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Galactic 
sources

Extragalactic 
sources(?)

Cosmic-ray energy spectrum shows a 
remarkable power-law behaviour over 
ten orders on magnitude in energy 

Breaks at 1015 and 1018 eV 

Could be the transition from the 
galactic to extragalactic source 
populations 

Sources of energetic cosmic rays still 
largely unknown
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Cosmic rays are scattered by the magnetic 
fields inside (or outside) the galaxy 

Cosmic rays interact within the source 
(hadronic interaction or inverse Compton 
emission) 

Gamma-rays travel without deflection

γ

Hadron

Electron
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The problem for us observers however is that gamma-
rays are blocked by the Earth’s atmosphere 

The obvious solution is therefore to put your detector 
in space 

Essentially a tracking detector to detect and 
reconstruct gamma-rays showering inside the instrument 

Surrounded by a scintillator to reject charged cosmic 
rays 

Pioneered by the EGRET telescope and mastered by 
the Fermi telescope 

Sensitive in energy range (100 GeV - 1 TeV)

Detecting Gamma-rays (Space based)
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EGRET Gamma-ray Sky

About 300 sources 
Mostly unidentified

Photons above 100 MeV
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Fermi Gamma-ray Sky

Fermi catalogue after 8 years 
5064 sources 
3130 active galaxies 
239 pulsars 
1336 unidentified 
358 various galactic sources

Photons above 1 GeV
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Difficult to
 detect any 

photons above 2 TeV
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If we want to increase our 
effective area we can use the 
interaction with the atmosphere to 
our advantage 

EM cascade develops in the 
atmosphere 

Emits Cherenkov light in an area 
of about 120 m on ground
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H.E.S.S.

MAGICVERITAS



High Energy Stereoscopic System
4 x 12m Telescopes (phase-I) 
1 x 28m Telescope 
5 degree FoV 
Energy Range: 0.05 - 50 TeV 
Angular Resolution: <0.1 deg

Sited in the highlands of Namibia 
15 years of operation 

Excellent views of the galactic plane 
~100 sources discovered (~60% of total) 
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Almost 2700 hours of observation 
taken on the galactic plane by H.E.S.S. 

Coverage to at least 10% Crab Flux 

Much better in most places

H.E.S.S. Collaboration: The H.E.S.S. Galactic plane survey

Fig. 1. The HGPS region is illustrated in this all-sky image of Planck CO data (Adam et al. 2015) in Galactic coordinates and
Hammer-Aito↵ projection. For comparison, the HEGRA Galactic plane survey (Aharonian et al. 2002) and VERITAS Cygnus
survey (Weinstein 2009) footprints are overlaid. The Galactic Fermi-LAT 2FHL �-ray sources (Ackermann et al. 2016) are shown
as triangles. Fifteen Galactic VHE �-ray sources outside the HGPS region are shown as stars. Three of these have been detected by
H.E.S.S. and are labelled: SN 1006 (Acero et al. 2010a), the Crab Nebula (Abramowski et al. 2014b), and HESS J0632+057 (Aliu
et al. 2014a). The gray shaded regions mark the part of the sky that cannot be observed from the H.E.S.S. site within reasonable
zenith angles (less than 60�). The lower panels show the HGPS �-ray flux above 1 TeV (correlation radius 0.4�; see Sect. 3) and
observation time, both also in Galactic coordinates. The white contours in the bottom panels mark the boundaries of the survey
region; the HGPS has little or no exposure beyond Galactic latitudes of ±3� at most locations along the Galactic plane.

2.2. Observations, quality selection and survey region95

H.E.S.S. acquires data by pointing the IACT array to a given po-96

sition in the sky for a so-called observation run with a nominal97

duration of 28 min. During the 9 years of HGPS data-taking,98

H.E.S.S. monitored the evolution of the IACT instrument condi-99

tions and took these into account in the instrument Monte Carlo100

(MC) simulations. For example, the IACT cameras su↵er from101

occasional hardware problems a↵ecting individual or bunches102

of pixels. In order to limit the systematic e↵ects on the flux de-103

termination for VHE �-ray sources, we carefully selected good-104

quality runs as close as possible to the nominal description of105

the instrument used in the MC simulations (see Aharonian et al. 106

(2006a) for details). In addition, we only used those runs where 107

at least three telescopes were operational. 108

In particular, the IACT optical e�ciencies evolved consider- 109

ably over the unprecedentedly long HGPS data acquisition pe- 110

riod. The reflectivity of the mirrors and opacities of the Winston 111

cones (used to funnel light onto the cameras’ photomultipliers) 112

determine the optical e�ciencies. Environmental exposure re- 113

duced these quantities over time, while a mirror re-coating cam- 114

paign during the period 2009–2011 largely restored them to their 115

original values. 116
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H.E.S.S. Galactic Plane 
Survey

https://www.mpi-
hd.mpg.de/hfm/

HESS/hgps/
13

https://www.mpi-hd.mpg.de/hfm/HESS/hgps/


H.E.S.S. Galactic Plane 
Survey
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H.E.S.S. Collaboration: The H.E.S.S. Galactic plane survey

Fig. 9. Source identification summary pie chart. See Table 3 and
Sect. 5.1.3.

the method described in Sect. 4, with the previously-published1384

results of those sources.1385

5.2.1. General agreement1386

In total, we re-analyzed 44 VHE �-ray sources that were the1387

subject of past H.E.S.S. publications. For the vast majority of1388

these, we find that there is good agreement between the HGPS-1389

derived position, morphology, and spectrum within the statistical1390

and systematic uncertainties.1391

Position1392

On average, the HGPS source positions agree well with the posi-1393

tions found in previous analyses. For 68% of the sources, we find1394

that the separation between the HGPS-derived position and the1395

previously-published position was less than 0.06�. This agrees1396

well with the expected scatter considering the statistical and sys-1397

tematic uncertainties.1398

As an additional check, we also verified the positions of1399

the identified �-ray binaries (known point sources), LS 50391400

(HESS J1826�148) and PSR B1259�63 (HESS J1302�638) and1401

found a very good agreement: less than 4000 w.r.t. the reference1402

position (Simbad database).1403

Size1404

Comparing the sizes of the sources we found a median value for1405

the relative deviation of ⇠30%, indicating that with the current1406

analysis we measured larger sizes of the sources in general.1407

All sources that have been claimed as point-like in a previous 1408

analysis have been found again point-like with the HGPS anal- 1409

ysis. Additionally, we identified three cases that are compatible 1410

with a point-like source according to Eq. 19, which have been 1411

found extended before: 1412

1. For HESS J1427�608 we measured a size of 0.048±0.009�, 1413

compared to 0.063±0.010� in Aharonian et al. (2008a). This 1414

source is an edge case which just meets our criterion for a 1415

point-like source. 1416

2. For HESS J1714�385 we found a size of 0.034±0.011� com- 1417

pared to 0.067±0.017� in Aharonian et al. (2008c). With the 1418

current analysis, a smaller size was found because underly- 1419

ing emission was modeled by separate emission components 1420

(see Fig. 5). 1421

3. HESS J1808�204 was found with an extension of 0.058 ± 1422

0.014�, compared to 0.095 ± 0.015�in Abdalla et al. (2016). 1423

This discrepancy is caused by the large-scale emission com- 1424

ponent, which models parts of the source tail. 1425

Flux 1426

A fair comparison between flux values obtained with the cur- 1427

rent method and earlier analyses proved to be di�cult because of 1428

fundamental di↵erences between the methods used. In previous 1429

publications, aperture photometry was mostly used, while in this 1430

analysis the main flux measurement was based on a model fit, 1431

taking PSF, morphology of the source and large-scale emission 1432

into account. Flux estimate di↵erences with these two methods 1433

are shown in Fig. 32 (both measures from the HGPS analysis, 1434

not with respect to previous publications). Many of the di↵er- 1435

ences in spectra and fluxes measured in the HGPS analysis and 1436

previous publications are the result of changes in the spectral 1437

extraction region (position and size). 1438

For 68% of the sources, the deviation from the previously 1439

measured value was less than 55%. This indicates that we could 1440

not find a global e↵ect of the large-scale emission on the flux, 1441

containment and contamination correction on the flux measure- 1442

ment but still observed a significant influence on the flux mea- 1443

surement of individual sources. 1444

Spectral index 1445

For 68% of the sources, the di↵erence in spectral index was less 1446

than 0.28, roughly compatible with the expected scatter when 1447

statistical and systematic uncertainties of the measured spectral 1448

indices are taken into account. 1449

5.2.2. Missing sources 1450

In total, there are 4 known VHE �-ray sources not re-detected 1451

with the current HGPS analysis. All of these “missed” detections 1452

are rather faint sources with significances close to the detection 1453

25

78 sources discovered in total 

Most do not have strong strong 
associations with known MWL 
sources 

Of the known sources PWN are the 
most numerous class

May have multiple 
potential counterparts

14



Pulsar Wind Nebulae

15

Nebula formed around a central pulsar engine 

Electrons and positrons stream from the central pulsar and 
are shocked at the interaction with interstellar 
material 

Particles can then be accelerated at this shock front 
(likely the same electrons and positrons) 

Accelerated electrons lose their energy rapidly through 
synchrotron and inverse Compton emission

Crab Nebula Vela X



HESS J1825-137
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A&A proofs: manuscript no. HESSJ1825_final

E < 1 TeV 1 TeV < E < 10 TeV

E > 10 TeV E > 32 TeV

Fig. 3. Excess count maps of the HESS J1825–137 region in four di↵erent energy bands: E < 1 TeV, 1 TeV < E < 10 TeV, E > 10 TeV, and E
> 32 TeV. The size of the source is clearly much reduced at high energies. Other sources within the field of view include the binary LS 5039 and
the hard-spectrum source HESS J1826–130. The positions of the pulsars PSR B1823–13 associated with HESS J1825–137 and PSR J1826–1256
(which might be associated with HESS J1826–130) are also shown. Significance contours are shown at 5, 10, and 15 � for maps with energies
below 10 TeV, and at 3, 5, and 10 � for maps with energies above 10 TeV.

4.4. Nebula extent

The radial extent of the nebula was measured using the radial
profile of the emission in the southern half of the nebula (south
of the minor axis along 118� as defined in section 4.1), adopting
an approach similar to that used in Abdalla et al. (2018a). A
mask of 0.25� radius was applied over LS 5039 (HESS J1826–
148) to avoid contamination of the profile of the excess nebula
emission, and the radial profile was taken from the current pulsar
position. Rather than an immediate drop in emission away from
the pulsar, the peak emission is roughly flat out to ⇠ 0.2� radial
distance, as shown in figure 6. The extent of the emission was
characterised by fitting a polynomial to the radial profile, in the
range 0.2� � 2.4�, according to

y =

(
a(x � r0)n + c (x < r0)
c (x � r0)

, (1)

such that with increasing r, the emission decreases out to a dis-
tance r0 at which it approaches a constant value, c. Whilst the
parameter a simply provides the overall normalisation, to avoid a
dependency on the order of the polynomial n, the radius at which
the fitted function dropped to a fixed fraction of the peak value
(1/e, referred to as r1/e) was used as a measure of the nebula ex-
tent and was found to be robust against the value of n, with n = 3
chosen arbitrarily. A moving-average approach along the excess
emission profile was used to find the radial o↵set and value of
the peak of the emission (as in figure 6), and the radial profile
fitted from the peak out to large radii (⇠ 2.4�). The peak of the
emission was found to vary with energy between 0� �0.2� radius
from the pulsar, shifting towards the pulsar at higher energies.
The distance from the pulsar at which the fitted function evalu-
ated to 1/e of the peak value was found to be not strongly de-
pendent on the functional form used. Results obtained using an
exponential function to describe the radial profile of the emis-

Article number, page 8 of 20

Bright very extended source 

Shows strong energy dependent 
morphology



HESS J1825-137

17

H.E.S.S. Collaboration et al.: Particle transport within the pulsar wind nebula HESS J1825�137

Fig. 8. Map of HESS J1825–137 showing the location and fitted power-law index of each of the 38 boxes used in independent spectral analyses.
Boxes 1-12 are labelled to match the results in Aharonian et al. (2006b), whilst boxes a-z are new to this analysis. The fitted major axis used
for the extent measurements is overlaid and the position of the pulsar (located at the centre of box 9) indicated. Significance contours shown
correspond to 5, 10, 30, and 50 �, respectively. LS 5039 can be identified as a high-significance point source. Five spectral boxes (I-V) covering
the HESS J1826–130 region are also shown.

The overall trend of spectral variation throughout the nebula
is shown in figure 9, where the variation of spectral index and
flux from 1 � 5 TeV (from a power-law fit) with distance and
with each other is investigated. Spectral index and distance are
strongly positively correlated, with a correlation coe�cient of
0.89 ± 0.06stat. ± 0.17sys.. The flux from 1 � 5 TeV was found
to be anti-correlated with both distance and spectral index, with
correlation coe�cients of �0.83± 0.03stat. ± 0.01sys. and �0.92±
0.03stat.±0.4sys. , respectively. (Spectra for each of the 38 spectral
boxes are available as part of the supplementary information.)

Although it might be considered to add further regions to
this grid, we found that when a 5� significance contour would
e↵ectively divide a spectral box into two, a significant spectrum
could not be obtained by either the primary analysis or the in-
dependent cross-check analysis; such regions were therefore not
used in figures 8 and 9. All of the remaining spectral regions,
with the majority of the area lying within the 5� significance
contours, have a significance greater than 5� and can therefore
be confidently included as contributing to the nebula emission.
We note, however, that the systematic errors increase particularly
towards the outer edges of the nebula (e.g. regions a-d and w-z,
see table 5). This corresponds to cases where the significance of
the spectral box was close to 5� in either the primary analysis or

the independent cross-check analysis and increased background
systematics are likely to contribute. The 38 0.26� ⇥ 0.26� boxes
correspond to a total area of 2.57 square degrees, which pro-
vides a lower limit of the projected area of HESS J1825–137 on
the sky.

Of particular interest are boxes a and d; these two regions
lie comfortably within the 5� significance contour, with spectral
significances of 9� and 6 �, respectively. The centres of both
regions lie at distances in excess of 100 pc, as shown in table
5 (assuming a 4 kpc distance), the largest distances of a spec-
tral box from the pulsar, closely followed by the 98 pc distance
to regions b and o. This means that HESS J1825–137 is one of
the largest, if not the largest, �-ray PWN(e) currently known in
terms of its intrinsic size. This feature merits a dedicated study
(Khangulyan et al. 2018).

7. Total nebula flux

The large size of HESS J1825–137, together with its complex
morphology and the presence of multiple sources in the sur-
rounding region mean that it is not e↵ective to define (with re-
spect to the pointing position of the telescopes) background ex-
traction regions that are spatially symmetric with respect to the

Article number, page 13 of 20

Can be more clearly seen in the spatially 
resolved spectra of this source
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H.E.S.S. Collaboration et al.: Particle transport within the pulsar wind nebula HESS J1825�137
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Fig. 7. Variation of radial extent with energy. Shaded regions indicate
compatible transport scenarios for IC scattering in the Thomson regime
with E� / E2

e , defined as 0  �  1 for di↵usion and 0  �  2 for ad-
vection under the assumption of steady-state flow with constant density.
The vertical dotted lines indicate the bounds of the fit at ⇠ 700 GeV and
⇠ 30 TeV. A verification of the simple di↵usion approximation using
the EDGE code is also shown.

whether the highest energy point was included or omitted in the
fit. The regions of this extent against energy plot that would be
compatible with di↵usion or advection are indicated in figure 7
with shaded areas, which are arbitrarily normalised to the low-
est energy point within the fitted range. These two scenarios are
discussed in the following sections, and the validity of our as-
sumptions is discussed in section 8.

5.2. Diffusion

Di↵usive processes may be expected to dominate the particle
transport once the pressure within the nebula has reduced to that
of the surrounding ISM and the particles are no longer strictly
confined within the nebula and begin to di↵use into the sur-
rounding medium. Under the assumption of di↵usion and cool-
ing losses, a power-law fit to figure 7 at energies above the maxi-
mum extent directly yields the di↵usion index. Taking the radial
extent R to vary with the di↵usion coe�cient D(E) and assum-
ing that the cooling timescale ⌧ is much less than the age of the
nebula, we obtain

R =
p

2D(E)⌧ (2)

=

s

2D0

 
Ee

Ee0

!�
⌧ . (3)

When we assume that cooling losses for synchrotron and IC scat-
tering vary with energy as ⌧ / 1/Ee, this yields a dependency of
the nebula radius on the electron energy as R / E(��1)/2

e . Given
that the energy of �-ray photons, E�, produced via IC-scattering
interactions, varies with the electron energy, Ee, as E� / E2

e in

Parameter Value (A) Value (B)

↵ �0.29 ± 0.04 ± 0.05 �0.29 ± 0.06 ± 0.1
R0 (�) 0.70 ± 0.02 ± 0.08 0.69 ± 0.04 ± 0.2
� (T) �0.16 ± 0.15 ± 0.2 �0.17 ± 0.24 ± 0.1
� (KN) 0.39 ± 0.06 ± 0.2 0.4 ± 0.1 ± 0.5
� (T) 0.7 ± 0.2 ± 0.3 0.7 ± 0.3 ± 0.1
� (KN) 2.3 ± 0.3 ± 0.8 2.3 ± 0.6 ± 1

Table 4. Fitted parameters of the power-law relation, R = R0(E�/E0)↵,
fit to figure 7 and derived parameters for the di↵usion and advection sce-
narios with analyses A and B for the Thomson (T) and Klein-Nishina
(KN) dominated regimes. In all cases the first error provided is statisti-
cal and the second systematic.

the Thomson regime, the relation between R and E� applicable
to figure 7 is

R = R0

 
E�
E�0

!(��1)/4

, (4)

where R0 is the normalisation radius at E0 = 1 TeV. Hence from
the fitted index ↵ of the slope in figure 7 (where R / E↵), the en-
ergy dependence of the di↵usion coe�cient is obtained directly
as � = 4↵ + 1. The di↵usion index � is expected to lie in the
range 0.3 � 0.6, with extremes of energy-independent di↵usion
at � = 0, and of Bohm di↵usion at � = 1. The gradient of the fit
in figure 7 directly yields the di↵usion index, whilst the constant
relates to the radius R0.

The fitted and derived parameters are given in table 4. The
values of ↵ from �0.25 to 0 and from �0.5 to 0 are compatible
with di↵usion in the Thomson and KN cases, respectively. Nega-
tive values of the di↵usion index �, as obtained for the Thomson
case, are incompatible with the variation in spatial extent, and
the photon energy is due to a di↵usion-dominated particle trans-
port scenario.

5.3. Advection

Bulk particle flow may, however, dominate the transport if the
particle pressure within the nebula remains greater than the sur-
rounding ISM pressure out to large distances, still with signifi-
cant confinement. If advection is adopted as the dominant par-
ticle transport mechanism instead of di↵usion, then a relation
between the nebula radius R and �-ray energy E� analogous to
equation (4) can be obtained. During the particle outflow through
the nebula, it is required that mass continuity is satisfied and that
the flow follows a steady-state density profile ⇢̇ = 0, such that
the flow must preserve

⇢(r)A(r)v(r) = const. , (5)

where A(r) is the area through which the particles flow, and the
radial dependence of ⇢(r), A(r), and v(r) is unknown. Assuming
that the flow density ⇢ is independent of the radius, then v(r) /
A(r)�1. Therefore, in the case of spherical symmetry, the area
through which the flow travels is A(r) / r2, and the flow velocity
v(r) / r�2. As the flow velocity is expected to vary with radius
r due to pressure on the nebula from the ambient medium, this
can be parameterised as

v = v0

 
r
r0

!��
, (6)

Article number, page 11 of 20

By measuring the extent of the nebula it 
allows us (Alison) to explore the transport of 
particles in the source 

Consistent with the the advection (streaming) 
of electrons within the source 

However we are in an environment which has 
been modified by the presence of the pulsar
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Geminga

Geminga measured 
by HAWC

In the case of the old and very local pulsar 
Geminga this is not the case 

Much larger than the region modified by the 
pulsar 

Has already been used by the HAWC 
observatory to derive the speed of particle 
diffusion in the local environment 

Much slower than expected at 10 TeV

Geminga was recently detected by H.E.S.S. (Alison) 

Will allow measurement of local speed of diffusion at lower energies 
and with energy dependence 

Paper in the works…
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H.E.S.S. Collaboration: Observations of RX J1713.7�3946

Fig. 1: H.E.S.S. gamma-ray excess count images of RX J1713.7�3946, corrected for the reconstruction acceptance. On the left, the
image is made from all events above the analysis energy threshold of 250 GeV. On the right, an additional energy requirement of
E > 2 TeV is applied to improve the angular resolution. Both images are smoothed with a two-dimensional Gaussian of width 0.03�,
i.e. smaller than the 68% containment radius of the PSF of the two images (0.048� and 0.036�, respectively). The PSFs are indicated
by the white circles in the bottom left corner of the images. The linear colour scale is in units of excess counts per area, integrated
in a circle of radius 0.03�, and adapted to the width of the Gaussian function used for the image smoothing.

paigns are given in Table 1. Only observations passing data qual-
ity selection criteria are used, guaranteeing optimal atmospheric
conditions and correct camera and telescope tracking behaviour.
This procedure yields a total dead-time corrected exposure time
of 164 hours for the source morphology studies. For the spectral
studies of the SNR, a smaller data set of 116 hours is used as
explained below.

The data analysis is performed with an air-shower template
technique (de Naurois & Rolland 2009), which is called the pri-
mary analysis chain below. This reconstruction method is based
on simulated gamma-ray image templates that are fit to the mea-
sured images to derive the gamma-ray properties. Goodness-of-
fit selection criteria are applied to reject background events that
are not likely to be from gamma rays. All results shown here
were cross-checked using an independent calibration and data
analysis chain (Ohm et al. 2009; Parsons & Hinton 2014).

3. Morphology studies

The new H.E.S.S. image of RX J1713.7�3946 is shown in Fig. 1:
on the left, the complete data set above an energy threshold of
250 GeV (about 31,000 gamma-ray excess events from the SNR
region) and, on the right, only data above energies of 2 TeV.
For both images an analysis optimised for angular resolution
is used (the hires analysis in de Naurois & Rolland 2009) for
the reconstruction of the gamma-ray directions, placing tighter
constraints on the quality of the reconstructed event geometry at
the expense of gamma-ray e�ciency. This increased energy re-
quirement (E > 2 TeV) leads to a superior angular resolution
of 0.036� (68% containment radius of the point-spread func-
tion; PSF) compared to 0.048� for the complete data set with
E > 250 GeV. These PSF radii are obtained from simulations
of the H.E.S.S. PSF for this data set, where the PSF is broad-
ened by 20% to account for systematic di↵erences found in
comparisons of simulations with data for extragalactic point-like

sources such as PKS 2155–304 (Abramowski et al. 2010). This
broadening is carried out by smoothing the PSF with a Gaussian
such that the 68% containment radius increases by 20%. To in-
vestigate the morphology of the SNR, a gamma-ray excess im-
age is produced employing the ring background model (Berge
et al. 2007), excluding all known gamma-ray emitting source
regions found in the latest H.E.S.S. Galactic Plane Survey cata-
logue (H.E.S.S. Collaboration et al. 2016b) from the background
ring.

The overall good correlation between the gamma-ray and X-
ray image of RX J1713.7�3946, which was previously found
by H.E.S.S. (Aharonian et al. 2006b), is again clearly visi-
ble in Fig. 2 (top left) from the hard X-ray contours (XMM-

Newton data, 1–10 keV, described further below) overlaid on
the H.E.S.S. gamma-ray excess image. For a quantitative com-
parison that also allows us to determine the radial extent of the
SNR shell both in gamma rays and X-rays, radial profiles are
extracted from five regions across the SNR as indicated in the
top left plot in Fig. 2. To determine the optimum central posi-
tion for such profiles, a three-dimensional spherical shell model,
matched to the morphology of RX J1713.7�3946, is fit to the
H.E.S.S. image. This toy model of a thick shell fits five parame-
ters to the data as follows: the normalisation, the x and y coordi-
nates of the centre, and the inner and outer radius of the thick
shell. The resulting centre point is R.A.: 17h13m25.2s, Dec.:
�39d46m15.6s. As seen from the figure, regions 1 and 2 cover
the fainter parts of RX J1713.7�3946, while regions 3 and 4 con-
tain the brightest parts of the SNR shell, closer to the Galactic
plane, including the prominent X-ray hotspots and the densest
molecular clouds (Maxted et al. 2013; Fukui et al. 2012). Region
5 covers the direction along the Galactic plane to the north of
RX J1713.7�3946.

3

RXJ 1713.7-3946
Young (10,000 year old) supernova remnant 

Remnant of the death of a massive star 

Prime candidate for the acceleration of cosmic 
rays by the diffusive shock acceleration 
mechanism 

Particles (electrons and protons) accelerated at 
the shock interaction with interstellar material 

RXJ 1713 one of the brightest persistent 
gamma-ray sources 

Allows us to perform detailed spectral and 
morphological analysis
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RXJ 1713.7-3946 H.E.S.S. Collaboration: Observations of RX J1713.7�3946

Fig. C.1: Results of the border-finder algorithm. On the left, the H.E.S.S. gamma-ray excess image of RX J1713.7�3946 is shown
with overlaid borders of the gamma-ray (red) and X-ray (grey) data detected by the border-finder algorithm described in Chan &
Vese (2001). The wedges in which the radial profiles in Sect. 3.2 are studied are also shown along with the Galactic plane. On the
right, the same two borders are overlaid on the XMM-Newton X-ray image for comparison.
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X-rays trace the presence of energetic electrons 

Lose their energy very quickly by synchrotron or 
inverse Compton losses

VHE gamma-rays could either hadrons or electrons 

Comparison of morphologies can indicate the nature 
of the emission
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H.E.S.S. Collaboration: Observations of RX J1713.7�3946

Fig. 2: Gamma-ray excess map and radial profiles. Top left: the H.E.S.S. gamma-ray count map (E > 250 GeV) is shown with
XMM-Newton X-ray contours (1–10 keV, smoothed with the H.E.S.S. PSF) overlaid. The five regions used to compare the gamma-
ray and X-ray data are indicated along with concentric circles (dashed grey lines) with radii of 0.2� to 0.8� and centred at R.A.:
17h13m25.2s, Dec.: �39d46m15.6s. The Galactic plane is also drawn. The other five panels show the radial profiles from these
regions. The profiles are extracted from the H.E.S.S. maps (black crosses) and from an XMM-Newton map convolved with the
H.E.S.S. PSF (red line). The relative normalisation between the H.E.S.S. and XMM-Newton profiles is chosen such that for regions
1, 2, 4 the integral in [0.3�, 0.7�] is the same, for regions 3, 5 in [0.2�, 0.7�]. The grey shaded area shows the combined statistical
and systematic uncertainty band of the radial gamma-ray extension, determined as described in the main text. The vertical dashed
red line is the radial X-ray extension. For the X-ray data, the statistical uncertainties are well below 1% and are not shown.
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Fig. 2: Gamma-ray excess map and radial profiles. Top left: the H.E.S.S. gamma-ray count map (E > 250 GeV) is shown with
XMM-Newton X-ray contours (1–10 keV, smoothed with the H.E.S.S. PSF) overlaid. The five regions used to compare the gamma-
ray and X-ray data are indicated along with concentric circles (dashed grey lines) with radii of 0.2� to 0.8� and centred at R.A.:
17h13m25.2s, Dec.: �39d46m15.6s. The Galactic plane is also drawn. The other five panels show the radial profiles from these
regions. The profiles are extracted from the H.E.S.S. maps (black crosses) and from an XMM-Newton map convolved with the
H.E.S.S. PSF (red line). The relative normalisation between the H.E.S.S. and XMM-Newton profiles is chosen such that for regions
1, 2, 4 the integral in [0.3�, 0.7�] is the same, for regions 3, 5 in [0.2�, 0.7�]. The grey shaded area shows the combined statistical
and systematic uncertainty band of the radial gamma-ray extension, determined as described in the main text. The vertical dashed
red line is the radial X-ray extension. For the X-ray data, the statistical uncertainties are well below 1% and are not shown.

4

Clear evidence of the extension of the TeV 
emitting shell beyond X-rays 

Could this be evidence of the escape of 
energetic hadronic cosmic rays?

RXJ 1713.7-3946
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Perhaps 

The source spectrum seems best fit by 
hadronic models 

However, if we look at the energy 
spectrum we see a cut-off at 10 TeV 

Implies a cut-off in the proton spectrum 
at 100 TeV 

Probably can’t explain our 1015 eV 
cosmic rays

RXJ 1713.7-3946

H.E.S.S. Collaboration: Observations of RX J1713.7�3946

Fig. 5: Comparison of hadronic and leptonic models to the data. Top left: the hadronic gamma-ray model obtained with our broad-
band fit is compared to data. Bottom left: the same plot of the leptonic gamma-ray model compared to data including lower-energy
X-rays and radio data. The thick blue and red lines indicate the maximum-likelihood models, and the grey lines surrounding them
are the models for 100 samples of the MCMC chain and serve to illustrate the fit uncertainties. The energy flux data points shown
from high to low energy are the H.E.S.S. and Fermi-LAT gamma-ray data as solid and open circles, the Suzaku X-ray data and
ATCA radio data (Lazendic et al. 2004). The latter flux was determined for the northwest part of the SNR shell only and was scaled
up by a factor of two here to represent the whole SNR. Owing to this ad hoc scaling, these points are not included in the fit, but are
shown for illustration only. Right-hand side: both leptonic and hadronic models are compared to the Fermi-LAT and H.E.S.S. data
points including statistical and systematic uncertainties. In addition to the preferred best-fit models of a broken power law with a
cut-o↵ (BPL), a power law without cut-o↵ is also shown for the leptonic model to demonstrate that this model cannot describe the
Fermi-LAT gamma-ray data.

As in the hadronic scenario, the observed gamma-ray spec-
trum cannot be explained with an electron population described
by a single power law. This is clearly seen on the right-hand side
of Fig. 5, where the best-fit power-law electron model is shown
to be incompatible with the gamma-ray data even when taking
all uncertainties into account. Fitting a broken power-law elec-
tron distribution to the X-ray and gamma-ray emission from the
full remnant results in a break at Eb = 2.4 ± 0.3 TeV and a dif-
ference between the particle indices of ��e = 1.16 ± 0.14 (see
Table 5). The magnetic field strength required to reproduce the
X-ray and gamma-ray spectra is B = 14.2 ± 0.2 µG.

To illustrate the need for a low-energy break in the par-
ticle energy spectrum, the Akaike information criterion (AIC;
Akaike 1974) is also given in Table 5 as measure for the rela-
tive quality of both spectral models, the simple power law with
exponential cut-o↵ and the broken power law with exponen-
tial cut-o↵. A lower AIC value corresponds to the more likely
model, the relative likelihood also given in the table is defined
as exp ((AICmin � AICmax)/2). In all cases, the broken power law
is clearly preferred over the simple power law. We also tested
fitting a broken power law with a smooth instead of a hard tran-
sition,

E
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dE
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2 ⇥ Fo E
��1

0
BBBBBB@1 +
✓

E

Ebreak
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plus a high-energy exponential cut-o↵, but find that the addition
of one more parameter to our results is not justified. The hard
transition, � ! 0, is mildly favoured at the 1 � 2� level over a
smoother transition, �fit ⇡ 0.3, for the SED of the entire SNR
in both the hadronic and leptonic models. The data cannot thus
discriminate between these two versions of a broken power law.
We therefore use the simpler version with a hard break, which
has one parameter less.

To test the impact of the X-ray data and see which fit pa-
rameters are a↵ected more by these than the gamma-ray data,
we have also performed the broadband leptonic fits only to the
gamma-ray data (losing any handle on the magnetic field). The
resulting parameters are shown in Table 5. Also in this case, a
broken power law instead of a single power law is needed to fit
the gamma-ray data, the resulting particle indices and break en-
ergy are compatible with the full broadband fit. The exponential
cut-o↵ of the parent particle spectrum, on the other hand, is sig-
nificantly lower: 65 ± 7 TeV compared to 88.4 ± 1.2 TeV when
including the X-ray data.

From the particle spectra shown in Fig. 6, one can see that
electrons via IC emission are much more e�cient in produc-
ing VHE gamma rays than protons via ⇡0 decay (Gabici &
Aharonian 2016). A proton spectrum about 100 times higher is
needed to produce nearly identical gamma-ray curves as shown
in Fig. 5.

12
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Fig. 1. VHE �-ray images of the GC region in Galactic coordinates and smoothed with the H.E.S.S. PSF. Top: �-ray significance map. Bottom:
residual significance map after subtraction of the two point sources G0.9+0.1 and HESS J1745�290. The cyan contours indicate the density
of molecular gas as traced by the CS brightness temperature integrated over the Local Standard of Rest (LSR) velocity from �200 to 200 km
s�1 (Tsuboi et al. 1999) and smoothed with the H.E.S.S. PSF (0.077�). The outer contour level is 36 K km s�1, about six times the noise level (Tsuboi
et al. 1999). The position of the new H.E.S.S. source HESS J1746�285, coincident with the GC radio arc (Yusef-Zadeh et al. 1984), is marked
with a black cross.

In order to quantify the fit quality, we use the Sherpa imple-
mentation of the Cash statistic (Cash 1979), CSTAT1, divided
by the number of degrees of freedom, which is of the order of 1
for good fits. Since this criterion may only be used if the num-
ber of counts in each bin is high, we rebin the maps to ensure
this condition is fulfilled. We also check that the statistical sig-
nificances of the residuals at each position are consistent with
those expected from a large number of Monte Carlo simulations
assuming the final model.

2.4. Results of the emission model

In this section we present our main results from the template-
based likelihood fit analysis. The individual components that
contribute to the final model are added step by step as illustrated
in Fig. 3. The final fit result is summarized in Table 1, and the re-
sults of the individual components are detailed in Table A.1. The

1http://cxc.harvard.edu/sherpa4.4/statistics/#cstat

contribution of the model components to the total �-ray emission
is shown in the form of longitude and latitude profiles in Fig. 4.

The dominant dense gas component (DGC) is modelled by
the dense matter template multiplied by a Gaussian centred on
|`| = 0�, |b| = 0� with extension �. The latter is not physically
motivated but required by the data. It provides the characteristic
scale of the extension of CRs in the GC ridge region. With a fitted
value of � = 1.1� the extension is found to be slightly larger
than previously estimated in paper I, where � = 0.8� was found
to yield the best fit to the data. The DGC represents a large flux
fraction of ⇠ 50% of the total GC ridge emission, confirming that
the latter is dominantly from CRs interacting with dense matter.

An additional large scale component (LSC), modelled as a
2D Gaussian with position fixed on SgrA? and normalisation
and extension (�X, �Y) fitted as free parameters, is required to
reproduce the �-ray emission especially at large latitudes. This
component extends ±30 pc in latitude and ±150 pc in longitude,
and represents a non�negligible flux fraction of 30% of the to-

Article number, page 4 of 13

At the centre of our galaxy lies a strong gamma-ray 
source 

Coincident with the position of the supermassive 
black hole Sgr A*



H.E.S.S. Collaboration: Characterising the VHE di↵use emission in the central 200 parsecs of our Galaxy with H.E.S.S.

Table 1. Parameters describing the components for the final model. The background normalisation and the Galactic large scale emission are
unchanged by the fit and determined beforehand as explained in the main text. The two sources G0.9+0.1 and HESS J1745�290 are modelled as
point sources. The three components modelling the GC ridge emission are the dense gas component (DGC), the large scale component (LSC),
and the additional central component (CC). The parameter values and associated statistical errors at 68% confidence�level are indicated, as well
as a systematic uncertainty obtained by combining a 30% flux normalisation uncertainty (H.E.S.S. Collaboration et al. 2017a) and a background
uncertainty (obtained after performing the iterative fitting procedure including a variation of the background component level by ± 2%).

Model Position Extension Flux
component (Galactic Coordinates) (degrees) (10�12cm�2s�1TeV�1)

` = 0.86�G0.9+0.1
b = 0.069�

– 0.88 ± 0.04stat ± 0.25sys

` = 359.94�HESS J1745�290
b = �0.05�

– 2.9 ± 0.4stat ± 0.8sys

Dense Gas (DGC) ` = 0�, b = 0� � = 1.11� ± 0.17�stat ± 0.17�sys 4.3 ± 0.9stat ± 1.5sys

Central (CC) ` = 0�, b = 0� � = 0.11� ± 0.01�stat ± 0.02�sys 1.03 ± 0.05stat ± 0.25sys

�x = 0.97�+0.04�
�0.02� stat ± 0.13�sysLarge Scale (LSC) ` = 0�, b = 0�

�y = 0.22� ± 0.06�stat ± 0.07�sys
2.68 ± 0.6stat ± 1.3sys

` = 0.14� ± 0.01�stat ± 0.01�sys �x = 0.03� ± 0.03�stat ± 0.03�sysHESS J1746�285
b = �0.11� ± 0.02�stat ± 0.02�sys �y = 0.02� ± 0.02�stat ± 0.03�sys

0.24 ± 0.03stat ± 0.07sys

Fig. 2. Longitude profile of the VHE �-ray GC ridge emission in units of
excess counts/arcmin2. The CR background and the two point sources
HESS J1745�290 and G0.9+0.1 have been subtracted from the counts
map. The profile has been integrated over �0.3� < b < +0.3�. The green
line shows the model based on the VHE emission profile used in paper I,
which includes a central 0.8� width Gaussian multiplied by the CS map.
It does not account for the clear excess at the GC position. As shown in
paper II the latter is rather well reproduced by a profile obtained with a
1/r CR density integrated over a homogeneous gas density in the line of
sight and multiplied by the integrated CS map (blue line).

tal GC ridge emission. Its possible origin will be discussed in
section 3.

An additional extended �-ray emission excess is also de-
tected in the very central 30 pc region, as illustrated by the resid-
uals in Fig. 3. This central component (CC), modelled by a 2D
symmetric Gaussian centred on SgrA?, is detected at 8.7� sig-
nificance level. It has an intrinsic extension of 0.1� and its flux

represents ⇠ 15% of that of the ridge. Representing a fraction
of ⇠ 30% of the GC source HESS J1745�290 and an intrin-
sic extension of almost twice the H.E.S.S. PSF, we can rule out
the conclusion that this component arises from a contamination
from the central point source due to systematic uncertainties of
the PSF (see H.E.S.S. Collaboration et al. 2017a). As we will
discuss in the next section, this additional component is in good
agreement with the physical interpretation developed in paper II.

After the subtraction of the central component, a significant
but localized excess is still visible in the residuals (see fourth
row of Fig. 3). Adding a Gaussian component at this position re-
sults in an increase of �TS=48 or a significance of about 5.9�.
Changing the dense gas tracer as a model basis in the CMZ does
not strongly change this significance, confirming the detection
of a new source in this region. Called HESS J1746�285, this
new source is located at Galactic position ` = 0.14� ± 0.01�, b =
�0.11�±0.02� and has no significant extension within uncertain-
ties. For further discussions of this new �-ray source see Sect. 4
below. After this final step in the fitting procedure, no further
component is found to be significant in the residuals and the it-
eration is stopped.

The major source of systematic uncertainties of our mea-
surement is the imperfect estimate of the charged CR induced
background of the H.E.S.S. image. In order to study how ro-
bust the inferred model components and parameter values are
against systematic variations of this background, we artificially
change the background normalisation by ±2%, the typical sys-
tematic background uncertainty (Berge et al. 2007), and reap-
ply the full iterative procedure to rederive the model compo-
nents. This allows the estimation of typical systematic intervals
for each parameter and the testing of the robustness of a com-
ponent detection. The LSC is the one most sensitive to back-
ground uncertainties with a resulting variation of ±50% in am-
plitude, around ±15% in longitude and ±25% in latitude exten-
sions. The uncertainty on the DGC component amplitude is also
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Fig. 1. VHE �-ray images of the GC region in Galactic coordinates and smoothed with the H.E.S.S. PSF. Top: �-ray significance map. Bottom:
residual significance map after subtraction of the two point sources G0.9+0.1 and HESS J1745�290. The cyan contours indicate the density
of molecular gas as traced by the CS brightness temperature integrated over the Local Standard of Rest (LSR) velocity from �200 to 200 km
s�1 (Tsuboi et al. 1999) and smoothed with the H.E.S.S. PSF (0.077�). The outer contour level is 36 K km s�1, about six times the noise level (Tsuboi
et al. 1999). The position of the new H.E.S.S. source HESS J1746�285, coincident with the GC radio arc (Yusef-Zadeh et al. 1984), is marked
with a black cross.

In order to quantify the fit quality, we use the Sherpa imple-
mentation of the Cash statistic (Cash 1979), CSTAT1, divided
by the number of degrees of freedom, which is of the order of 1
for good fits. Since this criterion may only be used if the num-
ber of counts in each bin is high, we rebin the maps to ensure
this condition is fulfilled. We also check that the statistical sig-
nificances of the residuals at each position are consistent with
those expected from a large number of Monte Carlo simulations
assuming the final model.

2.4. Results of the emission model

In this section we present our main results from the template-
based likelihood fit analysis. The individual components that
contribute to the final model are added step by step as illustrated
in Fig. 3. The final fit result is summarized in Table 1, and the re-
sults of the individual components are detailed in Table A.1. The

1http://cxc.harvard.edu/sherpa4.4/statistics/#cstat

contribution of the model components to the total �-ray emission
is shown in the form of longitude and latitude profiles in Fig. 4.

The dominant dense gas component (DGC) is modelled by
the dense matter template multiplied by a Gaussian centred on
|`| = 0�, |b| = 0� with extension �. The latter is not physically
motivated but required by the data. It provides the characteristic
scale of the extension of CRs in the GC ridge region. With a fitted
value of � = 1.1� the extension is found to be slightly larger
than previously estimated in paper I, where � = 0.8� was found
to yield the best fit to the data. The DGC represents a large flux
fraction of ⇠ 50% of the total GC ridge emission, confirming that
the latter is dominantly from CRs interacting with dense matter.

An additional large scale component (LSC), modelled as a
2D Gaussian with position fixed on SgrA? and normalisation
and extension (�X, �Y) fitted as free parameters, is required to
reproduce the �-ray emission especially at large latitudes. This
component extends ±30 pc in latitude and ±150 pc in longitude,
and represents a non�negligible flux fraction of 30% of the to-

Article number, page 4 of 13

A ridge of diffuse emission is seen when the 
point sources are subtracted 

Not compatible with the gas profile in 
the galactic centre 

Central source is a cosmic ray accelerator
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Spectral study of the ridge region close to the 
central source shows no evidence of a spectral 
cut-off 

In contrast to the central source (10 TeV cut-off) 

Compatible with PeV hadron acceleration 

Still need to answer why we a cut-off in the central 
source. Variability? Absorption?
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Heike Prokoph   .   H.E.S.S. Highlights   .   ICRC 2019, Madison, WI   .   July 2019 8

H.E.S.S.-I Legacy Data Sets

Galactic Plane Scan

 Release of >2500 hours of observations of the 
Galactic Plane by H.E.S.S. (2004 – 2013)

 A&A special issue (2018)

Extragalactic „Survey“

 Planned release of >2500 hours of H.E.S.S. 
extragalactic observations (2004 – 2013) 
covering about 6% of the sky

 Systematic search for variability

 Comparison with known Fermi-LAT sources

 Further investigations on long-term variablity 
and deep exposure data sets (>100h)

 Search for primordial black holes
T. Tavernier 
et al. (GAI11a)

H.E.S.S. Extragalactic 
Survey

28

Observing positions 

Extragalactic survey contains over 
2500 hours of data 

Covering about 6% of the sky 

Long term studies of many 
sources with deep >100 hour 
datasets

HESS ICRC 2019



Extragalactic 
Observations

21 HBLs 
2 LBLS 
3 FSRQs 
2 Radio Galaxies 
1 Starburst

29

Blazar



Extragalactic 
Observations

30

Sophia Dagnello, NRAO/AUI/NSF

Blazar  
observation

These distant blazars appear only 
as point sources in H.E.S.S. 

Gamma-ray variability timescale 
consistent with emission from 
close to the black hole
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PKS 2155-304

Variability on order of 200s 
Close to light crossing time of back hole
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Edna Ruiz-Velasco. Highlights from the H.E.S.S. GRB observation programme. TeVPA 2019

 4

C. Hoischen et. al., ICRC 2017

Now 3 in ~1.5 years!!! Will 
cover two here + next talk by 

Elena covers GRB190114C

HESS Collaboration(ICRC2015)

~104

Use of IACTs like H.E.S.S provide 
a significant sensitivity boost 
over satellite instruments like 
Fermi

Transients with H.E.S.S.
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Gravitational Waves H.E.S.S. now regularly observing and 
placing upper limits of gravitational 
wave events

Uncertainty region of GW events can be thousands of square degrees 

Requires careful planning of observation scheme 

Released very high energy limits of the emission of GW 170817
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Gamma ray Bursts

Credit: NASA Afterglow phase

GRBs regularly detected by satellite 
instruments, 
Fermi-GBM + Swift-BAT (~300/yr) 

Typical detections in keV-MeV range but 
Fermi-LAT showed these powerful accelerators 
emit at much higher energies 

Before last year the most energetic photon was 
93 GeV 

Energies above this limited by photon 
statistics



GRB 180720B
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Swift-XRT GRBs 
energy flux distribution at 
11 hours
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A

2nd brightest afterglow 
measured by Swift-XRT

GRB 180720B

VLT/X-Shooter measured 

Z = 0.653
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Took some time to become visible with a 
reasonable energy threshold 



38

0h06m 04m 02m 00m

-2°00'

30'

-3°00'

30'

RiJht AscensiRn (-2000)

'
ec

lin
Dt

iR
n 

(-
20

00
)

GRB 180720B (70+10 hRurs)
H.E.S.S.

a

0h06m 04m 02m 00m

-2°00'

30'

-3°00'

30'

RiJht AscensiRn (-2000)

'
ec

lin
Dt

iR
n 

(-
20

00
)

GRB 180720B (70+18 GDys)
H.E.S.S.

E

−2
−1
0
1
2
3
4
5

   
   

 S
ig

ni
fic

an
cH

−2
−1
0
1
2
3
4
5

   
   

 S
ig

ni
fic

an
cH

Observation started ~10 hours after the burst. 

Follow-up performed for ~2 consecutive hours (zenith 40º to 25º) 

Moderate presence of clouds at the beginning not affecting the observations. 
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H.E.S.S. detection: ~5.3σ pre-trial, 5.0σ post-trial 

Gone in re-observation of this location 18 days after T0. 

Announced to public in May 2019 
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When a power-law fit to the 
spectrum 
Spectral index of ~3.7
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However this source is very distant 
Our gamma ray photons can pair produce 
with infra-red photons over this distance 
Produces a distance dependent cut-off in 
the spectrum 
This effect must be corrected for based our 
knowledge of the extragalactic 
background light
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dN
dE

= Φ0 ( E
E0 )

−γint

× exp(−τ(E, z))

Very hard intrinsic spectrum 
(EBL de-absorbed),  

Spectral index of ~1.6
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Emax
sync = 100Γ MeV

Synchrotron emission 

Γ>1000 at 10hrs! 
while Γ~O(10) expected 

Could be achieved with small scale magnetic 
turbulence 

Synchrotron  self Compton emission 

Electron with Ee upscatters synchrotron photon 
of energy Et to Essc  

i.e. Requires Et~1 keV for  
Ee~10 GeV boosted with Γ~20
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In principle we cannot distinguish between these two emission mechanisms from 
the SED (no data in the MeV-GeV range) 

However, “by default” we prefer the SSC model due to the more sensible gamma 
factor needed 
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464 | Nature | Vol 575 | 21 November 2019

Article

A very-high-energy component deep in the 
γ-ray burst afterglow

Gamma-ray bursts (GRBs) are brief !ashes of γ-rays and are considered to be the most 
energetic explosive phenomena in the Universe1. The emission from GRBs comprises 
a short (typically tens of seconds) and bright prompt emission, followed by a much 
longer afterglow phase. During the afterglow phase, the shocked out!ow—produced 
by the interaction between the ejected matter and the circumburst medium—slows 
down, and a gradual decrease in brightness is observed2. GRBs typically emit most of 
their energy via γ-rays with energies in the kiloelectronvolt-to-megaelectronvolt 
range, but a few photons with energies of tens of gigaelectronvolts have been 
detected by space-based instruments3. However, the origins of such high-energy 
(above one gigaelectronvolt) photons and the presence of very-high-energy (more 
than 100 gigaelectronvolts) emission have remained elusive4. Here we report 
observations of very-high-energy emission in the bright GRB 180720B deep in the GRB 
afterglow—ten hours after the end of the prompt emission phase, when the X-ray !ux 
had already decayed by four orders of magnitude. Two possible explanations exist for 
the observed radiation: inverse Compton emission and synchrotron emission of 
ultrarelativistic electrons. Our observations show that the energy !uxes in the X-ray 
and γ-ray range and their photon indices remain comparable to each other 
throughout the afterglow. This discovery places distinct constraints on the GRB 
environment for both emission mechanisms, with the inverse Compton explanation 
alleviating the particle energy requirements for the emission observed at late times. 
The late timing of this detection has consequences for the future observations of 
GRBs at the highest energies.

On 20 July 2018, GRB 180720B triggered the Fermi Gamma-ray Burst 
Monitor (GBM) at 14:21:39.65 universal time (UT)5 (T0) and the Swift Burst 
Alert Telescope (BAT) 5 s later6. Multi-wavelength follow-up observa-
tions were performed up to T0 + 3 × 105 s by the European Southern 
Observatory’s Very Large Telescope, which measured a redshift of 
z = 0.653 (ref. 7). In the high-energy γ-ray band (100 MeV–100 GeV) 
this GRB was also detected by the Fermi Large Area Telescope (LAT) 
between T0 and T0 + 700 s with a maximum photon energy of 5 GeV 
at T0 + 142.4 s (ref. 8). No further high-energy emission was detected 
in the successive observation windows after 700 s. The prompt emis-
sion phase of GRB 180720B is extremely bright, ranking seventh in 
brightness among the over 2,650 GRBs detected by Fermi-GBM so far 
(see Methods). With a T90 (the time in which 90% of the flux is detected) 
of 48.9 ± 0.4 s, GRB 180720B is categorised as a long GRB (typically 
associated with the death of massive stars9), with an isotropic energy 
release of Eiso = (6.0 ± 0.1) × 1053 erg (50–300 keV; 1 erg = 10–7 J). Obser-
vations of this GRB took place using the Swift X-ray Telescope (XRT), 
identifying a bright afterglow that remained detectable until almost 
30 days after T0 (refs.10,11; Fig. 1). In terms of energy flux of the X-ray 
afterglow (0.3–10 keV, at T0 + 11 h), this GRB ranks second after the 
exceptional GRB 130427A3.

Observations with the High Energy Stereoscopic System (H.E.S.S.) 
array began at T0  +  10.1  h and lasted for two hours. The data  
were analysed using methods optimized for the detection of the  
lowest-energy events, revealing a new γ-ray source (Fig. 2a) with  
an excess of 119 γ-ray events and a statistical significance of 5.3σ  

(5.0σ post-trial; see Methods). The γ-ray excess is well fitted by a point-like 
source model centred at a right ascension of 00h 02 min 7.6 s and a dec-
lination of −02°56′06″ ( J2000) with a statistical uncertainty of 1.31′, con-
sistent with the measurements at other wavelengths6,8,12. To rule out the  
association of this source with an unknown steady γ-ray emitter (such 
as an active galactic nucleus) or persistent systematic effects, the GRB 
region was re-observed under similar conditions 18 days after these 
observations. In total, 6.75 h of data were analysed, resulting in a sky 
map consistent with background events (Fig. 2b).

The flux spectrum detected by H.E.S.S. (100–440 GeV) was fitted with 
a function of the form Fobs(E) = Fint(E) × e−τ(E,z), where the exponential term 
accounts for the absorption of photons by the extragalactic background 
light13, τ is the optical depth and F E F E E( ) = ( / ) γ

int 0,int 0,int
− int is a power law 

describing the intrinsic source emission . The analysis resulted in a pho-
ton index of γint = 1.6 ± 1.2 (statistical) ± 0.4 (systematic) and a flux nor-
malization of F = (7.52 ± 2.03 (statistical) (systematic)) × 100,int −3.84

+4.53 −10  
TeV–1 cm–2 s–1, evaluated at an energy of E0,int = 0.154 TeV(see Methods).

The very-high-energy (VHE) flux, together with measurements at 
other wavelengths, is shown in Fig. 1. Apart from the exceptionally high 
flux level, the light curves show a typical power-law behaviour in the 
X-ray and optical afterglow with a temporal flux decay of the form 
F(t) ∝ t−α with αXRT = 1.29 ± 0.01 and αoptical = 1.24 ± 0.02. The spectrum 
measured by Fermi-LAT (100 MeV–10 GeV) from T0 + 55 s to T0 + 700 s 
is well fitted by a power-law model with photon index γLAT = 2.10 ± 0.10. 
The light curve in the same time window is fitted by a power law  
with a temporal decay index of αLAT = 1.83 ± 0.25. It is worth noting that 
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Swift-XRT GRBs 
energy flux distribution at 11 hours
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Adapted from Hinton, Ruiz-Velasco(TAUP2019)

The energy output of GRB 
190829A is far lower than the 
other GRBs

Swift-BAT/XRT
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Getting on target early is clearly very important, but VHE afterglow emission seems to 
stick around for much longer than we first expected 

Don’t despair/give up  if nothing bright is seen in the online analysis 

Detection by Fermi-LAT is maybe not as important as we thought… 

But the flux level measured by Swift-XRT seems to be 

It seems like the bursts we have seen are not “special” in any particular way (EISO of 
GRB 190829A is pretty low) 

Longer timescale observations and signal integrations seem to be rather useful

What did we learn from our GRBs



Upgrading the H.E.S.S. I 
Cameras
New model, original parts

HESS-I HESS-IU
Major upgrade campaign performed on the now 15 year old phase I camera over 2017
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Over the last 15 years H.E.S.S. has discovered a rich zoo of sources at the highest 
energies 

H.E.S.S. has made a major contributions to the understanding of cosmic rays 

Many galactic accelerators have been discovered with some indications of 
acceleration up to PeV energies 

As well as numerous powerful and variable active galactic nuclei 

The discovery of VHE emission from gamma-ray bursts has greatly added to the 
understanding of these phenomena 

But clearly there is still some way to go 

H.E.S.S. has now been fully upgraded and should be able to maintain stable 
operation for many years

Summary


