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What are GRBs?
Intense bursts of gamma-rays

Duration: ~10ms - hundreds of seconds

happen at a random position on the sky 
never repeat



Burst spectra: “Band” function

Most GRB spectra can 
be fit by the Band (1993) 
function

which is a 
phenomenological 
function without being 
motivated by any theory. 



Optical/X-ray afterglows
Discovery of optical & X-ray afterglows in 1997

Cosmological origin

van Paradijs et al. (1997)



XRT afterglow light curves

Strong late-time activitiesA “canonical” X-ray decay  
light curve without flares



The Fireball Model

c.f. Piran (2004)

gamma-rays X-ray, optical, radio afterglow

Photosphere
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EGRET observations of  
GRBs

GRB 941017

GRB 940217



Fermi era



What does Fermi see?

from N. Omodei

as of 2011-01-20



What does Fermi see?

from N. Omodei

as of 2011-01-20

however, LAT does not see GeV emission from most GRBs 
(see, e.g., Ackermann et al., 2012)



from Nicola Omodei



LAT observations of  GRBs

Delayed onset of high-energy emission (prompt phase)

extra spectral components (prompt phase)

extended GeV emission



GRB 080916C



GRB 080916C



Second component during prompt phase

GRB 090902B

Abdo et al. (2009)

GRB 090510

Ackermann, et al. 2010



Swenson et al. (2010)

Abdo et al. (2010)

GRB 090926A

GRB 090510

Power-law decay index



Catalog light curves

LAT Collaboration (first Fermi-LAT GRB catalog, 2013)

GRB 090926A



Contemporaneous X-ray/
GeV flares?

LAT detection: TS=32

within 3-sigma

Abdo et al. (2011)

GRB 100728A: LAT detection during X-ray flares



GRB 110625A: LAT detection without 
X-ray flares

Weighted background

Power-law fit

deviates from PL
at 96.77%

Tam et al. (2012)



GRB 130427A



GRB 130427A
T90 ~ 138s

Fluence~2x 10-3 erg cm-2, putting it as the GRB with the highest 
fluence in GBM and Konus-Wind mission lives

Also highest fluence in LAT energy range, and the most 
luminous GRB at z<0.5

Twelve >10 GeV photons were detected in the first 700s after 
the burst onset

a 95 GeV photon arrived at T0 + 243s, corresponding to an 
intrinsic photon energy 128 GeV at z=0.34, breaking the records



10-100 GeV photons

Fan, Tam, et al. (2013) Tam et al. (2013)

GRB 130427A is peculiar, that it emits many high-energy 
gamma-rays during the afterglow period



Light curves

Fan, Tam, et al. (2013) Tam et al. (2013)



Spectral evolution

Two spectral components  
are found to co-evolve

Tam et al. (2013)



Spectral evolution

Tam et al. (2013)
Significance of broken power law

over power lawPower law index doesn’t change!

Figure S1. Spectral Energy Distribution of LAT data in five different time intervals
(a=138–196 s, b=196–257 s, c=257–750s, d=138–750 s, e= 3000s–80000 s).
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Ackermann et al. (2013)



extended emission 
mechanism

Synchrotron emission (e.g., Kumar & Barniol 2009, 
Ghisellini et al. 2010)

but there exists a maximum synchrotron energy, it is 
hard to explain the >10 GeV photons 
 
 
 
 

Fan, Tam, et al. (2013)
also see Ackermann et al. (2013)



extended emission 
mechanism

Synchrotron emission (e.g., Kumar & Barniol 2009, 
Ghisellini et al. 2010)

but there exists a maximum synchrotron energy, it is 
hard to explain the >10 GeV photons

Inverse-Compton emission, long suspected, provides a 
natural explanation for the extra hard component at 
>10 GeV energies (Fan et al. 2013, Liu et al. 2013, also 
see Ackermann et al. 2013)



Are we seeing two mechanisms?

Liu et al. (2013)

synchrotron inverse Compton



VERITAS non-detection

VERITAS observations 
were initiated the 
following night, 71.128 
ks after the Fermi-
GBM trigger. 

Observations lasted for 
59 minutes until 
moonrise.  
 
Aliu et al. (2014)



GRB 130907A
A 55 GeV photon was found 
about 5 hr after the prompt 
phase 

The energy of this photon (55 
GeV) exceeds the maximum 
synchrotron photon energy at 
this time

SSC emission of the afterglow? 
(Tang, Tam & Wang, 2014)



GRB 130907A
A 55 GeV photon was found 
about 5 hr after the prompt 
phase 

The energy of this photon (55 
GeV) exceeds the maximum 
synchrotron photon energy at 
this time

SSC emission of the afterglow? 
(Tang, Tam & Wang, 2014)

Yet another GRB 160310A
1.36 GeV@100s; 27 GeV@5800s 

GRB-940217-like bursts



GRB 131231A

Liu, B. et al. (2014)
Probably the strongest case for IC emission, besides 130427A



GRB 160509A
0-1 hr, Γ ~-2.1

1-4 hr , Γ ~ -1.6

1-24hr, Γ ~ 1.0

One 28.9 GeV photon seen by the LAT at 70 ks! (Tam et al. in 
preparation)

VERITAS only obtained an upper limit (David William), 
observations should be within one day after the burst

cut-off at 30-100 GeV (EBL attenuation)? (z=1.17)













H.E.S.S. GRB observing program

  Receiving GRB Coordinates network (GCN) Notices 
 
 
 
 
 
 
 
 
 



H.E.S.S. GRB observing program

  Receiving GRB Coordinates network (GCN) Notices

  Upon reception and filtering of a GCN Notice, we will observe 
the burst position as soon as possible (while interrupting the on-
going/planned observations), limited to:  
 
- H.E.S.S. dark time (no moon) 
- Zenith angle < 45 deg 
 
 
 



H.E.S.S. GRB observing program

  Receiving GRB Coordinates network (GCN) Notices

  Upon reception and filtering of a GCN Notice, we will observe 
the burst position as soon as possible (while interrupting the on-
going/planned observations), limited to: 
 
- H.E.S.S. dark time (no moon) 
- Zenith angle < 45 deg

  We start GRB observations up to ~24 hours after onset  

  Invest more time for more promising sources (i.e. low-redshift, 
short delay)



GRB observing strategies

Pop-up window: shows up when an alert arrives 
 
 
 
 
 
 



GRB observing strategies

Invest more time for more promising sources  
(i.e. low-redshift, short delay)

To observe a corresponding GRB position up to 
- 24h after trigger  if z<0.1 is reported 
- 12h after trigger if z<0.3 is reported 
- 6h after trigger  if z<1.0 is reported 
- 4h after trigger                     if z is unknown.



HESS-observed GRBs

Aharonian…Tam…(2009)



Summary of  HESS-
observed GRBs

22 GRBs with good data published

Brightest one (seen by satellite): GRB 030329

Nearest: GRB 060505 (z=0.089)

Shortest delay: GRB 070621 (~ 6 min)

The largest published sample of GRB afterglow 
observations using an air Cherenkov instrument (>20 
GRBs and observation hours ~32h)





10 of  them have redshift information; 6 have z < 1 

Aharonian…Tam…(2009)





GRB 100621A

Brightest XRT burst 
before 130427A

z=0.542

H.E.S.S. collaboration (2014)



H.E.S.S. is sensitive to bright  
GRBs even with 10-h delay!



What’s next?

Lower the energy threshold, to O(30 GeV)

shorten the time delay



Lower the energy threshold

2012-now2002-2012



 
CT5, the 28-m dish telescope

CT1-4,  
the original 13-m telescopes











Shortening the time delay



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

Fully automatic, no human-in-loop

In order to minimise this delay, 2 major improvements have been 
made for CT5 over the original 4 telescope array 
 
1. the telescope drive system of CT5 is significantly updated over that 
of the original H.E.S.S. system, allowing a full rotation of the 
telescope (360 in azimuth) in 3.5 minutes 
 
2. CT5 is able to point in reverse-mode, allowing the telescope to slew 
through zenith, resulting in significantly faster repointing for some 
GRBs, where otherwise a large azimuthal slew would be required 





Summary
Evidence for a hard spectral component at >GeV energies 
during the late afterglow is accumulating

LAT GRBs are rare, but each individual burst is rather 
special!

H.E.S.S. phase II is ready. Automatic re-pointing and the 
large telescope has been updated to shorten the delay time 
as much as possible

Stay tuned, for the first >30 GeV light curve and spectrum 
from a nearby GRB using both ground-based and space 
telescopes



Spare slides





Fraction of times within which the CT5 telescope is able to arrive at 
it’s target position random position on the sky versus the time after 
the issue of the repointing command. This fraction is shown for the 

systems with (EL<175, red line) and without (EL<90, black line) reverse 
observations enabled. 


