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Discovery 

 

•  First detected by U.S. military satellites: Vela 4 

•  Vela I pair launched in 1963 after the Partial Test Ban Treaty. 

•  Consisting of six gamma-ray detectors 
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Discovery 

 

•  Vela 5 and Vela 6 were on opposite sides 

of a circular orbit 250,000 kilometers in 

diameter                                                                                        

è difference in arrival time gave an error 

of 1/5th of a radian on the direction angle 

•  Time accuracy: ~ 0.2 s, sometimes as 

good as 0.05 s 
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1970 August 22 burst  
from Klebesadel et al. (1973) 
 

Discovery 

•  In 1973, Klebesadel, Strong, and 

Olsen published a paper describing 

16 gamma-ray bursts observed in 

1969-72. 

•  GRBs randomly distributed across 

celestial sphere 

 è bursts from outside solar system 
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Discovery 
Interpretation of early bursts 

Galactic or extragalactic sources? 

Galactic: distance ~ 10 kpc, total energy ~ 1041 – 1043 erg 

Extragalactic: distance ~ 10 Mpc, total energy ~ 1047 – 1049 erg 
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•  In 1993 there were 135 models 
•  Most involved neutron stars in our own 

Galaxy (quakes, comets falling, 
thermonuclear runaways, etc.) 

 
-> concentration in Galactic plane 

Discovery 
Interpretation of early bursts 
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April 5, 1991 – June 4, 2000 

Compton Gamma-Ray Observatory  

Almost twenty years later… 

Eight LADs are oriented like the eight faces of an 
octahedron.  Position of burst determined by relative counts 
in different detectors. 

BATSE Module: 
 20 keV to ~2 MeV range 

 

BATSE 
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BATSE results 

Operated for 9 years and detected 
2704 bursts. 

Time scales: 10-3 to 103 seconds. 

Accuracy: 
-  Bright ones: 2°  
-  Dim ones: 10° 

è Difficult to identify 
counterparts 

Huge variety of GRBs observed 
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BATSE results 
Long vs short GRBs 

Minimum time interval 
in which 90% of the 
burst fluence is 
contained. 

 

Classification of GRB 
depending on duration 
started: long vs short 
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BATSE results 
Origin of GRBs 

•  ~1 GRB / day observed 

•  No repeating source 

•  Randomly distributed 

è no correlation with galactic plane  

+ Low luminosity deficit: 

-  Very nearby bursts centered on Earth? 

-  Very extended spherical halo around the Galaxy? 

-  Cosmologic origin (and extremely energetic)? 
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A step forward 
Optical counterparts 

GRB 970508 

 

X-ray localization 
(BeppoSAX) allowed 
optical detection, 
while still on the rise 

 

è spectral 
measurement 
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A step forward 
Optical counterparts 

GRB 970508 

 Absorption lines: z=0.835 Host Galaxy detected: z=0.835 

After measuring redshifts from 
different GRBs, it was concluded that 
they were cosmological sources. 
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Gamma-Ray Bursts 

•  Short flashes of gamma-rays (MeV band) 

•  Prompt emission with variable temporal structure followed by longer-

lived, smoothly decaying «afterglow», emitted at all wavelengths. 

•  Huge energy output: E~1054 erg, L~1051 erg/s 

•  Typical redshift: z~1-2   (but have been detected up to z~9.4) 

•  Long (duration > 2s)            or                  Short (duration < 2s) 

 

 

Hypernova Merger 
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Why observe GRBs at VHE? 

Central engine: 
 

•  Constrain particle acceleration 
and radiation processes models 
(total energy radiated in GeV, 
SED…) 

•  Determine the physics of the jets 
(outflow speed, emission site…) 

•  Explore jet composition and test 
UHECR origin (hadronic spectral 
signatures?) 

Exotic physics: 
•  Test for Lorentz Invariance 

Violation 
 

Cosmology, propagation models: 
 

•  Measure gamma-gamma attenuation 
due to Extragalactic Background Light 
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Fig. 2.— Estimation of the CGRH from every blazar in our sample plotted with blue circles. The statistical uncertainties are shown with
darker blue lines and the statistical plus 20% of systematic uncertainties are shown with lighter blue lines. The CGRH calculated from
the EBL model described in Domı́nguez et al. (2011a) is plotted with a red-thick line. The shaded regions show the uncertainties from the
EBL modeling, which were derived from observed data.

on the blazar spectra since it allows us a wider range of
spectral indices (i.e., this results in a rather conservative
hypothesis for our analysis). For this same reason, we
prefer to use as conservative upper limits the results by
Mazin & Raue (2007) rather than the newer results by
Meyer et al. (2012) that are based on a more constrain-
ing spectral condition. The EBL evolution is expected to
affect the optical depth calculated at higher redshifts. To
account for this effect we evolve conservatively the EBL
upper limits at all wavelengths as (1 + z)5 (in the co-
moving frame) when calculating the optical depths from
these EBL limits from Mazin & Raue (2007). We note
that this is a robust limit given the fact that the maxi-
mum evolution (which is dependent on the wavelength) is
(1+z)2.5 in a realistic model such as D11 for 0 ≤ z ≤ 0.6
(the redshift range of our blazar catalog).
The third constraint that we apply for our fits is to re-

quire only monotonically increasing functions for log10(τ)
as a function of log10(E). This condition is also expected
for any realistic EBL spectral intensity, which comes from
galaxy emission, given the increasing behavior of the
pair-production interaction with energy. Interestingly,
we see in Figure 1 that in most cases the IACT obser-
vations are indeed detecting the flux decrement given by
the CGRH feature (i.e., the Cherenkov observations span
from negative to positive values of log10(τ)).
We find that the CGRH derived from 9 out of 11

blazars where our maximum likelihood methodology can
be applied, is compatible with the expected value from
the D11 model. The estimations from other EBL mod-
els such as Franceschini, Rodighiero & Vaccari (2008),
Finke, Razzaque & Dermer (2010) (model C), and
Somerville et al. (2012) are in agreement within uncer-
tainties with the EBL model by D11. We note that
the fit of 1ES 1101−232 has only one degree of free-

dom, see Table 1. The uncertainties of the two lowest
redshift blazars (Mkn 501 and Mkn 421) are systemati-
cally higher because the optical depth for these cases be-
comes unity at energies larger than the energies observed
by the Cherenkov telescopes. Therefore, in these cases
τ = 1 is given by an extrapolation of the polynomials
rather than an interpolation between observed energies
(see Fig. 1) leading to greater uncertainty. For the case of
1ES 2344+514 with fast flux variability timescale, a value
of E0 in agreement with the estimation by the D11 EBL
model is derived. However, for this case the uncertainties
are larger than E0 and therefore no useful constraint can
be derived. For the case of 1ES 2344+514 with slow flux
variability timescale, the SSC predicted flux is lower than
the flux given IACT data. For H 1426+428, both flux
variability timescales give uncertainties in the measure-
ment of E0 larger thanE0 and therefore no constraint can
be derived. In both cases the synchrotron/SSC model
does not seem to correctly fit the multiwavelength data.
Our maximum likelihood procedure cannot be applied to
any flux state on four blazars (1ES 1959+650, W Comae,
H 2356−309 and 1ES 1011+496). There are different ex-
planations for this fact. Some blazars have shown flux
variability on the scale of minutes (e.g., Aharonian et
al. 2007; Albert et al. 2008; Aleksić et al. 2011b; Arlen
et al. 2013) and the IACTs tend to detect the sources
in higher-flux states. In most cases, the LAT data are
not simultaneous with the IACT and other multiwave-
length data. We have tried to alleviate this problem
by choosing SEDs that are based on a low, non flar-
ing state, where the variability seems to be small. In
this way the effects of variability from epoch to epoch
have been minimized. We compare the long-term light
curves in X-rays using the quick-look results from the
All Sky Monitor (ASM) aboard the Rossi X-Ray Timing

Gamma-ray horizon 

è Gamma-ray horizon z~1 

High-energy astrophysics: 

•  Gamma-rays can interact with photons at lower energies, converting into an 
electron-positron pair 

•  At 1 TeV, the gamma- rays will be more likely to interact and be affected by 
infrared photons 
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Extragalactic Background Light (EBL): 

•  Cosmic Optical Background (COB)     
+ Cosmic Infrared Background (CIB) 

 

•  Critical observable for models of 
reionization, galaxy formation and 
evolution, as well as high-energy-
astrophysics phenomena 



HESS	
Experiment	
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H.E.S.S. 
Khomas Highlands, Namibia     ~1800m 

 

Tania Garrigoux Moriond 2017 18 

4 Telescopes of 
12 m diameter 1 Telescope of 

28 m diameter  



•  Form recognition and stereoscopy 
•  Energy range: 100 GeV (~20 GeV for CT5) to a few tens of TeV 
•  Field of view: 5˚ for small telescopes, 3˚ for the large one 
•  Resolution: 0,07˚ (HESS I) 
•  Science studies 
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Extragalac)c:	
ü  Ac)ve	Galac)c	Nuclei	(AGN)	…	
?  Gamma-Ray	Bursts	(GRB)	

Exo)c:	
?  Dark	Ma:er	…	

Sources 
Galac)c:	
ü  Supernova	Remnant	(SNR)	
ü  Pulsar	
ü  Pulsar	Wind	Nebulae	(PWN)	…	
ü  Giant	molecular	clouds	(Diffuse	emissions)	

Others:      EBL, LIV, electrons … 

				 				?	

High Energy Stereoscopic System 



The VHE Gamma-Ray Sky 

About	140	sources	of	Very-High-Energy	Gamma-Rays	Known	
	

H.E.S.S.	:			~	90	iden)fied	sources,	~50%	galac)c	
Tania Garrigoux Moriond 2017 20 



Why observe GRBs with HESS? 
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The world's largest 
Gamma-Ray Telescope 

with a mirror area of  
32 m X 28 m 
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Field Of View: 3˚ x 3˚ 
Energy threshold: ~20 GeV 

Cherenkov Telescope 5 (CT5) of HESS 



Why observe GRBs with HESS? 
Rapid repointing system: 
 

•  Full rotation in 3.5 minutes 

•  Reverse-mode pointing 
 

•  Dedicated target of opportunity (ToO) observation system 
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The H.E.S.S. II GRB Observation 
Scheme  

Gamma-ray bursts (GRBs) are some of the Universe's most 
enigmatic and exotic events. However, at energies above 10 
GeV their behaviour remains largely unknown. Although 
space based telescopes such as the Fermi-LAT have been 
able to detect GRBs in this energy range, their photon 
statistics are limited by the small detector size. Such 
limitations are not present in ground based gamma-ray 
telescopes such as the H.E.S.S experiment, which has now 
entered its second phase with the addition of a large 600 m2 
telescope to the centre of the array. Such a large telescope 
allows H.E.S.S. to access the sub 100-GeV energy range 
while still maintaining a large effective collection area, 
helping to potentially probe the short timescale emission of 
these events.  
 
We present a description of the  H.E.S.S. GRB observation 
programme, summarising the performance of the rapid GRB 
repointing system and the conditions under which GRB 
observations are initiated. Additionally we will report on the 
GRB follow-ups made during the 2014-15 observation 
campaigns. 

GRBs with H.E.S.S II 
The H.E.S.S. rapid repointing system is optimised to provide the best possible response time for 
so called targets of opportunity (ToOs). This system is designed to observe these ToOs as fast as 
possible, without human intervention. The repointing scheme has been greatly improved by the 
optimisation of 2 key systems. 
 
Drive System: 
§ Drive system of CT5 has been improved over the smaller telescopes 
§  180o azimuthal rotation possible in around 110 seconds 
§ Possible to drive the telescopes through zenith rather than rotate by 180o (reverse mode) 

§ Greatly reduces the potential repointing time for GRBs 

Data Acquisition system: 
•  In the past a significant amount of repointing time was taken up by overheads from the data 

acquisition system, largely from the stopping of the previous observation run and starting of the 
new GRB run 

•  New ToO system optimises run transitions to minimise unnecessary time losses 
•  DAQ overhead now significantly reduced, repointing time now dominated by telescope slewing 
•  ToO system performance continually monitored and improved (Figure 3) 

The full ToO system is now up and running and has worked well for a number of real and 
simulated gamma-ray burst observations 
 

The HESS Rapid Repointing ToO System 

Prompt Observations: 
Prompt bursts are defined as those observable in H.E.S.S. 
darktime 
Zenith angle  < 60o for more than 30 minutes 
Prompt bursts have the highest observation priority in H.E.S.S. 
Bursts are observed for 2 hours or until zenith angle is >60o  

Observations are scheduled without human intervention 
4-6 prompt observations expected per year  
 
Afterglow Observations: 
Afterglow observations are those occurring outside H.E.S.S. 
darktime 
Zenith Angle < 45o for more than 30 minutes  
          24 hours delay allowed after trigger if z<0.1 
          12 hours delay allowed after trigger if z<0.3 
          6 hours delay allowed  after trigger if z<1 
          4 hours delay allowed after trigger if z is unknown 
Bursts are observed for 2 hours or until zenith angle is >45o  
10-12 afterglow observations expected per year 
 

Observation Selection 
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Figure	2:	GRB	observa2on	total	response	2me	(top),	response	2me	scaled	by	the	angular	distance	of	the	repoin2ng	(middle)	
and	the	total	so@ware	2me	overhead	(boBom)	for	a	number	of	real	and	fake	GRB	observa2ons	(purple	stars	mark	real	GRBs).	
Figure	adapted	from	[2].		

Figure	1:	Frac$on	of	$mes	within	which	the	CT5	telescope	is	able	to	arrive	at	a	
(random)	target	posi$on	on	the	sky	versus	the	$me	a>er	the	issue	of	the	
repoin$ng	command.	This	frac$on	is	shown	for	the	systems	with	
(eleva$on<175◦,	red	line)	and	without	(eleva$on<90◦,	black	line)	reverse-
mode	enabled.	Figure	reproduced	from	[1].		
	

Potential repointing positions for the NASA GCN system [3] 
from 2 instruments Swift-BAT and Fermi-GBM 
 
Swift-BAT [4] 
 
•  Coded mask gamma-ray detector 
•  Sensitive from 15-150 KeV 
•  Positional accuracy at arcminute level  
•  1.4 steradian sky coverage 
•  ~ 90 GRBs detected per year 
 
Fermi-GBM [5] 

•  Scintillation detector on the Fermi spacecraft 
•  Sensitive from 8 KeV-40 MeV 
•  Positional accuracy typically several degrees 
•  Covers almost the full unocculted sky 
•  ~ 200 GRBs detected per year 

Taking into account the delay of the GCN system, the hardware and software 
overheads, and the repointing time of the array we expect to arrive at the GRB 
target position within 2-3 minutes for many possible observation positions. 
Analysis of simulated data shows that we expect to be sensitive down to 
around 50 GeV, greatly overlapping with the observed range of energies 
already seen by Fermi-LAT, with a greatly increased effective area. First mono 
analysis of H.E.S.S. II data taken on GRB 140818B reveals no significant 
emission. However, this shows a stable and sensitive low energy analysis and 
providing upper limits on emission down to 100 GeV. 
 
References 
[1] P. Hofverberg, R. Kankanyan, M. Panter, et al. Commissioning and initial performance of the 
H.E.S.S. II drive system. Proceedings of the 33rd International Cosmic Ray Conference, 2013.  
[2] A. Balzer, et al, The Performance of the H.E.S.S. Target of Opportunity Alert System. 
Proceedings of CHEP 2015.  
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Astrophysical Journal, Volume 702, 1, 791-804, 2009  

GRB 140818B 

Figure	3:	Significance	maps	of	the	first	observa2on	run	(le@)	and	all	runs	for	the	GRB	observa2on,	maps	are	smoothed	with	an	oversampling	radius	of	0.1o		

GRB 140818B was a long GRB detected by a number of dedicated GRB 
instruments (Fermi-GBM, Swift-BAT & XRT) at 18:44:16UTC 
 
Although this event took place within the Fermi-LAT field of view, no 
detection was made by this instrument 
 
This GRB alert reached the H.E.S.S. observatory at 18:45, immediately 
triggering an automated array repointing 
 
Observations began at 18:46, with a delay of 117 seconds after burst 
detection and only 78 seconds after the alert was received 
 
In total H.E.S.S. took 4 consecutive data taking runs with CTs 1-5, with a 
total of almost 2 hours observation time. 
 
Analysis made using low energy optimised mono event analysis (CT5 only)  

Figure	4:	Differen2al	flux	upper	limits	(99%	confidence)	
at	the	Swi@-XRT	reconstructed	posi2on	for	the	first	
H.E.S.S.	data	taking	run	(117-1758	seconds	a@er	burst	
2me)	

Run	 Time	a*er	
Burst	(seconds)	

Integral	Flux	(m-2s-1)	

1	 117-1758	 3.9	x	10-7	

2	 1865-3544	 2.6	x	10-7	

3	 3613-5298	 5.1	x	10-7	

4	 5365-7023	 1.8	x	10-7	

Figure	5:	Integral	flux	upper	limits	(99%	confidence	level	above	100	GeV)	at	the	
Swi@	reconstructed	posi2on	for	the	H.E.S.S.	data	taking	runs	and	total	of	4	runs	
(assuming	a	spectral	index	of	2)	

FIGURE 1. GRB observation total response time (top), response time scaled by the angular distance of the repointing (middle)
and the data acquisition system time overhead (bottom) for a number of real and fake GRB observations. Figure adapted from [9].

GeV). This reduction in threshold, combined with the still large e↵ective area (> 104m2) has substantially improved
the changes of a GRB detection. The combination of H.E.S.S. II with facilities at other wavelengths would allow the
study of GRBs in ways never before possible.

The H.E.S.S. II Rapid Repointing System

As the fall of in intensity of GRBs after the initial burst is quite rapid, in order to maximise the chance of a significant
detection wth the H.E.S.S. array, we must ensure the telescopes are able to slew to the target positions and begin
observations as soon as possible after the GRB. This repointing time is minimised firstly by the significant upgrade in
drive system performance of CT 5 over the original H.E.S.S. telescope (see [8] for details),allowing the instrument to
perform a 180� rotation in only 110 seconds. In addition the CT 5 is also able to point in reverse mode, enabling the
telescope to slew through zenith allowing it to arrive on target much faster for GRBs that would otherwise require a
long slew in azimuth.

In order to ensure a responce to GRB alerts as soon as possible as fully automatic array repointing system has
been implemented when a GRB alert matching the observation criteria is received. This system begins observations
immediately after an alert is received, initiating a special purpose run type, which minimises the hardware and software
state transitions to ensure the fastest possible repointings (see [9]). This system is regularly checked by the injection
of fake GRBs into the system. Figure 1 shows the responce time of the repointing system to both real and fake bursts
over time, demonstrating the optimisation of system responce time.



Why observe GRBs with HESS? 
Rapid repointing system: 
 

•  Full rotation in 3.5 minutes 

•  Reverse-mode pointing 
 

•  Dedicated target of opportunity (ToO) observation system 

GRB alerts: 
 

•  VoEvent Alert System: Fermi-GBM and the Swift-BAT 
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Swift’s Burst Alert Telescope (BAT)  

Coded mask hard X-ray 
detector  

 
Sensitive from 15-150 KeV  

 

Positional accuracy at 
arcminute level  

 

1.4 steradian sky coverage  

 
~ 90 GRBs detected per year  
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The fermi satellite 

Detection technique Applications Next time

Detection with � satellite telescopes

• Fermi launched in 2008

•
Composed of

Large Area Telescope (LAT)

and

Gamma-ray Burst Monitor (GBM)

•
LAT energy range ⇠ 20 MeV –

100 GeV

C. Couturier (LPSC) Gamma astronomy October 22nd, 2015 28 / 26

•  Launched in 2008 

•  Composed of  

-  Large Area 
Telescope (LAT) 

-  Gamma-ray Burst 
Monitor (GBM) 
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Fermi 
GBM 

Scintillation detectors 

 

Energy range:                          
8 keV – 40 MeV 

 

Accuracy on position: ~5° 

 

Covers almost the full 
unocculted sky 

 

Rate of detection: ~ 240/year 
 ~20% short bursts 
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Fermi 
LAT 

Energy range:                     
~20 Mev – 100 GeV 

Accuracy on position < 1° 

70 degree half-angle FoV 

 

Rate of GRB detection: ~ 10/year 
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Why observe GRBs with HESS? 

At 30 GeV,  H.E.S.S. II has a detection area almost 10 times larger than the 
Fermi-LAT, while maintaining an angular resolution of around 0.25° 
 
We expect to arrive at the GRB target position within 2 minutes for the 
majority of possible observation positions. 

Rapid repointing system: 
 

•  Full rotation in 3.5 minutes 

•  Reverse-mode pointing 
 

•  Dedicated target of opportunity (ToO) observation system 

GRB alerts: 
 

•  VoEvent Alert System: Fermi-GBM and the Swift-BAT 
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Selection criteria 

•  Observable during H.E.S.S. 
darktime 

•  Zenith angle above 60° 
•  Observation time > 30 mins 
•  4-6 per year expected 

  

•  Not observable immediately 
at burst time 

•  Zenith angle above 45° 
•  Observation time > 30 mins 
•  8-12 per year expected 
•  Additional cuts on delay 

between burst time and 
observation time, 
depending on redshift 

  

Prompt Afterglow 



GRB 140818B

Long burst detected by 
both Swift and Fermi-GBM

Position known to high 
accuracy

Within the LAT field of view 
(37 degrees off bore sight) 
but not detected

HESS observations began 
around 120 seconds after 
burst time and only 78 
seconds after the alert was 
received 





HESS Observations
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In total H.E.S.S. took 4 consecutive data taking runs with CTs 1-5, with a total of 
almost 2 hours observation time. 

Analysis made using low energy optimised mono event analysis (CT5 only) 

GRB 140818B: Significance maps
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Differential flux upper limits (99% C.L.) 
for the first run 

Integral flux upper limits (99% C.L. >100 GeV) 
assuming a spectral index of 2 

GRB 140818B: Upper limits
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Summary (1) 
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Gamma-Ray Bursts are the most luminous and violent explosions in 
the Universe 
 

Interesting in many fields (central engine physics, propagation 
models, exotic physics…). They open a window to the era of cosmic 
reionization and the earliest star formation.  
 

Have been observed since about 50 years, in radio to HE γ 
 

… and yet, they remain one of the most enigmatic phenomena 
 
 
Multiwavelength simultaneous observations are essential to 
constrain the models 
 



Summary (2) 
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The HESS experiment GRB follow up observations: 
 

 Taking into account the delay of the alert system, the 
hardware and software overheads, and the repointing time of the 
array we expect to arrive at the GRB target position within 2-3 
minutes for many possible observation positions.  
 

 Analysis of simulated data shows that we expect to be 
sensitive down to around 50 GeV, greatly overlapping with the 
observed range of energies already seen by Fermi-LAT, with a 
greatly increased effective area.  
 

 First mono analysis of H.E.S.S. II data taken on GRB 
140818B reveals no significant emission. However, this shows a 
stable and sensitive low energy analysis and providing upper limits 
on emission down to 100 GeV.  
 
 



Thank you! 
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Fermi satellite 
GRB results 

LAT bursts have shown two 
common and interesting 
features:  
        - delayed emission 
compared to lower energy 
bands  
        - longer lasting prompt 
emission compared to lower 
energy bands. Decays as a 
power law. 
 

Unanticipated: detection of two 
short bursts. General behavior 
similar to long bursts 

GRB 080916C: 
z = 4.35, Eiso ≈ 8.8×1054 ergs 
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Counts-map:
No gamma found in coincidence with the GRB location 
within the studied energy range (100 MeV – 300 GeV)

Integral flux upper limits (99% C.L.) 
assuming a E-2 spectrum

Φ (100 MeV < E < 300 GeV) < 2.13e-09 erg

GRB 140818B: Fermi analysis

38


