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The Cherenkov technique in a nutshell
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The stereo Cherenkov technique in a nutshell

The stereo Cherenkov technique in a nutshell
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Technical specs: snapshot

Telescopes: 4
Mirrors: 12 m diameter
Area: 107 m2

FoV: ~5° diameter
Camera: 960 pixels (PMTs)
Angular resolution  ≥ 0.06° (5')
Electronics: fast ~1 ns
Energy range: ~100 GeV to ~100 TeV
Energy resolution ~15%
Background rejection > 99%
Duty cycle 10%

Southern hemisphere (Namibia)

H.E.S.S. phase I (2002-2013)

The High Energy Stereoscopic System of Cherenkov telescopes      

P. Bordas, HESS Galactic, JPS-2015



The High Energy Stereoscopic System of Cherenkov telescopes      
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The 5-tel hybrid Cherenkov telescope array
 

4  12-m IACTs w/ recoated mirrors   +   1  28-m IACT

Multiple triggering & pointing schemes available

CT5:  2048 PMTs    614 m2     3.2° FoV     E
min

 ~ 30 GeV     f = 38 m

vs. 5.0° FoV (CT1-4)

P. Bordas, HESS Galactic, JPS-2015



HESS Galactic Plane Survey

  

Significance
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H.E.S.S. I highlights

P. Bordas, HESS Galactic, JPS-2015

● >2800h obs (2004-2013), 65o < l < 250o, |b| < 3.5o,  [0.2 - 100] TeV, ~2% Crab, 77 sources



  

Catalog construction
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- Adaptive ring background estimation with exclusion region masks
- Semi-automated, MLE-based source detection & morphology #tting
- Model sources as Gaussian plus an underlying “di(use” component

HESS Galactic Plane SurveyH.E.S.S. I highlights

Challenges & solutions for analyzing complex source regions

Background estimation with adaptive regions

For images For spectra

Challenges & solutions for analyzing complex source regions

Background estimation with adaptive regions

For images For spectra

● adaptive ring bkg estimation with exclusion region masks
● semi-automated, MLE-based source detection & morphology fitting
● model sources as Gaussian plus an underlying “diffuse” component

P. Bordas, HESS Galactic, JPS-2015



HESS Galactic Plane SurveyH.E.S.S. I highlights
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Significance

Significance, in full detail

  

Zoom-in

Full detail VHE sky images, catalog, and MWL associations
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● VHE sky images (FITS)
● source spectra (PL/exp-CPL)
● H.E.S.S. catalog
● MWL associations 

…featuring:

P. Bordas, HESS Galactic, JPS-2015
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HESS J1641-463, a very hard 
spectrum TeV gamma-ray source in 
the Galactic plane 

HESS J1641-463 is a unique source discovered by the 
H.E.S.S. telescope array in the multi-TeV domain [1]. With one 
of the hardest spectra observed in VHE gamma-rays extending 
at least to 20 TeV, and a positionally coincidence with the 
supernova remnant SNR G338.5+0.1 and a massive molecular 
cloud, the source constitutes an interesting case to study 
particle acceleration in the Galaxy. 

Introduction 

Emission models 

Please see standard acknowledgement in H.E.S.S. papers, not reproduced here due to lack of space. Sabrina 
Casanova acknowledges the support from the Polish National Science Center under the Opus Grant 
UMO-2014/13/B/ST9/00945. 
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Map of excess events with energies E> 4 TeV for the region around J1641− 463 
smoothed with the instrument. The white contours indicate the significance of the 
emission at the 5, 6, 7 and 8σ  level. The dash-dotted black ellipse the 95% 
confidence error position of 1FHL J1640.5− 4634, and the red box indicates the 
area for the extraction of the profiles shown in the panel on the right. The upper left 
inset shows a map of the distribution of the column density of molecular hydrogen 
in units of cm−2 , estimated from the NANTEN CO(1− 0) data, together with the 
H.E.S.S. significance contours. Figure from [1]. 
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H.E.S.S. analysis 

HESS J1641-463 is a unique VHE source, with one of the hardest gamma-ray spectra ever 
found at these energies. Scenarios where protons are accelerated up to hundreds of TeV at 
either SNR G338.5+0.1 or G338.3−0.0, and then interact with local gas or nearby massive 
MCs are the most compelling ones. If this is the case, then J1641−463 may be representing 
a source class contributing to the Galactic cosmic-ray flux around the knee. 

Conclusions 

Distribution of VHE g  -ray excess profiles and 
Gaussian fits for the red rectangular slice shown in 
the left panel (read arrow in both figures shows the 
direction and sense). Vertical lines show the 
position of the SNR 338.3− 0.0 and G338.5+0.1. 
Fits using a single and a double Gaussian function 
are shown in dashed and solid lines, respectively. 
The double-Gaussian model being favored at the 
3.6 − 4.3σ levels. Figure from [1]. 

Dataset 
•  72 hours of taken with H.E.S.S. between 2004 and 2011 
Technique 
•  Hillas parameters technique  
•  Energy dependent analysis, hard cuts to reduce source confusion with nearby, 

brighter source HESS J1640-464 
Results 
•  Source confusion vanishing with increasing energies 
•  8.5 σ detection at E > 4 TeV 
•  Differential spectrum fitted with power law with index Γ = 2.07 0.11stat ± 0.20sys 
•  1.8% of the Crab Nebula flux for E > 1 TeV  

P-P collisions 
•  Parametrization of Kelner et al [2], proton spectrum with Γ= 

-2.1 
•  Lower limit on particle cutoff energy 0.1 PeV (99% CL). 
•  Harder than the young SNR RXJ1713-4936 at energies 

above a few TeV. 
•  Either SNR G338.5+0.1 interacting with ambient gas (if 

young SNR), or protons reaching from the young SNR 
G338.3-0.0. 

 
 

Fig 3:  the expected emission from p-p collisions (left) and IC off CMB photons (right). The pink 
area represents the 1σ confidence region for the fit to a power law model, the black data points 
the H.E.S.S. measured photon flux, the arrows the 95% CL upper limits on the flux level, and the 
black curves the expected emission from the models. For comparison, the gray data points and 
curve represent the archival data of SNR RX J1713.7−3946. Figure from [1]. 

Multiwavelength counterparts 
Radio band 
•  Within the bounds of SNR G338.5+0.1, age estimate 1.1 to 17 kyr, 
•  Close to young energetic SNR G338.3-0.0 
•  Molecular gas at ~ 11 kpc, source region density of 100 cm−3 and 2.4×105 M! 
X-rays 
•  No obvious counterpart found in Chandra or XMM-Newton archival data [1]. 
HE gamma-rays 
•  Fermi-LAT detects a source in the position of HESS J1641-463 [3]. 
•  Relatively soft spectrum with Γ= 2.47 ± 0.05 ± 0.06. 
•  The connection the hard H.E.S.S. spectrum remains unclear: two different 

mechanisms, or overlap sources? 
 

Electron IC off CMB photons 
•  Inverse Compton scattering off CMB photons 
•  The 99% CL lower limit on the particle cutoff energy is 700 

TeV. 
•  Electrons accelerated either in SNR G338.5+0.1 or in the 

young pulsar PSR J1640-4631. 
•  Extremely difficult to accelerate electrons in SNRs 

 

Measured spectrum is compared with predictions from p-p 
collision and inverse Compton models 
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Map of excess events with energies E> 4 TeV for the region around J1641− 463 
smoothed with the instrument. The white contours indicate the significance of the 
emission at the 5, 6, 7 and 8σ  level. The dash-dotted black ellipse the 95% 
confidence error position of 1FHL J1640.5− 4634, and the red box indicates the 
area for the extraction of the profiles shown in the panel on the right. The upper left 
inset shows a map of the distribution of the column density of molecular hydrogen 
in units of cm−2 , estimated from the NANTEN CO(1− 0) data, together with the 
H.E.S.S. significance contours. Figure from [1]. 
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Electron IC off CMB photons 
•  Inverse Compton scattering off CMB photons 
•  The 99% CL lower limit on the particle cutoff energy is 700 

TeV. 
•  Electrons accelerated either in SNR G338.5+0.1 or in the 

young pulsar PSR J1640-4631. 
•  Extremely difficult to accelerate electrons in SNRs 

 

Measured spectrum is compared with predictions from p-p 
collision and inverse Compton models 
 
 

HESS J1641-463

● one of the hardest gamma-ray spectra ever found at VHEs (Γ = 2.07) 
● detected only above few TeVs (contamination by nearby HESS J1640) 
● no signature of cut-off, pp-preferred… PeVatron? (protons >100 TeV 99% CL)

A very hard spectrum TeV gamma-ray source in the Galactic plane

H.E.S.S. Collaboration (2014)

H.E.S.S. I highlights

P. Bordas, HESS Galactic, JPS-2015



First shell-type SNR ever detected in TeV gamma-rays 

SNRs: RXJ 1713

Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  
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Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  
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● spectral cut-off shape? —> electrons vs. protons 
● spatially-resolved spectra w/ unprecedented resolution —> resolve physical properties
● morphology & radial profiles + comparison to X-rays —> particle diffusion + escape?
 

still, many questions remain…

H.E.S.S. I highlights

P. Bordas, HESS Galactic, JPS-2015



Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

The new high-resolution H.E.S.S. map

■ exposure:                170 h 
■ angular resolution:  0.05º 
■ energy threshold:    250 GeV 
■ Analysis:                  Model w/ HiRes cuts  

                                (de Naurois & Rolland, 2007) 
                                 

5

H.E.S.S. high-precision measurements of RXJ1713-3946
 

Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Full-remnant photon flux spectrum

6

■ exposure: 150 h 
■ threshold: 200 GeV  
■ excess:     >27000 counts

preliminary

● exposure: 170 h 
● angular resolution: 0.05 deg
● energy threshold: 250 GeV 

Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Full-remnant photon flux spectrum: cutoff behaviour

7

preliminary

H.E.S.S. Collaboration et al.: H.E.S.S. precision measurements of RX J1713.7�3946

Table 3: Results of the spectral fitting procedure on the full remnant analysis for a number of spectral models.

Spectral Model � Ecut F(> 1 TeV) �2 / ndf
(TeV) (10�11 cm�2 s�1)

F0E

�� 2.32±0.02 - 1.52±0.02 304.2/118
F0E

�� exp
⇣
� E

E

cut

⌘
2.06±0.02 12.9±1.1 1.64±0.02 120/117

F0E

�� exp
⇣
� E

E

cut

⌘2
2.17±0.02 16.5±1.1 1.63±0.02 113.8/117

F0E

�� exp
⇣
� E

E

cut

⌘0.5
1.82±0.04 2.7±0.4 1.63±0.02 142.1/117

Table 4: Spectral fitting results for the 29 Suzaku regions

Reg. � Ecut F(> 1TeV) �2 / ndf
(TeV) (10�13 cm�2 s�1)

1 1.99±0.16 19.8±16.8 3.4±0.6 74.37 / 78
2 1.95±0.15 10.9±6.3 4.7±0.9 69.53 / 76
3 1.66±0.22 4.2±1.7 4.6±1.3 57.85 / 77
4 1.84±0.17 10.1±5.5 4.1±0.8 72.53 / 81
5 2.06±0.13 24.9±18.2 3.4±0.5 93.84 / 83
6 1.72±0.10 8.1±2.1 8.3±1.0 73.84 / 80
7 1.65±0.11 5.8±1.4 8.6±1.2 97.01 / 79
8 1.95±0.08 13.2±3.9 9.6±0.8 84.27 / 81
9 1.81±0.08 7.3±1.6 12±1.1 81.9 / 82
10 1.90±0.10 11.1±3.9 6.8±0.8 80.3 / 82
11 1.87±0.11 9.8±3.3 6.0±0.7 119.4 / 80
12 1.57±0.13 6.0±1.5 6.6±1.2 79.17 / 81
13 1.69±0.12 7.0±1.9 6.8±1.0 61.63 / 82
14 1.97±0.10 12.6±4.6 6.6±0.7 67.18 / 83
15 1.99±0.09 8.4±2.5 8.4±0.9 88.83 / 77
16 2.02±0.09 14.7±5.4 7.6±0.7 88.43 / 81
17 1.80±0.11 9.3±2.8 6.4±0.8 76.05 / 80
18 1.34±0.22 2.8±0.8 5.1±1.5 83.06 / 80
19 1.82±0.12 10.3±4.1 5.4±0.8 72.53 / 78
20 1.77±0.13 8.0±2.8 5.3±0.9 84.5 / 81
21 1.98±0.09 9.2±2.7 8.9±0.9 74.35 / 82
22 2.14±0.10 24.2±15.3 5.9±0.6 98.88 / 78
23 1.91±0.12 14.3±6.0 5.0±0.6 80.85 / 80
24 1.99±0.11 45.0±41.7 4.0±0.5 79.75 / 83
25 1.88±0.15 6.2±2.4 5.2±0.9 82.61 / 76
26 1.76±0.12 6.0±1.6 7.3±1.0 78.03 / 79
27 1.79±0.09 6.2±1.3 10±1.0 84.03 / 81
28 1.45±0.17 4.4±1.2 5.5±1.2 60.07 / 80
29 2.05±0.09 17.3±7.7 6.2±0.6 77.75 / 80

power-law spectral models (below 6 TeV) to the 14 subregions
are shown in figure 4. In general the results of the fit are quite
consistent with those shown previously. The only exception be-
ing region x, such a di↵erence may be due to the proximity of
this region to the brightest area of the remnant which in previous
publications with their worse PSF, may have contaminated this
region. Some variation can be seen in the spectral slope of the
regions, however when one considers the expected systematics
of 0.1 on the spectral slope, no obvious trend in spectral index
can be seen across the remnant.

A further set of 29 subregions of side length 0.08� was cre-
ated in order directly compare the H.E.S.S. spectral results with
those published by Tanaka et al. (2008) using Suzaku X-ray data.
A spectral analysis from such small sub-regions is now possi-
ble for the first time due to excellent angular resolution (⇠0.05�)
and high sensitivity of this data analysis. Table 4 lists the results
from fits with a power law model with an exponential cut-o↵.
For some regions (e.g. Reg. 1, 5, 24), the surface brightness is
too low to derive tight constrains on the cut-o↵ energy and a
pure power law model without cut-o↵ yields a similarly good fit.
The same results are also shown in Fig. 5

Results of the power-law spectral fitting are shown in fig-
ure 5. Again no clear obvious spatial evolution of the spectral
index is seen across the remnant, however these results will be
discussed in more detail in section 5.

4. Muliwavelength Observations

4.1. XMM-Newton

To compare the H.E.S.S. VHE gamma-ray radial profiles to X-
rays, a map using all available archival XMM-Newton data was
produced, following essentially the method described by Acero
et al. (2009). In addition to the work by these authors, not only
the brightest few but all detected point-like sources were re-
moved from the maps, refilling the holes using the count statis-
tics from annular regions surrounding the excluded regions. The
cosmic-ray-induced and instrumental backgrounds were sub-
tracted from each observation using filter-wheel-closed datasets.
To subtract the di↵use Galactic astrophysical background from
the XMM-Newton map, the level of the surface flux at large dis-
tances (>0.7�) from the SNR center was used. Through com-
parison with the ROSAT all-sky-survey map (Snowden et al.
1997) which covers a much larger area than XMM-Newton it
was confirmed that the baseline Galactic di↵use level is al-
ready reached within the FoV of the XMM-Newton coverage of
RX J1713.7�3946 (see Fig. 8 in the Appendix). An energy range
of 1-10 keV was chosen for the XMM-Newton map that is com-
pared to the H.E.S.S. data, to suppress the influence of Galactic
di↵use emission at low energies while retaining a high statistical
quality.

To compare the X-ray profiles to the H.E.S.S. measurement,
after background subtraction, the XMM-Newton mosaic map was
convolved with a conservative H.E.S.S. PSF for this dataset. This
PSF was obtained from the nominal PSF from simulations for
the specific hires cuts and observed spectrum, but artificially in-
creased by 20% to account for potential systematic uncertainties
(see Sect. 3.1). Radial profiles from the PSF-convolved XMM-

Newton maps are shown in red in Fig. 2. The relative normal-

Article number, page 5 of 13page.13

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015

SNRs: RXJ 1713H.E.S.S. I highlights



● use X-rays (XMM-Newton) convolved with HESS-PSF 
● 24 regions defined, derivation of B-field in a  
   synchrotron (X-ray) scenario 

Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Mapping the magnetic field

15

Peter, March 18th , 2014, HESS coll. meeting, Potsdam

The X-ray hotspots

B-field map

X-rays: XMM-Newton  
H.E.S.S.-PSF-convolved

TeV: H.E.S.S.

Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Mapping the magnetic field

15

Peter, March 18th , 2014, HESS coll. meeting, Potsdam

The X-ray hotspots

B-field map

X-rays: XMM-Newton  
H.E.S.S.-PSF-convolved

TeV: H.E.S.S.

X-rays (XMM-Newton)

TeV (H.E.S.S.)

H
.E.S.S. C

ollaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015

SNRs: RXJ 1713H.E.S.S. I highlights

H.E.S.S. high-precision measurements of RXJ1713-3946
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Radial profiles: X-ray vs TeV
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Radial profiles: X-ray vs TeV
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Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Radial profiles: X-ray vs TeV

16

prelim
inary

● TeV profiles beyond X-rays in some regions: 
    => particle escape in interaction with denser 
   regions of the surrounding medium?

P. Bordas, HESS Galactic, JPS-2015

SNRs: RXJ 1713H.E.S.S. I highlights

H.E.S.S. high-precision measurements of RXJ1713-3946



H.E.S.S. I highlights SNRs: W49B

F. Brun,  The Fermi-LAT and H.E.S.S. view of the supernova remnant 
W49B,  ICRC 2015 - The Hague,  05/08/2015

W49B : H.E.S.S. and Fermi-LAT Analysis Results

 H.E.S.S. : 

 75 hours (live-time) of data taken 
between 2004 and 2013 (no CT5)

 Model Analysis using Standard 

cuts (E
th
 ~ 290 GeV)

 W49B detected at 12.9

 Morphology : point-like source

 PSF ~ shell size → emission from 
the center or from the shell itself

H.E.S.S. Gaussian-
Smoothed excess map 
(0.06°).
Black marker : W49B 
position

4

The Fermi-LAT and H.E.S.S. Views of the Supernova Remnant W49B

F. Brun,  The Fermi-LAT and H.E.S.S. view of the supernova remnant 
W49B,  ICRC 2015 - The Hague,  05/08/2015

W49B : H.E.S.S. and Fermi-LAT Spectra

Fermi-LAT and H.E.S.S. spectra connect very smoothly!

H.E.S.S. : Power-Law (> 290 GeV)
- 

_0
(1TeV) = (3.150.46) x 10-13 cm-2s-1TeV-1

-  = 3.140.23

Fermi-LAT : Broken Power-Law (60 MeV – 4 GeV) 
- Preferred by 8 w.r.t. Power-Law 

- 
0
(200 MeV) = (3.30.5) x 10-10 cm-2s-1MeV-1

- 
1
 = 0.100.30 , 

2
 = 2.210.05 , E

br
 = 30420 MeV

Fermi-LAT + H.E.S.S. 
joint fit : 
Broken Power-Law 
(500 MeV – 10 TeV)

W49B

- Preferred by 6.5 

w.r.t. Power-Law 
- 

1
 = 2.170.06 

- 
2
 = 2.800.04 

- E
br
 = 8.42.5 GeV

5

Fermi-LAT and H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015

● H.E.S.S.: 
   - 75h live-time (2004-2013, no CT5) 
   - Model analysis, std cuts (Eth ~ 290 GeV) 
   - W49B detected at 12.9σ stat. level 
   - morphology: point-like (PSF ~ shell size)

● Fermi-LAT: 
   - 5 years of data (Pass7) 
   - morphology: point-like (PSF ~ shell size) 
   - slight offset position w.r.t. H.E.S.S



H.E.S.S. I highlights SNRs: new TeV shells
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HESS J1534-571  

Search for new SNR shells in the Galactic plane with H.E.S.S.                                             ICRC 2015, The Hague 

Image / analysis details: 
•  Lifetime (acceptance-corrected): 57.4 hrs 
•  Hillas-based analysis, TMVA-based 

background rejection 
•  Surface brightness map, spectral 

assumption power-law with Γ = 2.3 
•  0.1° integration radius per image pixel; 

additionally slightly smoothed with 
Gaussian filter (σ = 0.01°) 

•  Significance contours (0.1° integration): 
3,4,5,6 σ 

Shell significance:  
•  Unconstrained morphology fit of 2d-Gaussian (null hypothesis) vs. projected 3d-shell  
•  Null hypothesis probability p = 6.4 × 10-3, using the Akaike Information Criterion (AIC, Akaike, IEEE 

Transactions on Automatic Control, 1974, 716) 

all numbers preliminary 

Source detection: 
•  Discovery announcement:  

TSdiff = 39 in HGPS map used for grid 
search, HGPS threshold = 30 

•  Excess in map inside Rout,shell: 9.3 σ 
(Li&Ma) 

HESS J1534-571

 - 13 - 

HESS J1912+101 

Search for new SNR shells in the Galactic plane with H.E.S.S.                                             ICRC 2015, The Hague 

Image / analysis details: 
•  Lifetime (acceptance-corrected):  

121.6 hrs (~6 × 2008 data) 
•  Hillas-based analysis, TMVA-based 

background rejection 
•  Surface brightness map, spectral 

assumption power-law with Γ = 2.7 (from 
H.E.S.S. coll. A&A 2008) 

•  0.1° integration radius per image pixel; 
additionally slightly smoothed with 
Gaussian filter (σ = 0.01°) 

•  Significance contours (0.1° integration): 
3,4,5,6,7 σ 

Shell significance:  
•  Unconstrained morphology fit of 2d-Gaussian (null hypothesis) vs. projected 3d-shell  
•  Null hypothesis probability p = 1.7 × 10-6, using AIC 

all numbers preliminary 

Source detection: 
•  Excess in map inside Rout,shell: 17.3 σ 

(Li&Ma) 

HESS J1912+101 

● goal: extend small population of known TeV shells
        - some sources may be faint in X-rays (intrinsically or due to absorption) 
        -shell morphology: particles confined - albeit high-E may have escaped 
● method: look for new shell candidates in the HGPS 
● results: two new shell-candidates resolved, few more candidates…

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015



H.E.S.S. I highlights SNRs: W49B

N. Komin, H.E.S.S. Observations of the LMC, 34th ICRC 2015, The Hague, 04/08/2015. 17

Summary

optical, 576 – 788 nm (false colour image)

[A. Mellinger, PASP 121, 1180 (2009).]

 deep H.E.S.S. observations → 3 TeV sources in LMC:

 PWN N 157B

 Crab counter-part

 but low magnetic field and efficiency

 30 Dor C

 first unambiguous detection of a superbubble
in gamma rays

 N 132D

 one of the oldest TeV emitting SNRs

 first individual cosmic-ray sources in an external galaxy

→ Science 347:6220 (2015)

 tip of the iceberg?

 future observations with CTA

H.E.S.S. Observations of the LMC 

●  first individual cosmic-ray sources in external galaxy → Science 347:6220 (2015) 

●  just the “tip of the iceberg”? -> future observations with CTA

PWN N157B: 
● Crab LMV "counter-part"
● but lower B-field  (45 μG) and efficiency 
● no GeV emitter (so far) 
     
30 Dor C 
● 1st detection superbubble in γ-rays
● shell-bright in X-rays, TeV also there? 

N 132D 
● one of oldest TeV emitting SNRs

P. Bordas, HESS Galactic, JPS-2015



H.E.S.S. II highlights Vela PSR

Michael Gajdus . Vela Pulsar with H.E.S.S. II . ICRC . The Hague . 2015

Phase Profile

6

■ Pulse P2 

9838 excess events 

H test significance 

14.6σ 

Li-Ma significance 

12.8σ 

H.E.S.S. 
Preliminary

Michael Gajdus . Vela Pulsar with H.E.S.S. II . ICRC . The Hague . 2015

Region of Interest

■ 60 months of Pass7 Fermi-LAT data were analysed 

■ Phase regions determined:

4

P2P3P1 Background

Michael Gajdus . Vela Pulsar with H.E.S.S. II . ICRC . The Hague . 2015

H.E.S.S. 
 Preliminary

11

■ Observe continuation of the 
power law spectrum from P2 
up to 120 GeV 

■ H.E.S.S. I upper limits do not 
constrain the power law 
measured with H.E.S.S. II 

■ H.E.S.S. II energy range  

20 GeV -> 120 GeV 
■ Systematics are under study 
■ Statistics limit definite 

conclusion between  
■ power law  
■ sub-exponential cut-off 

power law

Spectral Energy 
Distribution

● High significance detection of the P2 
   pulse from the Vela PSR with H.E.S.S.II 
● CT5 able to operate down to 20 GeV 
● Excellent agreement with Fermi-LAT: cross-
   calibration check for CT5

 

Pulsations from the Vela Pulsar down to 20 GeV with H.E.S.S. II 

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015



H.E.S.S. II highlights Sgr A* with H.E.S.S. II

Observations of Sgr A* with H.E.S.S. II Significance Map

10

Spectral Energy Distribution

14

● GC with the H.E.S.S. II array down to ~100 GeV 
● Detection of central source (40σ), PWN G0.9+0.1, HESS J1745-303 + diffuse emission 
● smooth continuation from spectrum seen in H.E.S.S. I  
● E-threshold not low-enough to fully describe Fermi-LAT-H.E.S.S. spectral break
● +50h obs. time coming soon (blinded for dark matter searches…) vs 58h so far…

P. Bordas, HESS Galactic, JPS-2015



4 M. Chernyakova et.al.
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Figure 1. Orbital light curves of PSR B1259−63 around periastron for several passages. Panel a: observations by H.E.S.S. in the E > 1 TeV energy range
for the 2004, 2007, and 2010 periastron passages (Aharonian et al. 2005, 2009; H.E.S.S. Collaboration et al. 2013). Flux is given in 10−12 cm−2 s−1. Panel b:
Fermi-LAT flux measurements in the E > 100 MeV energy range for the 2010 periastron passage. Flux is given in 10−6 cm−2 s−1.Panel c: X-ray fluxes from
three periastron passages (Abdo et al. 2011b; Chernyakova et al. 2009). Flux is given in 10−11 erg cm−2 s−1. Panel d: Radio (2.4 GHz) flux densities measured
at ATCA for the 2010, 2004 and 1997 periastron passages (Abdo et al. 2011b; Johnston et al. 2005, 1999). Dashed lines correspond to the periastron and to the
moments of disappearence (last detection) and reappearence (first detection) of the pulsed emission. Panel e: Evolution of the equivalent widths of Hα (filled
circles) and He I λ6678 (open circles). W6678 is shown multipled by a factor of 100 for easier comparison to WHα.

estimate of the 1-σ uncertainty in position, which turns out to be
0.2 mas in right ascension and 0.4 mas in declination. The cross
plotted in Fig. 2 represents five times these values to be on the
conservative side, given the unmodeled uncertainties related to the
self-calibration processes.

The extended emission has a total size of ∼50 mas with a
position angle (P.A.) of approximately −75◦. Visual inspection of
higher-resolution images shows that the structure is dominated by
a bright compact core and a diffuse component. We fitted two com-
ponents to the uv data using the task UVFIT. We found that the
core component is well fitted by a point-like component, whereas
the diffuse emission is described by a circular Gaussian component

with a FWHM of 20 mas located at −32.0 ± 0.2 and 8.7 ± 0.2 mas
from the peak of the emission in right ascension and declination,
respectively.

3 OPTICAL SPECTROSCOPY

Spectroscopic observations of LS 2883, the optical counterpart of
PSR B1259−63, were performed with the CTIO 1.5m telescope,
operated by SMARTS, between UT dates 2010 December 5 and
2011 May 17. We used the RC spectrograph in service observ-
ing mode with the standard SMARTS grating setup 47/Ib (grat-

c⃝ 2013 RAS, MNRAS 000, 1–13

▪ pulsar (P 48ms, Lsd= 8 ×1035 erg/s ) + O9.5Ve star (Lstar= 2.3 × 1038 erg/s) + circ. disk 
▪ binary system: D = 2.3, Porb= 3.4 years, eccentricity = 0.87, orbital inclination i ~24o  
▪ variable/periodic emission in radio, optical, X-rays, GeV and TeV γ-rays 
▪ pulsations seen only in radio (and away from periastron) 
▪ GeV flare in 2011; happening again in 2014 

PSR B1259-63, credits: NASA archive

PSR B1259-63: a pulsar γ-ray binary system 

H.E.S.S. II highlights PSR B1259-63

P. Bordas, HESS Galactic, JPS-2015



01-08-2015 ICRC - The Hague 6

The H.E.S.S. results

● More than 57 hours of livetime 

analysed with STEREO and 

MONO analysis chains

● Average zenith angle of 42 

degrees

● Source detected at 40σ 

significance level

● HESS J1303-638 visible above the 

source (PWN with energy-

dependent morphology)

● Long-term H.E.S.S. monitoring
   campaign to cover 2014 periastron

● coordination with MWL
   observatories for simultaneous 
   observations

● More than 57 hours of live-time 
   analysed with STEREO and 
   MONO analysis chains 

● Source detected at 40σ level, 
   HESS J1303-638 also detected

H.E.S.S. II highlights PSR B1259-63

H.E.S.S. Observations of PSR B1259-63 during its 2014 periastron passage 

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015



01-08-2015 ICRC - The Hague 7

The H.E.S.S. results

● Re-analysis of 
previous data with new 
tools

● STEREO analysis of 
2014 data

● Hints of incompatibility 
between the 2004 and 
newer data

Monthly light curve

01-08-2015 ICRC - The Hague 8

The H.E.S.S. results

● Clearer trend of the 
double peaked 
behaviour

● Local minimum at 
the periastron 
passage

● Source active 40-50 
days after periastron

● Differences between 
light curves visible 
also in this case (the 
source is not a clock)

Nightly light curve 

H.E.S.S. II highlights PSR B1259-63

● analysis of both 2014 and previous 
   data with new software tools 
● confirmed double-peak pattern 
   observed in the long-term 
   light curve
● Local minimum at the periastron 
   passage 
● Source still active at VHEs at 40-50 
   days after periastron 
● Differences between light curves 
   w.r.t previous periastron events

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015

H.E.S.S. Observations of PSR B1259-63 during its 2014 periastron passage 
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The MWL view

Comparison of results from H.E.S.S., 
Fermi-LAT and Swift-XRT

● Clear double peak structure in the     
  X-rays

● Again detection of a HE flare

● High state of the source in HE and 
VHE with hints of variability also in 
the X-ray domain

H.E.S.S. II highlights PSR B1259-63

● Comparison of results from 
   H.E.S.S., Fermi-LAT and Swift-XRT 
   simultaneous observations
● X-rays: highest-ever flux recorded 
   in 2014 (2nd disk crossing). Hints 
   of variability during GeV flare?
● Fermi-LAT: reappearance of the 
   gamma-ray flare (slight 
   differences), marked variability
● H.E.S.S. (CT5): high emission 
   state at VHEs during the GeV flare

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015

H.E.S.S. Observations of PSR B1259-63 during its 2014 periastron passage 



H.E.S.S. II highlights LS 5039

LS 5039: the “swiss-clock” gamma-ray binary 

▪ First binary @ TeV (Aharonian et al. 2005) 
▪ C.O.: 3.7 +/-1.5 Msun, O6.5V companion, Porb= 3.9d 
▪ long-term stability at VHEs (the exception) 
▪ illustrates variability in VHE light-curves and spectra 
 

H.E.S.S. Collaboration (2005, 2006)

P. Bordas, HESS Galactic, JPS-2015



H.E.S.S. II highlights LS 5039

LS 5039 - update of H.E.S.S - I data-set (2006-2012) 

▪ excellent agreement with 2006 published results (swiss-clock) 
▪ detection in every orbital phase (0.1 width) 
▪ spectral features in some phase-bins 
▪ broken PL preferred for INFC w.r.t. exp-cutoff-PL 
 

C. Mariaud - LS 5039 - ICRC 2015 - The Hague

5

Phase-folded lightcurve

� Good agreement between 2006 publication 

� "Swiss clock" behavior

� Lightcurve obtained from a spectrum fitted with a single power

Law : Γ = 2.20 ± 0.03

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015



C. Mariaud - LS 5039 - ICRC 2015 - The Hague
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H.E.S.S. phase II results 

H.E.S.S. II highlights LS 5039

LS 5039 - new H.E.S.S - II observations (2013-2015) 

C. Mariaud - LS 5039 - ICRC 2015 - The Hague

11

Multi-wavelength spectra 

� Fermi-LAT spectrum from J. Takata (2014) 

● about 14h live-time (more in 2015), >10σ detection (stereo and mono)
● spectrum down to 120 GeV with only 14h obs. time! (can go lower)
● First gamma-ray binary with real Fermi-LAT/H.E.S.S. overlap
● so far compatible within errors: existence of a break at 100 GeVs?

H.E.S.S. Collaboration (2015, in prep.)

P. Bordas, HESS Galactic, JPS-2015



Summary (I)
      

● 12 years of extremely successful H.E.S.S. operations

          ➤ effectively opening up the VHE window as a new astro-particle physics discipline

          ➤ constraining the origin of Galactic cosmic-rays

                    - testing the paradigm of SNRs: spectral cutoffs at TeV energies

                    - through single new accelerators + diffuse emission: PeVatrons!

        ➤ revealing VHE properties in powerful Galactic accelerators:

                    - properties of SNRs, PWNs, binaries, stellar-clusters… at the highest energies 

                    - yet many unidentified -> discovery of new source types?
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Summary (II)
      

● H.E.S.S.-II in operation since 2013

          ➤ first true “hybrid system” of Cherenkov telescopes (rather challenging!)

          ➤ lowering E-threshold down to ~ 50-100 GeV

                    - entering the Fermi-LAT regime (but with 10^5 times collection area)

                    - well-suited for variable phenomena (~hours-days) given high-statistics

                    - no real analog system in the horizon: CTA offers 24m, northern hemisphere

                    - hardware/software can be further improved => a true transients hunter!

M. Holler  | Crab Update |  28th July 2015  |  Page  
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Sensitivity vs. Time Plot

‣ For the GRB poster

‣ Using updated 
UltraLoose (Vela 
cuts) sensitivity

‣ Inspired by plot 
from Funk & Hinton 
(2013)

‣ Similar plot released 
last year

2
P. Bordas, HESS Galactic, JPS-2015
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