.1p with the 2009, 2010, and 2011 MAGIC spectra.

making the source a strong candidate to be the farthest known The VHE light curve of the source is compatible with the hy-

VHE y-ray emitter. pothesis of constant flux at a 95% confidence level, and the spe
MAGIC observed the source for three years from 2009 toal index of the diferential energy spectrum is steady within the

2011. We did not find any significantray excess above 400error bars. The MAGIC VHEy-ray observations in 2009 and

GeV, while VERITAS did (see_Acciari et al., 2010), but thi2011 were triggered by the optical outbursts in the soundsyb

4. Summary and discussion
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Model Ymin Yb Yimax noomn B K R 0 Lkin(p) L kin(e) Ls

[10°] [10%  [10%] [G] [cm~3]  [10%cm] [10%ergs?] [10%ergs?!] [10*ergs?]
one-zone 0.260 3.2 8a0° 1.9 39 0.018 217 6.5 70 5 7.0 3
(no radio)
one-zone 0.016 26 3@C 1.7 37 0.006 50 5 131 64 21 0.8
one-zone 0.004 53 3A0* 2.0 4.0 0.017 1x1¢ 19 40 371 11 8.8
(constrained)
2 zones (in) 8.0 3.9 7.0 20 3.1 0.033 =11° 4.8 30 0.07 1.2 1.1
2 zones (out) 0.6 3.0 0.5 20 3.0 0.033 23 190 9 1.3 2.3 159

Table 3. Model parameters for the four models: one-zone model witleousidering radio data, one-zone model including the
radio data, one-zone model including the radio data andiderisg constraints derived from the VLBA data, and two-eomodel
where the outer emission region considers the constragmigedi from the VLBA data. The following quantities are rejgal: the
minimum, break, and maximum Lorentz factoysi, vb, Ymax); the low and high-energy slope of the electron energyitistion

(n; andny); the magnetic field intensityB, the electron density, the radius of the emitting regioR; the Doppler factorg; and

the kinetic energy of the protons, electrons, and magneli fLyin(p), Lkine, and Lg).

‘10 T ‘ 1T LI 1T 1T LI 1T L ‘ LI ‘ T —107‘ T T T T T ‘,
L 1 L [ ]
i & 1 105 1 UL -
- = [ - ]
— | T o .
= r S r b
1] L o - -
120 - S L ]
£ - w115
> ] & F
Q, [ 7 - L
w-13 — 12— ]
L-13r i L ]
o | i L 1
e) ,
- T ! 7 I R I R ST B
i '\ PKS1424+240 | 21 22 23 24 25 26 27
-141— ' / — log v [Hz]
r v/ z=0.6 1
i : v | Fig.8. High-energy part of the SED of PKS 142240 fitted
15k ," | | | : /‘ | | . with a two-zone SSC model and willermi-LAT data (red sym-
- L L4 L1 L1 L1 [T B L1 L1l 1

‘ bols) and MAGIC 2009, 2010, and 2011 data (gray, black, and
10 12 14 16|0 \1)8[HZ]20 22 24 26 blue symbols, respectively), which are corrected for EBE ab
g sorption by assuming redshift of 0.6 and the EBL model of

Fig. 7. SED of PKS 1424240 fitted with a two-zone SSC mode!Franceschini et al. (2008). The peak is located & GeV.
assuming a redshift of z 0.6. The long dashed line represents

the emission from the outer region and the dashed line fram th

inner region (see text). Data as in Fig. 6.

which possibly could be the parsec scale jet. We investitate

MOJAVE 15 GHz VLBA observations of the source and find that

the parsec scale jet is slow and therefore could be resgensib
find no conclusive evidence for a higher VHEay flux from the for such long-term variability. The common origin of radioda
source during the optical outbursts in yearly timescalbg. fWwo optical emission in blazars has been studied extensivetlgan
periods that were triggered by optical outburst showed modeast (e.g._Tornikoski et al., 1994; Hanski et al., 2002). Tée
ately higher VHEy-ray flux than the 2010 period. However, thesults have been inconclusive with some sources showing-corr
average optical flux was higher in 2011, while the highest VHEGtions while others not. Here, we find a clear indicationaf-
v-ray flux was measured in 2009. As the source is rather weaknection between these two energy regions in a high synahrotr
the VHE y-ray band and the observations of several nights hapeaking source. Sources of this type are weak in the radid,ban
to be combined in the light curve, a detailed short term campand therefore, such a connection has not been considerkd in t
ison is not possible. past studies. We emphasize the need for further invesiigafi

We also present the first long-term multiwavelength datagkis connection in a sample of sources.

of the source that covers 2006-2011 and includes data from ra We also investigate the SED of the source with a non-
dio to HE y rays. The source is variable in all studied energsimultaneous dataset that presents the low and high staéte of
regimes, although the variability is moderate. We find a sigource within 2009-2011. The one-zone fit to the SED (both
nificant increasing trend in the 15 GHz radio and opticaltlighincluding and excluding the radio data) fails to reproduse t
curves in 2009-2011, as well as correlation between the twptical-UV continuum and requires a much higher Doppler fac
bands, which we interpret as a common large, emission regitor than that observed in the parsec scale jet by the VLBAnEve
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when constraining the Doppler factor in the fitting procegmo The OVRO 40-m monitoring program is supported in part by NAgants
result is derived for a Doppler factor lower than 40. The sanMNX08AW31G and NNX11A043G, and NSF grants AST-0808050 arglA
mismatch in Doppler factors has been seen for many gy 1109911

L. . : 1] The Fermi LAT Collaboration acknowledges generous ongoing support
emitting BL Lac ObJeCtS (see, e.g.. Tietel al., 2012, anerref from a number of agencies and institutes that have suppdrbe the de-

ences therein). In many of the sources, the high Doppler fagtopment and the operation of the LAT as well as scientificadanaly-
tor of the VHE y-ray emitting region is required by the fastsis. These include the National Aeronautics and Space Asirition and
variability seen in the VHEy-ray regime [(Albert et al!, 2007; the Department of Energy in the United States, the Comnidgsar’Energie

: S i Atomique and the Centre National de la Recherche Sciergifiginstitut
Aharonian et all, 2007). This indicates separate emissgions . National de Physique Nucléaire et de Physique des Pasidul France, the

for radio and}"r_ay emission, and it has been suggested that jél§enzia Spaziale Italiana and the Istituto Nazionale dicBilucleare in Italy,
are deccelerating (Georganopoulos & Kazanas, 12003) or ha&weMinistry of Education, Culture, Sports, Science andhfietogy (MEXT),
spine-sheath structure (Ghisellini et al., 2005). In theecaf High Energy Accelerator Research Organization (KEK) arphdaAerospace

_ iahility i xploration Agency (JAXA) in Japan, and the K. A. WallenbEaundation, the
PKS 1424-240, the one day scale Vanablllty IS Only obserVe@wedish Research Council and the Swedish National Spacel Bo&weden.

in X5'ray5’ Wh_|Ch limits the_5|ze Qf the emls_S|on re_glonch..Gx Additional support for science analysis during the operetiphase is gratefully
105 [cm]. Given the multiple pieces of evidence in favor of tWaicknowledged from the Istituto Nazionale di Astrofisicatily and the Centre

emission zones, we model the SED with the two-zone mod#htional dEtudes Spatiales in France.
According to this model, the radio and majority of the optica

emission originate in a large emission region, and the Xaay
ray emission originates mainly in a smaller emission regiith
a minor contribution from the larger region in tfermi-LAT
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Table A.1. Summary ofSwift observations on PKS 142240 in 2009-2010 with the two instruments, XRT and UVOT.

Obs. ID Date starttime | XRT expos. XRT counts Pile-up | UVOT exposure Filters
[MJD] (PC-mode) [s] [entsE] correction [s]

38104001 11-Jun-2009 54993.1840 1732 0.43 y 1707 all
38104002 12-Jun-2009 54994.1181 1785 0.49 y 1736 all
38104003  13-Jun-2009  54995.1965 2263 0.45 y 2215 all
38104004  14-Jun-2009 54996.0674 2311 0.5 y 2261 all
38104005 15-Jun-2009  54997.1333 2093 0.89 y 2044 all
38104006  16-Jun-2009  54998.21%3 1132 0.88 y 1106 all
38104007 17-Jun-2009  54999.1570 1269 0.84 y 1220 all
38104008  18-Jun-2009 55000.2132 1132 0.45 y 1110 all
38104009 19-Jun-2009 55001.2208 1132 0.52 y 1108 all
38104010 20-Jun-2009 55002.1695 1403 0.27 n 1356 all
39182001 24-Nov-2009 55159.3083 4696 0.14 n 4691 uwi
39182002 22-Jan-2010 55218.0097 1005 0.09 n 984 all
39182003 22-Jan-2010 55218.0764 1476 0.09 n 1477 UM2
40847001 21-Nov-2010 55521.7549 1946 0.56 n 1900 B UW1M2W2
41539001 29-Nov-2010 55529.5202 1131 0.47 n 1105 all

Table A.2. Results of the analysis dwift -XRT data. The flux and spectral indices have been derivedanitron XRT data in the
range 05 — 10 keV using a simple power-law model with photo-electris@iption WABS model in XSPEC fony = 3.1 x 10%°
cm ).

Obs. ID Date Exposuré Flux 0.5-10 keV Flux err] index idx err| Red.y’/NDF
[MJD] [s] [10'? erg cm? 571

38104001 54993.1840 1732 - - - — —

38104002 54994.1181 1785 22.7 1.1 2.54 0.09 1.2325
38104003 54995.1965 2263 26.7 1.1 2.55 0.09 1.0028
38104004 54996.0674 2311 23.1 1.1 2.55 0.09 1.3330
38104005 54997.1333 2093 47.3 1.5 2.37 0.06 1.0352
38104006 54998.2153 1132 43.9 2.1 2.41 0.10 1.0828
38104007 54999.1570 1269 41.3 1.0 2.42 0.09 1.1530
38104008 55000.2132 1132 29.8 1.8 2.55 0.14 1.5813
38104009 55001.2208 1132 26.2 1.9 2.34 0.16 1.7/15
38104010 55002.1695 1403 - - - - -

39182001 55159.3083 4696 6.1 0.4 2.53 0.09 1.0631
39182002 55218.0097 1005 - - - - -

39182003 55218.0764 1476 - - - - -

40847001 55521.7549 1946 17.3 0.9 2.34 0.08 1.4Q33
41539001 55529.5202 1131 13.2 1.1 2.36 0.14 1.2315
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ST

Obs. ID uvv UBB Uuu uwil uUmM2 uUw?2
Centrald,m 547 439 346 260 225 193
Obsmagn Flux10™ | Obsmagn Flux10 ™ | Obsmagn Flux10™ | Obsmagn Flux10™ | Obsmagn Flux10 | Obs magn Flux101!
mag ergcm? st mag ergcm? st mag ergcm? st mag ergcm? st mag erg cm? st mag ergcm? st

38104001 14.48 3.88 14.81 4.21 13.94 4.24 13.94 3.93 13.89 4.21 13.98 4.10
38104002 14.48 3.88 14.79 4.29 13.92 4.32 13.91 4.04 13.9 4.18 13.94 4.26
38104003 14.48 3.88 14.77 4.37 13.88 4.48 13.96 3.86 13.95 3.99 14.09 3.71
38104004 14.46 3.96 14.78 4.33 13.88 4.48 13.95 3.89 13.87 4.29 13.98 4.10
38104005 14.39 4.22 14.71 4.62 13.8 4.82 13.81 4.43 13.77 4,71 13.88 4.50
38104006 14.46 3.96 14.73 4,53 13.84 4.65 13.85 4.27 13.83 4.45 13.93 4.30
38104007 14.45 3.99 14.74 4.49 13.83 4.69 13.84 4.31 13.82 4.49 13.93 4.30
38104008 14.44 4.03 14.69 4,70 13.81 4.78 13.84 4.31 13.8 4.58 13.92 4.34
38104009 14.43 4.07 14.72 4.57 13.8 4.82 13.84 4.31 13.8 4.58 13.92 4.34
38104010 14.44 4.03 14.73 4,53 13.88 4.48 13.87 4.19 13.85 4.37 13.94 4.26
39182001 - - - - - - 14.02 3.65 - - - -
39182002 14.55 3.64 14.89 3.91 14.08 3.73 14.1 3.39 14.09 3.50 14.25 3.20
39182003 - - - - - - - - 14.14 3.35 - -
40847001 - - 14.7 4.66 13.79 4.87 13.82 4.39 13.82 4.49 13.93 4.30
41539001 14.43 4.07 14.71 4.62 13.87 4.52 13.89 411 13.91 4.14 14 4.03

Erors | 0.0 013 | 010 014 | 008 017/ | 0.08 019 | 0.06 017/ | 006 0.16
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Table A.3. UV observed magnitudes and dereddened fluxes Baift -UVOT data. The central wavelength correspondent to eaeh ifilindicated. The flux has been Correcte8
for the galactic absorption. Flux values and its errors ark0r 1t erg/cn?/s units. The uncertainties on the measurements are apptetinconstant for each filter and are thug
shown in the last row. See text for details on data analysicarrection.
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