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- Whatare transientsources?
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% Enérgetié phenomena which appeaf suddenly,stay“brieﬂy” (secondé to daiys) and fade away

- Whatare transient sources?
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- Whatare transient sources?

_ Enérgetié phenomena which appear suddenly,stay,“brieﬂy‘-’-’» (seconds to days) and fade away

‘ . Supernova
“Explosion of a star at the
end of it’s lifetime
8 SRR : CrabNebula-HubbleSpéceTelescope Bt | e 4 : 1 i R . - T
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~What are transient sources?

Energetlc phenomena Wthh appear suddenly, stay brleﬂy (seconds to days) and fade away

- Tidal Desruptlon ‘
Event ‘

Supermassive black hole
shredding a passing star

 Artist's representation of a TDE - NASAY CXC / M. Weiss
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_ Energetlc phenomena Wthh appear suddenly, stay’ bneﬂy (seconds to days) and fade away '

‘Whatare transient sources?

AGN Flares

A short term, stochastlc |
'surge in the bnghtness of .
an Active Galactic Nucleus

8 Go see Julian &
Anastasiia’s talk

VLA Radio Image of Hercules A - NASA
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% Enérgetié phenomena which appeaf suddenly,stay “briefly” (secondé to daiys) and fade away

- Whatare transient sources?

Gamma-Ray Bursts

-~ SWIFT Time lapse animation of the brightest GRB - NASA
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| Gamm?"RayB“fStS.

| Inmensly energetlc jetted explosmns descrlbed as “the most powerful class of explosions of the
Umverse R * |

- Two emission phases : Prompt emission & Afterglow emission

Jet collides with
ambient medium
(external shock wave)

WHigh eeeee ay

gamma rays

Colliding shells emit

X-rays

eeeeeee
Visible light

- Multiple wavelengths .
- emitted
Black hole ‘

engine

Prompt
emission

Q K & i s it ~ NASA Goddard Alilenglow
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“Inmensly energetic jetted explosions, described as “the most powerful class of explosions of the
Universe” - | | ~ | ;

- Two'main classes:

| Long '_(pr‘ompt up to minute.s) R
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Inmensly energetic jetted explosions, described as “the most powerful class of explosions of the
Universe” - | | ~ | ;

- Two'main classes:

~ Long (prompt up to minute.s) e Short (prompt <2°s) '

NASA | NASA
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Inmensly energetic jetted explosions, described as “the most powerful class of explosions of the
Universe” - | | ~ | ;

. Two'main classes :
" Long (prompt up to minutes) - Short (prompt<2s) -

GW emitter!

NASA | NASA
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Inmensly energetic jetted explosions, described as “the most powerful class of explosions of the
Universe” - | | ~ | ;

Gamma-Ray Bursts (GRBs): The Long and Short of It

Long gamma-ray burst Short gamma-ray burst
(>2 seconds’ duration) (<2 seconds’ duration)

- Two'main classes: L G e o A 1 .

star collapses
onto its core.... Srarexin
a compact
binary system »

begin to spiral
inward....
»

~ Long (prompt up to minutes) - Short (prompt <25) g ;

. The resulting torus

has at its center

. Torus a powerful

o 7

Gamma rays

QQQ : i N s L '.‘ | RN s | ~ NASAand E. Feild -

NASA | NASA

*Possibly neutron stars.
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Multl-messenger & Wavelength)

astr()n()my
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Transient sources emit one or often many “‘cosmic messengers @ e Bravitationaf
: ' ' - : » ' es
| t\_’,//" ; T g
multi-
messenger

SOUIEe -

.
-~

= Comsnc Rays. Deﬂected by galactlc and extra galactlc magnetic
ﬁelds * ' ' | '

X Elect'romagnetic Waves: Emission in every wavelength

magnetic
deflection

- Neutrinos | T ' F $e ke '. e ‘/\

. Grdvitation al Waves

Q . | ‘ gl ' : | g | . i " Niels Bohr Institute
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- Howto observe transients?
‘Wide Field-of-View (FoV) observatories, all sky-survey but low resolution in position and energy

Amundsen-Scott South
Pole Station, Antarctica
A National Science Fm..f\datiom

B : . sent by
- A — wareh
) ; > a e
I i AN
. ‘ . . ; s -
» -
> - n > . .
<
s ; '
»

Digital Optical

Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

MICROWAVE INFRARED VISIBLE ULTRAVIOLET GAMMA RAY

Swift-BAT i .I‘_igo/Virgo/.Kagra ~  '
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- Howto observe transients?

“Small FoV observatories, pointed instruments but good resolution in position and energy

MICROWAVE INFRARED VISIBLE ULTRAVIOLET GAMMA RAY
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- Howto observe transients?

“Small FoV observatories, pointed instruments but good resolution in position and energy

MICROWAVE INFRARED VISIBLE ULTRAVIOLET GAMMA RAY
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- Howto observe transients?

photons, GWSs, v, (CRs)

1. The event occurs in a “random” place at a “random”
~ time, emitting all or some cosmic messengers
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- Wide FoV observatories and satellites detect one of

- Howto observe transients?

monitoring satelites and observatories

S « O
o V 4 (3
' ) #@esa !
i ~ INTEGRAL Fermi
2 LGo
T A
)i L]
R IceCu

The event occurs in a “random” place at a “random”
time, emitting all or some cosmic messengers

this messengers
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How to observe transients?

: % 0 | . “. o : '“ : I ’ monitoring satelites and observatories
1. The event occurs in a “random” place at a “random w,, [Q X
time, emitting all or some cosmic messengers e Ay
' | | AWC |

2. Wlde FOV observatorles and satelhtes detect one of

alert
- creator
- streams

* this messengers

3. A publlc alert is sent through dedicated streams and/ .
or brokers |
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How to observe transients?

monitoring satelites and observatories

1. The event occurs in a “random” place at a “random”
' time, emlttmg all or some cosmic messengers | ff"’ “%7 |8 ;’Z\g/%

2. Wide FOV observatorles and satelhtes detect one of | ! " i
this messengers ‘ 5 CER L P A % &

- creator
follow- - streams

up-
observ.

3. A publlc alert is sent through dedlcated streams and/

or brokers

4. The alert is received by professienal'facilities

" Citizen
. Science
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How to observe transients?

1. The event occurs in a “random” place at a “random”
time, emitting all or some cosmic messengers s photons, GWs, v, (CR)

2. Wide FoV observatorles and satellites detect one of
this messengers

- streams
up- .- broker
observ.

3 A publlc alert is sent through dedlcated streams and/ 3 N
~ or brokers '

4. The alert isreceived byprofessional facilities '

5. They perform follow- -ups on the posntlon of the
recelved alert '

Bernardo Cornejo | High-Energy Follow-Up of Transient Sources with H.E.S.S. | PHENIICS Fest 08-06-2026



“ VHEastronomywithHESS.
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o +'-\ i 2.GRB&GWfollow-.up
°| *  with H.E.S.S. iy Lo
/|‘\ - -GRBs & GWs in VHE
- -Observation strategy
- 'External tools
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N -~ GRBs&GWmVHE
% Very High Energy (VHE) detections of GRB and GW counterparts are essentia"l to:

. Understand acceleratron and radiation processes at energres unreachable on Earth
e Constrarn ]et composrtron and magnetrc ﬁeld structure
. Explore compact ob]ect physrcs and the nature of progenrtors
-+ Test Lorentz i invariance
. Study the EBL and rntergalactrc magnetrc ﬁelds

. Measure cosmological parameters
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M SR GRBs&GWinVHE

Prévious detections of GRBs in VHE

68-110s

Flux (erg cm2 s7)

110-180 s

1010
108
Energy (eV)

GRB 190114C, MAGIC Collaboration,
Nature 2019
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N GRBs&GWinVHE

Prévious detections of GRBs in VHE

GRB 190829A

Ty +[4.3,7.9] hrs

68-110s

Flux (erg cm2 s7)
E2dN/dE (ergs ! cm™2)

Synch

IC

SSC

SSC w/o cutoff limit

110-180 s

10-° Energy (eV)

GRB 190829A, H.E.S.S. Collaboration, Nature 2021

10-10
10°

Energy (eV)

GRB 190114C, MAGIC Collaboration,

Nature 2019
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 GRBs&GWinVHE

Prévious detections of GRBs in VHE ‘

| | =
RPR 10NR2QA j

[ To+[4.3,7.9] hrs GRB 221009A, LHAASO Collaboration,
Science 2023

Illl

Flux (erg cm2 s7)
E2dN/dE (ergs ! cm™2)

Synch
IC
SSC

SSC w/o cutoff limit
l

F 110-180 s : 3

Energy flux [ erg cm?s™]

10

Flux (erg cm=2 s™)

100 : Energy (e

GRB 190829A, H.E.S.S. Collab

10_10 | | |
10° 10° 10° 102
Energy (eV)

GRB 190114C, MAGIC Collaboration,
Nature 2019

Spectral Index

10?
Time since T*[s]
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GRBs & GWin VHE

Previous detections of GRBs in VHE

Energy flux (erg cm™2 s71)

GRB 190829A
H.E.S.S. (200 GeV - 4.0 TeV)
Fermi-LAT (100 MeV - 1 GeV)

https://astro-colibri.com

GRB 221009A %,,

Swift-BAT (15 keV - 50 keV) "
Swift-XRT (0.3 keV - 10 keV) GRB 221009A ")
1077 5 GRB 190829A
GRB 190114C
-8
60 _ 80 100 .
Time since Ty trigger (s) n
0
W e
-
O
Aness = 1.09 +/—0.05 ok 1010
axpr = 1.07 +/—0.09 9,
s
=
e -11
— 10
o
>
& -12
= 10
=
N
»
10-13 "l
10-14
Time since Ty trigger (s) 10° 10t 10® 10® 10* 10° 10° 10’

Time since burst [s]

GRB 190829A, H.E.S.S. Collaboration, Nature 2021
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GRBs& GWin VHE

The "‘holy grail” in multi-messenger aStroph'ysics: GW170817

Fermi-GBM detection of sGRB
50 < E < 300 keV
(GCN 21528, Goldstein et al. in prep)
o == =]

Swope +10.9 h

SSS17a detection
announcement
(GCN 21507, Coultgr et al. 2017a)

Fermi/
GBM

12

K2

Fermi-LAT limit (95% CL) V
in 0.1 < E <1 GeV 2171 4 teN 5-‘3’613\1

(Fermi-LAT 2017 in prep.) | ¢.2% i 027 050"

¢ $ 3

3 0.31 -2.88 TeV

H.E.S.S. upper|limits (95% CL)

IPN Fermi /
INTEGRAL

Energy Flux [erg / (cm?s)]

10° 10° 10° 10° 10° 10’
Time since detection of GW170817 [s|

H.E.S.S. Collaboration, APJL 2017 -
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A GRBs&GWinVHE

Cool' So GRB & GW counterpart detectlons in VHE are extremely useful and we had detections
in ]ust a couple years. Now in almost 2026 we should have many more, right?
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A GRBs&GWinVHE

Cool' So GRB & GW counterpart detectlons in VHE are extremely useful and we had detections
in ]ust a couple years. Now in almost 2026 we should have many more, right?

" RIGHT?
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A GRBs&GWinVHE

Cool' So GRB & GW counterpart detectlons in VHE are extremely useful and we had detections
in ]ust a couple years. Now in almost 2026 we should have many more, right?
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M L GRBs&’GWin'VHE

Many observational constraints for IACTS + brlght close GRBs are rare (EBL absorptlon) + high
energy emission from GRBs could be rare?

model from Franceschini et al. 2008

p—
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o =
-
©
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©

p—
-
&

photon energy (TeV)

From Sylvia Zhu
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The HES.S. response system
% HESS has an automatic response s‘ystem; allowing for fast follow—up'of transient sources

1. Incoming public alerts filtered following event- ,

oy e ey s L Adapted from Ashkar H. et al. 2021
dependant criteria and visibility conditions p .

H.E.S.S. Transients

- e | ) » } 0. ) ' | . _ Z.\ 9 Follow-up System S Ul
2. If visible, an automatic response ir triggered. If 5 N o woae —o=1
j ' : | ' ‘ ‘ System e-mails €XPé
~ o <G f

- not, strategy is discussed within each group

Follow-up opportunityl

control
Data Acquisition & Telescopes

3. During observations, real-time analysis has to Rolbse”:“"f Ehede o Camora
» ~ : eal-time data 2
be monitored | | N ‘ | 8 _ Real Time Preliminary results

Analysis

4. After observations, an offline analysis is |
performed and further strategy is disscused - . Semi-automatic
R ‘ ‘ We need a human on the loop!
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N TheHES.S.response system

2 - . , 2 > . , 2

3 3 »

‘ . o . «external system»

External Scientific .
o : ‘ ¢ Facilities Transients Follow-up System of the
: High Energy Stereoscopic System (H.E.S.S.)

External Alerts

External
. Alerts . Statistics & Monitoring
Alert Receiving Archiving
. : | : - ) Validated Alerts . -. ?
‘ : ‘ Matching Rules:
. . £ Matching of Alerts Alert Types & Science Cases
a’ . .
§. with Science Case ToO Expert
* Follow- i
E - s oliow=up Candidates Processing Algorithms &
< Follow-up Requirements ® )
" . " [o)
2 Alert Processing
a & : A "Prompt" & "Afterglow" x
: Follow-up Candidate
"Prompt" Follow-up Experts & Pls
Candidate Statistics & Monitoring
- . . b 8 . - STohO(fllg: «external system» . .
. N onocuing External Scientific
» ‘ . - ‘ s1tat
> > ‘ A _ > - Forwarding Facilities
R sible for thi t ' |
CSPONSIDIC TOr UN1S par . | | « )
! p . : , p : ' Follow-up Follow-up ToO Observations added to Monthly Long-term Schedule -> external system

Candidate | Notificatio <- Updated Night Schedule Scheduler
ToO-optimised

I Updated Night Schedule iIControl Commands

—_— )

Scheduling i 1 Central Control | oF

.. «external system»
P — Raw Telescope Telescopes

Raw Event Data 1 Data Acquisition | Data
& Event Building

¢ . ' ¢

o

| | Many BA shifts ' -

Reconstruction Reconstruction Parameters Modeling

Data Acquisition
& Central Control

1
\ /

(ToO) Observation Parameters

Real Time Analysis

Notification

- A . _ > Alert. . «external system»
’ . Notification Offline display

g . : ! Aok RTA Expert Operator

From Hoischen C. et al. 2022
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N TheHESS. GRB&GW
' follow—up pr()gram

Co-task leader for the GRB & GW follow-up effort within H.E.S.S.. Reponsible for current follow-
ups and archival data from 2020 onwards. H.E.S.S. follow-up information is available here.

- GRBs:

B Fermi followed | o 2230 GRB alerts
Fermi not followed o ek
Suitiolowed e 250 passed our observation cnterla (~11%)

B SVOM followed | | |
SVOM no fllowed . 164 were actually followed (-7%)

B Other followed | _ A | e o |
omernetfolowed ~» 49 of the followed ones have a redshift

\] : ‘ g . SRR | Teat e : | - *from GRBWeb
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https://grbhess.github.io/
https://user-web.icecube.wisc.edu/~grbweb_public/

A " TheH. ES.S. GRB&GW
' follow—up pr()gram

Typical examples of Target—of—()ppor‘tunity (ToO) follow-ups. If the alert is well-localized, we
wobble around the source position. If not, we tile the uncertainty area with as many runs as we
can with the time available. Strategles heavily depend on alert updates and change overtime

April 27th

S240422ed follow-up evolution
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/ The H.E.S.S. GRB & GW
follow-up program

Typical example of a GRB follow-up analysis, including excess and significance maps, lightcurve
and spectral energy distribution into a multi-wavelength context. GRB 240800A with z = 1,404

GRB 240809A GRB 240809A

. L ; -
y ﬁréhs'vse ijB SWL',“'?iRT(g'E;J: ) (047 - 0,52 Te) ——- SWIift-XRT PC Spectrum (5.25h to 17.25h)

... er Limicts -correcte . -V, e

PP H.E.S.S. Upper Limits (Observed)

° ° .
l nl can e H.E.S.S. Upper Limit (Observed) (0.17 - 0.52 TeV) imi
- Swift-XRT flux, auto (0.3 - 10 keV) i H.E.S.S. Upper Limits (EBL'COrreCted)

-8

-
o
4

o
o
o

o
@

Excess counts

=+ Swift-XRT flux, refit (0.3 - 10 keV)

H.E.S.S. constraints in
TO + 9.25h <t < TO + 13.25h

(EBL Corrected) II

Declination
2

Declination
(J2000)5
(J2000)4

H.E.S.S. constraints in
TO +9.25h <t < TO + 13.25h

(EBL-corrected)

T

[
o
|

e V..
Swift-XRT Powerlaw Model parameters:
- Unabsorbed Flux (0.3keV < E < 10keV) = (1.45 £ 0.17) x 10-** erg/cm?

-o=-1.96 + 0.21

[
o
o

> GRB240809A

—_—

Flux [erg cm™2 s71]

=
o
=

Differential Energy Flux [erg cm™2 s71]

H.E.S.S. Preliminary

=
o
h

16"00™005"55™005"50™0a%5"45™005"40™00° 16"00™005"55™005"50™0a5"45™005"40™00° H.E.S.5. Preliminary
6 7 -10 -8 10-© 104 102

10° 104 10°

Right Ascension (J2000) Right Ascension (J2000) 1 2
Time since burst [s] Energy [TeV]
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e TheHESS GRB&GW
e e follow—up pr()gram

Present and future work:

- For GRBS VHE detected GRBS are X-ray bnght and nearby -> Look into the archlve of H E.S. S
follow- ups for alerts of X-ray bright GRBs wnth a “small” redshift. Analyze thlS dataset in order to
study the relatlonshlp between X—ray and gamma emission

~ For GWs: Run O4 of LVK has ]ust come to an end -> Analyze the H E. S S. dataset on GW follow— i
up from this period - »
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N Futurcof VHE followups

Transrent follow -ups. need a rapld response tlme ensured by an efﬁcrent lnternal strategy and
architecture supported by the right use of external tools. A lower energy threshold would allow
us to reach for dimmer and further events (blgger arrays!). | '

Future Cherenkov Telescope Array Observatory (CTAO):

Energy threshold
- ~20GeV '

Sensitivity
X10 current generation

kS

B 1 1 i
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Astro-COLIBRI

1. The event occurs in a “random” place at a “random”
time, emitting all or some cosmic messengers s photons, GWs, v, (CR)

2. Wide FoV observatorles and satellites detect one of
this messengers

- streams
up- .- broker
observ.

3 A publlc alert is sent through dedlcated streams and/ 3 N
~ or brokers '

4. The alert isreceived byprofessional facilities '

5. They perform follow- -ups on the posntlon of the
recelved alert '
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Astro-COLIBRI

What lf the follow -up is not fully automated7

photons, GWSs, v, (CRs)

What about amateur astronomers7 And the
general public?

alert
- creator
- streams

urrent Nova M31N 2008-12a: Discovery of the 2024
eruption
ning Observatory). A. W. Sh

HTOM Targets for 22 September, 2025

Citizen
. Science
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- All of the information from an alert in one place
- User-friendly interface

- EXtérnal links to all the useful astrophysical pages
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. Fully customaziable to see just what you are = G —
o : o . , : y i _ - creator *
interested in } 5 ; B ((folov- | veams |0 IRE

observ.

- Pop-up notifications to never miss an alert

o Astro-COLIBRI 22:12 A

b SVOM GRB alert (ECLAIRs) _ Updated SVOM GRB 22:17 v
Coords are RA=176.77 deg, ¥  Coords are RA=176.79 deg,
Dec=29.88 deg (err=0.15 degq), slew: ~ Dec=29.83 deg (err=0.0053 deg), sl...
no

Bernardo Cornejo | High-Energy Follow-Up of Transient Sources with H.E.S.S. | PHENIICS Fest 08-06-2026 45



\ Astro-COLIBRI

*"’As’[ro—COLIBRI Q < ¥ !] Personalize: e 9 @ @ (D Science mode: Q Status: logged out Infos: /" v2.20.1 ® Astro-COLIBRI —
) Science -
x
Observatories @ Swift SVOM Fermi ® HAWC IceCube @® AMON @ Integral GECAM © FlaapLUC @ LVC @ Catalogs @ Other i *ﬂ,
AN ) =
Eventtype ® FRB ¥ Unclassified OT @+ Classified OT * SN @ GRB O burst © neutrino @& nuem A GW (O 4FGL TeVCat X-ray QO IceCat * * § A * —
*x X N~ X A I
O 20250223 4 AL N IPAD x Kk O e%| o& O 0 % o) b olo ¥k @0 2025-03-02 #° *f* 5 * ® 74100 2
02-23 02-24 02-25 02-26 02-27 02-28 03-01 03-02 * * * * *
x & 22 4 x
o h . Detailed info about selected source: # ® A
ustom cone searc \
oY S250227e A o 5250227 o . D
Gravitational wave : Gravitational wave source:  S250227e ® VoEvent : XML  VoEvent : JSON History: #0 y
RA /Dec: 289.16°  5.68° last modified: 2025-02-27 17:38:18 [0 Archive: v
RA/Dec: 289.16°/5.68° Cone search errorr < 0.00° > name: $250227e 7]
RA [deg] : 289.16 [0 Dec [deg] : 5.68 IO RA/Dec: 221.93° / 51.84°
RA :19h16m38.44s 1 Dec - 5d40m45.08s [T selected 2023-07-08 05:37:05
?& sun distance [deg] : 52.18 T « @
4 $259226d| A A A E(B-V) [mag] : 0.88 O “Slec
Gravitational wave w ”:;;‘E‘ observatory: LVC [0 instrument: H1,L1,V1 [0 discovery name: $250227e [0
# notice: Update 1 pipeline: gstlal I
RA/Dec: 163.48°/-14.32° | \ A lc:lAa:-s;fi;;tion: B[Esz 0.52‘/ N.co.ise: 0.48 1 : _'@ o
. e | :8.19e-5/yr 1 — significant event selected Sh
2025-02-26 22:48:38 + A [ x ‘ distance: 2004 + 527 Mpc D) "0 i~
“, o O VAGR ‘i‘ 50% area: 49 deg2 0 90% area: 210 deg? 00 Qe b
[} o * ‘\ Lightcurve: E
V | x 2 o * % 03
@ 4 -
RA/Dec: 284.42°/-10.82° (+ 1.87°) Q“;\ » o Discuss this event in our forum: !l e
2025-02-26 22:30:23 +
) O JAN :‘3:*‘5 - - shov Sh,
A Supernova O Y .
\ %X O ;
Y / O External information: auto scroll . :
RA/Dec: 138.44°/34.84° V4 - oW 2023~ F
2025-02-26 07-09:46 + * ,:; ) ««!f* GraceDB /B TreasureMap Msa GCN Viewer ¥asa GCN-n @ GW_Fermi-LAT @ @ /s
7:\7 o Information on the Follow-ups of GW Access to GCN GCN notices: rapid Analysis of GW SIME o
gravitational wave events notices and alert message events Astrc A e (l'
| GRB250226A o e e e show ey
" Gamma-ray burst

Bernardo Cornejo High-Energy Follow-Up of Transient Sources with H.LE.S.S. | PHENIICS Fest 08-06-2026




gy

- Very Hrgh Energy observation of Gamma-Ray Bursts are fundamental to understanding the
, mechanrsms of acceleratron of their progenrtors

| Summary

. 'Many observatronal constraints for IACTs concerning this type of events, 1nclud1ng hot only
alert handling but also big uncertarnty regions, sources with a big redshift, ..

. We are ‘improving strategres ‘and tools to maximise VHE GRB/GW counterpart detectron
| chances with H.E.S.S. R ' | ‘ ' '

. GW counterpart detectron is not only a new way to detect GRBs but also grves crucial ‘
information on the pre-merger system and post-merger energetics and partrcle acceleration
processes ' ' | '

. .CTAQ is coming... but H.E.S.S. remains the only IACT in the south until CTAO-south is built
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