
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

New clues on the emission models of the extreme blazar 1ES 0229+200
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Abstract: High energy peaked BL Lac objects offer the possibility to identify the emission processes and the particle
acceleration in the jet because of their broad emission range up to TeV energies. A particular case is the extreme blazar
1ES 0229+200, a high frequency peaked BL Lac object with synchrotron emission up to 100keV and an inverse Compton
peak at the highest energies ever measured for blazars. 1ES 0229+200 has a hard TeV spectrum and was detected up to
10TeV. It is besides 1ES 1426+428 the second TeV blazar with z>0.1 that has been measured up to this high energy. New
simultaneous observations in optical, UV and X-rays with high quality spectra allow detailed studies of the synchrotron
emission which constrain the parameters for an SSC model, especially the underlying electron distribution. This new
study and the re-analysis of older X-ray data show that the emission process was previously not interpreted adequat.
The results will be discussed in the context of extreme blazars and their characteristics will be compared to normal TeV
blazars.
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1 Introduction

The high frequency peaked BL Lac object 1ES 0229+200
is located at αJ2000 = 2h32m48.62s, δJ2000 =
+20◦17′17.45′′ [1] and has a redshift of z = 0.14 [2].
High frequency peaked BL Lac objects (HBL) are char-
acterized by two peaks in their spectral energy distribution
(SED) which are located in the UV-X-ray and the GeV-TeV
band, respectively. These are commonly explained by lep-
tonic models (e.g. [3]) as synchrotron and inverse Compton
(IC) emission from a population of relativistic electrons up-
scattering their self-produced synchrotron photons (Syn-
chrotron Self Compton models (SSC)).
1ES 0229+200 was discovered in the Einstein IPC Slew
Survey [4] and classified as high frequency peaked BL Lac
object due to its X-ray to radio flux ratio [5].
VLA observations on 1ES 0229+200 reveal a core flux of
51.8 mJy and show curved jets to the north and south with
an extension of ∼ 30′′ at 1.4 GHz and jet position angles
of P.A.= −10◦ and P.A.= 180◦ [1].
1ES 0229+200 is faint in the high energy γ-ray range (100
MeV < E < 100 GeV) and is not detected by Fermi/LAT
in 11months of observations and is therefore not mentioned
in the first Fermi catalog [6].
Very high energy (VHE, E>100 GeV) emission up to
10TeV was first detected by H.E.S.S. (High Energy Stereo-
scopic System) in 2006 [7]. In this study, a very hard spec-
trum with a photon index of Γ = 2.5±0.19stat±0.1sys was

reported. Beside 1ES1426+428 ([8]) it is the only source
with z > 0.1 that was measured up to this high energy
which show a very hard VHE spectrum, therefore it is well
suited for EBL studies (e.g. [7], [9]).

2 Multi-wavelength observations

XMM-Newton observations on 1ES 0229+200 have been
carried out on August 21 and 23, 2009 for 23 and 28 k-
s, respectively. From October 19 to November 23, 2009,
16 Swift observations were conducted on 1ES 0229+200
where the XRT detector [10] observed in the energy range
0.2 − 10 keV with 0.5 − 4 ks each pointing. In 2008,
1ES 0229+200 was observed on August 5, 7 and 8. X-ray
observations with the Proportional Counter Array (PCA)
detector onboard RXTE [11] were obtained in the energy
range 2− 60 keV from January 1 to October 13, 2010 with
exposures of 1− 2 ks per pointing. The second instrumen-
t onboard RXTE, the HEXTE (High Energy X-ray Timing
Experiment) onboard RXTE takes data in the energy range
15 to 250 keV. The sum of all observations from January
until October 2010 show no significant signal from 1ES
0229+200 in this energy range.
The optical monitor (OM) [12] onboard XMM-Newton ob-
served 1ES 0229+200 in the filter U (344 nm), UVW1 (291
nm) and UVM2 (231 nm) simultaneous to the X-ray tele-
scope. The UVOT instrument [13] onboard Swift measures
the UV and optical emission in the bands U (345 nm), U-
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Figure 1: XMM-Newton MOS1 (black) and PN (red) spec-
trum of 1ES 0229+200 from August 21, 2009. The spectra
can be well fit with a power law model taking into account
an absorption larger than the Galactic absorption. a: resid-
uals for a power law considering the Galactic absorption as
fixed parameter, b: residuals for a power law with a free
absorption.

VW1 (251 nm), UVW2 (188 nm), UVM2 (217 nm), B (439
nm) and V (544 nm) simultaneous to the X-ray telescope.
The 75-cm telescope ATOM [14], located at the H.E.S.S.
site in Namibia, monitored the flux in the different filters:
B (440 nm), V (550 nm), R (640 nm) and I (790 nm).

3 Spectral data in the synchrotron range

For the XMM-Newton spectra, the energy ranges were re-
stricted to 0.1− 10 keV for MOS and 0.2− 15 keV for P-
N. A power law model of the form F (E) = N0(E/E0)

−Γ

was used to fit the X-ray spectra taking into account the
Galactic absorption of NH = 7.9 × 1020 cm2 (LAB Sur-
vey, [15]). As can be seen in the residuals of the fit (see Fig.
1), the X-ray spectra deviate from the expected Galactic ab-
sorption, indicating additional absorption. Fitting a power
law model with unconstrained absorption results in a much
better description of the data with χ2/dof = 979.7/903 =

1.08with an additional absorption of NH = 2.2×1020 cm2

and a photonindex of Γ = 1.84±0.02. The location of this
additional absorption remain uncertain and could be intrin-
sic to 1ES 0229+200, in the line of sight to the observer or
in the Milky Way since models with different redshifts for
this additional absorption reveal similar goodness of the fit.
In the Swift spectra, no change in absorption was detected
for the 2008 and 2009 spectra and the values have been
comparable to the one obtained from the XMM-Newton
spectra. It should be noted here, that the same Swift da-
ta from 2008 have been analysed than shown in [16], but
lower flux values have been detected in the new analysis.
The historical spectrum by BeppoSAX could be fit well with
a power law with photon index of Γ = 1.99 ± 0.05 and a
free absorption of NH = (10 ± 5) × 1020 cm−2 in the
energy range 0.1 − 50 keV and no cut-off was detected at
the high energy end [17].
The Swift/BAT spectrum taken from the 58 months cata-
log ([18]) is well fit by a power law with photon index of
Γ = 2.1±0.3 (χ2red = 1.02) and result in a flux between 14
and 195 keV of F = (28.2± 5.5)× 10−12 erg cm−2 s−1.
The BeppoSAX PDS spectrum of 2001 [17] is in good a-
greement with this high energy spectrum of Swift/BAT.

4 Temporal study

Regular monitoring observations with ATOM starting in
2006 show no significant variations (< 1%) over the 5
years of observations with an average of mR = 16.39 ±
0.01 mag and mB = 18.38± 0.02 mag.
The U and UVW2 band emission was stable and does not
show significant variation (pχ2 = 70% and pχ2 = 98%,
respectively.). The data in the UVW1 and UVM2 bands
display a marginal significant drop by ∼ 30% and ∼ 20%,
respectively, at JD 2455120, around the time of an increase
in the X-ray flux.
The X-ray emission of 1ES 0229+200 instead shows an
increase by a factor of around 2 starting at JD 2455120.
During 2010, only marginal variation is detected. During
2008-2010, marginally significant spectral changes could
be detected with changing photon index (pχ2 = 1% for a
constant) uncorrelated to the flux variation.

5 Spectral energy distribution

The simultaneous observations in the optical by ATOM,
the UV and X-rays by XMM-Newton are used to study the
synchrotron spectrum (see Fig. 2, simultaneous data of
August, 21 2009).

Host galaxy of 1ES 0229+200:
The host galaxy of 1ES 0229+200 is an elliptical galaxy
with a brightness of mhost,R = 15.85 ± 0.01 mag and a
half-light radius of re = 3.25±0.07′′ [20]. The host galaxy
profile of 1ES 0229+200 was also studied in the Bessel
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Figure 2: Spectral energy distribution of 1ES 0229+200
with simultaneous measured optical, UV and X-ray emis-
sion, corrected for host galaxy, Galactic extinction and
Galactic absorption shown as black data points. The 58
months Swift/BAT spectrum is shown > 10 keV. In grey,
historical radio and UV data are shown and their origin is
discussed in the text. The grey upper limits in the GeV
energy range are taken from [19] and represent the up-
per limit in the energy bins 0.1 − 1 GeV, 1 − 10 GeV
and 10 − 100 GeV by Fermi observations (Aug. 2008
to Sep. 2010). The VHE γ-ray spectrum measured by
H.E.S.S. (taken from [7]) as well as the EBL corrected,
source intrinsic spectrum with a hard photon index, indi-
cating an inverse Compton emission peaking at very high
frequency (> 1027 Hz), is shown. The solid line represent
an SSC model that can describe the intrinsic synchrotron
and inverse Compton emission of 1ES 0229+200 and the
dashed line represent the absorption by the EBL (details
about these models are described in the text).

U, B and V-bands with the Nordic Optical Telescope
(NOT) by [21]. The results are mhost,B = 18.75 mag,
mhost,U = 18.83 mag, mhost,V = 17.58 mag with half
light radii re,B = 5.65′′, re,U = 2.75′′, re,V = 4.90′′. The
influence of the host galaxy in the R, B, V and U filters
have been calculated using a spectral template for a nearby
elliptical galaxy by [22]. Therefore the R-band magnitudes
and the half light radius detected by [20] have been used.
Since the host galaxy influence in the UVW1 and UVM2
bands is unknown, a maximal possible influence of 30%
(value from adjacent U band) is assumed and shown as bar
in Fig. 2.

Galactic extinction/absorption correction:
The measured UV fluxes have been corrected for dust
absorption using E(B-V)=0.135 mag [23] and the
Aλ/E(B − V ) ratios given in [24] resulting in a correc-
tion of 70%, 57%, 48% for UVM2, UVW1 and U-band,
respectively. For the optical filters, the values for the

extinction are derived from the interstellar reddening curve
and table given by [25]1.
The X-ray spectrum has been corrected for the detected
absorption of NH = 1.08 × 1021 cm2. The Swift /BAT
spectrum taken from the 58 months catalog ([18]) is consis-
tent with a power law with photon index of Γ = 2.1 ± 0.3
(χ2red = 1.02) and result in a flux between 14 and 195 keV
of F = (28.2 ± 5.5) × 10−12 erg cm−2 s−1. The Bep-
poSAX PDS spectrum of 2001 [17] is in good agreement
with this high energy spectrum of Swift/BAT.

Historical multi-wavelength data:
GALEX observed 1ES 0229+200 at October 29, 2007 in
the far UV (152.8 nm) and near UV (227.1 nm) resulting
in a flux of 31.68 μJy and 50.36 μJy, respectively, taken
from GalexView2. The measured near and far UV fluxes
have been corrected for dust absorption. Due to the lack
of information about the host galaxy influence in these
wavebands, the measured fluxes are shown as upper limits
for the intrinsic synchrotron spectrum of 1ES 0229+200
(grey arrows in Fig. 2).
In historical snapshot observations by VLA at 6 cm in
1992 a flux of 41.5 mJy [26] and 49.09 mJy [27] was
detected (grey open circles in Fig. 2). With VLBA, the
core could be resolved with a flux of 22.7 mJy and the
jet with 7.7 mJy in 6cm observations. In the same study
by [1], the core flux at 1.4 GHz was detected by VLA
observations to be 51.8 mJy and 1ES 0229+200 show
curved jets to the north and south with extension of 30′′.
The resolved core fluxes are shown as grey filled circles in
Fig. 2.

SSC model:
The simultaneous obtained data in the optical, UV and
X-ray bands cover the whole synchrotron emission. The
high accuracy and the broad energy range of the XMM-
Newton spectrum is the most constraining for the shape of
the synchrotron emission.
The photon index Γ = α + 1 of the X-ray spectrum
gives a direct estimate of the spectral index n of the elec-
tron distribution N(E)dE ∝ E−ndE with the relation
n = −1 − 2α. A broken power law with a canonical
cooling break of Δn = 1 is assumed for the electron
distribution. The variability of 1ES 0229+200 detected
in the X-ray emission give constraints to the maximum
size of the emission volume considered in the SSC mod-
el: R < (Δt/sec)×D× c ≈ D× 2.6× 1014 m.
To account for the high energy peak of the IC emission, the
underlying electron distribution must be very narrow. The
X-ray spectrum can be well fit by a single power law model
over 1.5 orders of energy. The extrapolation fits the absorp-
tion and host galaxy corrected UV data, suggesting a single
power law slope between 0.005 − 100 keV. The absorp-
tion and host galaxy corrected UV-optical emission beyond

1. online version http://ads.harvard.edu/books/hsaa/toc.html
2. http://galex.stsci.edu/GR6
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this point is significantly steeper and strongly constraining
the minimum energy. The well determined spectral index
in the X-ray regime has to describe the low energy spec-
tral index of the electron distribution n1 = −2.6. The un-
cooled electron spectral slope hence has n2 = −3.6 follow-
ing the canonical break. The radius was kept as the max-
imum value obtained by the variability time scale. These
constraints together with the IC peak at very high energies
(as indicated by the EBL corrected TeV spectrum) are best
met with the model parameters: Emin = 2 × 1011 eV,
Ebreak = 3.2 × 1013 eV, Emax = 1 × 1014 eV and a
magnetic field of B = 3.2 × 10−5 G. The Doppler fac-
tor of D = 40 was chosen as the smallest one possible to
reproduce the spectra. This model can describe the simul-
taneously obtained spectra in the synchrotron regime, the
long term hard X-ray spectrum by Swift/BAT, and the non-
simultaneous, intrinsic TeV spectrum. This model is shown
in Fig. 2 as solid line, while the dashed line represents the
absorption by the EBL using the model by [28]. This model
is in good agreement to the EBL absorption model used in
[7] in order to correct the observed TeV spectrum (shown
in Fig. 2).
Another possibility could be that the measured curvature in
the optical regime would be represented by the break of the
electron distribution with n1 = −1.6, n2 = −2.6 and the
break in the optical regime. To explain the high IC peak us-
ing such an electron distribution function, one could invoke
an additional external Compton contribution resulting from
scattering the CMB as discussed in [29] for 1ES 1101-232,
a distant TeV blazar with hard TeV spectrum. This mod-
el would decouple the X-ray and TeV emission since most
of the TeV emission would result from the interaction with
the CMB further away from the synchrotron emission re-
gion in the jet. This model would imply no VHE variabili-
ty on short timescales. The effect due to CMB scattering is
dependent on the distance of the source, so that it is more
likely in distant sources like 1ES 0229+200 and 1ES 1101-
232.

6 1ES 0229+200 in view of extreme blazars

1ES 0229+200 is defined as a high frequency peaked BL
Lac object, and the measured synchrotron emission peaks
at higher frequencies (> 100 keV) than usual for HBL and
belongs therefore to the class of extreme blazars. The exact
peak frequency cannot be determined, since the hard X-ray
spectrum does not show significant cut-off. Assuming that
the high energy cut-off of the synchrotron emission is at the
high energy end of the Swift/BAT spectrum (∼ 100 keV),
the underlying electron distribution extend only over five
orders of energy which is unusually narrow for an extreme
blazar.
Several blazars are known as so-called extreme blazars
with synchrotron emission extending to high energies [30].
They are among the low luminous in the blazar sequence
with the highest peak frequencies. Mkn 501 show a
very high energy peak of the synchrotron emission around

100keV in a flare with a detected large shift of the peak
frequency in respect to previous observations [31]. The
monitoring by BeppoSAX of 1ES 2344+514 show huge
changes of the synchrotron peak frequency within one year
with different spectral shape [32]. INTEGRAL observa-
tions of 1ES 1426+428 show synchrotron peak frequency
around 100keV [33]. These extreme blazars have similar
synchrotron peak frequencies than 1ES 0229+200 but their
very high energy spectra in the TeV range are much soft-
er than for 1ES 0229+200. Therefore 1ES 0229+200 has
the highest IC peak frequency and the narrowest electron
distribution among the extreme blazars known up to date.
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