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Abstract: HESS J1857+026 is an extended TeV gamma-ray source that was discovered by H.E.S.S. close to
the Galactic plane. Given its spatial coincidence with the young energetic pulsar PSR J1856+0245, the source
might represent a pulsar wind nebula (PWN). Based on data from Fermi-LAT, H.E.S.S. and MAGIC a spectral
break in the gamma-ray emission is evident around 100 GeV. Earlier results show that a leptonic dominated PWN
scenario implies a low magnetic field, while a hadronic scenario is also able to explain the observed emission.
HESS J1857+026 was observed by MAGIC in 2010, yielding about 30 hours of good quality stereoscopic data
that resulted in a highly significant detection. We present a detailed analysis of the source morphology in two
different energy regimes. We find a clear structure in the source above 1 TeV, which can not be explained with
a simple PWN scenario. Here we will present the results of a multiwavelength search for possible counterparts
associated to the TeV morphology.
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1 Introduction
The TeV source HESS J1857+026, was discovered during
the galactic plane scan by H.E.S.S. [1]. At the time of the
TeV discovery no clear counterparts in other wavelengths
could be found. The source shows a significant extension
of (0.11±0.08)◦× (0.08±0.03)◦ and a tail like structure
in the North. The spectrum can be fitted by a power law
with a spectral index of 2.39± 0.08 in the energy range
between 800 GeV and 45 TeV. The reported flux of the
source is ∼ 15% of the Crab Nebula. Shortly after the dis-
covery of the TeV source an energetic Vela-like pulsar (P-
SR J1856+0245) was discovered in the vicinity of HES-
S J1857+026 by [2]. They report a period of 81 ms and a
characteristic age of ∼ 21 kyr based on data of the Areci-
bo PALFA survey. The authors use the pulsar dispersion
measure of 622± 2 cm3 pc and the NE2001 model of the
distribution of free electrons in the galaxy [3] to obtain a
distance estimate of 9 kpc. However, the reported uncer-
tainty of method is with a factor 2–3 rather large. A de-
tection of a significant signal above 100 GeV using Fer-
mi/LAT data was first reported by [4]. The source appeared
also in the list of hard Fermi-sources [5] with an integrat-
ed flux above 10 GeV and an index of −1.30±0.28, indi-
cating a hardening at lower energies. [6] showed the first
GeV spectrum of the source which confirmed the hard in-
dex in the energy range 1–100 GeV. No significant pulsa-
tion has been found at GeV energies using three years of
Fermi/LAT data [6]. The nearby energetic pulsar and the
spectral turnover might be indications that the source can
be explained by a pulsar wind nebula scenario. [6] showed
that both a leptonic and a hadronic model of the gamma
ray emission are plausible based on data from Fermi/LAT,
MAGIC (preliminary results) [7], HESS and Chandra. The
Chandra data are upper limits obtained from a 6 arcmin re-
gion around the HESS position [6].

The motivation to observe this source with MAGIC was

twofold: The low energy threshold of MAGIC allows to
close the gap between the Fermi/LAT and HESS data. The
determination of the spectral turnover can add important
information to address the nature of this object. Moreover
the northern tail of the emission might indicate a second
component which will be investigated by means of mor-
phological studies.

2 MAGIC results
MAGIC observed HESS J1857+026 during 2010, collect-
ing ∼ 30 hours of data in wobble mode, in the zenith range
25◦ – 36◦. We used wobble mode pointing the telescopes
at 8 different positions symmetrically distributed with re-
spect to the source position. This allows to obtain a more
uniform and flat exposure. One half of the positions were
chosen to be at 0.4◦ distance from the source while the oth-
er half were 0.5◦ away.

The analysis of the data was performed using the MARS
analysis framework [8] including the latest standard rou-
tines for stereoscopic analysis [9]. Furthermore the SUM-
cleaning algorithm [9] was used, which improves the per-
formance at energies < 200 GeV. The background estima-
tion uses the OFF from Wobble partner (OfWP) algorith-
m, where the background is extracted from the same cam-
era coordinates as the ON but from a different wobble po-
sition (see also [10] for details).

For the detection and spectral results of HESS
J1857+026 we use an integration radius of 0.4◦ in order
to cover the entire emission. We detect the source with a
Li&Ma significance of 12σ above ∼ 150 GeV. The result-
ing SED is shown in Figure 1 and is well described by a
power law of the form dN/dE = N0(E/1TeV )Γ with in-
dex Γ = 2.24± 0.07stat ± 0.15sys and differential flux at 1
TeV of N0 = (4.85±0.40stat ±1.5sys)×1012(TeVcm2s)1.

Figure 2 shows the energy dependent morphology in the



HESS J1857+026 seen with MAGIC
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

Energy [GeV]
1 10 210 310 410 510

]
-1

 s
-2

 d
N

/d
E

 [T
eV

 c
m

2
E

-1210

-1110

H.E.S.S., Aharonian et al. 2008

Fermi-LAT, Neronov & Semikoz 2010

Fermi-LAT, Paneque et al. 2011

Fermi-LAT, Rousseau et al. 2012

MAGIC, this work

PRELIMINARY

Fig. 1: Spectral energy distributions of HESS J1857+026
measured by MAGIC (this work), H.E.S.S ([1]) and Fermi-
LAT ([4, 5, 6]). The MAGIC data are unfolded to correct
for migration and energy biasing effects ([11]), therefore
the errors are not independent of one another.

energy ranges 300–1000 GeV and above 1000 GeV. The
maps have been smeared using a Gaussian kernel of 0.11◦
for the 0.3 – 1 TeV gamma-ray flux map and of 0.08◦
for estimated energies above 1 TeV. The low energy map
has been fitted with a symmetric 2D Gaussian function.
We obtain a centroid position of RA:(18.954±0.002stat±
0.002sys) h and DEC:(2.70±0.02stat±0.03sys)◦ , which
agrees well with the H.E.S.S. centroid position for HESS
J1857+026. The intrinsic source extension is found to be
(0.20±0.03stat±0.02sys)◦, after accounting for the com-
bined effect of the instrumental PSF and the applied smear-
ing.

Above 1 TeV HESS J1857+026 we find two spatially
distinct significant components, which we denote MAG-
IC J1857.2+0263 and MAGIC J1857.6+0297, as indicat-
ed in Figure 2. The positions and extensions of these re-
gion have been obtained in an iterative procedure, fitting
one region and including the other into the background.
An asymmetric 2D Gaussian fit to MAGIC J1857.2+0263
provides a mean position RA:18.954 h and DEC:2.63◦ and
an intrinsic source extension of (0.17± 0.03stat)◦ along
the major axis, which shows in inclination of (37±6stat)◦
with respect to the RA axis. The intrinsic extension along
the minor axis is found to be (0.06±0.03stat)◦ clearly re-
flecting the elongated shape of MAGIC J1857.2+0263. For
MAGIC J1857.6+0297 a fit by a symmetric 2D Gaussian
was used to extract a mean position of RA:18.960 h and
DEC:2.97◦. The size of MAGIC J1857.6+0297 is compat-
ible with that of a point-like source. The uncertainties on
the determined positions are estimated to be ±0.05◦ in the
RA and DEC directions.

We also tried to extract individual spectra for MAGIC
J1857.2+0263 and MAGIC J1857.6+0297 using integra-
tion radii of 0.21◦ and 0.14◦ around the fitted position-
s, respectively. The integration radii were chosen to cov-
er a maximum of both regions without having any overlap.
The limited event statistics and proximity of the two peak-
s made it difficult to compute precise spectra. Moreover,
the not resolved emission at low energies causes source
confusion and thus challenges the attribution of the emis-
sion within the integration areas to MAGIC J1857.2+0263
or MAGIC J1857.6+0297 for energies below ∼ 500 GeV.
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Fig. 2: MAGIC gamma-ray flux map in arbitrary units
(a.u.) for events with estimated energy 300 GeV < Eest <
1 TeV (top) and Eest > 1 TeV (bottom). Overlaid are T-
S value contours in steps of 1, starting at 3. They rough-
ly correspond to Gaussian significances. Also shown in the
bottom-left corner is the instrumental point spread func-
tion (PSF) after the applied smearing. The H.E.S.S. source
HESS J1858+20 is not discussed. The Fermi-LAT source
position is that determined in [6]

We estimate that the MAGIC J1857.2+0263 and MAGIC
J1857.6+0297 differential fluxes at 1 TeV are ∼ 45% and
∼ 20% of that of the entire region, respectively. We also
determined a spectral index of Γ = 2.2±0.1stat for MAG-
IC J1857.2+0263, which is compatible with that of the en-
tire region.

3 Multi-wavelength view
To investigate the origin of the VHE emission toward-
s MAGIC J1857.6+0297 we analyzed archival multi-
wavelength data to look for possible counterparts. In the
radio regime we make use of the 21 cm continuum and
HI line emission data from the Very Large Array (VLA)
Galactic Plane Survey (VGPS), which is described in [12].

In addition, we looked for 13CO(J = 1 → 0) molecular
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Fig. 3: 13CO(J = 1 → 0) line emission integrated intensity (in units of Kkms−1) in the vcinity of HII region U36.40+0.02
(VLSR = 53.3kms−1, d = 3.3 kpc) and the GRS clouds G036.59-00.06 (VLSR = 53.49 kms−1, d = 3.59 kpc) and G036.74-
00.16 (VLSR = 55.19,kms−1 d = 3.62 kpc), for three ranges of VLSR: 51.32− 53.02 kms−1 (left), 53.87− 55.15 kms−1

(middle), 56.64−59.61 kms−1 (right). The black contours indicate levels of 1 and 2 Kkms−1, while those in cyan indicate
the MAGIC > 1 TeV TS levels in steps of 1, starting at 3. The green markers indicate HII regions in the catalog of [13]

line emission data from the Galactic ring survey (GRS) as
a tracer for molecular gas. The survey covers a kinematic
local standard of rest (LSR) velocity (VLSR) range of −5 to
135 kms−1 and is described in [14]. We used the Miriad
([15]) and Karma ([16]) analysis software packages to de-
termine integrated intensity maps.

We find two prominent emission peaks in the aver-
age 13CO spectrum of the GRS data, located in vicini-
ty of MAGIC J1857.6+0297 (Galactic longitude: 36.0◦−
37.0◦, Galactic latitude: −0.5◦ − 0.5◦) at VLSR ∼ 55
kms−1 and VLSR ∼ 80 kms−1. We searched the catalog
of kinematic distances to GRS molecular clouds ([21])
for those clouds toward MAGIC J1857.6+0297. The
search yielded three possible associations: G036.59-00.06
(VLSR = 53.49 kms−1) at a distance 3.59 kpc, G036.74-
00.16 (VLSR = 55.19 kms−1) at a distance of 3.62 kpc,
and G036.49-00.16 (VLSR = 76.87 kms−1) at a distance of
8.38 kpc. Next we searched for HII regions close to MAG-
IC J1857.6+0297 and found two candidates. The compact
HII region C36.46-0.18, with VLSR = 72.7 kms−1 ([18])
and distance of 9.3 kpc, and the ultra-compact HII region
U36.40+0.02 with VLSR = 53.3 kms−1 ([19]). The latter is
located at a distance of 3.3 kpc and may be associated with
the molecular cloud G036.59-00.06. A potential associa-
tion may also exist between C36.46-0.18 and the molec-
ular cloud G036.49-00.16. We consider U36.40+0.02 a
more likely counterpart than C36.46-0.18 given its rela-
tive proximity to MAGIC J1857.6+0297. Figure 3 shows
the 13CO(J = 1 → 0) molecular line emission seen to-
ward U36.40+0.02. The image shown for the VLSR range
of 51.32− 53.02 kms−1, corresponds to the the distance
of U36.40+0.02. The subsequent ranges (53.87 − 55.15
kms−1 and 56.64−59.61 kms−1) show that, with increas-
ing distance, there is, at first, a lack of 13CO emission, fol-
lowed by a second peak in the direction of U36.40+0.02.

In Figure 4 shows the HI line emission over a VLSR range
covering the molecular gas discussed in Figure 3. There are
larger depressions seen at the positions of the HII region-
s C36.46-0.18 and U36.40+0.02, from which continuum
emission is expected (albeit very faint and diffuse in the
case of U36.40+0.02). We note that, there is also a depres-
sion towards MAGIC J1857.6+0297, despite there being

no prominent 21 cm continuum source in that direction. In
addition, from the 13CO(J = 1 → 0) line emission we de-
rive that this region is generally lacking in terms of molec-
ular gas over the velocity range of interest ( 52.13−60.37
kms−1), which excludes possible HI self-absorption (e.g.
see [21]). Deeper investigations showed that this feature is
most prominent at VLSR ∼ 55 kms−1 and the molecular line
emission near this velocity (see Fig. 4) shows what appears
to be a cavity in the direction of MAGIC J1857.6+0297.

4 Discussion
The broadband SED of HESS J1857+026 in Figure 1 ex-
hibits a strong turnover at energies close to 100 GeV. This
may be interpreted as the IC peak expected from a lepton-
ic scenario, although [6] showed that their SED could be
modeled equally well in terms of a hadronic model.

While we find that the source is significantly extended
with respect to our PSF in the energy range of 300 GeV to
1 TeV, no significant extension was detected using Fermi-
LAT data for energies above 10 GeV. However, the intrin-
sic extension reported here is compatible to the 68% con-
tainment radius of photons above 10 GeV reported by the
Fermi-collaboration. Considering the weak signal of 5.4σ
(> 300MeV) detected in Fermi, a detection of an an ex-
tended emission region might be limited. Above 1 TeV
we resolve two spatially distinct emission regions. MAG-
IC J1857.2+0263, which is elongated and enclosing the en-
ergetic pulsar, and MAGIC J1857.6+0297, a point-like e-
mission region about ∼ 0.2◦ away from the position of the
pulsar. By itself, the MAGIC energy-dependent morphol-
ogy would favor a leptonic PWN scenario in which low-
er energy electrons can diffuse out to larger distances from
the pulsar, but only if we assume MAGIC J1857.2+0263
> 1 TeV (Fig. 2) to be an independent source and that the
emission of MAGIC J1857.6+0297 does not play a ma-
jor role in the lower energy range. Moreover, if MAGIC
J1857.6+0297 did indeed trace the same PWN as MAG-
IC J1857.2+0263, the apparent hole (between the position
of the pulsar and MAGIC J1857.6+0297) in the emission
is difficult to explain with one electron population. This
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Fig. 4: Left: HI integrated intensity map (in units of Kkms−1) for velocities 52.13−60.37 kms−1. Right: 13CO(J = 1 → 0)
line emission (in units of K) of a single data cube velocity slice at 55.36 kms−1. The red (left image) and black (right
image) contours indicate 0.4 K 13CO(J = 1 → 0) line emission from the image on the right, while those in cyan indicate
the MAGIC > 1 TeV TS levels in steps of 1, starting at 3. The green markers indicate HII regions in the catalog of [13]

suggests that the fainter MAGIC J1857.6+0297 emission,
which is only resolved above 1 TeV, is likely to be unrelat-
ed to PSR J1856+0245.

Despite the multi-wavelength study presented here, the
nature of the VHE emission from MAGIC J1857.6+0297
remains a mystery. Since the TeV emission does not spa-
tially correlate with high gas densities (see Figures 3 and
4) a hadronic origin seems unlikely. The depression seen
in the atomic gas coupled with the molecular gas morphol-
ogy at the corresponding velocities suggest the presence of
a cavity or wind-blown bubble of radius ∼ 7 pc that is coin-
cident with the direction towards MAGIC J1857.6+0297.
The emission could therefore have a leptonic origin, where
the TeV emission is produced by IC up-scattering of soft
photons by relativistic electrons. A possible source of IR
photons may be U36.40+0.02. One such leptonic scenari-
o, which may also explain the radio data, could be one in
which the VHE emission belongs to a PWN whose pro-
genitor star was in an OB association, the stellar wind-
s of which created the cavity. As outlined in [22], this
would then allow a free expansion of the PWN, allow-
ing for weaker magnetic fields that would result in low-
er levels of synchrotron cooling for the VHE gamma-ray
emitting electrons. In the case of MAGIC J1857.6+0297,
additional high-resolution multi-wavelength data at radio
wavelengths and in X-rays will be necessary to fully test
this hypothesis. An alternative explanation of the observed
VHE emission could be connected to the combined effect-
s of stellar winds. VHE gamma-rays may be produced by
particles accelerated in the colliding winds of early-type
(O, early B, Wolf-Rayet) star binary systems, although
[24] showed that the spectra of such systems are expect-
ed to suffer from strong absorption above ∼ 50 GeV due
to pair production in the surrounding photon fields. Given
that HII-regions are typically locations of massive star for-
mation and the proximity of the ultra-compact HII-region
U36.40+0.02 to MAGIC J1857.6+0297, one might consid-
er particle acceleration at the shocks produced by outflows
from massive protostars ([25, 26]). The typical mechanical
luminosity of one such jet (∼ 1036ergs−1), would however
require a collective effect of multiple objects.
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