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The long quest for the dectection of GRBs at VHE

B During more than 20 years, numerous attempts to detect GRBs at VHE (E > 100 GeV) have
been performed
® Hint of signal for GRB 970417A in Milagrito (Atkins et al. 2000 )
B 05 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
B During more than 20 years, numerous attempts to detect GRBs at VHE (E > 100 GeV) have
been performed

B Hint of signal for GRB 970417A in Milagrito (Atkins et al. 2000 )
B 05 GeV photon detected by Fermi/LAT from GRB 130427A (Ackermann et al. 2013)

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

B Followed by the detection of GRB 221009A, the BOAT, by LHASSO (LHASSO Collaboration 2023)
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Timeline of the H.E.S.S. GRB program
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Timeline of the H.E.S.S. GRB program
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Timeline of the H.E.S.S. GRB program
Detection of GRB 190829A

Inauguration of CT5

Inauguration First detection of

CT1-4 RB at VHE
a GRB at CT5 camera
GCN connection .
Automatic upgrade
l reaction to alerts (HESS Collaboration 2021)
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Timeline of the H.E.S.S. GRB program o
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The GRB sample of the second H.E.S.S. catalog SE

B GRB from bookeeping,
Cross matching GRBs database with obs. database

B Loc: Pointing distance < 2°, delay < 48h 16
® Un-loc: Cover > 10% prob. region, delay < 24h = 14 - o =1 lec =4 lndoc
SN
()
o
Stage loc GRBs un-loc GRBs Total A 10 ™
o _
Follow-up observations . - 107 - 8 N
Selected for analysis 66 23 89 C 6-
Retained after quality selection 48 15 63 3 4-
Flux ULs determined 48 1 49 § \
2 -
O \I I I I 1 1 I I I
< O 00 (@) oN <t O (e0) (@)
o o o — — — — — N
GRB 180720B and GRB 190829A are not N & o 0 & 8 8 o
< included as they have dedicated publications Year
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Individual analysis for each GRB T

B Type of information in the catalog :
B Significance
® Energy threshold
B |ntegral UL, index -2.5 and 5

20 Best GBM position
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Stacking of localized GRBs

B No hint of signal in any of the analyzed GRBs
B No hint of signal with the stacking of all GRBs
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Population studies

B Aim : Do GRBs detected at VHE have specific properties ?

B Method :
® Compare GRBs followed by H.E.S.S vs. the full GRB population
(Search for deviation due to follow-up strategy)

B Compare GRBs detected at VHE vs. the full GRB population
(Search for deviation specific to VHE detected GRBS)

B Use Swift/BAT for the prompt and Swift/XRT for the afterglow

B Comparison with the Kolmogorov-Smirnov test

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

\J
QQQ

H.E.S SQ Mathieu de Bony for the H.E.S.S. Collaboration, The second H.E.S.S. GRB catalog, TeVPA 2025



CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Population studies, Redshift
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Population studies, Redshift
CPPM
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B Only 1/3 of the sample have redshift ; I All BAT GRBs
B ~ 2 sigma deviation for all comparisons [0 BAT GRBs followed by H.E.S.S
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Population studies, Prompt : SwiftIBAT i

Parameter Observed with H.E.S.S Detected at VHE Detected at VHE
(except GRB 190829A)
VS All GRBs VS all GRBs VS all GRBs
Ty l4o 1.50 1.20
Fluence 0 297 i e
s Peak Flux l.60 So 9o — . i —
Spectral Index 1.20 0.60 1.200 .l Preliminary i Preliminary

-

o
~
N

10% 4

Nb GRBs per bin
=
2

Nb GRBs pel

B No significant bias in the H.E.S.S sample
B GRBs detected at VHE show no deviation on spec. index

10° 4

B GRBs detected at VHE show no deviation on duration SRl ~ smrasis
B GRBs detected at VHE are brighter than the average | Preliminar Prelimin

1072 107! 10° 10t 102 10°
Swift/BAT Fluence [erg cm™2] Swift/BAT 1s Peak Flux Bat [ph s™ cm™2]

107° 107% 1077 1076 107° 1074
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Population studies, Afterglow : SwiftIXRT i

Parameter Observed with HIEE.S.S  Detected at VHE Detected at VHE
(except GRB 190829A)
VS All GRBs VS all GRBs VS all GRBs
Fluence during obs. N/A 400 4.1o
Flux at 200 s 0.1 3o 440
I All XRT GRBs — GRB 180720B —+ GRB 201216C Vv GRB 190829A
Flux at l h 0 10- 400' 450' 3 XRT GRBs followed by H.E.S.S == GRB 190114C =+=+ GRB 221009A
Flux at 11 h 0.1 4.80 380 — T — !
Flux at 24 h 0.1c 410 3.60 ¥ Prelimina
Spec. Index at 200 s 0.040 0.50 Ll £ ] N <
Spec. Index at 1 h 0.70 040 1.00 I i g
Spec. Index at 11 h 0.30 030 020 g é
Spec. Index at 24 h 030 030 0.90 2 2

1071 107 107 107% 107} 107 107 107° 107°
X-Ray Flux (0.2-10 keV) 1h after the trigger [erg cm™2 s7%] X-Ray Flux (0.2-10 keV) 11h after the trigger [erg cm=2 s71]

B No significant bias in the H.E.S.S sample ,

1073 107** 107** 107! 107! 107 107° 107® 1077

Preliminary |Preliminary

10

B GRBs detected at VHE show no deviation on spec. index
B GRBs detected at VHE are brighter than the average

102

Nb GRBs per bin
Nb GRBs per bin

10°4 10°4

0 1 2 3 4 5 6 7 107* 107 10 10°® 1077 107 10-°
X-Ray Spectral Index 1h after the burst X-Ray Fluence (0.2-10 keV) during IACT observations [erg cm™2]
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Modeling of specific GRBs

B Selected GRBs at low redshift, low delay and bright X-Ray flux

B Modeling from Huang et al. 2022
B H.E.S.S. UL are consistent with the standard SSC scenario

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

1077 3
1077 5 GRB 100621A I ] GRB 131030A il E GRB 161001A I
1 mmm Swift/xRT —— Synch (wind) _ 10~7 4 mmm Swift/XRT ++ SSC (wind) 1 e Swift/XRT <+ SSC (wind)
o _g | —— sscsm F HESS. ULs o J == SSC (ISM) ~—+ Synch (wind) I .-I'T 10-8 4 —= SSC(sSM) ——+ Synch (wind)
w 107° 9 — synchasm)  F HESS. ULs (2014) I o {—— synchusm)  F HESS.ULs n ] — synchasm) F H.ESS. ULs
& i .-+ s5C (wind) n  107° B ] I
§ 10 I - E 10
o E o 1077 5 I o 1
-10 | e — — 10°10 4 .
g 10 et -~.] 81073 S el
2 ] N Sl S _ b
~ 10-11 J N T ] S .o N H
w 10 3 /)\ W 10711 5 £ W 10 3 y )‘\
E £ : \ 1/1 imi ;N
- /Prellmlnary X3 | i f Preliminary{ Lotz 1L Prlellmlrllary \ A
1013 1072 10-¢ 10-7 10-5 10~% 10-! 10 1073 107 107 104 10~ 102 10~ 107 107 107+ 107 10
Energy [TeV] Energy [TeV] Energy [TeV]
1 11

H.E.s.s\]

Mathieu de Bony for the H.E.S.S. Collaboration, The second H.E.S.S. GRB catalog, TeVPA 2025



Conclusion

B Analysis of 15 years of GRB follow-ups with H.E.S.S.
B | argest sample of GRBs observed at VHE

B No hint of signal from any GRBs

M Population studies:
B H.E.S.S. sample is not significantly biased
B GRBs detected at VHE are very bright in X-Ray

B CTA should allow to probe lower-luminosity GRB
M Publication submitted to journal

B \Will contain more details on all the results presented here
B \Will contained individual results for each GRB
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Stacked an alysis T A s
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EBL absorption
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X-Ray flux and redshift i

V¥ GRB 130427A B GRB 201216C
A GRB 180720B @ GRB221009A
Q GRE 1908294 Swift{XRT population
« GRB 190114C ® HESS sample (this work)
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Zenith and delay
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