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ABSTRACT

Using the High Energy Spectroscopic System (H.E.S.S.) telescopes we have discovered a steady and extended very high-energy (VHE) γ-ray
source towards the luminous blue variable candidate LBV 1806−20, massive stellar cluster Cl* 1806−20, and magnetar SGR 1806−20. The new
VHE source, HESS J1808−204, was detected at a statistical significance of >6σ (post-trial) with a photon flux normalisation (2.9 ± 0.4stat ±

0.5sys) × 10−13 ph cm−2 s−1 TeV−1 at 1 TeV and a power-law photon index of 2.3 ± 0.2stat ± 0.3sys. The luminosity of this source (0.2 to 10 TeV;
scaled to distance d = 8.7 kpc) is LVHE ∼ 1.6 × 1034(d/8.7 kpc)2 erg s−1. The VHE γ-ray emission is extended and is well fit by a single Gaussian
with statistical standard deviation of 0.095◦ ± 0.015◦. This extension is similar to that of the synchrotron radio nebula G10.0−0.3, which is thought
to be powered by LBV 1806−20. The VHE γ-ray luminosity could be provided by the stellar wind luminosity of LBV 1806−20 by itself and/or the
massive star members of Cl* 1806−20. Alternatively, magnetic dissipation (e.g. via reconnection) from SGR 1806−20 can potentially account for
the VHE luminosity. The origin and hadronic and/or leptonic nature of the accelerated particles responsible for HESS J1808−204 is not yet clear.
If associated with SGR 1806−20, the potentially young age of the magnetar (650 yr) can be used to infer the transport limits of these particles to
match the VHE source size. This discovery provides new interest in the potential for high-energy particle acceleration from magnetars, massive
stars, and/or stellar clusters.

Key words. gamma rays: general – stars: magnetars – stars: massive

1. Introduction

The magnetar SGR 1806−20 (e.g. Laros et al. 1986) is one
of the most prominent and burst-active soft gamma repeaters
(SGRs). It is best known for its giant flare of 27 December

? Wallenberg Academy Fellow.
?? Corresponding authors: H.E.S.S. Collaboration,
e-mail: contact.hess@hess-experiment.eu
† Deceased.

2004 (Hurley et al. 2005), one of the strongest γ-ray outbursts
recorded with a luminosity reaching L ∼ 1047 erg s−1 (from
radio to hard X-ray energies). SGR 1806−20 is also a member
of the massive stellar cluster Cl* 1806−20 (Fuchs et al. 1999;
Eikenberry et al. 2001; Figer et al. 2005). This cluster harbours
(within a 0.5′ radius) a number of energetic stars such as four
Wolf-Rayet (WR) stars, five O-type stars, and a rare luminous
blue variable candidate (cLBV), LBV 1806−20 (Kulkarni et al.
1995; van Kerkwijk et al. 1995).
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In addition to the giant flare, a number of less intense flares
(L ∼ 1040−1043 erg s−1) from SGR 1806−20 have also been seen
in the past decade. The energy source for the flares is often at-
tributed to magnetic torsion acting on and leading to deformation
of the neutron star (NS) surface (Duncan & Thompson 1992;
Paczynski 1992). The giant flare luminosity may instead result
from accretion events onto a quark star (see e.g. Ouyed et al.
2007).

Magnetars are NSs with intense magnetic fields of order
B ∼ 1014−1015 G. They represent one of nature’s extreme as-
trophysical objects. Compared to canonical NSs (with B ∼ 1010

to 1013 G), magnetars exhibit slower spin rates (P of the order
of a few seconds) but considerably faster spin-down rates (Ṗ ∼
10−11−10−9 s s−1; see magnetar catalogue by Olausen & Kaspi
2014). For SGR 1806−20, the values P = 7.6 s and Ṗ = 7.5 ×
10−10 s s−1 have been determined (Nakagawa et al. 2009a), sug-
gesting a spin-down power of LSD ∼ 1034−1035 erg s−1 (see also
Mereghetti 2011 and Younes et al. 2015). This appears insuf-
ficient to account for the quiescent (unpulsed) X-ray emission
with luminosity of LX ∼ 1035 erg s−1.

The non-flaring X-ray emission is likely related to the decay
of the intense magnetic field, which can theoretically yield a lu-
minosity of LB ∼ 1035−1036 erg s−1 (Zhang 2003). This X-ray
emission to which a variety of thermal and/or non-thermal mod-
els were fit is in fact variable and increased by a factor of 2 to
3 around the giant flare epoch of 2004/2005 (Mereghetti et al.
2007; Götz et al. 2007; Esposito et al. 2007; Nakagawa et al.
2009b). The quiescent X-ray emission is point-like as viewed by
Chandra (.3′′), and a faint extension out to ∼1′ due to scatter-
ing by dust (Kaplan et al. 2002; Svirski et al. 2011; Viganò et al.
2014) has been noticed in the two years following the giant flare
of late 2004.

Interpretation of the E < 10 keV X-ray emission so far
has centred on hot thermal gas with an additional non-thermal
component arising from inverse-Compton (IC) scattering of NS
thermal photons by NS wind electron/positron pairs. For E >
10 keV, the possibility of super-heated thermal Bremsstrahlung
(kT ∼ 100 keV), synchrotron, and IC emission has been debated
(see reviews by Harding & Lai 2006 and Mereghetti 2011).

LBV 1806−20 may be one of the most luminous (L >
5 × 106 L�) and massive (M ∼ 100 M�) stars known
(Eikenberry et al. 2004; Clark et al. 2005) although the possibil-
ity of a binary system has been suggested (Figer et al. 2004). The
Cl* 1806−20 cluster age and combined stellar mass have been
estimated at 3−4 Myr and >2000 M� respectively. However,
SGR 1806−20 appears to be much younger with age ∼650 yr
(Tendulkar et al. 2012) based on proper motion of the magnetar
and cluster member stars.

Given the high-mass loss rates associated with WR stars
(>10−5 M� yr−1) and the even higher rates for LBVs (e.g.
Clark et al. 2005), the combined stellar wind kinetic energy in
Cl* 1806−20 could reach Lw > 1038 erg s−1. Cl* 1806−20 is
enveloped in a synchrotron radio nebula (G10.0−0.3) with lu-
minosity of LRad ∼ 1032 erg s−1 (for d = 8.7 kpc, see be-
low) extending over ∼9′ × 6′ in size (Kulkarni et al. 1994).
Originally linked to a supernova remnant (SNR), G10.0−0.3
is now believed to be powered by the intense stellar wind
from LBV 1806−20 where the synchrotron flux of the neb-
ula clearly peaks (Gaensler et al. 2001; Kaplan et al. 2002). The
third source catalogue from Fermi-LAT (Acero et al. 2015) re-
ports a confused1 GeV γ-ray source, 3FGL J1809.2−2016c,

1 Potentially contaminated by Galactic diffuse and/or strong neighbour
source emission, especially at sub-GeV energies.

towards the HII region G10.2−0.3 about 12′ to the Galac-
tic north-west of Cl* 1806−20. G10.2−0.3 is a part of the
giant HII complex W31 extending farther to the Galactic
north (Corbel & Eikenberry 2004; see Fig. A.1). Distance
estimates for Cl* 1806−20 are in a wide range of 6 to
19 kpc, based on a variety of techniques (Corbel & Eikenberry
2004; McClure-Griffiths & Gaensler 2005; Bibby et al. 2008;
Svirski et al. 2011). We have adopted here the 8.7+1.8

−1.5 kpc dis-
tance from Bibby et al. (2008) who used stellar spectra and in-
ferred luminosities of the Cl* 1806−20 cluster members.

Very high-energy (VHE) γ-ray emission has so far not been
identified or associated with magnetars (Aleksić et al. 2013),
despite the theoretical grounds for multi-TeV particle accel-
eration from or around them (Zhang et al. 2003; Arons 2003)
with subsequent γ-ray and neutrino emission (e.g. Zhang et al.
2003; Ioka et al. 2005; Liu et al. 2010). Massive stars and clus-
ters have been suggested as multi-GeV particle accelerators
(e.g. Montmerle 1979; Voelk & Forman 1982; Eichler & Usov
1993; Domingo-Santamaría & Torres 2006; Bednarek 2007;
Reimer et al. 2006) and several extended VHE γ-ray sources
have been found towards them (Aharonian et al. 2002,
2007; Abramowski et al. 2012a). The high luminosities of
SGR 1806−20, LBV 1806−20, and Cl* 1806−20, as well as the
non-thermal radio, and hard X-ray emission seen towards these
objects have motivated our search for VHE γ-ray emission with
H.E.S.S.

2. H.E.S.S. VHE γ-ray observations, analysis,
and results

VHE γ-ray observations have been carried out with the High
Energy Stereoscopic System (H.E.S.S.) array of five imaging at-
mospheric Cherenkov telescopes (IACTs) located in the Khomas
Highland of Namibia (16◦30′00′′ E 23◦16′18′′ S; 1800 m above
sea level). The fifth telescope was added in 2012, but the data
analysed here precede this installation, thus making use of the
four original IACTs (with mirror area 107 m2). These IACTs
provide a stereoscopic view of extensive air showers (EAS)
for reconstruction of γ-ray primary arrival direction and en-
ergy (Aharonian et al. 2006a). An event-by-event angular res-
olution of 0.06◦ (68% containment radius), energy resolution
∆E/E . 15%, and effective rejection of the background of
cosmic-ray initiated EAS is achieved under a variety of analyses.
An important feature of H.E.S.S. is its 5◦ field-of-view (FoV) di-
ameter, which enables excellent survey coverage of the Galactic
plane.

The SGR 1806−20/Cl* 1806−20 region was covered ini-
tially as part of the H.E.S.S. Galactic Plane Survey (HGPS;
(Aharonian et al. 2006b), which commenced in 2004. Following
the tentative indication of a signal, dedicated observation runs
were carried out in 2009 and 2010. These runs used the so-called
wobble mode (Aharonian et al. 2006a) in which the region of in-
terest was offset by 0.7◦ from the telescope tracking positions
to ensure adequate selection of reflected background regions in
spectral analysis. After rejecting observation runs (which are
typically 28 min in duration) based on the presence of clouds
and instrumental problems, the total observation time towards
SGR 1806−20 amounted to 94 h (from approximately 51 and
43 h of dedicated and HGPS data, respectively) after correcting
for the H.E.S.S. off-axis response and readout dead time.

In this work we have employed the Model Analysis
(de Naurois & Rolland 2009) (version HESS_Soft_0-8-24) in
which the triggered Cherenkov images from the four 107 m2
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Fig. 1. H.E.S.S. exposure-corrected excess counts image of
HESS J1808−204 towards the stellar cluster Cl* 1806−20 (red
cross), containing SGR 1806−20 and LBV 1806−20. The image is
Gaussian smoothed with standard deviation 0.06◦ corresponding to
the 68% containment radius of the H.E.S.S. analysis PSF, which is
also indicated by the white circle at the bottom left corner. Pre-trial
excess significance contours (6, 5, 4σ levels) for an integration radius
of 0.1◦ are indicated by black solid lines. The dark green solid point
with error bars (1σ statistical) and white dashed ellipse represent the
fitted location and radius of the intrinsic Gaussian source model. The
68% location error of 3FGL J1809.2−2016c (Fermi-LAT GeV source)
is indicated by the magenta dashed ellipse.

IACTs are compared to a model image. Gamma-ray parameters
such as arrival direction and energy are then extracted using a
log-likelihood maximisation of the differences between the mea-
sured and modelled properties. The data were analysed using
the faint cuts of the Model Analysis, which employs a min-
imum image size (total charge) of 120 photoelectrons for the
Cherenkov images; similar results were obtained using standard
cuts with a minimum charge of 60 photoelectrons. This analysis
was used to generate detection statistics, images, energy spectra,
and light curves, and has an energy threshold of E > 0.15 TeV
for observations within 20◦ of the zenith. Averaged over all
observations analysed here the threshold is ∼0.4 TeV. Consis-
tent results, within statistical and systematic errors, were ob-
tained using alternate background methods such as the template
background (Rowell 2003; Berge et al. 2007) and other analyses
(Aharonian et al. 2006a; Becherini et al. 2011) that employed an
independent event calibration procedure. Figure 1 presents the
VHE γ-ray excess count image towards the Cl* 1806−20 region.
The ring background model (Berge et al. 2007) was used to esti-
mate the cosmic-ray background.

We found that a two-dimensional (2D) symmetrical Gaus-
sian model describes well the intrinsic shape of the source
with a 68% containment radius of 0.095◦ ± 0.015◦ (or 15 pc
at 8.7 kpc distance). The fitted position, (J2000.0 epoch), is
α = 18h08m37.3s ± 5.1s

stat ± 1.3s
sys and δ = −20◦25′36.3′′ ±

71′′stat ± 20′′sys, with the systematic errors arising from tele-
scope pointing and mechanical alignment uncertainties (see e.g.
Aharonian et al. 2006a). Based on this we label the source
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Fig. 2. Energy fluxes, 1σ statistical errors, and fitted pure power-law
fits for HESS J1808−204 (blue solid points and blue dashed line) and
the Fermi-LAT source 3FGL J1809.2−2016c (red open squares and red
dashed line) from Acero et al. (2015).

HESS J1808−204. An asymmetric 2D Gaussian model (with
major axis, minor axis, position angle anticlockwise from
north) = (0.153◦ ± 0.029◦, 0.058◦ ± 0.014◦, 50.6◦ ± 7.8◦) was
also well fit to the intrinsic source shape. However, this model
was only marginally preferred over a symmetric model (at the
2.4σ level), and so we defaulted to the symmetric model.

At the fitted position HESS J1808−204 has a pre-trial excess
significance of +7.1σ and comprises 413 γ-ray photons within a
radius of 0.2◦ (see Table A.1 for event statistics). This radius is
a-priori-selected for extended source searching. After account-
ing for the 1600 trials in searching for this peak in a 0.4◦ × 0.4◦
region around SGR 1806−20 (40 × 40 bins), the post-trial sig-
nificance is +6σ. Owing to the search binning oversampling the
H.E.S.S. analysis point spread function (PSF), and the mixed na-
ture of the data sets (Galactic plane scans and dedicated observa-
tions), we consider our post-trial significance to be conservative.

We calculated the photon spectrum from HESS J1808−204
centred on its fitted position with radius 0.2◦ to fully encom-
pass the source. The reflected background model (Berge et al.
2007) was used to estimate the cosmic-ray background in each
energy bin. Table A.2 summarises the photon fluxes and er-
rors. The VHE γ-ray emission was well fit by a power law
(dN/dE = φ(E/TeV)−Γ) with parameters φ = (2.9 ± 0.4stat ±

0.5sys) × 10−13 ph cm−2 s−1 TeV−1 and Γ = 2.3 ± 0.2stat ± 0.3sys
(probability = 0.4). The VHE spectral fluxes and power-law fits,
and also those of 3FGL J1809.2−2016c, are shown in Fig. 2 for
comparison.

Since an additional variable VHE γ-ray emission compo-
nent could be expected from SGR 1806−20 and possibly from
the member stars of Cl* 1806−20, we examined the flux light
curve (φ > 1 TeV) for a point-like test region of radius 0.1◦,
which is optimal for the H.E.S.S. analysis PSF, encompassing
these objects over nightly and lunar monthly (dark lunar peri-
ods) timescales (see Fig. 3). We found that the >1 TeV flux light
curve was well fit by a steady flux level with χ2/ν = 80.6/88
for nightly and χ2/ν = 15.2/12 for lunar monthly timescales, re-
spectively, indicating no evidence for variability in the VHE γ-
ray emission towards SGR 1806−20 and/or Cl* 1806−20. A
number of soft-γ-ray flares of SGR 1806−20 occurred since our
observations commenced, including the giant flare of 27 Decem-
ber 2004, and several other intermediate flares of note (based
on announcements from the Gamma-Ray Coordinates Network).

A11, page 3 of 8

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201629695&pdf_id=1
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201629695&pdf_id=2


A&A 612, A11 (2018)

53000 53500 54000 54500 55000 55500

]
­1

.s
­2

.c
m

­1
2

 >
 1

 T
e

V
 [

1
0

Φ ­1

­0.5

0

0.5

1

1.5

2

Year
2004 2005 2006 2007 2008 2009 2010 2011

Giant Flare

27 Dec. 2004

MJD
53000 53500 54000 54500 55000 55500

]
­1

.s
­2

.c
m

­1
2

 >
 1

 T
e

V
 [

1
0

Φ

­0.4

­0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Year
2004 2005 2006 2007 2008 2009 2010 2011

Fig. 3. Light curve of the nightly (top) and lunar monthly (bottom)
VHE γ-ray emission (φ > 1 TeV) from a point-like source (integration
radius 0.1◦) centred on SGR 1806−20. The red dashed line indicates the
average flux level in each case and giant flare of 27 December 2004 is
indicated on the nightly light curve.

Our first two periods of H.E.S.S. observations were taken several
months on either side of the giant flare. We note that the extent
of the H.E.S.S. analysis PSF could integrate steady VHE γ-ray
emission from several sources in the region, diluting any pos-
sible variable or periodic emission from a single source such
as SGR 1806−20. Additionally, the highly variable spin-down
rate Ṗ of SGR 1806−20 (Woods et al. 2007; Mereghetti 2011;
Viganò et al. 2014; Younes et al. 2015) over the past decade
and infrequently sampled ephemeris (from X-ray measurements)
further complicate the search for any pulsed VHE detection. We
leave such a study to further work.

3. Discussion

Potential counterparts to the VHE γ-ray source
HESS J1808−204 are the magnetar SGR 1806−20, the mas-
sive stellar cluster Cl* 1806−20, and/or energetic member
stars of the cluster, in particular LBV 1806−20 and/or the
WR stars. HESS J1808−204 exhibits an energy flux (0.2 to
10 TeV) of FVHE ∼ 1.7 × 10−12 erg cm−2 s−1 and luminosity of
LVHE ∼ 1.6 × 1034 (d/8.7 kpc)2 erg s−1. Figure 4 presents the
energy fluxes of the VHE and multiwavelength sources in this
region (highlighting the prominence of the γ-ray emission),
including an X-ray upper limit for LBV 1806−20 (Nazé et al.
2012). There are no signs of any SNRs (although one should
exist to explain SGR 1806−20) or other energetic pulsars in
the region. However, a prominent multiwavelength feature
is the synchrotron radio nebula G10.0−0.3. Interestingly,
HESS J1808−204 is very similar in intrinsic size to G10.0−0.3
as shown in Fig. 5. Based on this, LBV 1806−20 (the possible
source of energy for G10.0−0.3) could be considered a plausible
counterpart.

With a likely kinetic stellar wind luminosity of LW >
1038 erg s−1, the cluster Cl* 1806−20 could easily account for
the VHE γ-ray luminosity of HESS J1808−204 and also of
the nearby Fermi-LAT source. Of the member stars, the four
WR stars and in particular LBV 1806−20 could dominate this
stellar wind energy and therefore drive much of the particle
acceleration. The VHE γ-ray emission would represent only a
small fraction ∼10−4 of the cLBV’s wind luminosity, LLBV ∼

1038 erg s−1, for example.
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In a scenario involving the cluster of massive stars, parti-
cle acceleration could take place as a result of the stellar wind
interaction over parsec scales according to the cluster size and
stellar density. Several extended VHE γ-ray sources have al-
ready been linked to such processes likely to be present in mas-
sive stellar clusters (e.g. in Cyg OB2, Westerlund 2 and Wester-
lund 1; Aharonian et al. 2002, 2007; Abramowski et al. 2012a).
Here, Westerlund 1 may bear some resemblance to Cl* 1806−20
as it also harbours a magnetar (the anomalous X-ray pulsar
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CXOU J164710.2−455216; Muno et al. 2007) and a LBV star
(Wd1-243; see e.g. Clark et al. 2008). A point of difference is
that the VHE emission towards Westerlund 1 is physically about
a factor 10 larger than that towards Cl* 1806−20 (radii of 160 pc
vs. 15 pc).

The luminosity of LBV 1806−20, L ∼ 106.3 L�, ranks
it in the top five amongst the 35 LBV and cLBV list
(Clark et al. 2005) (see Kniazev et al. 2015 for the most re-
cent catalogue of LBVs). VHE γ-ray emission is found
towards four of the top five in this list: the Pistol-
Star and FMM 362 towards the diffuse VHE Galactic cen-
tre emission (Aharonian et al. 2006c), Cyg OB2#12 towards
TeV J2032+4130 (Aharonian et al. 2002), and Wray 17-96 in the
vicinity of HESS J1741−302 (Tibolla et al. 2009). It remains to
be seen, however, how these LBVs are related to their nearby
VHE γ-ray sources. The notable exception is η-Car, which is
probably the most luminous LBV. η-Car exhibits γ-ray emission
(up to about 200 GeV) modulated by its orbital period of 5.54 yr
(?Abdo et al. 2010; Tavani et al. 2009; Reitberger et al. 2015),
suggesting a wind-wind interaction as the source of particle ac-
celeration. A similar process may be active in LBV 1806−20
since it too may be a binary system.

The linkage between HESS J1808−204 and the Fermi-LAT
GeV source 3FGL J1809.2−2016c is not so clear given the sig-
nificant spatial separation between the two and the confused na-
ture of the GeV source. For confused GeV sources there are
considerable systematic uncertainties in location and existence
above the diffuse GeV background. As a result, the sub-GeV
spectral determination is usually compromised (as is readily ap-
parent in Figs. 2 and 4). Thus, even though the fitted power -law
index of the GeV source (ΓGeV = 2.33 ± 0.09 from Acero et al.
2015) is very similar to that of HESS J1808−204, and its extrap-
olation to TeV energies is within systematic errors that are con-
sistent with the VHE flux points, the above-mentioned caveats
prevent further detailed comparisons. In the case in which the
GeV and VHE sources are nevertheless connected via the same
putative particle accelerator, the γ-ray luminosity would increase
by about a factor of 5 to 10 to account for the dominant GeV
component (LGeV ∼ 1035 erg s−1 at 8.7 kpc).

Turning our attention to SGR 1806−20, the VHE γ-ray lumi-
nosity is up to ∼50% of this magnetar’s spin-down power. The
established VHE pulsar wind nebulae (PWN) have VHE spin-
down efficiencies of LVHE/LSD .10% and are associated with
pulsars exhibiting high spin-down power of LSD > 1035 erg s−1

(Halpern & Gotthelf 2010), in contrast to the situation here. The
quiescent X-ray luminosity for SGR 1806−20 is also similar
to or greater than its spin-down power, suggesting the X-rays
result from magnetic energy perhaps via reconnection (Zhang
2003) rather than the rotational energy associated with pul-
sar spin-down. The luminosity of the nearby Fermi-LAT GeV
source could also be met by magnetic energy. Moreover, the
rather low ratio LVHE/LX ∼ 0.1 (for the X-ray luminosity LX
in the 2 to 10 keV range) is clearly at odds with the observed
trend of LVHE/LX >∼ 10 for pulsars with LSD < 1036 erg s−1

(Mattana et al. 2009). Hence if HESS J1808−240 is attributed to
electrons accelerated by SGR 1806−20, it is likely that magnetic
energy is the source of power.

Given the presence of several molecular clouds along the
line of sight towards Cl* 1806−20 (Corbel & Eikenberry 2004),
a hadronic origin for HESS J1808−204 involving collisions of
multi-TeV protons with interstellar gas is worth considering. The
singly pointed CO observations of Corbel & Eikenberry (2004)
however do not reveal the spatial distribution, mass, or den-
sity of the molecular clouds. Studies of the molecular cloud

morphology are hence needed to ascertain the detailed likeli-
hood of a hadronic origin for the HESS J1808−204 and the
transport properties of particles from the Cl* 1806−20 region.
Nevertheless based on the integrated CO brightness tempera-
tures reported in Table 2 of Corbel & Eikenberry (2004), we es-
timated approximate proton densities n of the order of 103 cm−3

for the brighter clouds MC 13A, MC 73, and MC 44 (as la-
belled by Corbel & Eikenberry 2004) at their respective dis-
tances when integrating over the 45′′ beam full width at half
maximum (FWHM) of the telescope used in the CO observations
(Corbel & Eikenberry 2004 favoured MC 13A as most likely as-
sociated with the cluster). These densities may be considered
upper limits to the wider cloud densities since the CO measure-
ments were taken towards the stellar cluster where molecular gas
density may be expected to peak.

Using the relation B ∼ 10(n / 300 cm−3)0.65 µG from
Crutcher et al. (2010), magnetic fields of order B ∼ 20 µG could
be expected inside the clouds. From here and assuming a turbu-
lent B-field, we can employ the formalism of Gabici et al. (2007)
(Eq. (2)) for the diffusion coefficient as a function of magnetic
field B and suppression factor χ, which is used to account for in-
creased magnetic field turbulence related to cosmic-ray stream-
ing instabilities in the interstellar medium. We note however that
the cosmic-ray transport may not necessarily be diffusive in the
case of a more ordered B-field structure, as for example indi-
cated by Crutcher et al. (2010) in molecular clouds of low den-
sity n < 300 cm−3. We can, nevertheless, use the young age
(650 years) of SGR 1806−20 to provide some limits on the dif-
fusion distances of particles. For 50 TeV protons coming from
the magnetar and assuming χ = 1, we arrive at a diffusion length
of l ∼ 30 pc, which is approaching the observed ∼15 pc radius
of HESS J1808−204. The parameter χ is poorly constrained,
but Protheroe et al. (2008) have suggested χ < 0.01−0.1 based
on observations of the GeV γ-ray emission towards the dense
Sgr B2 giant molecular cloud.

We can also infer the cosmic-ray proton energy budget Wp =

LVHE(erg s−1)τpp erg required to power HESS J1808−204. Here,
τpp ∼ 1.7×1015/n cm−3 s is the cooling time for γ-rays produced
by proton-proton collisions as a function of the target density n.
For the density discussed above we find Wp ∼ 1046 erg. This is
rather modest compared to that of a canonical supernova rem-
nant, however, our estimate for Wp would be a lower limit since
the density is likely an upper limit as explained above.

An alternative, leptonic origin for HESS J1808−204 might
arise from IC scattering of local soft photon fields by TeV to
multi-TeV electrons. The local infrared (IR) field (due to heated
dust) peaks strongly towards Cl* 1806−20 (Rahoui et al. 2009)
with an energy density of ∼20 to 50 eV cm−3 as measured by
Spitzer at 24 µm within ∼30′′ of Cl* 1806−20 (see Fig. A.1).
Measured over the 15 pc radius of VHE γ-ray emission re-
gion, however, the IR energy density, ∼0.4 eV cm−3, is com-
parable to that of the cosmic microwave background (CMB)
at 0.25 eV cm−3. An additional soft photon field comes from
the optical/UV photons from the massive stellar content of
Cl* 1806−20. Based on the presence of five OB, four WR stars,
and one cLBV (Figer et al. 2005; Edwards et al. 2011), we esti-
mated a bolometric luminosity of ∼1040 erg s−1. Averaged over
the VHE γ-ray emission region, the resulting optical/UV energy
density is ∼7 eV cm−3.

Considering the TeV to multi-TeV electron energy loss rate
for IC scattering taking into account Klein-Nishina effects (e.g.
Eq. (35) of Aharonian & Atoyan 1981) with these energy densi-
ties, we find that the dominant IC component will likely come
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from up-scattered CMB photons in the Thomson scattering
regime as the Klein-Nishina effect will suppress the IR and op-
tical/UV components. Thus we can take the X-ray power-law
components of SGR 1806−20 (FX ∼ few × 10−11 erg s−1 cm−2)
as synchrotron emission from multi-TeV electrons and the
VHE γ-ray flux FVHE as arising from IC scattering of the CMB
photons by the same electrons. From consideration of the IC
and synchrotron luminosities, assuming IC emission only comes
from up-scattered CMB photons in the Thomson regime, the
magnetic field B ∼ 10

√
ξFX/(10FVHE) µG in the region com-

mon to both fluxes can be estimated. Here the factor ξ accounts
for the radii of the VHE and X-ray emission (ξ = (RVHE/RX)2).

We estimate B & 1 mG for the values RVHE ∼ 360′′ (VHE ra-
dius) and RX . 3′′ (Kaplan et al. 2002), which might be ex-
pected given the extreme magnetic field of SGR 1806−20 and
that of the massive stars in Cl* 1806−20. The sub-parsec size
of the X-ray emission region (Kaplan et al. 2002) is also consis-
tent with a magnetic field B ∼ few mG if the synchrotron cool-
ing time (tsync < few yr) dominantly limits the transport of the
parent multi-TeV electrons. There are in fact a number of other
high magnetic field pulsars with compact X-ray nebulae po-
tentially associated with unidentified VHE γ-ray sources (e.g.
see Kargaltsev et al. 2013) that may be explained within this
scenario.

The 15 pc radius of the TeV emission region could be al-
lowed by the much longer IC cooling time of tIC ∼ 103−104 yr,
provided that the magnetic field has declined to .10 µG out-
side the X-ray region to avoid synchrotron losses. A reduced
B field is in fact implied by the X-ray upper limit (4.53 ×
10−12 erg s−1 cm−2) for LBV 1806−20 (Nazé et al. 2012), and
is only 15′′ away from SGR 1806−20. Such a reduction in the
B-field may also play a role in limiting the X-ray emission region
size around SGR 1806−20, by permitting electrons to escape to
the wider IC-dominated region; the electron diffusion coefficient
would likely increase as well, further enhancing their escape.
Our inferred B-field value of ∼20 µG from the molecular cloud
column density as discussed earlier, may still limit the level of
IC emission. As argued earlier for the hadronic interpretation,
however, spatial studies of the molecular gas will be needed to
more confidently discriminate hadronic and leptonic models for
HESS J1808−204.

4. Conclusions

We report the discovery with the H.E.S.S. telescopes of ex-
tended VHE γ-ray emission (HESS J1808−204) towards the lu-
minous blue variable candidate LBV 1806−20, the massive stel-
lar cluster Cl* 1806−20, and the magnetar SGR 1806−20. The
H.E.S.S. telescopes are not able to resolve these potential coun-
terparts, which are located within a 0.5′ radius. However the
extension of the γ-ray emission, at ∼0.1◦ radius (or 15 pc for
a distance of 8.7 kpc) is similar in scale to the radio nebula
G10.0−0.3 supposedly powered by LBV 1806−20. The intense
stellar wind luminosity of LBV 1806−20, by itself or collec-
tively from the other massive stars in Cl* 1806−20, could readily
power the VHE source, which has a luminosity of LVHE ∼ 1.6 ×
1034(d/8.7 kpc)2 erg s−1. If associated with SGR 1806−20, the
reported young age of 650 yr for this magnetar, along with our
estimated magnetic field of 20 µG, could imply a diffusive trans-
port limit of <30 pc which is similar to the size of the VHE emis-
sion. Additionally, in this case the VHE luminosity could only
realistically be met by magnetic dissipative effects rather than the
magnetar spin-down process. Whatever the origin of the parent
particles responsible for HESS J1804−204, their hadronic and/or

leptonic nature is currently unclear. Detailed observations of the
molecular gas spatial distribution would be needed for some dis-
crimination of hadronic from leptonic scenarios (in particular by
providing constraints on the magnetic field in the region). Look-
ing towards the future, the arc-minute angular resolution of the
forthcoming Cherenkov Telescope Array (Acharya et al. 2013)
will be able to probe the VHE morphology on the parsec scales
necessary to probe for energy dependent morphology, provid-
ing further information about the nature and origin of the parti-
cles responsible for HESS J1804−204. In summary, the discov-
ery of HESS J1808−204 provides further impetus to the notion
that magnetars, massive stars, and/or stellar clusters can acceler-
ate particles to beyond TeV energies.
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Appendix A: Additional figures and tables

Additional figures and tables are given here.
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Fig. A.1. Spitzer MIPSGAL 24 µm image in MJy/sr units with
HESS J1808−204 excess significance contours (6, 5, 4σ as for
Fig. 1) overlaid as solid white lines. Locations of the stellar clus-
ter Cl* 1806−20 (containing SGR1806−20 and LBV 1806−20) and
the Fermi-LAT GeV source 3FGL J1809.2−2016c (68% location er-
ror) are indicated. The bright infrared feature to the north-east towards
the Fermi-LAT source is the W31 giant HII star formation complex.

Table A.1. Event statistics of HESS J1808−204 for events within a ra-
dius 0.2◦ of the fitted position using the reflected background model for
both faint and standard cuts analyses.

Events 1α 2S Excess events
(N − αNb)

– Faint Cuts –
On (N) 3128
Off (Nb) 16 758 0.162 7.1σ 412.8

– Standard Cuts –
On (N) 5147
Off (Nb) 26 470 0.174 7.4σ 553.4

Notes. 1. Normalisation between on source and background regions.
2. Statistical significance from Eq. (17) of Li & Ma (1983).

Table A.2. VHE spectral fluxes F and 68% statistical error limits of
HESS J1808−204 for events within a radius 0.2◦ of the fitted position
using the reflected background model and faint cuts analyses.

E (TeV) F F (down) F (up)
(photons cm−2 s−1 TeV−1)

0.34 3.38 × 10−12 2.39 × 10−12 4.39 × 10−12

0.78 5.17 × 10−13 3.95 × 10−13 6.42 × 10−13

2.04 5.10 × 10−14 3.26 × 10−14 7.00 × 10−14

5.35 6.36 × 10−15 2.80 × 10−15 1.02 × 10−14
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