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Telescopes H.E.S.S. I

Observations 2004 to 2013

Total exposure 3000 hours

Sky region
250o < l < 65o 

-3.5o   < b < 3.5o 

Energy range 0.2 – 100 TeV

Resolution (R68) 0.07 deg

  HGPS dataset



Survey region 
and exposure

Stars: Galactic TeV sources outside HGPS region 
Triangles: Galactic GeV sources (1FHL)

Image: Planck CO map
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Energy threshold
HESS Collaboration: The H.E.S.S. Galactic Plane Survey

Fig. 2. HGPS lower safe energy threshold as a function of the Galactic longitude for a latitude of b = 0�. The blue curve
is the minimum threshold for hard cuts (used for maps) and the green curve is for standard cuts (for spectra). The black
dots represent the safe threshold for each observation run.

and yield an estimate of the background level after proper
normalization.

3.1.1. Exclusion regions

The background estimation method described above only
works if regions known to contain sources of VHE �-ray
emission are excluded. In order to avoid observer’s bias and
to treat the entire data set in a uniform way, the excluded
regions are chosen by an automatic iterative algorithm. The
principle is to take the significance sky maps (see Sec. 3.2
for details) found for the two standard correlation radii of
0.1� and 0.2�, identify region above 5� and dilate them by
a radius of 0.3�. This then identifies the significant VHE
emission and their immediate surrounding. This first esti-
mation is then included in the significance map computa-
tion from which a new set of exclusion regions is derived.
This is repeated until stable regions are obtained.

3.1.2. Adaptive ring method

Since the resulting excluded regions turn out to cover areas
of the sky that are comparatively large on the scale of the
size of the field of view, the application of the simple ring
background method (Berge et al. 2007) is no longer possi-
ble. Using a commonly employed outer ring radius of ⇠0.8�

would lead to gaps in the resulting maps where the entire
ring is contained inside an excluded region. On the other
hand, choosing an outer radius of ⇠ 1.5�, which would be
necessary to prevent gaps, would increase systematic e↵ects
on the background determination. Therefore, instead of us-
ing a static ring geometry, we adaptively enlarge it when
a large fraction of the ring area overlaps with an excluded
region, as illustrated in the Fig. 3. In the maps presented
here, the minimal inner ring radius is 0.7� and a constant
ring thickness of 0.44� were used that can expend up to a
maximum outer radius of 1.7�.

3.2. Significance maps

For the purpose of detecting new VHE �-ray sources, sig-
nificance maps have been used extensively in the past and
their latest versions are also presented in this paper. For
each grid position (`, b) in a significance map, the num-
ber of photon candidates NON is counted within a pre-
defined correlation radius R

c

. The background level is de-
termined by the number NOFF of photon candidates in the
ring around (`, b). The background normalization factor is
↵ ⌘ ⇠ON/⇠OFF , where ⇠ON is the integral of the exposure
map over the circle of radius R

c

around (`, b) and ⇠OFF is
the integral of the exposure map over the ring. The number
of excess events N

�

within the circle then becomes

N
�

= NON � ↵NOFF. (1)

The significance, that is a measure of the probability for
the background to fluctuate to the level of emission seen in
the data, is then calculated according to eq. 17 of Li & Ma
(1983).

The significances calculated in this way are appropriate
when testing a single location in the map at a single angular
scale. When searching at several locations or source sizes in
the survey, trial factors have to be taken into account in the
computation of “post-trial” significances. This is discussed
in detail in 4.9.1.
14.Excluded significance distribution ?

The significance map for a correlation radius of 0.�2,
suitable for the detection of moderately extended sources,
is shown in Fig. ??.

3.3. Flux related maps

The measurement of the number of excess events N
�

in a
given integration radius allows the computation of higher
level maps. In this work, flux, flux error, sensitivity and
upper limit maps have been computed.

In order to compute those maps, we need to have an
estimation of the instrument gamma-exposure on a given
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Point source sensitivity
HESS Collaboration: The H.E.S.S. Galactic Plane Survey

Fig. 4. (bottom)HGPS sensitivity image for an oversample radius of 0.1�, assuming a spectral index of 2.3.(top) Longitude
sensitivity profile for 0� of Galactic latitude. Both are displayed in percentage of the Crab unit.

(b) Compute the point spread function (PSF)
(Section 4.4.1) for the highest significance small
source and use it for all of the ROI. It was checked
that results for other sources in the ROI don’t
change much if the PSF is computed for that exact
position.

(c) Model the excess as multiple Gaussian components
using a binned likelihood fit to the counts map, tak-
ing the background and exposure and PSF into ac-
count (Section 4.4.3).

(d) Many di↵erent multi-Gauss solutions are tried by
changing the number of sources and the position, ex-
tension, normalization start parameters for the fit.
For each number of sources (1, 2, 3, . . . ) there is
a best-fit solution, sometimes for a given number
of sources there are multiple solutions where the fit
converged (local likelihood maximum in the param-
eter space).

(e) For the catalog the globally most likely solution is
chosen where every source satisfies the detection
threshold criterion and every pair of sources satis-
fies the source separation criterion (Section 4.4.4).

(f) Characterize each source further. Define the “source
radius” for spectral analysis. Test if it models the
excess well and whether it is elongated.

4.2. TS maps

Additionally to the standard significance maps described in
sec. 4.4.1 we used so called test statistics (TS) maps dur-
ing our analysis. Similar to standard Li & Masignificance
maps, TS maps give the likelihood ratio of a given source
hypothesis compared to the null (i.e. background only) hy-
pothesis, but instead of summing all pixels in a certain re-
gion, as done for Li & Masignificance maps, a source model
template is fitted at every pixel of the map.

TS maps better reflect the catalog construction proce-
dure.

The approach is described in detail in Stewart (2009).

Why use TS maps instead of Li & Masignificance im-
ages?

In the subsequent presentation of sky maps, TS maps
will be used.

Which Figure show TS maps?

Should we discuss the input maps (counts, background,
exposure) for the catalog here?

4.3. Large-scale emission model

The existence of a di↵use emission component along the
Galactic disk has been already demonstrated (Abramowski
et al. 2014a). To do so, a mask was build to exclude a
fraction of the plane around regions where significant emis-
sion was found. The latitude profile of excess events outside
this mask clearly shows that some emission is still present.
Whether it is due to truly interstellar processes or to unre-
solved sources emission is an open question.

The presence of an underlying large scale component
along the plane is making the Gaussian component extrac-
tion unstable: it mimics the presence of degree scale fea-
tures in some regions of the HGPS and tends to broaden the
Gaussian components that describe well defined sources. To
precisely extract the sources fluxes and sizes, it is therefore
necessary to use a template model of the di↵use emission.

To do so we have build a Gaussian band model: the
latitude profile is described by a Gaussian and has three
parameters: the peak latitude, the width and the bright-
ness. These parameters are assumed to be constant over a
certain longitude range. They can be estimated in a given
region of the survey using the maximum likelihood fitting
approach. The Gaussian band template can be fitted in
a region where no significant signal is measurable on small
scales, e.g. outside the exclusion regions defined for the ring
background estimation technique.

A simplistic assumption would be that all three param-
eters are constant with longitude. But whatever the origin
of the di↵use component, it is likely to be structured along
the plane.
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Source catalog 
Construction
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Morphology model (2013)

… it’s not really that simple …

ICRC 2013 Figure – Gaussian sources …
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Morphology 
model (2015)
• Cut out SNRs and Galactic 

centre region (13 sources) 

• Large-scale diffuse 
Gaussian band model 

• 100 significant Gaussian 
components with Poisson 
likelihood test statistic  
TS > 30 

• 64 sources (re-)analysed 

• HGPS catalog sources:  
77 = 64 + 13
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Gaussian band large-scale emission model

Preliminary
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• Gaussian shape in GLAT 

• Parameters vary with GLON: 

• Peak Brightness 

• Peak latitude 

• Gaussian width 

• Fitted outside exclusion regions, 
using sliding window with 20 
deg width.



Results
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For the first time shown in full detail!  Will be released as FITS with the paper. 
Come see the poster — Session: Poster 3 GA, Track: GA-EX Board #: 54
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Source and sensitivity 
Galactic latitude distribution

Caveat: these are observed distributions, 
not taking survey coverage and selection  
effects into account!

See H.E.S.S. PWN and SNR population studies. 
PWN – Klepser et al. GA03 ID=635  

SNR – Hahn et al. GA17 ID= 556
Christoph Deil, ICRC 2015, “H.E.S.S. Galactic plane survey” –– Slide 14

(ATNF subset)
(SNRcat subset)
(1FHL)



Associations Systematic association of HGPS sources with nearby 
PSR, SNR, PWN, GeV sources (3FGL and 1FHL)

Not a population study!
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Thanks to Samar Safi-Harb and Gilles  Ferrand  for SNRcat! 

http://www.physics.umanitoba.ca/snr/SNRcat/ 

http://www.physics.umanitoba.ca/snr/SNRcat/


Firm identifications

Mostly sources with  
multiple associations
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New 
H.E.S.S. 
sources!
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Summary
• H.E.S.S. Galactic plane survey (HGPS) is completed 
• Can be the basis for new studies, e.g. by H.E.S.S. 

- PWN population study (Stefan Klepser et al.) 
- SNR population study (Joachim Hahn et al.) 

• Several new sources discovered 
• Paper and legacy data release 

coming soon (fall 2015) 
• FITS maps and source catalog 

(morphology & spectra) 
• Come see the HGPS poster (Axel Donath et al.)  

and talk to us!

Christoph Deil, ICRC 2015, “H.E.S.S. Galactic plane survey” –– Slide 18



Backup slides
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HESS Collaboration: The H.E.S.S. Galactic Plane Survey

Table 2. Table of 27 identified objects among the HGPS sources. The object classes are �-ray binary, shell type
supernova remnant (SNR), pulsar wind nebula (PWN), or composite when the origin of the TeV emission is ambiguous.
The evidences used to associate the TeV source to an object are given and include, position, variability, morphology and
energy dependent morphology (ED Morph.).

Source Name Associated object Class Evidence Reference
HESS J1018�589A 1FGL J1018.6�5856 Binary Variability H. E. S. S. Collaboration et al. (2015a)
HESS J1302�638 PSR B1259�63 Binary Variability Aharonian et al. (2005a)
HESS J1826�148 LS 5039 Binary Variability Aharonian et al. (2006c)
HESS J0852�463 Vela Junior SNR Morphology Aharonian et al. (2005b)
HESS J1442�624 RCW 86 SNR Morphology Aharonian et al. (2009)
HESS J1534�571 G323.7-01.0 SNR Morphology HESS SNR shell paper (2015)
HESS J1713�397 RX J1713.7�3946 SNR Morphology Aharonian et al. (2004)
HESS J1731�347 G353.6�0.7 SNR Morphology H.E.S.S. Collaboration et al. (2011b)
HESS J1800�240 W 28 SNR Position Aharonian et al. (2008)
HESS J0835�455 Vela X PWN Morphology Aharonian et al. (2006a)
HESS J1303�631 PSR J1301�6305 PWN ED Morph. H.E.S.S. Collaboration et al. (2012)
HESS J1514�591 MSH 15�52 PWN Morphology Aharonian et al. (2005a)
HESS J1825�137 PSR J1826�1334 PWN ED Morph. Aharonian et al. (2006d)
HESS J1356�645 PSR J1357-6429 PWN Position H.E.S.S. Collaboration et al. (2011a)
HESS J1418�609 PSR J1418-6058 PWN Position Aharonian et al. (2006b)
HESS J1420�607 PSR J1420-6048 PWN Position Aharonian et al. (2006b)
HESS J1554�550 G327.1-01.1 PWN Morphology Section 5.7.5
HESS J1747�281 G0.9+0.1 PWN Morphology Aharonian et al. (2005b)
HESS J1818�154 G015.4+00.1 PWN Morphology H. E. S. S. Collaboration et al. (2014)
HESS J1849�000 PSR J1849�0001 PWN Position Section 5.7.15
HESS J1837�069 PSR J1838�0655 PWN? Morphology Marandon et al. (2008)
HESS J1640�465 G338.3-0.0 Composite? Position Abramowski et al. (2014b), Gotthelf et al. (2014)
HESS J1119�614 PSR J1119-6127 Composite Position Section 5.7.1
HESS J1813�178 PSR J1813-1749 Composite Position Funk et al. (2007),Gotthelf & Halpern (2009)
HESS J1833�105 G21.5�0.9 Composite Position Section 5.7.10
HESS J1846�029 PSR J1846-0258 Composite Position Section 5.7.13
HESS J1930+186 G54.1+0.3 Composite Position Acciari et al. (2010), Section 5.5

Table 3. Catalogs used for the automatic source association (see main text for details and selections applied). Objects
and associations are the count in the HGPS survey region only (see ??? contour in Figure ??? ).

Type Objects Associations Reference
1FHL sources 59 29 Ackermann et al. (2013)
3FGL sources 397 80 The Fermi-LAT Collaboration (2015a)
Supernova remnants 240 56 Ferrand & Safi-Harb (2012)
Pulsar wind nebulae ??? ??? Ferrand & Safi-Harb (2012)
Energetic pulsars 171 42 Manchester et al. (2005)
Other ??? ??? This paper

This is a compromise that tries to minimise the number
of incorrect and missed associations. An incorrect associ-
ation is one with a counterpart that is unrelated to the
HGPS source (e.g. a chance coincidence towards the same
direction in the sky). A missed association is a counterpart
that was discarded (e.g. a pulsar at the edge of the TeV
source, but actually did generate the PWN that generates
the TeV emission). Our explicit goal is to prefer a few in-
correct associations over missed associations, i.e. attempt
to list all known objects in the vicinity from source classes
that are clearly established as connected to Galactic TeV
sources.

50.Christoph: How to formulate this better? is there a good ref-

erence we can simply refer to?

In the following paragraphs we briefly describe each
counterpart catalog and how it’s objects relate to TeV
sources. At the end we describe a hand-compiled catalog
of additional counterpart objects that might be related to
the HGPS source, but are not included in any of the coun-
terpart catalogs.

GeV sources: 1FHL and 3FGL

The Fermi -LAT has surveyed the whole sky in lower-energy
gamma-rays than H.E.S.S., we use the 1FHL (Lande et al.
2012) and 3FGL (The Fermi-LAT Collaboration 2015a)
Fermi -LAT source catalogs as counterpart catalogs. The
1FHL catalog covers the 10 GeV to 500 GeV energy range
and contains ??? sources in the HGPS region. The 3FGL
catalog covers the 0.1 GeV to 300 GeV and contains ???
sources in the HGPS region.

Fermi -LAT sees GeV sources which must correspond
to powerful cosmic particle accelerators and especially if
a source is seen significantly by the Fermi -LAT above
10 GeV, by comparison of the sensitivity of Fermi -LAT
and H.E.S.S. (see Figure 1 in for the CTA Consortium
et al. (2013)) it becomes clear that HGPS should contain
many 1FHL sources, except the ones that are soft or ex-
hibit a downward break, curvature or cuto↵ in the 10 GeV

22

HGPS firm identifications  
(see pie chart on slide 17)
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Exclusion regions and regions of interest

Preliminary
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HESS J1813-126

• Position: 
(l, b) = (17.31, 2.49) deg 
(α, δ) = (273.34, -12.69) deg 

• Extension: 0.21 deg 

• Flux: 4.2% Crab
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HESS J1826-130

• Position: 
(l, b) = (18.48, -0.39) deg  
(α, δ) = (276.51, -13.02) deg 

• Extension: 0.15 deg 

• Flux: 3.3% Crab
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HESS J1828-099

• Position: 
(l, b) = (21.49, 0.38) deg 
(α, δ) = (277.25, -9.99) deg 

• Extension upper limit: 
< 0.07 deg 

• Flux: 1.7% Crab
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HESS J1832-085

• Position: 
(l, b) = (23.21, 0.29) deg 
(α, δ) = (278.13, -8.51) deg 

• Extension upper limit: 
< 0.05 deg 

• Flux: 0.8% Crab
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HESS J1844-030

• Position: 
(l, b) = (29.41, 0.09) deg 
(α, δ) = (281.17, -3.10) deg 

• Extension upper limit: 
< 0.05 deg 

• Flux: 1.0% Crab
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