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ABSTRACT

Context. Because of its proximity, Mrk 421 is one of the best sourcew/hbith to study the nature of BL Lac objects. Its proximity

allows us to characterize its broadband spectral energrjtalison (SED).
Aims. The goal is to better understand the mechanisms respofilttee broadband emission and the temporal evolution of A2k
These mechanisms may also apply to more distant blazarsahabtt be studied with the same level of detail.
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Methods. A flare occurring in March 2010 was observed for 13 conseeudays (from MJD 55265 to MJD 55277) with unprece-
dented wavelength coverage from radio to very high enerdy&Me > 100 GeV)y-rays with MAGIC, VERITAS, WhippleFermi-
LAT, MAXI, RXTE, Swift, GASP-WEBT, and several optical and radio telescopes. Wietad the day-scale SEDs with one-zone
and two-zone synchrotron self-Compton (SSC) models, tigated the physical parameters, and evaluated whetheshiberved
broadband SED variability can be associated with variatiorthe relativistic particle population.

Results. The activity of Mrk 421 initially was high and then slowly deased during the 13-day period. The flux variability was
remarkable at the X-ray and VHE bands, but it was minor or igptiicant at the other bands. The variability in opticalg@ation
was also minor. These observations revealed an almost tne@lation between the X-ray flux at the 2-10 keV band ardAHE -

ray flux above 200 GeV, consistent with theays being produced by inverse-Compton scattering in fe@ékKNishina regime in the
framework of SSC models. The one-zone SSC model can deshal#ED of each day for the 13 consecutive days reasonably wel
which once more shows the success of this standard thesdrgtienario to describe the SEDs of VHE BL Lacs such as Mrk 7Rk,
flaring activity is also very well described by a two-zone S8@el, where one zone is responsible for the quiescent iemjsghile
the other smaller zone, which is spatially separated fraafitist, contributes to the daily variable emission occuyian X-rays and
VHE y-rays. The second blob is assumed to have a smaller voluneeraandow electron energy distribution witk 30* < y < 6x10P,
wherey is the Lorentz factor of the electrons. Such a two-zone sgeméuld naturally lead to the correlated variability a¢tk-ray
and VHE bands without variability at the optigdV band, as well as to shorter timescales for the variabditthe X-ray and VHE
bands with respect to the variability at the other bands.

Conclusions. Both the one-zone and the two-zone SSC models can descelsaily SEDs via the variation of only four or five
model parameters, under the hypothesis that the varialsldssociated mostly with the underlying particle popatat This shows
that the particle acceleration and cooling mechanism tlwtyzes the radiating particles might be the main mechargesponsible
for the broadband SED variations during the flaring episddédazars. The two-zone SSC model provides a better agretemita
the observed SED at the narrow peaks of the low- and highggrimps during the highest activity, although the repoadee-zone
SSC model could be further improved by varying the pararsetdated to the emitting region itself,(B andR), in addition to the
parameters related to the particle population.

Key words. radiation mechanisms: non-thermal — galaxies: active — Btelrtae objects: individual — gamma rays: galaxies

Online-data. Multi-wavelength light curves (data in Fig. 1) and broadbbaspectral energy distributions (the data
in Figs. 6, and B1-B4) are available at the CDS via anonymotp tb cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?]/A+A/578/A22

1. Introduction [1993] Bloom & Marschér 1996). Alternatively, hadronic mtsde

. hoar , ,  can also explain this bump (e.g., Mannheim 1993; Miickelet al.
Markarian 421 (Mrk 421; RA11'4'27.31’, Dec=38'1231.8’, ). Although both leptonic and hadronic models can re-
J2000) is a BL Lac object that is belleved to have a pair g oduce the time- averaged broadband SED of Mrk 421 (e.g.
relativistic jets flowing in opposite directions closelyigaled mmr.r-m [20111), it is dficult to produce short-time variabil-
to our line of sight. It is also one of the closegt £ 0.031; . (< 1 hour) with hadronic models, which has been ob-
de Vaucoleurs et al. 1991) and brightest BL Lac objects in téérved in Mrk 421 (e. ¢,_G_a.|d_o_s_e_ﬂlaL_1996) Thus, leptonidmo

extragalactic X-ray and very high energy (VHE;> 100 GeV) els are favored, at least in active states. A recent study on

sky. This object was the first BL Lac object detected by the E Tk 421 also supports leptonic models during low blaza i
ergetic Gamma Ray Experiment Telescope (EGmet i I_ZLFI)JF.)B) n |Fe)ptOI’1IC scenarios, ogne one S“Smégtmod-

: )I ai_ energies ;btov? (ZjLObO MeV, and twas akllso_ thgkfirst S with an electron distribution described by one or two pew
ragalaclic source detected by Imaging almospheric e“"enlaw functions can typically describe the observed SEDs.,(e.g

telescopes (IACT<; Punch et al. 1992). Mrk 421 is one of E{%@”mk' otal ngmzmmﬂudi_amﬂt al.

best-studied BL Lac objects at VHE because it can be dete

by modern IACTs within several minutes, and its broadba LE 2008 Horan eflal. 2009).

spectral energy distribution (SED) can be well measured by Because Mrk 421 is bright and highly variable, long-term

operating instruments covering energies from radio to VHBEultiwavelength (MW) monitoring campaigns have been orga-

Nearly all the IACTs have measured its VI-tEray spectrum nized to intensely study its SED and its temporal evolutiomf
LZD_OZLAI:Ia.LQma.n_eJ;l 02; Okumura bt aadio to VHE y-rays. Since 2009, an exceptionally long and

(Krennrich et al.
12002] Aharonian et al. 2 2005; Albert et al. 2007). dense monitoring of the broadband emission of Mrk 421 has
The SED of a blazar is dominated by the emission of theeen performed. The results of the 2009 MW campaign, which

jet components magnified by relativistic beaming. The olesr is related to Mrk 421 during nonflaring (typical) activityeve
spectrum and polarization indicate that the low-energyisn reported in Abdo et al[ (2011). The SED was successfully mod-
synchrotron radiation of electrons in turbulent magnegtdf eled by both a leptonic and a hadronic model, but the authors
in the jet. Mrk 421 has a peak frequency of the low-energypmmented that the hadronic model required extreme conditi
bump above 1¥ Hz, and therefore it is categorized as a higlfer particle acceleration and confinement. Moreover, thresdly
synchrotron-peaked (HSP) BL Lac object based on the clasmpled SED revealed that the leptonic one-zone SSC madel re
sification criterion presented in_Abdo ef al. (2010). Thekpeauired two breaks in the electron energy distribution (EED)
frequency of the high-energy bump for HSP blazars detectsatisfactorily describe the smooth bumps in the quiesdere s

at VHE is usually below 100 G&V This bump may be in- SED.

terpreted as the inverse-Compton scattering of the same pop

Mrk 421 showed high activity during the entire multi-
élggloprzoc;]f eISechol nn31 aﬁ[assy:nlﬂclhsrtotron pghoztoDnsE (:s]]ysn:cghrsot:rholn: S;Eeg trument campaign in 2010. During the period from March
(Modified Julian Day [MJD] 55265) to March 22 (MJD

1 See the TeV catalog afttp://tevcat.uchicago.edu/ 55277), the VHE activity decreased from a high flux2 Crab
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units (c.uff down to the typical value- 0.5 c.u [Acciari etal. through a random forest classificatibn (Breifhan 2001), tvisc
2014), hence fering the possibility of studying the evolutiontrained based on shower-image parameters and time infisrmat

of the SED during the decay of a flaring event. The extensive Then, all these parameters from the two telescopes are com-
MW data collected allow measuring the broadband SED ousified to reconstruct the arrival directions and energigb@f-

the largest available fraction of wavelengths with simmétaus ray candidate events. The number of signal (excess) ewifis i
observations (mostly within 2-3 hours) during 13 conse®utinumber of events around the source position after subigacti
days. The present study is unprecedented for any blazar. The number of background events, which is estimated usiag th
SED and indicated physical parameters in the emissionmedio number of events in a source-free region. Flux and a pretingin
different epochs and their temporal evolution have been studigctrum are calculated based on this number. Finallyptieis

e.g./ Mankuzhiyil et dl. 2011; Acciari etlal. 2011; Alegsit al. liminary spectrum is unfolded to correct for théeet of the lim-

), but based on sparse sampling. The observatiordbdat ited energy resolution of the detector, as reported all.

13 consecutive days provide a first opportunity to diredilglg  (2007), which leads to the final (true) observed VHE spectrum
the temporal evolution of the SED. of the source.

In Sect[2, we report the observations and data analysis per-The systematic uncertainties in the spectral measurements
formed with the various instruments. In Sddt. 3 we preseait fyith MAGIC stereo observations are 11% in the normalization
observational results on multi-band variability. In Sédit.all factor (at>300 GeV) and 0.15-0.20 in the photon index. The
the broadband SEDs during the flaring activity are charactefror on the flux does not include uncertainty on the energlesc
ized within two SSC models and physical parameters in emishe energy scale of the MAGIC telescopes is determined with a
sion regions are derived. In Selct. 5 we discuss the intexfoat precision of about 17% at low energids £100 GeV) and 15%
of the experimental results, and then we summarize thisystugt medium energiess(> 300 GeV). Further details are reported

in Sect[6. Throughout this paper, thée€DM cosmology with in|Aleksi¢ et al. b).
Ho = 71 km s, Qy = 0.27, andQ, = 0.73 is adopted.

2.2. VERITAS

2. Observation and data analysis The Very Energetic Radiation Imaging Telescope Array Syste

All instruments that observed Mrk 421 during this campaign a(VERITAS) is an array of four imaging atmospheric Cherenkov

listed in Tabl&lL. The details of observations by each imsent  telescopes 12 m in diameter that are located in southern Ari-
are described below. zona (Weekes et £l. 2002) and are designed to detect emission
from astrophysical objects in the energy range froh®0 GeV
to greater than 30 TeV. VERITAS has an energy resolution of
2.1. MAGIC ~ 15% and an angular resolution (68% containmenty @f.1°
er eventat 1 TeV. A source with a flux of 0.01 c.u. is deteated i

The Major Atmospheric Gamma-ray Imaging Cherenk(ﬁ/ 25 hours of observations, while a 0.05 c.u. source is datecte

(MAGIC) telescope system consists of two 17-meter teleesoqn less than 2 hours. The field of view of the VERITAS cam-

that are located on the island of La Paima, 2200 m above ¥8s is 3°. For more details on the VERITAS instrument and its

level. Stereo observation can provide a sensitivity~00.008 . . ; ; ;
c.u. above~-300 GeV in 50 hours of observation and allows d%?g atmospheric Cherenkov technique ehal

tecting VHE photons between 50 GeV and 50 TeV. A detail VERITAS monitored Mrk 421 in March 2010 with a 10-

o eﬁperfolrmlzaonfzeb;)f the MAGIC stereo system C,in e run each day on MJD 55260, 55265, 55267-55274. Ob-

. : . . servations were taken near culmination at zenith anglekéen t
During this flare, MAGIC made 11 observations, all Ir}ange 18 — 23 to benefit from the lowest possible energy

stereoscopic mo_de. The exposure time r_anged fron0 to threshold. All data were taken in wobble mode where the tele-
~ 80 minutes, with the zenith angle ranging from 5 to 30 d%-

i . copes are pointed away from the source B/ @orth, south,
grees. In total we collec’ged 4.7 hours of good que_allty e ast, and west to allow for simultaneous background estimat
MAGIC data presented in this paper were taken in dark conﬁgmg avents from the same field of view
tions and were notfgected by bright moonlight. All these ob- Before event selection and back .round subtraction, all
servations were conducted in the false-source-trackinodhe) 9 '

mode (Eomin et 1. 1994)- alternatively tracking two pasiiin ShoWwer images are calibrated and cleaned as described anCog
C - ~ . 0 ) . . .
the sky that are symmetric with respect to the true source p ) and_Daniel et all (2007). Following the calibratiarda

tion and 04° away from it. The MAGIC data on MJD 55272C eaning of t_he dgta, th events are_parameterized usjng—a mo
and 55275 siiered from bad weather and occasional techniclent analysis (Hillas 1985). From this moment analysisiesta
problems and were therefore removed from the analysis. parameters are calculated and used to selegt-thg-like events

‘AharQnian etall_1997; Krawczynskiet al. 2006). The event-

The MAGIC data were analyzed using the MAGIC Sta selection cuts are optimizea priori for a Crab-like source

dard Analysis Software (MARS|_Moralejo et al. 2010). In th ot
analysis routine, signals are first calibrated and then agén lg\(l)(\njvl)er-law spectrum photon indéx= 2.5 and Crab nebula flux

cleaning algorithm that involves the time structure of thevger
images, and removes the contribution from the night sky back

ground is applied. Afterward , the shower images are pa@metz 3. Whipple 10 m

ized with an extended set of Hillas paramet@%iiiéé EQ@’:E()I

another parameter, hadronness, to reject background shoeve The Whipple 10 my-ray telescope was situated at the Fred
sulting from charged cosmic rays. The hadronness is datedni Lawrence Whipple Observatory in southern Arizona. It opetta

in the 300 GeV to 20 TeV energy range, with a peak response
2 The VHE flux of the Crab nebula between 200 GeV and 10 TeV use#iergy (for a Crab-like spectrum) of approximately 400 GeV.
in this paper is 2 x 1071° cm2s! (Aleksic et al! 2012b). The telescope had a 10 meter optical reflector with a camera
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consisting of 379 photomultiplier tubes, covering a fieligfv  [1996) in the energy range 300 MeV to 300 GeV. We used the
of 2.6°(Kildea et al[ 2007). The Whipple 10-m was decommi®?7REP_SOURCE_V15 instrument response fun@tiord took
sioned in July 2011. into account all the sources from the secdrami-LAT cat-

The Whipple 10 m telescope made ten observations pateg (2FGL, Nolan et al. 2012) that are located withir? b5
formed in the ONOFF and TRK (tracking) modes, in whichMrk 421. When performing the fit, the spectral parameters of
the telescope tracked the source, which was centered ireftle fsources within 10of Mrk 421 were allowed to vary, while those
of view, for 28 minutes (ON and TRK runs). The duration opetween 10and 15 were fixed to their values from the 2FGL.
the observations ranged from about one to six hours, with hhen performing the likelihood fit in dierential energy bins
of the observations more than four hours long. The corredpoffspectral bins in the SED), the photon indices of the sousege
ing OFF run was collected at arffset of 30 minutes from the frozen to the best-fit values obtained from the full specirall-
source’s right ascension for a period of 28 minutes. The twsis.
runs were taken at the same declination over the same range ofThe sensitivity ofFermi-LAT is not good enough to detect
telescope azimuth and elevation angles. This removedrsyst@/rk 421 within a few hours, and hence we integrated over two
atic errors that depend on slow changes in the atmosphered4ys to have significant detections and to be able to proguce
the TRK mode, only ON runs were taken without correspongay spectra. Despite the two-day integration window, thaiper
ing OFF observations, and the background was estimated frefitollected photons above 300 MeV is only about 8 to 15 for
events whose major axis points away from the center of the cagach of the two-day intervals. Most of these photons have ene
era (the source position). The data set amounts to 36 hodrs gles below a few GeV, since photons above 10 GeV are rarely de-
was analyzed using the University College Dublin analyaiske tected from Mrk 421 in a two-day interval. Upper limits at 95%
age as described fi_(2011). The photon fluxes, Ihitia confidence level were calculated for thefeliential energy bins
derived in Crab units for energies above 400 GeV, were cophenever the maximum-likelihood test statistic (f®&ps below
verted into photon fluxes above 200 GeV using a Crab nebulaor when the detected signal had fewer than two events. The
flux of 2.2 x 1071 cm? 57! (Aleksic et al! 2012b). Because thesystematic uncertainty in the flux is dominated by the syatam
spectrum of Mrk 421 is variable (and sometimes slightly karduncertainty in the fective area, which is estimated as 10% be-
or softer than that of the Crab nebula), this conversionaoubw 0.1 GeV, 5% in the energy range between 0.3 GeV and 10
overestimate or underestimate the photon fluxes, but ortlyeat GeV and 10% above 10 GeV(Ackermann et al. 2012). The sys-
level of ~10%, which is not critical for the results reported inematic uncertainties are substantially smaller thantiistical
this paper. uncertainties of the data points in the light curve and spect

2.4. Fermi-LAT 2.5. X-ray observations

TheFermi Large Area Telescope (LAT) isray telescope op- a|| 11 spift-XRT (Burrows et al 2005) observations were car-
erating from 20MeV to more than 300 GeV. '_I'hg LATis an aleq oy using the windowed timing (WT) readout mode. The
ray of 4 x 4 identical towers, each one conS|stlng_of a traCI(ﬁrata set was first processed with the XRTDAS software pack-
(where the photons are pair-converted) and a calorimeteiev , .0 (2 9.3) developed at the ASI Science Data Center (ASDC

X ; al
the energies of the pfmr-converted photons are measuréd). Lng gistributed by HEASARC within the HEASoft package
has a large pealkfiective area (0.8 mfor 1 GeV photons), an (v. 6.15.1]. Event files were calibrated and cleaned with stan-

energy resolution typically better than 10%, and a field @iwi . fiitering criteria with thertpipeline task using the calibra-

of apout 2.4 st with an angular resolution (68% containment 5, fijes available in th@wift-XRT CALDB version20140120.

gle) better than <Lfor energies above 1 GeV. Further details o vents for the s : T
e . . pectral analysis were selected within ai2é-p
the description of LAT are given in_Atwood etial. (2009) an§~46 arcsec) radius, which encloses about 90% of the PSF, cen-

1(2012). The analyses of f@mi-LAT data tered on the source position. The background was extracied f

were performed here with the ScienceTools software paCkaag'ﬁearby circular region of 40 pixel radius. The ancillary re

version v9r32p5. We used the reprocesBedni-LAT event§ onse files were : ;
. generated with #tnamkarf task applying cor-
belonging to the P7REP_SOURCE V15 class that are locate(?é)'ations for PSF losses and CCD defects using the cumulative

afcircularlregion of int;:;reszto(ROR of I(DI?dius ar<|3und 'Ztm;g'él exposure map. Before the spectral fitting, the 0.3-10 keVcsou

a terr] app Y'?\g a (’im o 3 in the rocking ar;g €, :11'n energy spectra were binned to ensure a minimum of 20 counts
on the zenith angle to reduce contamination fromyiIays pro- e pin The spectra were corrected for absorption with &raku
duced in the upper atmosphere and observed along Eartis | drogen column density fixed to the Galactic 21 cm value in

The background model used to extract hray signal includes the direction of Mrk 421, namely.9x 10?°cm2
a Galactic difuse-emission component and an isotropic COMRgnE) ’ ' ) T

nent. The model we adopted for the Galactic component isigive _ -
by the file gll_iem_v05.fit, and the isotropic component, ethi The Rossi X-ray Timing Explorer RXTEMIEB)
satellite performed daily pointing observations of Mrk 48ir-

is the sum of the extragalacticfiise emission and the resid- ; ;
ual charged particle background, is parameterized by tee /9 the time interval from MJD 55265 to MJD 55277. The
ata analysis was performed usiBOOLS v6.9 and follow-

iso_source_v05.t& The normalizations of the two component L N
in the background model were allowed to vary freely durirg tH"9 the procedures and filtering criteria recommended by the

spectral-pointfitting. The spectral parameters were egéohus-

ing the unbinned maximum-likelihood techniqlie (Mattoxlet as Seehttp://fermi.gsfc.nasa.gov/ssc/data/analysis/
6 The maximum-likelihood test statistic TS (Mattox el al. 9% de-

3 Seehttp://fermi.gsfc.nasa.gov/ssc/data/analysis/ fined as TS= 2Alog(likelihood) between models with and without a
documentation/Pass7REP_usage.html point source at the position of Mrk 421.

4 http://fermi.gsfc.nasa.gov/ssc/data/access/lat/ 7 Inttp://heasarc.gsfc.nasa.gov/docs/software/lheasoft/
BackgroundModels.html download.html
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Table 1: List of participating instruments in the campaigrvrk 421 during 2010 March.

InstrumentObservatory Energy range covered
MAGIC 0.08-5.0TeV
VERITAS 0.2-5.0TeV
Whipple 10-m 0.4-2.0TeV
Fermi-LAT 0.1-400 GeV
Swift-BAT 14-195keV
RXTE-PCA 3-32keV
Swift-XRT 0.3-10keV
RXTE-ASM 2-10keV

MAXI 2-10keV
Swift-UVOT UVW1, UVM2, UVW2
Abastumani R band

Lulin' R band

Roque de los Muchachos (KVA) R band

St. Petersburg R band polarization
Sabadell R band

Goddard Robotic Telescope (GRT) R band

The Remote Observatory for Variable Object Research (ROVORB, R, V bands

New Mexico Skies (NMS) R, V bands
Bradford Robotic Telescope (BRT) B, R, V bands
Perkins R band polarization
Steward R band polarization
Crimean R band polarization
Submillimeter Array (SMA) 225GHz
Metséhovi Radio Observatdry 37GHz

University of Michigan Radio Astronomy Observatory (UMRKO 8.0, 14.5 GHz
Owens Valley Radio Observatory (OVRO) 15GHz

Notes. The energy range shown in Column 2 is the actual energy ramgeed during the Mrk 421 observations, and not necesgaglypominal
energy range of the instrument, which might only be achikevédy bright sources and in excellent observing conditions
" through GASP-WEBT program

NASA RXTE Guest Observer Facillly The observations were 2.6. Optical and UV observations

filtered following the conservative procedures for faintises.

Only the first xenon layer of PCU2 was used. We used tfitae optical fluxes reported in this paper were obtained withi
packagepcabackest to model the background and the packthe GLAST-AGILE Support Program (GASP) within the Whole
agesaextrct to produce spectra for the source and backgrouérth Blazar Telescope (WEBT) (el.g. Villata etial. 2008,200
files and the scrigtpcarsp to produce the response matrix. Thevith various optical telescopes around the globe. Addiityn
PCA average spectra above 3 keV were fitted using the XSPE@ny observations were performed with the Perkins, Rovor,
package using a power-law function with an exponentialf€utdtNew Mexico Skies, and the Bradford telescopes. Optical po-
(cutoftpl) with the same neutral hydrogen column density as wksization measurements are also included from the Steward
used in theSwift-XRT data analysis. However, since the PCACrimean, and St Petersburg observatories. All the instrisne
bandpass starts at 3 keV, the results do not depend stronglyuse the calibration stars reported.in Villata etlal. (1998)ckali-

the column density adopted. bration, and the Galactic extinction was corrected withreoe

We also used data from the all-sky X-ray instruments avaflening corrections given in Schlegel et al. (1998). TheSftum‘
able in 2010, namelfRXTE/ASM, MAXI, and Swift/BAT. The the host galaxy (which is significant only below~ 10" Hz)
data fromRXTE/ASM were obtained from the ASM web pde Was estimated using the flux values across the R band from
and were filtered according to the prescription providechia tNilsson et al. [(2007) and the colors reported_in_Fukugitdlet a
ASM web page. The daily fluxes fro8wift/BAT were gathered (1995), and then subtracted from the measured flux.
from the BAT web padH and the daily fluxes fronvIAXI were The Swift UltravioleyOptical ~ Telescope  (UVOT;
retrieved from a dedicatedAXI web pagél. [Roming et al. [ 2005) obtained data cycling through each
of the three ultraviolet pass bands, UVW1, UVM2, and
UVW?2 with central wavelengths of 260 nm, 220 nm, and
193 nm, respectively. The photometry was computed using
a Sarcsec source region around Mrk421 using a custom
UVOT pipeline that performs the calibrations presented in

8 http://heasarc.gsfc.nasa.gov/docs/xte/xhp_proc_
analysis.html
9 The CALDB files are located &fttp://heasarc.gsfc.nasa.

%o‘é/e}gi/til/d/ite_mit_edu/ASM_lc_html [Poole et all. [(2008). Moreover, the custom pipeline also al-
11 Seehttp://swift.gsfc.nasa.gov/docs/swift/results/ lows for separate, observation-by-observation, comestifor
transients/ astrometric misalignments_(Acciari et al. 2011). The fluxame

12 Seehttp://maxi.riken. jp/top/index.php?cid=1&jname= surements obtained were corrected for Galactic extinatibim
11104+382 Es_v=0.015 magnitudel (Schlegel et al. 1998) at each spectral
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band [Fitzpatridk 1999). The contribution of the host gglex account the measured errors, these fluxes dferent by three
the UV fluxes is negligible and hence not considered. to four standard deviations. This might result (at leastipiy)
from systematics related to the instruments or observatiom
. . ing that night, but it might also be due to intra-night vaii
2.7. Radio observations ovger the M?AGIC and VIgRITAS observation Windogvs, Whi?ﬁ are
The radio data reported in this manuscript were taken wigh tBbout seven hours apart.
14 m Metséhovi Radio Observatory at 37 GHz, the 40 m Owens The photon flux above 300 MeV (measured ey mi-LAT
Valley Radio Observatory (OVRO) telescope at 15 GHz, ard two-day long time intervals) does not show any significant
the 26 m University of Michigan Radio Astronomy Observatoryariability. A fit with a constant line gives a flux level of &+
(UMRAO) at 14.5 GHz. Details of the observing strategy arf@9) x 10-%cm?s™*, with x?/ndf = 2.5/6, which is similar to
data reduction are given by Teraesranta ef al. (1998, Mevsgzh the mean flux ot 7.2 x 10-8cm2s™! observed during the first
[Richards et dl[(2011, OVRO), ahd Aller et 85, UMRAO)L.5 years oFermi operation, from 2008 August to 2010 March
The 225 GHz (1.3 mm) light curve was obtained at the wmdﬁ@lmn.
limeter Array (SMA) near the summit of Mauna Kea (Hawaii). The variability at the X-ray band as measured WRKTE,
During the period covered in this work, Mrk 421 was obsenad &ift and MAXI is high, with light curves that resemble those
part of a dedicated program to follow sources onRheni-LAT ~ at VHE. The Swift-XRT energy flux at the band 0.3-10 keV
Monitored Source List (PI:A. Wehrle). Observations of &vaidecreases from- 2.2 x 10-%rg cm?s™* down to ~ 0.8 x
able LAT sources were made periodically for several minutek) °erg cnrs™*. The low X-ray fluxes measured during this 13-
and the measured source signal strength was calibratedsagdlay period are comparable to the mean 0.3-10 keV X-ray flux of
known standards, typically solar system objects (Titagrius, ~ 0.9 x 10%erg cnr?s™!, measured during the first seven years
Neptune, or Callisto). of Swift operation, from 2005 to 201R (Stroh & Falcbne 2013).
Mrk 421 is a point-like and unresolved source for these three At UV and optical frequencies, the variability is also rathe
single-dish radio instruments and for SMA, which means thamall, in contrast to the VHE and X-ray bands. The emission at
the measured fluxes are the flux densities integrated over the UV and optical bands is variable. For instance, a confitan
full source extension, and hence should be considered as Yyiglds y*/ndf of 17411 and 14460 for the UVOT-UVM2 and
per limits in the SED model fits reported in this paper. HoweASPR band, respectively. Hence Mrk 421 showed some activ-
ever, it is worth noting that the radio flux of Mrk 421 resolvedy at these bands, although it is substantially weaker thah
with the VLBA for a region of 1-&107cm (hence compara-shown at VHE and X-rays. The optical flux at the R band mea-
ble to the size of the blazar emission) is a very large parhef tsured during this 13-day period 4s 16 mJy ¢ 24 mJy if the
radio flux measured with the single-dish radio instrumesg ( host galaxy is included), which is comparable to the typilced
[20111), and thus it is reasonable to assume that @ie- 25 mJy measured during the first eight years of the Tuorla
blazar emission contributes substantially to the radio fhea- blazar monitoring program, from 2003 to 2¢11
sured by single-dish radio telescopes such as Metsaho®@V  Optical polarization measurements are also reported in
and UMRAO. Moreover, there are several works reporting a cdrig. [I. The errors on these observations are smaller th& 0.1
relation between radio and GeV emission in blazars as a pop@ind 3 for the polarization degree and the electric vector po-
tion (see e.d. Ackermann et al. 2011), which implies thatasi larization angle and are therefore too small to be visibléhan
a fraction of the radio emission is connected to t@mma-ray plot. The collected data do not show any flare in the poladnat
(blazar) emission. The 225 GHz observations from SMA conhnetegree or high rotation in the electric vector polarizatémgle
the bottom (radio) to the peak (optitéirays) of the synchrotron as is observed during the flaring activities in other blatarg.
(low-energy) bump of the SED, and hence it is also expecibtarscher et al. 2008). There are some small variations ipdhe
to be strongly dominated by the blazar emission of the souré@fization degree and angle, however, but such random #eictu
Therefore, it seems reasonable to adjust the theoreticaéhio tions are common and expected due to continuous noise pro-
such a way that the predicted energy flux for the millimetercbacesses and not by singular events (see Marschel 2014).
is close to the SMA measurement, and the predicted energy flux In the radio bands, there were only seven observationsglurin
for the radio band is not too far below the measurements ptis period, which were performed at frequencies from 14 GHz
formed by the single-dish instruments. to 225 GHz. All of them reported a flux of about 0.4-0.5 Jy. We
did not find significant variability in any of these singleshira-
3. Multiband variability dio obser\(ation_s, which arel h_our long. The radio fluxes mea-

) sured during this 13-day period are comparable to the typica
In this section, we present the experimental results defiem 15 GHz radio flux 0f~0.45 mJy measured during the first three
the MW campaign observations described in Sect. 2. Figurgygars of the OVRO monitoring program, from 2008 to 2011
shows the multiband light curves during the decline obsrvéRichards et al. 2013).
between 2010 March 10 (MJD 55265) and 2010 March 22 To quantify the overall variability during these 13 consec-
(MJD 55277). In the top left panel, the VHE band includes nirigive days, we followed the method provided in Vaughan et al.
observations from MAGIC, nine from VERITAS, and ten fronf2003). The fractional variability,s at each energy band is

Whipple. computed as
The flux above 200 GeV decreases roughly steadily with
time. Before MJD 55272 the fluxes arel — 2 c.u., while on S2 — (03
subsequent days they are below 1 c.u., showing that onlyethe Bvar = G (1)

cay (perhaps including the peak) of the flare was observed wit

the VHE y-ray instruments in 2010 March. It is worth notingyhere(F) is the mean photon flus is the standard deviation of
that the VHE flux measured with MAGIC for MJD 55268 isheN flux points, ando2,) is the mean-squared error. The error
roughly 50% lower than that measured with VERITAS for that
day: 21+0.3vs. 40+0.6 in units of 1000cm2s1, Taking into 3 http://users.utu.fi/kani/im/Mkn_421_jy.html
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Fig. 1: Light curves of Mrk 421 between MJD 55264 and 5527&yf\VHE to radio (including optical polarization). The Whipp
data were converted into fluxes above 200 GeV, and the hastygabntribution was subtracted from the reported opticadds.
Popt and EVPAy stand for the polarization degree and the electric vecttarjzation angle. For details, see text in SEtt. 3.

—@— WAGIC in Fyar is calculated according to the prescription in Section 2.2
212 | 2 whipple of[Poutanen et al(2008),
“F ﬁ&”ﬁ?é.p?
; RXTE-A! MA . 2 2 2 2
T TR | op, = \|Foer \/ R @)
- —&— SWIFT-UVOT:UVW2
0.8— —¥— SWIFT-UVOT:UVM2
i B avorn This_prescription is more precise than the method used in
0ok $ T skesi-band Vaughan et al.| (2003) when the,, is comparable to or larger
L —@—| " ROVORR_band thanS.
B ! i N The Fya values derived from the light curves in Fig. 1 are
04 ‘ 7] plotted in Fig[2. The values d%, are plotted only for instru-
C ] ments withS? > oZ,. When there is no variability detectable
021~ = with the sensivity of the instrumer? < o2, might occur (as is
- . the case foFermi-LAT).
ol o= e L - - s ;,5 TheF,4is highest at the X-ray band. The valuedof, mea-
)

30
Iogm( Frequency [Hz]

sured bySwift-XRT andRXTE-PCA agree well at the 2—-10 keV
band. We note tha®wift-XRT shows a higheF, at the 2—-10
keV band than at the 0.3—2 keV band. The uncertainty ifrthe

Fig. 2: Fractional variabilityr,,, as a function of frequency. k
values at these two bands is small because the measured X-ray
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Fig. 3: Temporal evolution of the absolute value of the ndfrma
ized deviation of theSwift-XRT flux, Fqey. See text for further
detalils.

flux variations are very large in comparison to the flux ureiart
ties (which are smaller than 1%), and that makes tifferdince
in the measured variability very significant. Thisfdrence can-
not be attributed to dierent temporal coverage, as they were
observed with the same instrument (and hence the same time).

To study this diference, we calculated the normalized devi-
ations of the fluxeskFgey = (F — (F)) / (F) computed with the
Swift-XRT light curves at both energy bands (0.3—-2 keV and 2—
10 keV). FiguréB shows that the absolute valueB&f, |Fged,
at the 2—-10 keV band are always higher than those at the 0.3-2
keV band. This shows that the flux at the 2—-10 keV band is in-
trinsically more variable than at the 0.3-2 keV band acrbss t
whole temporal range, and hence that the hidghgris not due
to one or a few observations, but rather dominated by a higher
overall relative dispersion at the 2-10 keV flux values dgitime
13 consecutive days.

The Fy4 at VHE y-rays is similar to that at X-rays. The
flux points from VERITAS and Whipple are more concentrated
around their mean values, which yield slightly lowsy,, than
that of MAGIC. In conclusion, both VHE-rays and X-rays
show higher variability than the flux at the other bands, Wwhic
is additional evidence that they have a closer relation thea
other, as reported in several other Mrk 421 flaring episoédes (

' [.1999).

To better understand the relation between X-rays and VHE
vy-rays, we examined the correlation between the X-ray energy
flux at the 0.3-2 keV and 2-10 keV bands and the \JHEy
energy flux above 200 GeV. For this exercise we used the X-ray
fluxes fromSwift andRXTE and the VHE fluxes from MAGIC
and VERITAS. The VHE photon fluxes given in [cAs '] were
converted into energy fluxes reported in [ergéra!] using a
power-law spectrum with index 2.5 above 200 &&\Trhe top
panel in Fig[# shows the VHE-ray flux vs. X-ray flux at the

—— linear fit, x?/ndf=116/7
------ quadratic fit, x?/ndf=100/7|

=

(=}
[N
o

VHE Flux (>200 GeV) [erg cm™ s

10-10
Swift-XRT Flux (0.3-2 keV) [erg cm? s

linear fit, x?/ndf=72/7
------ quadratic fit, x2/ndf=270/7
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)
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L L M |
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T - quadratic fit, x2/ndf=338/8

=
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0.3-2 keV band, and the resulting fitzs with a lineBkie = Fig. 4: Correlation between VHE-ray flux (MAGIC, black
k- Fx-ray) and a quadraticqyue = k- F§_, ) function. For the qig circles, and VERITAS, blue empty circles) and X-ray
fits we used only MAGIC data, which are the VHE observationfixes. Top: X-ray flux at the 0.3-2 keV band measured with
taken simultaneously or almost simultaneously with thea}(-r Suift-XRT. Middle: X-ray flux at the 2—10 keV band measured
observations (see AppendiX A for details on simultaneityhef with Saift-XRT. Bottom: X-ray flux at the 2—10 keV band mea-
observations). The middle and bottom panels of[Hig. 4 alswshsured withRXTE-PCA. The lines show the fits with linear and
the X-ray flux vs. VHEy-ray flux, but using the X-ray flux at the quadratic functions. Only MAGIC data points were used fer th

14 The spectral shape of the VHE emission of Mrk 421 did vary dur-
ing the 13-day period considered here. Including thesetspearia-
tions would shift some of the reportgeray energy fluxes by 10-15%,
which we considered not essential for this study.
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2-10 keV band measured wigwift andRXTE. Neither a linear variability at radio during these short (a few days) timéssa

nor a quadratic function describes the data perfectly. hewe Based upon these observations, we show in Appéndix B 13 con-
for the 2—10 keV energy range, the VHE to X-ray flux closelgecutive days of SEDs. Each SED is characterized with a one-
follows a linear trend, which it is clearly not the case fag th3— zone and a two-zone SSC model as described in the following
2 keV energy range. The physical interpretation of theseltes two subsections.

is discussed in Sedl 5. The peak luminosities and peak frequencies of the low- and

) high-energy bumps shift during high activity. In generdle t
4. Temporal evolution of the broadband spectral peak frequency and peak luminosity decrease as the flare de-
energy distribution cays. In addition to the migration in the SED peak posititins,
. : L . . . shapes of these SED bumps change. The X-ra bumps
To study this flaring activity, we built 13 successive siraok- . thpe SEDs from MJD 552%5 and 595266, when%\?r%Zl er?ﬂtted
ous broadband SEDs for 13 consecutive days. We study thggeyionest flux, are narrow, and they widen as the flare decays

SEDs within one-zone and two-zone SSC scenarios in $edits. 4. P . . .
and[4.2. The characteristics of the MW data are describedér(ﬂgggrtt'tezﬁl;/neseggggtlon of the widening of the two SED bump

Appendix[B. Specifically, we investigate whether the tenapor
evolution of the EED in SSC models can explain the observed
variations in the SED during the 13-day period, and hence we o
try to fix (to their quiescent values) the model parametdeated \%'1' SED modeling: One-zone SSC model
to the environment, namely the blob radil®,(magnetic field . o
(B), and Doppler factord). We cannot exclude that other modeln this SSC model, we assume that emission comes from a
realizations with a dferent set of model parameters (e.g., chan§ingle, spherical and homogeneous region in the jet, which i
ing the environment parameters, or varying more model pararinoving relativistically toward us. The one-zone SSC model d
ters) can also provide a satisfactory description of thattband Scribes most of the SEDs of high-frequency-peaked BL Lac ob-
SEDs, but in this paper we wish to vary as few model param@cts with the fewe_st parameters, gind hence it is the mostiyid
ters as possible to most directly study the evolution of te®F adopted. The emission from radio to X-ray results from syn-
which is the part of the model directly connected to the plati chrotron radiation of electrons inside a blob of comovindjua
acceleration and cooling mechanisms. R, with a Doppler factop. In this emission blob, there is a ran-
We applied steady-state SSC models instead of tinfé@mly oriented magnetic field with uniform strengBh They-
dependent models to the SEDs of each day and estimated pkgg-€mission is produced by inverse-Compton scatteringef t
ical parameters in the emission regions, which gives us an 8gnchrotron photons with the same population of electrbas t
timate of the temporal evolution of these physical paranseteProduce them. We used the numerical code of the SSC model
Time_dependent mode|S, as deve]oped b}f Krawczynski et%SC”bed |@h—1) The algquthm Implemented ia th
(e.g.[2002)[ Chen et Al. (elg. 2011), are a direct way to derfyode allows us to very quickly determine the parametersatat
the physical properties of the emission regions, but they igurately describe the SED.

clude many detailed processes, such as synchrotron osewer tpa one-zone homogeneous SSC scenario with an EED de-

Compton cool_ing of electro.ns,. adiabatic cooling.ofele.mrdue cribed with a broken power-law function (seven free param-
to the expansion of an emission blob, and the injection (a('refeters plus the two parameters defining the edges of the EED)
tivistic electrons and its time evolution, and therefore @ery . pe formally constrained from the seven characterigtic o
complex and have an arbitrarily '?‘fge number of degreeetir g\ apjes that can be obtained from the multi-instrumete da
dom. The snapshot approach with steady-state SSC model% jering the two SED bumps, namely the spectral indicesbelo

lows us to observe the time evolution of basic physical paran}, 4 apove the synchrotron peak, the peak frequencies arid lum
eters averaggd over a dfiy in the blobs independently (_)f the dlssities of the synchrotron and inverse-Compton bumpstland
ficulty associated with time-dependent models. The time e

\(%riability timescalel(Tavecchio etlal. 1998). Howeveryémal-

lution of the _averaged b"’.‘S'C parameters obser\_/ed In t_r"‘dl'y_s'“i'ty, the collected data do not allow us to determine thesersev
reflects physical mechanisms that are not considered @kplic

but gives us hints about them. A caveat of this approach is t}g%rameters with very good precision (particularly for tfagiv
. ' - ility timescale and the peak frequency of the inverse-tom
the SEDs are observationally determined from short (aboet Y P g y fr

X o ) %ump), which implies some degeneracy in the sevetw

hpur) opservanons distributed over a relatively long (&g)pe- odg? parametersl?, which unavoigably ne)cl:essitates mak'r:% S
riod of time, and hence we cannot exclude that some of the S roximations or assumptions
relate to short-lived active states that do not necesdiritythe '
scheme of a slowly varying activity phase. In previous works related to Mrk 421, it was common to

Given the known multiband variability in the emission ofise only one or two power-law functions (that is, zero or one
Mrk 421 (and blazars in general), we paid special attention bireak) to describe the EED. However, such a simple model can-
organize observations that were as close in time as pogsiéxe not adequately describe the broadband SED from the campaign
AppendixA for the simultaneity of the observations). Theebh organized in 2009, when Mrk 421 was in its typical nonflaring
vations performed with MAGICRXTE, andSwift were sched- VHE state [(Abdo et al. 2011). The SED from this paper was
uled many weeks in advance, which resulted in actual obserbatter sampled (more instruments with higher sensitivitgn
tions occurring always within temporal windows of less thaa those reported previously, and an additional break (twa-add
hours. The observations with VERITAShipple were triggered tional parameters) was required to properly describe thapesh
by the high activity detected in 2010 March, and performexf the measured synchrotron bump (from 1 eV to 100 keV), to-
typically about seven hours after MAGIC observations beeaugether with the full inverse-Compton bump (from 100 MeV to
VERITAS and Whipple are located at didirent longitude from 10 TeV). Given the similar energy coverage and activity &f th
that of MAGIC. At radio frequencies we have only seven obseseurce during many days of the 13-day period considered here
vations during this period, but we neither expected noraete we also used three power-law functions (i.e., two breakgpto

Article number, page 9 630



A&A proofs:manuscript no. Mrk421_2010_March_axv

Table 2: Integral flux above 200 GeV and parameters of thezone-SSC model.

Date MAGIC flux VERITAS flux ~ Whipple flux  ypn YVbr2 St S Ne

[MID] [107%%m?s!] [107%m?s!] [10%m™2s'] [10% [10%] [103cm™3]
55265 38+0.2 40+ 05 60. 6.0 223 223 114
55266 47+0.2 66. 6.6 223 223 1.16
55267 40+ 0.5 53+0.3 16. 6.0 223 270 1.10
55268 21+0.3 40+ 0.6 48+ 0.3 16. 6.0 220 2.70 0.90
55269 33+0.3 42+0.6 42+0.3 12. 7.0 220 2.70 0.95
55270 23+0.2 26+04 30+02 8.0 3.9 220 2.70 0.90
55271 3+04 41+0.5 9.0 5.0 220 2.70 0.90
55272 25+04 5.0 4.0 220 250 0.90
55273 15+0.2 20+£04 25+03 6.0 3.9 220 2.70 0.90
55274 10+0.3 16+0.3 19+0.2 35 3.9 220 2.70 0.90
55275 18+0.3 5.0 3.9 220 2.70 0.85
55276 16+0.2 15+0.3 57 3.9 220 2.70 0.90
55277 12+0.1 14+04 8.0 3.9 220 270 0.70

Notes. VERITAS and Whipple fluxes were measured around seven hdigstae MAGIC observations. The model parameters that Wwep
constant during the 13-day period are the following ongg; = 8 X 10%; ymax = 1 x 1(%; 53 = 4.70; B = 38 mG; logR[cm]) = 16.72; 5 = 21.

rameterize the EED: measured SED, the VHE and X-ray data provide the primary
s , constraint because the variability is highest in these tagrgy
dne ne)/.gs'Z o, !f Ymin < Ye < Yoribands.
dye = ”eyg%ygrl 5 S5 !f Yol <Ye<7Yb2  The model parameters inferred from the observed SEDs
€ Neye € Vel Ymany 22 Sy 557 S2 @r2/ Ymax if ye > vora. (shown in AppendiXB) are reported in Takle 2. Only one break

(3) inthe EED (instead of two) is slicient to describe the narrow
] ) ) SED bumps on MJD 55265 and 55266, while two breaks are
whereng is the number density of eIe_ctron)zre is the Lorentz necessary to properly describe the wider X-ray ssrdy bumps
factor of the electronsymin andymax define the range ofe, S1,  from MJD 55267 to MJD 55277, when Mrk 421 shows a some-
s ands; are the indices of the power-law functions, gad and \yhat lower X-ray and VHE activity. The changes in the SED dur-
Ybrz @re th_e Lorentz factors where the power-law indices changﬁ\g the flaring activity are dominated by the parametesSyr,
In. total, this model has two more free parameters than theampgnd),brz: lower activity can be parameterized with a loweand
with a broken power-law EED. The SEDs from the days Wit§ gecrease in the values of the two break Lorentz factorsein th
highest activity can be described with an EED with only onegp. The spectral indes; is equal to 2.5 for MJID 55272, while
br_eak, but for the nonflarmg activity, we need to use an EE§ _ 2 7 for the adjacent days. The X-ray bump for MJD 55272
Wlt_h two breaks. The requirement for a more complex param@ge Fig[B.3a) is rather narrow, and therefssewhich afects
terization of the EED in the recent works might be due to thge SED slope of the lower energy side of the bump, needs to be
beFter energy coverage (mqre instruments involved in tie-cag|oser tos; to properly describe the data.
paigns), and better sensitivity to cover theay bump. Future Given the values of the blob radius and Doppler factor used
observations of Mrk 421 during nonflaring states with as gmod here  the shortest time of the flux variatig, = (1+2R/B S
better energy coverage will reveal whether the two-brealR EE i apout one day. This value is reasonable, given the flux vari
always needed, or whether this is something that was redjuitgions measured during the March flaring activity (see Bg. 1
only to describe the 2009 and 2010 data. o _but it would not be consistent with the potential intra-rtighri-
Despite the extensive MW data collected in this campaigpility that might have occurred in MJID 55268, as hinted gy th
there is still some dggeneracy in the choice of the eleven Rfsagreement in the VHE fluxes measured by MAGIC and VER-
rartr_lete: \éaLUGSGr_eqwr;d to af?lui_t th% StED m‘iﬁel éOEtSe Ofb?'ngS. The predicted radiative cooling break by synchrotran
vational data. Given the similarities between the s ef tiationH, v, = 67m.c?/ (o B2R), wherem is the electron mass
last few days and the SED reported_in Abdo etial. (2011), V¥fidoT is the Thomson cross-section, i2% 10° in this model.
used the SED model parameter values ftom Abdolet al. [203is formula is derived by equating the timescale of syntboro
as a reference for the choice of SSC parameters to desctifiation to the timescale of electrons staying in the bloB
the 2010 March broadband observations. In particular, vé Wi ¢ 'on the assumption that the timescale of adiabatic coding
to test whether the temporal evolution of the EED can explgifych longer than that of synchrotron cooling. This assuompti
the observed variations in the SED during the 13-day periqdeasonable because R is fixed in this study. fipevalues in
and hence we fixedmin, ymax and the model parameters reihe model range from.9 x 10° to 7.0 x 10°, which is compa-
lated to the environmerR, B, and ¢ to the values reported rapje toy,, hence suggesting that the second break in the EED
mglﬁmﬁalih%%gﬂe Tirr:?e:/rilctjjefrg];nth\?LgXprrr):S;sfﬁtr:é%'eitls’ glight be related to the synchrotron cooling break. Thusdthe
{ cas ease ofyp» and the weak dependence nnimplies that the
the blob movement in_Piner etlal. (2010). This is a comm@hg of a?llare is dominated by%ooling. Howevgr, the change in
circumstance for VHE sources, which has been dubbed #@ power-law index does not match the canonical change ex-

“bulk Lorentz factor crisis”, and requires the radio and TeYected from synchrotron coolingss = 1, which is similar to
emission to be produced in regions witlfdrent Lorentz fac-

tors (Geor as 2003; Ghisellini et al. 2005 In HBLs like Mrk 421, the cooling of the electrons is expectede
Henri 2006). During the adjustment of the model to thieminated by the synchrotron emission.
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Fig. 5: One-zone SSC model curves and the related EEDs usksbtoibe the measured SEDs during the 13-day flaring activit
The parameter values are given in TdHle 2.

the situation reported in Abdo etldl. (2011). The result tgas  which is evident primarily at the X-ray and VH{zray bands.
softer than expected can be explained by inhomogeneityeof fhhe two blobs are assumed to be separated by a long distance
emission blob, or by a weakening of the electron injection.  and the individual radiation fields do not interact with eatfer.

In general, the agreement between the one-zone SSC moblelcall these the quiescent blob and the flaring blob. Thesguie
and the observational data is quite acceptable, which sbaars cent blob is described with the parameter values from the one
more the success of the one-zone SSC model in describingzhee SSC model reported in Table 2 for MID 55274, which is
SEDs of blazars. However, there are several problems. At the SED with the lowest activity among the 13 consecutivesday
low-energy end of the VHE spectra, the model is slightly kighWhile the EED of the quiescent-state blob is described bgethr
than the data for the SEDs from MJD 55265, 55266, 5528wer-law functions, we employ only two power-law functon
55269, and 55273; and the model also goes slightly beyond thelescribe the EED of the flaring blob:
data in the X-ray bump for MJD 55265 and 55266. We can: s .
not exclude that these data-model mismatches arise fronethe®’e _ { neVSSQ oS !f Ymin < Ye < Ybr1 ()
quirement that the EED is the only mechanism responsible féye NeYe  Vor1 if Ybr1 < Ve < Ymax

thedblzlizar vanz:blhty. r(t)réntstz:r?ceéglljn ;}ddmon toa(élgmg t(;‘ée whereng is the electron number density, is the Lorentz factor
model parameters related fo tne , the param&idRsan of the electronsymin andymax define the range ofe, s1 ands,

were varied as well, the relative position of the synchnotad L 8 : -
SSC peak could be modified, possibly achieving better agr%gt(tﬂmﬂg;getiggg\?vgfg\%ilnac\j/g(ugﬁgr?gé?m is the Lorentz

ment with the data. . In the overall process of adjusting the model to the 13 mea-
Overall, the temporal evolution of the broadband SEDs ¢@{};eq SEDs. we used a flaring blob sRabout one order of
be described by changes in the EED, keepiig, ymax and magnitude smaller than the quiescent blob, which natugily
the modelf_p?(;ame(;erﬁ r%latedl to fthe e)nvwonment (blﬁb Sa‘lj'H)ws faster variability. The size of the blob was kept consta
magnetic field, and the Doppler factor) constant at the alugpje the other parameters were allowed to change to describ
reported i Abdo et all (2011). Figuries 5a &t 5b depict tiee Ofye characteristics of the flare evolution.
zone SSC model curves and the parameterized EEDs for the 13riqre[ depicts the two-zone model curve adjusted to the
consecutive days. We can divide the whole activity into éhrgy.oaghand SED from MJD 55265. It is worth noting that the
periods: MJD 55265-55266 (period 1), MID 55268-55271 (PEpntribution from the flaring blob is relevant only at the ayr
go\?Hzé’ f?unxdol\;lJ[)zScSE?Z_?SSZZl(pgrzlgij 03)5 \tl:vnlc?ecsopré?:fi?/glr;/d ¥hd VHE bands. The model curves related to the remaining 12
~ 2 bl LD By - el Y- consecutive SEDs are shown in Apperidix B (Figs] B.4[@andl B.5),
The EEDs of period 1 have one break, while those of penoda%d Table€ B reports the two-zone SSC model parameters that
and 3 have two breaks. Moreover, the EEDs of period 1 have gequately describe the measured SEDs. Except for the mag-
higher electron number densityef than those of periods 2 andpgic field, which decreases during the decay of the flare, the
3. FigureL5h shows that the greatest variability occurs alth®  ,her model parameters related to the environment remain co

first break ¢or1) in the EED. stant. The changes occur in the three model parameseysin,
andyyr1, While s;, S, ymax can be kept constant for all the 13
4.2. SED modeling: Two-zone SSC model SEDs. With this two-zone SSC model, the shortest varigbilit

timescaletni, is about one hour, which is comparable to the
The one-zone SSC model curves reported in the previous deagth of our single-instrument observations, during \Whige
tion describe the overall temporal evolution of the low- &igh-  did not measure significant variability. This shortest ability
energy bumps of the SED during this flaring activity reasdpahtimescale would be consistent with the potential intrahb\HE
well. However, we cannot ignore the model-data mismatcheariability on MJD 55268. The predicted synchrotron coglin
mentioned in the last section. This was our main motivatam fbreaky, for the flaring blob is 7 10° for MJD 55265. For this
trying a model with two distinct blobs: one producing theastg day, the parameteyy,; for the flaring blob is 3x 10°, with a
emission, the other producing the temporal evolution o8B®, change in the EED power-law index of 1, which is the canonical
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C 5 55271 Metsahovi_37GHz time in MJD is reported next to the instrument
10 A 55275 UMRAO_L4GHz name in the legend. The red curve depicts the
= o 55264 UMRAO_BGH: two-zone SSC model matching the SED data,
101 SSC (flaring blob) while the black line shows the contribution of
E SSC (quiescent-site blob + flaring biob) the flaring blob. The gray circles depict the av-
a5l NI NI I NN AN S NI I I IR IR IR AR I eraged SED from the 2009 MW campaign re-
10 10° 102 10®° 10® 10* 10* 10 10%® 33 36 39 ported inLAbdo et dl.[(2011), which is a good

representation of the nonflaring (typical) SED

Frequency [Hz] of Mrk 421

Table 3: Parameters for the flaring blob in the two-zone SS@eho

Date Ymin Ybri Ne B
[MJD] [10%] [10%] [10°cm™®] [mG]
55265 3.0 3.0 5.0 105
55266 3.0 3.0 6.0 100
55267 25 1.1 59 100
55268 53 1.8 56 100
55269 3.0 23 52 90
55270 35 08 6.0 75
55271 35 12 6.5 75
55272 35 2.0 3.0 75
55273 35 05 4.0 75
55274  -- -- -- --
55275 35 0.5 5.0 60
55276 3.5 1.0 3.0 60
55277 35 0.8 25 60

Notes. The model parameters that were kept constant during theag3driod are the following onesiax = 6 x 10°; s, = 2.0; s, = 3.0;
log(R[cm]) = 15.51;6 = 35. The quiescent blob is parameterized with the paramatees from the one-zone SSC model reported in Table 2 for
MJD 55274. We refer to Tabld 2 for theray flux above 200 GeV measured with MAGIC, VERITAS and Whépp

change for synchrotron cooling. During the following thokssys  field also varies with time (not shown in this plot, see Taljte 3

ve/vor1 < 8, and after MID 55269./ypr1 is much larger, which lower activity is related to lower values &t

means that the break in the EED of the flaring blob is intrinsic The two-zone SSC model is described by 20 parameters, the

to the acceleration mechanism, and cannot be directlyecttat one-zone SSC model by 11. However, after fixing the parame-

the synchrotron cooling during these days. ters of the quiescent-state blob, we only needed to charge th
The flaring blob is characterized by an EED with a very higyglues of four parametersin, yor1, Ne, @andB) in the flaring

ymin (> 3% 10%), which means that it lacks low-energy electron®lob, while in the one-zone SSC model we had to change five

and so does not contribute to the radiatical emission. This Parametersypr, yor2, S1, S, Ne) to describe the SEDs during

is necessary for improving (with respect to the one-zone Sgse 13 consecutive days (see Secl. 4.1). Therefore, bece t

model from Sec{_4]1) the description of the very narrow peaRarameters of the quiescent blob are fixed, the two-zone SSC

at the X-ray and the-ray bumps occurring on some days (e.gnodel describes the measured temporal evolution of thedbroa
MJD 55265 and 55266). and SED with one free parameter less than the one-zone SSC

Figures7h an@Tb depict the two-zone SSC model cur/88del-
and the parameterized EEDs for the 13 consecutive daysisin th
case, by construction, all the SED variations occur at thay- 5. Discussion
and the VHE bands, and the SED peaks are narrower than those
from the one-zone SSC scenario. Overall, the decay of thedlarThe broadband SEDs during this flaring episode, resolved on
activity is dominated by a reduction g andyy,;. The magnetic timescales of one day, allows for an unprecedented characte
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Fig. 7: Two-zone SSC model curves (sum of the emission framthescent and the flaring blobs) and the related EEDs frem th
flaring blob used to describe the measured SEDs during titag 3taring activity. The parameter values are given in T@ble

zation of the time evolution of the radio teray emission of on the broadband SEDs, after excluding the radio data, which
Mrk 421. We find that both the one-zone SSC and the two- zoare considered as upper limits for the models. In total, wes ha
SSC models can describe the daily SEDs by varying five aB@ and 51 data points for MJD 55265 and MJD 55266, respec-
four model parameters, mostly related to the EED. This shotixgely. With a one-zone SSC model we obtaig%of 4.0 x 10°

that the particle acceleration and cooling mechanism mriogu for MJD 55265 and 3 x 10° for MJD 55266 , while we obtain

the EED could be the main mechanism responsible for the broa® x 10° for MJD 55265 and @ x 10° for MJD 55266 with
band SED variations during the flaring episodes in blazars. the two-zone SSC model, which shows that the agreement of the

In this theoretical framework, the two-zone SSC model pr§20del with the data is better for the latter theoretical scien
vides better data-model agreement at the peaks of the logv- 4 F-teston the obtaineg values, and assuming conservatively
high-energy SED bumps. Additionally, the two-zone SSC scilat the one-zone model has 11 free parameters and the we-zo
nario presented here naturally provides shorter timesqalee Model has 20 free parameters (hence not considering that man
hour vs. one day) for variability at the X-ray and VHE band®f these parameters are kept constant) rejects the onevmmte
as the correlated variability at X-ray and VHE bands withodff favor of the two-zone model for the given set of model param
any variation at the optical and radio bands. Because Iavggn €ters with ap-value lower than 1. If one considers that many
electrons are absent, the peak frequency ofythay bump be- model parameters are kept constant, the rejection of thotesp
comes sensitive tgmin as a result of the strong Klein-Nishina®n€-zone model in favor of the reported two-zone model would

effect, which provides a rather independent channel to adjest P& €ven clearer. The reducgd for all cases is well above 1,
y-ray bump for the flaring state. On the other hand, the X-rayhich shows that none of the models describe the obsergation

bump is more sensitive to the magnetic field ang. Hence perfect.ly well. Both models overs_lmpllfy the complexnytime
this phenomenological scenario of two distinct zones (guid?lazar jets, and hence we do not intend to explain the daleeat t
centflaring) allows for more flexibility in the locations andPercent level.
shapes of the two bumps than in the one-zone SSC model, whilelt is worth noting that the EED of the flaring blob is con-
still varying fewer parameters. This was particularly ueb Strained to a very narrow range of energies, namsiy—ymax
adequately describe the evolution of the width of the two SEP 3 X 10°~6 x 10°. One theoretical possibility to produce such
bumps. We can quantify thigfect by computing the widths of @ narrow EED is stochastic particle acceleration via sdage
the bumps as the full width at half maximum (FWHM) in thdy magnetic inhomogeneities in the jet, namely secondrorde
logarithmic scale, logk/v1), wherev; andy, are the frequen- Fermi acceleration (ed Stawarz & Petrosian_2008; Le&dl et
cies at which the energy flux is half of that at the peak po2011;[Asano etal. 2014). The spectrum in this model is lo-
tion. The widths of the SED bumps for the 13 consecutive dagglized around a characteristic Lorentz facjer determined
are reported in Tablel 4, showing that both the synchrotrah apy the power spectrum of magnetic turbulengeand the
inverse-Compton peak widths increase from log¢;) ~2 to cooling timescale of electrons, with a shape proportiooal t
log(v2/v1) ~3 during the decay of the flare, which means thag exp[—(ye/ych):*’q] (e.g.,.Schlickeiser_19385). Such a spec-
the width of the two bumps (in logarithmic scale) is about 50%um can realize the narrow peaks of synchrotron radiatiah a
greater during the nonflaring (low) activity. inverse-Compton scattering that we measured for Mrk 421 dur
The additional flexibility of the two-zone SSC model help#g the 2010 March flare.
to improve the agreement of the model SEDs with the data from The treatment made with the one- and two-zone homoge-
MJD 55265, 55266, 55268, 55269, and 55273. The largest dataeus SSC models is a simplification of the problem. For in-
model diferences occur for the first two days, which are the dagtance, relativistic travel within a jet can change the prtps
with the highest activity and the narrowest low- and higlergy of a blob (e.g. expansion of the siRef the emitting region, and
bumps. Figureb8a aid]8b compare the data-model agreendectease in the magnetic fiel). This issue has been discussed
for these two days. Note the better agreement of the two-zdneseveral papers (e.g Tagliaferri eflal. 2008, for the c&4&S
SSC model curves with the X-ray data points and, especiall§59650). The fact that we can explain the temporal evolu-
they-ray data points. The agreement can be quantified ugingtion of the SED during 13 consecutive days without changing
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Fig. 8: Broadband SEDs from MJD 55265 and 55266 (the two déystihae highest activity) with the one-zone and two-zone giod
curves described in sections 4.2 and 4.3. We refer to EigkaBd B.2h for details of the data points.

the model parameters related to the environment could be intCompton scatteringfbinfrared-to-optical photons. Since these
preted as meaning that the blazar emission region is nalingv target photons are produced by the synchrotron radiatiefecf
relativistically, but rather is stationary in one or seveegions trons with a Lorentz factor well beloy;, whose density is al-
of the jet where there is a standing shock. Such standingshomost constant during this decaying phase (se€Fig. 5b).ghe d
could be produced, for instance, by recollimation in theged sity of target photons is almost constant. Thus, the changeei
the particles would be accelerated as the jet flows or thersupmumber density of electrons aboyg:, is directly reflected in
luminal knots cross i lle 1997; Sokolov et athey-ray flux, resulting in the almost linear correlation betwee
[2004;| Marscher 2014). The Lorentz factor of the plasma, asXiray andy-ray fluxes. A similar mechanism also works in the
flows through the standing shock, would be the Lorentz facttwo-zone SSC model in each blob. In a flaring blgbray SED
that would lead to the Doppler factor (depending on the gngleeaks originate from the Klein-Nishin#ect. Thereforey-rays
used in the model. with energies above the SED peak result from inverse-Compto

This MW campaign reveals that the correlation between tRgattering of electronsfiophotons below the SED peak at the X-
X-ray flux at the 2—10 keV band and the VHEray flux above ray band as well as in the one-zone SSC model. Thus, the almost
200 GeV shows an approximately linear trend (see[Big. 4 miinear relation is realized in both the quiescent and flablugps,
dle and bottom panels), while the correlation between Xfitay a@nd hence itis also realized in the total spectra.
at the 03-2 keV band and the VHE-ray flux is equally close ~ The correlation between X-rays andrays was analyzed
to both a linear and quadratic trend (see Elg. 4 top panels Thith a great level of detail in_Katarzki et al. (2005), where
is an interesting result because the 0.3—-2 keV band reguts the evolution of several quantities such as the number yeofsi
synchrotron emission below or at the low-energy (synchmtr electrons, magnetic fields, and the size of the emissionegi
peak of the SED, while the 2—-10 keV band reports the emissiare simply parameterized to study their contribution toitiaex
at or above the low-energy peak. During the Mrk 421 flaringf the correlation. Evolution of the emission region voluina
activity observed in 2001, it was also noted that the VHExto- possibility to naturally explain the reduction of the efectnum-
ray (above 2 keV) correlation was linear when considering daer density in the emission region. In the results presemteel
timescales, but the correlation was quadratic when corisgle we fixed the sizd&kto properly study the evolution of the electron
few-hour long variability (see_Fossati e al. 2008). A quaidr spectrum with the steady SSC models at each moment. Further
(or more-than-quadratic) correlation between X-ray andH studies of the temporal broadband emission evolution nrg|
ray fluxes in the decaying phase is hard to explain with convesuch additional parameters will be performed elsewhere.
tional SSC models (Katarigki et all 2005). During the flaring  The SED model results described in Sects. 4.1[add 4.2 allow
activity observedin 2010 March, we do not detect any sigaific for an estimate of several physical properties of Mrk 421- dur
intra-night variability, which might be due to the shortabut ing the flaring activity from 2010 March: the total electrammn-
one hour) duration of the observations (in comparison to ther densityNe, mean electron Lorentz factgy.), the jet power
many-hour long observations reported_in_Fossatilet al. §900 carried by electrons,, the jet power carried by the magnetic
or perhaps due to the lower X-ray and VHE activity (in cortiraield Lg, the ratio of comoving electron and magnetic field en-
to that of 2001). ergy densitied) /U] = Le/Lg, the synchrotron luminositlsyn

The almost linear correlation at 2-10 keV X-rays can bgntegrated from 18° Hz to 1% Hz), the inverse-Compton lu-
explained as follows: In the framework of the one-zone SS@inosityL,c (integrated from 18> Hz to 18 Hz), and the to-
model, the SED peaks atray frequencies are produced by théal photon luminosity from the SSC mode}n = Lsyn + Lic.
smaller cross-section in the Klein-Nishina regime, ratthen We can also compute the jet power carried by protopss-
by the breaksy 12 in the EED. Therefore, thg-ray emission suming one proton per electroN{ = Ne). The total jet power
with energies above the SED peak energy fieded by the is Lt = Ly + Le + Lg. We follow the prescriptions given in
lower Klein-Nishina cross-section and is dominated by ieee [Celotti & Ghisellini (2008). Specifically, the following foulae
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Table 4: Peak positions and widths of the synchrotron anerga*Compton bumps derived from the two-zone SSC modetedeas reported in Tablé 3.
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So
o g are used:
58
§ © Ne = fy i %d'}’e» (5)
% E Ymin dye
@£
=2 max d e
§§ \fy}r;m y d;e ye
££3 (o= , (6)
g @ Ne
g+
=1 N
NOON~MOM®OO OO0 o ﬁé Le = nRTACNe(yeIMeC”, )
NaanaaNaNaNaNaaNN %g ) ,
s& Lp = aRPTC - Ne - myc?, (8)
L 2
RN OMINOTON® 6= 1R22 2
COUNNSLSTON®®N gg =3 I“pcBe, (9)
£5&
= R
C . =5 nD?F, (1+z)dv
oY adoYAOoNON] 5O L =f Sl (10)
CovbdtTdONOOtTom| < 9 ph 2 5
Qo
c =
L ©
q?.)—g wherel' ~ 6,8 =¥ = \J1-% ~ 1- 5%, D.=134 Mpc In
) 5 the jet power calculation, only one side is considerefdiecintly
WoNdSond =10 © 2 to what was done in_Finke etlal. (2008), who used a two-sided
o =) jet. The details of these quantities derived with the SSCehod
£ g parameters are tabulated in Apper(dix C.
g'g In both the one-zone and two-zone model, the electron lu-
TY minosity Le and magnetic luminositi,g are more than one or-
coxOoOOOY OO = €
SE 858 Cdmadmad| 38 der of magnitude away from equipartition, which was repbrte
5% in |Abdo et al. (2011);_Mankuzhiyil et all (201
B 2 (20124). In addition, we found that the ratig/Lg does not vary
52 much during the 13-day period considered here.
NN OOOODO0®0| S 2 In the two-zone model, the total powkg + Le + Lg of the
NaadaNaaNdNadaNaaNNa] g2 flaring blob is about one order of magnitude smaller thanahat
= % the quiescent-state blob (10*3 erg s* vs. ~ 10* erg s1) even
° 3 though(ye) is 20 — 30 times higher. This is caused by the smaller
X o €
& o size of the flaring blob, in spite of its stronger magnetiafi@hd
HOMIINMOONO©ORN| =73 higher electron density. Nevertheless, the flaring blolespon-
CUONSTANNNATAAA) ¢ & sible for about half of the photon luminosityn(= Lsyn + Lic)
oy of the quiescent-state blob during the highest XA/E y-ray
G dsONOO-dmoan| §%5 activity. This indicates that the radiativéfieiency of electrons
OO AO A O F ™A N®N 3% is high in the flaring blob as a result of the strong magnetld fie
S B and high electron number density. Since the contribution
i‘@é of the flaring blob to the total photon luminosity decreaséb w
”’cé‘ﬁ _the_ decline of the X-rgf/HE activity, the total photon Il_Jminos—_
DONOADNOOAN O H D %— < ity in the two-zone model does not change substantiallynduri
NOWOCOCMITMOA®®A 3£ the 13-day period with the VHE flux going from 2 c.u. down
c g to ~ 0.5 c.u., remaining at about (35) x 10*? erg s*. On the
% 3 other hand, the variation of the total photon luminosity he t
Esg one-zone model is from @ 10*? erg s* to 3x 10*2erg s*, and
1100000000000 § s hence, in terms of jet energetics, the production of the oreas
POT T TANNTNNNNN @ 5 X-ray/VHE flaring activity is more demanding in the one-zone
S scenario than in the two-zone scenario.
DONVDOANMNMITOON 5 2
OO OWWOONNMNNNNNSNN >§
DM DLDLBowDw 23 -
OO LWL LWMLW0LWMLW0LWM §S 6. Conclusion
g g We have reported the MW observations of the decaying phase of
% 8 a Mrk 421 flare from 2010 March, and characterized it with two
Q0 leptonic scenarios: a one-zone SSC model, and a two-zone SSC
2 8 - model where one zone is responsible for the quiescent emissi
=g 2 while the other (smaller) zone, which is spatially sepat#tem
g2y  theformerone, contributes to the daily-variable emissiocur-
o :5 o ring mostly at X-rays and VHE-rays. We found that flux vari-
g = © ability is noticeable at the X-ray and VHf=ray bands, while it
z2 5 is minor or not significant in the other bands. These obsienvat
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revealed an almost linear correlation between the X-ray dlux Astrofisica in Italy and the Centre National d’Etudes Sphedian France.

the 2-10 keV band and the VHfray flux above 200 GeV,

consistent with the~-rays being produced by inverse-Compto

scattering in the Klein-Nishina regime in the framework &G
models.
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Appendix A: Simultaneity in the multi-instrument
observations

The energy coverage as a function of the time for the dailytimul
instrument observations from 2010 March 10 (MJD 55265) to
2010 March 22 (MJD 55277) is depicted in Figs.JA.1 &ndlA.2,
which show that most of the observations used to determme th
SEDs reported in Appendix| B occur within less than 2 hours.
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Fig. A.1: Temporal and energy coverage during the flaringviagtfrom 2010 March 10 (MJD 55265) to 2010 March 16
(MJD 55271) Fermi-LAT data were accumulated during two-day time intervalsitigure significant detections of Mrk 421, and is
depicted here with a blue band. For better visibility of thservations at UV, optical, and radio band, where the obsiervtime is
usually short and the covered frequency band is narrow, diti@dal 20 minutes in time and half a decade in frequencyradleded
when displaying the results. The names of all the opticatumsents are listed in Tab[e 1.
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Fig. A.2: Temporal and energy coverage during the flaringviagtfrom 2010 March 17 (MJD 55272) to 2010 March 22
(MJD 55277). See the caption of Fig._A.1 for further details.
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Appendix B: Broadband SEDs for the 13
consecutive days

J. Alekst et al.: Mrk 421 in March 2010

observation was used, and the corresponding MJD date is de-
scribed in the legend of the figure.

Although Mrk 421 is cosmologically nearby, at a redshift of
0.03, the absorption af-rays by the extragalactic background
light (EBL) is not negligible at TeV energies. The VHE spec-
tra are corrected (de-absorbed) with the EBL model proviged
Franceschini et all (2008), wheee™ = 0.58 at 4 TeV. At this
energy, which is roughly the highest energy bin in the VHEcspe
tra, most models provide®< e ™ < 0.6, such as models from
Kneiske et al.[(2004), Finke etlal. (2010), and Dominguet.et a
(2011), which means that the results are not sensitive tpahe
ticular published EBL model that we selected.

The measured SEDs for these 13 consecutive days are shown
in Figs.[B to[Bb with one-zone SSC model curves (from
Figs[B.1 to FiglB.B) and two-zone SSC model curves (Eig8. B.
andB.5). The SED with a two-zone SSC model curve measured
on the first day (MJD 55265) was shown in Hig. 6 in the main
text. For comparison, the average SED from the 2009 MW cam-
paign M&Iml) is shown in all the figures, which is a
good representation of the SED of Mrk 421 during its nonflarin
(typical) state. The details of the models and the charaeton

of the SED evolution were discussed in Selcisl 4.1[add 4.2in th
main text.

The actual MJD date for each data entry is given in the
legend of each figure. For optical bands, the reported SED
data points correspond to the averaged values (host-galaxy
subtracted) for the specified observing night. As reported i
Sect[3B, the variability at the optical band is small and oscun
timescales of several days. Therefore, if there was nounmsnt
observing at a particular optical energy band, then theestar
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Fig. B.1. Largely simultaneous broadband
SED of Mrk 421 on MJD 55265. The corre-
spondence between markers and instruments is
given in the legend. The full names of the in-
struments can be found in Tadlé 1. Because
of space limitations, R-band instruments other
than GASP, GRT, and NMS are denoted with
the symbol *++". Whenever a simultaneous ob-
servation is not available, the fluxes from the
closest date are reported, and their observa-
tion time in MJD is reported next to the instru-
ment name in the legend. The red curve depicts
the one-zone SSC model matching the data.
The gray circles depict the average SED from
the 2009 MW campaign reported(in Abdo et al.
(2011), which is a good representation of the
nonflaring (typical) SED of Mrk 421.
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Fig. B.2: Simultaneous broadband SEDs and their one-zo@Geng&lel fits. See caption of Fig. B.1 for further details.
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Fig. B.3: Simultaneous broadband SEDs and their one-zoGeng&lel fits. See caption of Fig. B.1 for further details.
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Fig. B.4: Simultaneous broadband SEDs and their two-zoi@188del fits. See caption of Figl. 6 for further details.
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considered in this paper. Consequently, there is no fladioly édmission for MJD 55274.
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Table C.1: Jet powers and luminosities derived with the patars from the one-zone SSC model reported in Table 2.
Date Ne <7e> Le Lp Ls Ué/U{g Ljet I—syn Lic Lph
--- [1071 [109] [10%9 [10% [10%9 [10%] [10%4] [10%9 [10%Y [10%9

[MID] [em™®] --- [ergs?] [ergs?'] [ergs?] --- [ergs?'] [ergs?] [ergs?] [ergs?]

55265 2.5 34 7.8 4.2 6.5 1.2 1.3 6.6 14. 8.1
55266 2.5 34 8.0 4.3 6.5 1.2 1.3 7.2 16. 8.8
55267 2.4 3.3 7.3 4.0 6.5 11 1.2 4.6 11. 5.7
55268 2.5 3.5 7.9 4.2 6.5 1.2 1.3 54 14, 6.7
55269 2.6 34 8.2 4.4 6.5 1.3 1.3 55 14. 6.9
55270 2.5 3.3 7.5 4.1 6.5 1.2 1.2 35 9.8 4.5
55271 2.5 34 7.6 4.1 6.5 1.2 1.2 4.0 11. 51
55272 2.5 3.3 7.5 4.1 6.5 1.1 1.2 3.7 10. 4.7
55273 2.5 3.2 7.3 4.1 6.5 11 1.2 3.1 8.7 4.0
55274 2.5 3.1 7.0 4.1 6.5 11 1.2 2.5 6.5 3.1
55275 2.3 3.2 6.8 3.9 6.5 1.1 1.1 2.8 7.2 35
55276 25 3.2 7.3 4.1 6.5 11 1.2 3.0 8.2 3.8
55277 1.9 3.3 5.8 3.2 6.5 .90 .97 2.6 5.7 3.2

Notes. Ne: total electron number densityy.): mean electron Lorentz factoke: jet power carried by electronsy:the jet power carried by protonkg: jet power carried by the magnetic field;
U./Ug: the ratio of comoving electron and magnetic field energysiis;Lie.: total jet power;Lsy,: the synchrotron luminosity;c: inverse-Compton luminosity;p,: total photon luminosity from
the SSC model. See the calculation explanation in Skct. 5.
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Table C.2: Jet powers and luminosities derived with thepatars from the two-zone SSC model reported in Table 3.

Date Ne (ve) Le Ly [ Ué/U{g Liet Lsyn Lic Loh SUTLg sumLp SUMLg Suml—jet SumI—syn SUML e SumI-ph
--- [107 [10% [10% [10*] [10%Y [10%] [10*]  [10*] [10%9 [10% | [10%] [10%] [10*] [10*] [10%] [10%Y [10%9
[MID]  [em~3] --- [ergs!] [ergsl] [ergs?] [ergsl] J[ergs?l] [ergs?] [ergs?] | [ergs?] [ergs?] [ergs?] [ergs?] [ergs! [ergs?!] [ergs?]

the quiescent blob
- - 2.5 31 7.0 410 65. 1.1 12. 25. 65. 31
the flaring blob the quiescent blok the flaring blob

55265 1.6 9.0 1.4 2.8 5.3 2.6 1.5 13. 18. 19. 84 4.1 7.0 1.3 3.8 8.3 4.6
55266 1.9 9.0 1.7 3.4 4.8 3.4 1.7 13. 23. 15. 8.7 4.1 7.0 1.4 3.8 8.8 4.6
55267 2.1 6.5 1.3 3.8 4.8 2.8 1.4 7.9 18. 9.7 8.3 4.1 7.0 1.3 3.3 8.3 4.1
55268 .89 12. 1.1 1.6 4.8 2.2 1.1 9.5 8.8 10. 8.1 4.1 7.0 1.3 3.4 7.4 4.1
55269 1.6 8.6 1.4 2.9 3.9 3.5 1.4 8.7 15. 10. 8.4 4.1 6.9 1.3 3.4 8.0 4.1
55270 1.3 7.6 1.0 2.4 2.7 3.7 1.1 3.4 7.3 4.2 8.0 4.1 6.8 1.3 2.8 7.2 3.5
55271 1.6 8.4 1.3 2.9 2.7 4.8 1.4 5.0 12. 6.2 8.3 4.1 6.8 1.3 3.0 7.7 3.7
55272 77 9.3 71 1.4 2.7 2.6 .76 3.5 9.9 45 7.7 4.1 6.8 1.3 2.8 7.5 3.5
55273 74 6.9 .50 1.3 2.7 1.9 .54 1.5 1.9 1.y 75 4.1 6.8 1.3 2.7 6.7 3.3
55274 -- -- - - -- -- -- -- - - -- -- 7.0 4.1 6.5 1.2 2.5 6.5 3.1
55275 .93 6.9 .63 1.7 1.7 3.6 .66 1.2 2.2 1.5 7.6 4.1 6.7 1.3 2.6 6.7 3.2
55276 .70 8.0 .56 1.3 1.7 3.2 .59 1.3 1.7 1.5 7.6 4.1 6.7 1.3 2.6 6.7 3.2
55277 .56 7.6 42 1.0 1.7 2.4 .45 .92 .95 1.0 74 4.1 6.7 1.2 2.6 6.6 3.2

Notes. Ne: total electron number densityy.): mean electron Lorentz factdr;: jet power carried by electronk;: jet power carried by protons;g: jet power carried by the magnetic fieldg/Ug:
ratio of comoving electron and magnetic field energy deessitii;: total jet power Ls,.: synchrotron luminosityt.c: inverse-Compton luminosity;py,: total photon luminosity from the SSC model.

See the calculation explanation in SE¢t. 5. The quantitigstive ™ superscript report the sums of the quantities from the gaigisand the flaring blob.
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