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The long quest for the dectection of GRBs at VHE

s During more than 20 years, numerous attempt to detect GRBs at VHE have been performed
m Hint of signal for GRB 970417A in Milagrito (Atkins et al. 2000 )
m 95 GeV photon detected by Fermi/LAT from GRB 130427A (Ackermann et al. 2013)
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The long quest for the dectection of GRBs at VHE

s During more than 20 years, numerous attempt to detect GRBs at VHE have been performed

m Hint of signal for GRB 970417A in Milagrito (Atkins et al. 2000 )
m 95 GeV photon detected by Fermi/LAT from GRB 130427A (Ackermann et al. 2013)

m First detection at VHE achieved in 2018 by H.E.S.S. with GRB 180720B (Abdalla et al. 2019)

m Quickly followed by detections by H.E.S.S. and MAGIC of GRB 190114C, GRB 190829A

and GRB 201216C
(MAGIC Collaboration 2019, H.E.S.S. Collaboration 2021, MAGIC Collaboration 2021)

m More recently, detection by LHASSO of the BOAT, GRB 221009A 200" |
(LHASSO Collaboration 2023) :

w
Q
—

-3°00' &

Declination (J2000)

w
]

1 GRB 180720B (To+10 hours)
.HES.S.

J
O0h06m  04m 02m 00m
Right Ascension (J2000)

Abdalla et al. (2019)

\
Mathieu de Bony WNJu 121092023

H.E.s.s\



The long quest for the dectection of GRBs at VHE

s During more than 20 years, numerous attempt to detect GRBs at VHE have been performed

m Hint of signal for GRB 970417A in Milagrito (Atkins et al. 2000 )
m 95 GeV photon detected by Fermi/LAT from GRB 130427A (Ackermann et al. 2013)

m First detection at VHE achieved in 2018 by H.E.S.S. with GRB 180720B (Abdalla et al. 2019)

m Quickly followed by detections by H.E.S.S. and MAGIC of GRB 190114C, GRB 190829A

and GRB 201216C
(MAGIC Collaboration 2019, H.E.S.S. Collaboration 2021, MAGIC Collaboration 2021)

m More recently, detection by LHASSO of the BOAT, GRB 221009A 200" |
(LHASSO Collaboration 2023) :

w
Q
—

-3°00' &

Declination (J2000)

w
]

1 GRB 180720B (To+10 hours)
.HES.S.

J
O0h06m  04m 02m 00m
Right Ascension (J2000)

I i Abdalla et al. (2019
Why so many detections in the recent years and none before ? alla et al. (2019)
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H.E.S.S. GRB program

m H.E.S.S is performing follow-up observations of GRBs since the start of the operation in 2004

m [rigger conditions for follow-up has evolved across time

m Follow-up of alerts from various instrument :
m HETE 2
m Swift/BAT
m Fermi/GBM
m Fermi/LAT
m INTEGRAL
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H.E.S.S. GRB program

m H.E.S.S is performing follow-up observations of GRBs since the start of the operation in 2004

m [rigger conditions for follow-up has evolved across time

m Follow-up of alerts from various instrument :
m HETE 2
m Swift/BAT
m Fermi/GBM
m Fermi/LAT
m INTEGRAL

m Construction in 2012 of CT5,
the central 28m telescope,
allowing for a much lower energy threshold
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Analysis of archival data

m Cross-match GRBs catalogue and H.E.S.S. observation database
m Considering data taken between January 2004 and October 2019
m Standard H.E.S.S. GRB quality check
m Each single run is verified manually
m Unblinding of the data only after data quality
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Analysis of archival data

m Cross-match GRBs catalogue and H.E.S.S. observation database
m Considering data taken between January 2004 and October 2019
m Standard H.E.S.S. GRB quality check
m Each single run is verified manually
m Unblinding of the data only after data quality
m GRB 180720B and GRB 190829A (detected by H.E.S.S.) are not considered

m Analysis of observations of 63 GRBs

m Separated in two groups :
m GRB with poor localisations (mainly Fermi/GBM), 10 GRBs, 19.0 h of observations
m GRB with precise localisations, 53 GRBs, 81.3 h of observation
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A large number of observed GRBs
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Analysis of each GRB

m An individual analysis is performed for each GRB

GRBs without precise localisation :
Theta2 and integral upper limit
| 62 ModelMono [GRB161001A_cluster1] |
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Analysis of each GRB

m An individual analysis is performed for each GRB

GRBs without precise localisation : GRBs without precise localisation :
Theta2 and integral upper limit significance map and integral upper limit map
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Possible to reject emission as bright as
VHE detected GRBs

m Extrapolation of the spectra of GRB 190829A and GRB 190114C to observation of GRB 161001A
m Correction for difference of EBL absorption due difference of redshift
m Correction for difference of delay and observation window

GRB161001A
1078 4 —— Extrapolation from GRB 190829A
] —— Extrapolation from GRB 190114C
H4 H.E.S.S. UL from GRB 161001A

'_I'T| 10_9 E
U? E n u
N Preliminary
5
© 107104
9 z
X
=
£ 107114
c ]
g RN R
= ¥
a

10—12 :

10—13

1071 10° N
@ Mathieu de Bony Energy [TeV] QQQ 12/09/2023

H.E.s.s\



Analysis results of all localized GRBs
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N2 2
Population studies : Swift/BAT and XRT GRBs

m Most GRBs detected by Swift/BAT and Swift XRT
m Large sample of GRBs, properties of the prompt and afterglow phase
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Population studies : Swift/BAT and XRT GRBs

m Most GRBs detected by Swift/BAT and Swift XRT
m Large sample of GRBs, properties of the prompt and afterglow phase

m Comparing properties of our sample to VHE detected GRBs
(GRB 180720B, GRB 190114C, GRB 190829A, GRB 201216C, GRB 221009A)

m Comparing properties of our sample to all Swift/BAT GRBs
m Using official Swift/BAT catalog  (Lien et al. 2016)

m GRB 190829A is a candidate for the low luminosity GRB class
= Will look at comparison with and without GRB 190829A
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Prompt : T90 distributions
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Prompt : T90 distributions
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Prompt : T90 distributions

| mmm All BAT GRBs
1 B BAT GRBs followed by H.E.S.S
----- BAT GRBs detected at VHE w/o GRB 190829A
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Prompt : T90 distributions
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Prompt : Fluence distributions
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Prompt : Fluence distributions

| = All BAT GRBs
1 B BAT GRBs followed by H.E.S.S
----- BAT GRBs detected at VHE

107 1

Preliminary

101 1

1009 -

107° 1078 1077 107° 10—° 104 1073

Fluence [erg.cm™2]

@ Mathieu de Bony

\
NJy  12/09/2023

H.E.s.s\J

25



Prompt : Peak flux distributions
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Prompt : Peak flux distributions
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Prompt : Redshift
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Prompt : Redshift
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Prompt : Photon index
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Afterglow : X-Ray Light Curve
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Afterglow : X-Ray Light Curve

157 ] Preliminary
- j
w 10784
o 5
g |
. 1079 5 u
o Detected only the brightest GRBs
< 10710,
U] 3
-~ 1
2 -
-11 |
% : H.E.S.S. observed GRBs
5 107**§y —— GRB 180720B
= _
= ] —— GRB 190114C
< 10-13] — GRB 190829A
] —— GRB 201216C
10-14 ] —— GRB 221009A
102 103 104 105 106 107
Time since trigger [s]
\]
Mathieu de Bony QQQ 12/09/2023 32

H.E.s.s\J



Conclusion

m Analysis of 15 years of GRBs observations by H.E.S.S.
m No hint of signal from any GRBs

m Population of GRBs detected by Swift :
m Unbiased sample of GRBs
m GRBs detected at VHE are :
m Long GRBs
m Close-by GRBs
m Extremely bright (Prompt and Afterglow)

m Publication in preparation
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