
Time-dependentmodellingofPKS2155-304 ina lowstate: One-or two-zoneemissionmodelling?Petropoulou Maria & Masti
hiadis ApostolosNational & Kapodistrian University of AthensAbstra
tOne-zone radiation models have been widely used in modelling the steady-state multiwavelength (MW) spe
tra of blazars, having as main goal thedetermination of the physi
al 
onditions in the emitting region, su
h as the magneti
 �eld strength, the spe
ies of radiating parti
les et
. Then, theresults from one-zone stationary modelling are often used as a stepping stone for studying �aring events. Here we show that the appli
ation of steady-stateone-zone models on intrinsi
 variable sour
es, even when these are in a low state, 
an be misleading. Although the one-zone SSC and proton syn
hrotronmodels su

eed in �tting the time-averaged MW spe
trum, they 
annot easily (or at all) reprodu
e the small amplitude multifrequen
y variability. Weshow that a two-
omponent leptoni
 model addresses both spe
tral and temporal observations more su

essfully, albeit at the expense of more freeparameters.Introdu
tionIn the present work we apply three models: (i) One-
omponent SSC model (1-SSC), (ii) leptohadroni
proton syn
hrotron model (LHs) and (iii) two-
omponent SSC model (2-SSC) to the MW obser-vations of blazar PKS 2155-304 at redshift z = 0.116in a low state [1℄, sin
e (i) the blazar was for the �rsttime monitored simultaneously in four energy bands(opti
al, X-rays, GeV and TeV γ-rays) and (ii) theblazar was observed in a low state with marginalvariability at least at two energy bands (opti
al andGeV's) implying that the underlying physi
al 
ondi-tions do not vary signi�
antly.Model des
riptionAlthough the method we follow is similar to thatdes
ribed in [2℄, it has the novel feature of time-dependent �tting using a leptohadroni
 model(LHs) � appli
ation of stationary solutions withinleptohadroni
 models on MW spe
tra of PKS 2155-304 
an be found in [3℄. Details about the numeri
al
ode we have used 
an be found in [4, 5℄.In all 
ases we have used a two-step pro
ess: (i) De-termine for whi
h parameter values an a

eptable�t to the average SED is obtained; (ii) Vary oneor more parameters following the variability pat-tern observed in spe
i�
 energy band(s). The am-plitude of the parameter variations is determinedby trial and error until an a

eptable �t to one ormore light 
urves is obtained. The only param-eters that we have varied are: (i) maximum en-ergy of ele
trons (1-SSC; 2-SSC; LHs) a

ordingto γe
max = 〈γe

max〉 (α1FX(τ )/Fmax
X )β1 and γe

max =

〈γmax
e 〉

(

α2Fopt(τ )/F
max
opt

)β2 , where the subs
ripts
1, 2 refer to the �rst and se
ond 
omponent respe
-tively; (ii) ele
tron/proton inje
tion 
ompa
tness(LHs) a

ording to ℓe,p = 〈ℓe,p〉

(

Fopt/F
max
opt

)

/fe,p +
ge,p. The parameters used in our modelling are sum-marized in the Table below.

One-
omponent SSC modelLeft panel: Multiwavelength time dependent spe
tra during the period 54704-54715 MJD. Simultaneous ob-servations with ATOM, RXTE, Fermi and H.E.S.S. (low-to-high frequen
ies) are shown with points. Middlepanel: X-ray model light
urve (solid line) and RXTE/Swift observations (points). Right panel: Log-logplot of the TeV-�ux versus the X-ray �ux obtained by our model.
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• Pros: X-ray variability is fairly well reprodu
ed with small amplitude variations of γe
max: δ log(γe

max
)

〈log γe

max〉
=

max log γe

max

〈log γe

max〉
− 1 ≃ 0.02.

• Cons: (i) Tight 
orrelation of X-ray and TeV γ-ray �uxes whi
h is not dete
ted; (ii) the model doesnot reprodu
e the observed opti
al variability [1℄.LHs modelFrom left to right: X-ray model light
urve (solid line) and RXTE/Swift observations (points); Opti
almodel light
urves (solid lines) and ATOM data (BV: bla
k points; R: red points); Plot of the normalizedmodel TeV �ux (solid line) and H.E.S.S. photon 
ount rate (points) with respe
t to their time-averagedvalues; Log-log plot of the TeV-�ux versus the X-ray �ux obtained by our model.
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• Pros: (i) X-ray, opti
al and TeV variability are fairly well reprodu
ed with small amplitude variationsof the parameters; (ii) no signi�
ant 
orrelation between X-ray and TeV �ux is found, (iii) the maximumrelative 
hange of the GeV (logarithmi
) �ux with respe
t to its time-averaged value is ∼ 0.01, whi
his 
ompatible with an almost 
onstant value.
• Cons: Fine tuning of three parameters, i.e. γe

max, ℓe and ℓp, is required.2-
omponent SSC modelHere we show in addition to the light
urves the MW spe
tra emitted by the 1st (orange lines) and 2nd (bla
klines) 
omponent. For 
larity reasons, only three snapshots of the 1st 
omponent are plotted.
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• Pros: (i) X-ray, opti
al and TeV variability are fairly well reprodu
ed; (ii) no 
orrelation betweenX-ray and TeV �ux is found sin
e the are produ
ed by di�erent unrelated 
omponents; (iii) for largervariations of the 2nd 
omponent, a 
orrelation between X-rays and TeV gamma-rays is predi
ted.
• Cons: (i) The total number of free parameters is in
reased; (ii) small amplitude variations of γe

max
annot reprodu
e the high X-ray �ux observations mainly due to the steep ele
tron distribution.Referen
es[1℄ Aharonian F. et al. 2009, ApJL, 696, L150-L155[2℄ Kraw
zynski H. et al. 2002, MNRAS, 336, 721-735[3℄ Cerutti M. et al. 2012, AIPC, 1505, 635-638[4℄ Dimitrakoudis S. et al. 2012, A&A, 546, 120D[5℄ Masti
hiadis A. et al. 2013, submitted in MNRAS A
knowledgementsThis resear
h has been 
o-�nan
ed by the European Union (European So
ial Fund-ESF) and Greek national funds through the OperationalProgram "Edu
ation and Lifelong Learning" of the National Strategi
 Referen
e Framework (NSRF) - Resear
h Funding Program: Hera
leitus II.


