PROCEEDINGS

OF SCIENCE

Monitoring the synchrotron and Compton emission
of PKS 2155-304 Fermi-LAT and RXTE long term
observations

D. A. Sanchez?!, B. Giebels?, D. Thompson?*, G. Tosti®, B. Lott® , on behalf of the

Fermi-LAT collaboration

1 Max-Planck-Institut fiir kernphysik, P.O. Box 103980, D B9®eidelberg, Germany
2 Laboratoire Leprince-Ringuet, Ecole Polytechnique, CNR&P3, France

3 NASA Goddard Space Flight Center, Greenbelt, MD 20771

4 Dipartimento di Fisica, Universita degli Studi di PerugiaQ6123 Perugia, Italy

5 CNRS/IN2P3, Centre d&ZAtEtudes Nucléaires Bordeaux Gradignan, France
E-mail: davi d. sanchez@rpi - hd. npg. de

PKS 2155-304 is a well known GeV-TeV source and one of thehbegs blazars in the Fermi
sky. More than two years of Fermi operations provides thetrartensive light curve of this
object between 200 MeV and 300 GeV. Together with monitofiogn RXTE, these data allow
the study of the temporal and spectral behavior of PKS 21®Ei3the two energy bands. A time
dependent SSC model is used to fit the time-averaged SEDréptoduce the temporal behavior
of a particular period, and (i) to interpret the statistigaperties of the light curves. Our analysis
provides a complete picture of the emission mechanismsraptime scales for PKS 2155-304.
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1. Introduction

Blazars emit electromagnetic radiation over 20 decades of energy fidimtaTeV energy
for the most energetic ones. Their spectrum is dominated by non-thermali@mig relativistic
electrons with a maximal energy = E/mec? of 1P — 107. A subset of blazars, mainly BL Lac
objects, has been detected at Very High Energy (VBE;100 GeV) during the past 20 yeéars
The vast majority have a spectrum well described by a power law with ax gr@éater than 2 in
this energy range.

In a synchrotron self-Compton (SSC) scenario, the X-ray and Telatiads are believed
to be emitted by the same population of high energy electrons. Correlationsdretive two
wavebands have been reported in several object, supporting the fviegoespatial emission. The
GeV photons are produced by lower energy electrons and the link betive&X-ray and the GeV
is less known.

PKS 2155-3044=0.117) is a well studied BL Lac object. Classified as a high frequendy pea
BL Lac thanks to X-ray observations of HEAO-1 [11], PKS 2155-3@&\aetected in VHE in 1999
[4]. To probe possible correlations and have an insight onto the emissidmamem of PKS 2155-
304, the source was the target of monitoring observationsRRRE(2 — 10 keV) and~ermi-LAT
(200 MeV - 300 GeV) from February 2009 to January 2010. Preliminesylts without the full
RXTEdata set has been reported in [10]. Here, we present the results chihjmign.

2. Observation and analysis

Fermi-LAT: The Large Area Telescope (LAT), one of the two instruments on biéamahi , is a
pair converter telescope with its main characteristics describe in [2]. Thadefectsy-rays from
~20 MeV to 300 GeV and the full sky is observed every 3 hours.

For this study, data taken between MJD 54682 and MJD 55412 (Augd®08,— August 4,
2010) were used. Events from tbe FFUSE class with a reconstructed energy between 200 MeV
and 300 GeV and coming from an Region Of Interest (ROI) of a radidafegrees around the
coordinates of PKS 2155-304 have been selected. To avoid earttoalbethmination, a cut on
the zenith anglez< 105’) was made. The analysis was perform with the ScienceTools VOR17P0
and the IRFs P6_V3 to described the detector.

The sky model consists of a Galactic component, prepared with the GALRR@E! [12] and
an extragalactic component modeled with the isotropic spectral tem@ater opi ¢_i em v02. t xt .
All the point-like sources in the ROI, appearing in a internal version of theds catalog, were
included. Each spectra is described by a simple power law with the total flwe 2089 MeV and
spectral index as free parameters. A unbinned maximum likelihood method, imyksria the
gt | i ke tool, was used to determine the parameters which best match the data.

RXTE: TheRXTEobservations consist of 82 pointed observations for a totabof 20° seconds
and took place between MJD 54897.5 to MJD 55196.5. Each observattertkasand occurred
approximately every 3 days. The PCA data were extracted and analyirgXSPEC [3], and the
spectrum was corrected for Galactic absorption using a column déMisity1.48 x 10?%cm2.

1online catalogs such as TeVQatt p: / / t evcat . uchi cago. edu presents updated view of the TeV sky.
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Figure1: Top panel:FermiLight curve with 7 days bins. The read line is the time averfdagemeasured
and the gray area give the corresponding error. Bottom p&XTElight curve between February 2009 and
January 2019

3. Temporal behaviors

TheFermilight curve, with 7 days wide time bins, is shown in Figure 1 (top panel). lemord
to quantify the source variability, we use the normalized excess variaBtddfined by:

|S — o2
I:var = vf 2 e

wheref is the observed flux with measurement erat'. S is the variance of anda?, is the
average ofgf"". This quantity is suitable when one wants to compare data from differergyene
bands and different instruments. The source clearly shows variabilityRggtk= 0.35+ 0.03 and
order-of-magnitude flux variations.

To probe a possible energy dependent variability, the wide energy rainthe Fermi-LAT
has been split in two band (0.2-1 GeV and 1-300 GeV). The results &br & given in Table 1
and shown in Figure 2. On a timescale of 7 days, PKS 2155-304 exhibitsvaoability at low
energy. This behavior is compatible with the value @f;imeasured by H.E.S.S, during the 2008
campaign, which is below the value measured in the 1-300 GeV energy. rdhgeis subject to
caution due to the different timescales used in the different light curvesricedhe variability.

In X-rays, the light curve was binned with 2 timescales. To matchFgreni timescale, we
used a binning of 7 days and, to probe even smaller timescales, a 3 daysimidd light curve
was computed. For each timescale, the source is variable yjth-F.47+ 0.01 for the 7 days
light curve. The value of f, using the two different binning time scales, and computed for three
energy bins (2-4 keV, 4-6 keV and 6-10 keV), is given in Table 1.

Fvar is found to be dependent of the energyfE) O EX with an indexk = 0.24+0.02 (7
days) andk = 0.26+0.02 (3 days) (Figure 2).. This behavior has been reported by seudtrairs
for different sources ([9] PKS 2155-304 , [5] Markarian 421) withmparable values fat. This
fit is also compatible with the value of& found in 2008 in the optical band [1] even if the data
are not contemporaneous and not based on the same time binning.
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Timescale 2-4 keV 4-6 keV 6-10 keV 0.2-1 GeV/| 1-300 GeV
3 days 0.49+:-0.009 | 0.548+0.005| 0.66+0.01
7 days 0.395+0.009| 0.443+0.005| 0.548+0.005| 0.46+0.04 | 0.38+0.03

Table 1. Measured values of & for 2 timescales and for different energy bands. The siatistnot
sufficient to compute this quantity with 3 days light curvesee 0.2 GeV.
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Figure 2: Left: Fyyr as a function of the energy. Black and red points were obdadiuging this campaign.
Right:Fermi(black/gray) andRXTE(red) light curves of the period MJD 54970-55040. The graa gaints
are the overlapping 7 day bins (see text).

During the period MJD 54970-55040, the X-ray apday fluxes reached both their highest
and lowest states of the campaign, making this period very interesting. Rgimews the X-ray
(red) and GeV (Black/Grey) light curves superimposed. In this Figheszermi-LAT light curve
was obtained with overlapping 7 days bins with a delay of 1 day between 2dliowing us to
take advantage of all the available statistics [8].

On MJD 54981.5, the X-ray flux, at a level of5< 10~ erg cm2s~1, dropped by a factor 3
in 3 days and reached a plateau at 0.6 countgsorresponding to .5 x 10~1%erg cn?s 1) for
40 days before a small increase. During the same time, the GeV flux dedieas factor 9 with
a timescale of 194 2.2 days and increased back to almost its previous value8a-9.5 days
(Figure 2). The following sequence appears: the gamma-rays deeayhaf X-rays, but they ramp
up again before the X-rays.

4. Spectral Energy Distribution

TheFermitime average spectrum is compatible at a level ofBuvlith a log parabola function:
F(E) = NoE, (P logwE)

whereE, = E/300MeV,a = 1.78-+0.04 andB = 0.0304+0.009. The measured integral flux above
200 MeV isF(E > 200MeV) = (15.7+0.4) - 10 8phcnm2s1, compatible with previous results
[1].

The X-ray spectrum was fitted with a broken power law with a photon indéx of 2.81+
0.14 below the energy bredk, = (4.33+0.33) keV and a photon indexy = 3.234+0.04 above
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Figure 3: Spectral energy distribution (SED) of PKS 2155-304 . Thedinorrespond to SSC calculations
of the 3 X-ray different states. Black is the time-averagexdh flux, red corresponds to the highest flux and
blue to the lowest flux.

the break while the 2-10 keV flux B_1okev = (1.78+0.01) x 10~ erg cn?stwhich is~ 3
times lower than the 2-10 keV flux estimated during the 2008 campaign.

The time average SED (Figure 3) was fitted with a time dependent SSC model saritiar
one described in [7]. Electrons, following a distributi@fye), are continuously injected into the
emission region and lose energy by synchrotron and inverse Comptoesges. The evolution of
the overall density of electrons can be described by the Fokker-Péanekion:

Ne(Ye,t)

tESC

MNe 0. .
v T%KVS_F ¥e)Ne(Ve, )] + Q(ve) —

whereNg(ye, 1) is the density of electrons at the tihand y; (Respy:) is the energy lost by syn-
chrotron (Resp inverse Compton) process. The system reachesdtig state Wheﬁ‘% =0.

A low B field value was used(= 0.01 G) as for the MWL campaign in 2008 [1]. The size
of the region iR = 7- 10'® cm and the Doppler factor & = 40 leading to a variability time scale
close to 1 day. The injection distributid@(yz) follows a triple power law of indexpo : p1 : p2
between electron Lorentz factors f:: y» : 10°°. The result of the calculation is shown on Figure
3 together with calculations describing the highest and lowest X-ray flonessured during the
MJD 54970-55040 period (section 5.1).

5. Modeling of the variability

5.1 The MJD 54970-55040 Period

The same set of parameters for the time-averaged X-ray flux was usedddbe: the high
and low X-ray states of this period. Only the paramegtemeeds to be changed by a factor 2 from
one realization to an other. A natural way to reproduce the observexvioelis to start from the
high state set of parameters and vg\o the value used for the low state. This corresponds to a
diminution of the number of high energy.(> y») electrons.
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Figure 4: Left: Simulated X-ray and GeV light curves reproducing thddv64970-55040 Period. Right:
Calculated k5 as a function of the energy with our time dependent SSC model.

We found ify» varies linearly with time, the observed profile is quantitatively reproducad co
trary to a rapid chande The resulting light curves are shown in figure 4. The sequence is-repr
duced with decay faster in X-ray thanyrray and a faster increased of teay flux. Nevertheless
more sophisticate models are required to quantitatively reproduce the data.

5.2 Dependence of Fyyr with energy

The behavior of - with energy can only be reproduced using a statistical approach. We
used the set of parameters obtained by [5]. The injected electrons folelatavistic Maxwellian
distribution (orPile-updistribution) [6]:

Q(t,y) = Ky?exp(—2y/w(t))

which naturally arise when considering a Fermi mechanism for the actietevdth synchrotron
and inverse Compton losses.

The parametep,(t) was chosen from a red noise distribution with an indegef —2 and
50 light curves were simulated. For each realization, the observed flomputed, allowing to
evaluate E; as a function of the energy.

The average and the RMS ofdover the 50 simulations are shown in Figure 4. Between
the optical and the X-ray bands,FJ EX with an indexk = 0.2640.08, in good agreement with
the observations. In thEBermi-LAT range, Ra is less energy dependent. The general trend is
also different from the measured one since our model predicts highiabiity above 200 GeV
than below. This is due to the fact that most of the inverse Compton scattekmgltce in the
Thompson regime in our model. If the scattering occurs in the Klein-Nishinaegghe variability
at VHE would be reduced by the diminution of the cross section. These Klisimna effects seem
to have a major role in PKS 2155-304 as shown by [10].

6. Conclusions

We have shown the results of a monitoring campaign on PKS 2155-30&KXitfEandFermi.
Two different aspects of the variability were studied in detail: a statisticglarty (K4 as a func-

2faster than the variability time scale of 1 day.
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tion of the energy) and a specific event in the light curve (the MJD 585130 Period). A time
dependent SSC model has been successfully used to reproducetigablithe observed behavior.

In the X-ray energy range, /& increases with the energy and follows a power law. This can
be reproduce with simulation of an injection te@rfollowing a red noise. The mismatch between
our model and the data at high energy might be explained by invoking Klgishitha effect.

The period MJD 54970-55040 has shown a interesting sequence withidadecay of the
X-ray flux and a slow decrease of the GeV emission with a time scale of 2 wddis period
has been reproduced by simulating a diminution of the number of high enlexyoms through a
linear time decrease of the parameter. This implies a complex relationship between X-ray and
GeV radiation which can only be understood with time dependent emission models
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