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• GRBs	at	HE	and	VHE:	
			~12	GRBs	per	year	Fermi-LAT	

• However,	most	science	
learnt	from	brightest	event-	
GRB130427A:	94	GeV	max	
energy	photon.	

	
VHE	emission	has	been	a	
decades-long	mystery	
	

Indica,ons	of	Gamma-Ray	Bursts	at	VHE	by	Fermi-LAT	

0.02
0.02

Ajello+, ApJ 863 138 (2018)

tGBM90	~	140	s,	tBAT90~	160	s	
z	=	0.34	



H.E.S.S.	telescopes:	
• Five	Cherenkov	
telescopes	(CT1-4	+	CT5)	

H.E.S.S. GRB follow-up observations: 2012 to 2017 

~104	

HESS Collaboration(ICRC 2015) 

Loca\on:	Namibia,	Africa	

Pro:	 Con:	



H.E.S.S. GRB follow-up observations: 2012 to 2017 

~104	

HESS Collaboration(ICRC 2015) 

Loca\on:	Namibia,	Africa	

Pro:	 Con:	

A	low	threshold	
energy	is	
everything!	

H.E.S.S.	telescopes:	
• Five	Cherenkov	
telescopes	(CT1-4	+	CT5)	
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H.E.S.S. GRB follow-up observations: 2012 to 2017 

• ~10	Fermi-GBM	GRBs/yr	
• ~1	Fermi-LAT	GRB/yr	

HESS	Collaboration	(ICRC	2017)	
(note-	plot	made	early	2019)	
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Swi0-XRT	GRBs		
energy	flux	distribu\on	at	11	hours	

Ruiz-Velasco+ (1st CTA symposium)
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•  Triggered	Fermi-GBM	and	
Swi0-BAT	(5	s	later).	

•  Fermi-LAT	detec\on	from	T0	to	
T0+700	s	(max.	energy	photon	5	
GeV).	

•  Extremely	bright	burst:	
–  2nd	brightest	a0erglow	

measured	by	Swi0-XRT.	
–  7th	brightest	prompt	emission	

detected	by	Fermi-GBM.	

•  Very	similar	x-ray	light	curve	to	
GRB130427A	and	GRB190114C.	

GRB	180720B	X-ray	11	hr	Energy	Flux		in	
Comparison	to	Other	Bright	Bursts	
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•  Triggered	Fermi-GBM	and	
Swi0-BAT	(5	s	later).	

•  Fermi-LAT	detec\on	from	T0	to	
T0+700	s	(max.	energy	photon	5	
GeV).	

•  Extremely	bright	burst:	
–  2nd	brightest	a0erglow	

measured	by	Swi0-XRT.	
–  7th	brightest	prompt	emission	

detected	by	Fermi-GBM.	

•  Very	similar	x-ray	light	curve	to	
GRB130427A	and	GRB190114C.	Adapted from Hinton+ (TAUP2019)

(ie.	long	GRB)	

GRB	180720B	X-ray	Lightcurve	in	
Comparison	to	Other	Bright	Bursts	

tGBM90	~	50	s, 	tBAT90~	100	s	
z	=	0.653	



H.E.S.S.	Observa,ons	of	GRB	180720B	
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put	naviga\on	
	plot	here	

•  Observa\on	started	~10	
hours	a0er	the	burst.	

•  Such	GRB	observa\ons	were	
excep\onally	late	\me	for	
HESS	to	carry	out	(mo\vated	
by	late-\me	brightness	of	
a0erglow	in	X-ray)	

•  Follow-up	performed	for	~2	
consecu\ve	hours	(zenith	
40º	to	25º)	

•  Moderate	presence	of	
clouds	at	the	beginning	not	
affec\ng	the	observa\ons.		



GRB	180720B	H.E.S.S.	Detec,on	
9	

	
■ Gone	in	re-
observa\on	18	
days	a0er	T0.	
■ Cross-check	
analysis	(totally	
independent	
calibra\on	and	
analysis	chain),	
influence	weather	
condi\ons	and	
other	systema\cs	

•  Observa\on	started	~10	hours	a0er	the	burst.	
•  Follow-up	performed	for	~2	consecu\ve	hours	(zenith	40º	to	25º)	

H.E.S.S.	detec,on:	~5.3σ	pre-trial,	5.0σ	post-trial	(5	similar	searches).	

HESS Collaboration Nature 575, 464–467 (2019)  
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Steep	spectrum	from	100	GeV	to	440	GeV	

HESS Collaboration Nature 575, 464–467 (2019) 

GRB	180720B	H.E.S.S.	Detec,on	
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Very	hard	intrinsic	spectrum	(EBL	de-absorbed),		
redshi0	0.65	(most	distant	GRB	from	the	3	detected	at	VHE)	
		

98% absorption at ~500 GeV due to EBL

HESS Collaboration Nature 575, 464–467 (2019) 

GRB	180720B	H.E.S.S.	Detec,on	
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GRB	180720B	Mul,-Wavelength	Light	Curve	

■ H.E.S.S.	flux	(100	-	440	GeV).	
Photon	index	consistent	with	
-2.0.				
■  Fermi-LAT	(detec\on	<	700	
s).	Photon	index	-2.0.		
■  XRT	Photon	index	is	-2.0.		

■  X-ray,	HE	+	VHE	Gamma-ray	
energy	fluxes	all	sit	at	a	
consistent	level.	
■  A0erglow	falling	at	same	
rate	in	all	high	energy	
wavelengths.		

HESS Collaboration Nature 575, 464–467 (2019) 



Possible	VHE	Emission	Processes	
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Efficiency	of	Synchrotron	Emission	

(Bcrit = 4⇥ 1013 G)

Ee > PeV

B = 0.1 G
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Efficiency	of	Inverse	Compton	Emission	

Requires: Ee > 400 GeV
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Electron Acceleration to PeV Energies 
Taking into Account Cooling?	
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HESS	Detec,on	of		
GRB	190829A	

SDSS	field	

tGBM90	~	60	s, 	tBAT90~	60	s	
z	=	0.078	

The detection of VHE emission in the deep afterglow of GRB 180720B



HESS	Detec,on	of	
GRB	190829A	

GR
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19
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Prospects	for	Future	Observatories	
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Swi0-XRT	GRBs	energy	flux	distribu\on	
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CT

A	

•  CTA	to	have	~10	\mes	bejer	
sensi\vity	than	H.E.S.S.	

•  Will	be	able	to	detect	flux	over	
many	decades	in	\me	with	
detailed	spectra	informa\on.	

•  Boost	the	detec\on	of	GRBs	at	
VHE.		
–  ~	3	GRBs	per	year	at	11	hours	
a0er	burst.	

–  ~	11	GRBs	per	year	at	5	hours	
a0er	burst	

Ruiz-Velasco+ (1st CTA symposium)
HESS Collaboration Nature 575, 464–467 (2019) 



Conclusions	

•  HESS efforts to observe GRB over the last two decades 
have finally paid off   

•  GRB 180720B was detected more than 10 hours after the 
GBM trigger 

•  Looking for a signal deep in the afterglow have proven to be 
very effective, leading to the HESS detection of a second 
GRB, GRB 190829A 

•  It is premature to conclusively state that the VHE emission is 
SSC in origin. However, a synchrotron origin would require 
additional physics to be feasible. 


