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Monitoring vs follow-up observatories
■ Large field-of-view: monitor the sky + provide alerts 
■ Small field-of-view: high-sensitivity follow-up observations
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H. Schoorlemmer

FoV + duty-cycle vs
sensitivity + Etreshold + resolution



Fabian Schüssler    -    MMAW 2022    -     2022-10-10  

VHE gamma-ray astronomy
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IACTs: high (spatial and energy) resolution follow-up observatories
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Searches for transient phenomena 
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The H.E.S.S.-II response to ToOs
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Hofverberg et al., ICRC 2013

reverse tracking

■ main design principles of the H.E.S.S. 28m telescope 
▪ large photon collection area (614 m2 mirror area; 

largest IACT worldwide) 
▪ rapid response time 
▪ flexible + fully automatized alert system
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Gamma-ray bursts 
time evolution of flux and spectra at very-high energies
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H.E.S.S. Collaboration 
Science 372, 6546 (2021)

GRB 190829AGRB 190114C

MAGIC Collaboration 
Nature 575, 459 (2019)
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Gamma-ray bursts 
Towards population studies at VHE energies
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GRB 221009A 
The brightest GRB ever detected
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■ Detected by Swift, Fermi-GBM, Fermi-
LAT, optical, … 

■ z=0.151, estimated Eiso=2x1054 erg 

■ Burst left the LHAASO FoV 

■ IACTs blocked by the moon at the 
moment

Nice use case for our workshop
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VHE searches for GW counterparts
■ GW151226 (MAGIC): the second BBH merger 
▪ Exploratory searches with a few pointings mirroring optical observations 

▪ De Lotto et al. (MAGIC Collaboration), IAU Symposium 324 (2017) 

■ GW170104 (VERITAS):  
▪ 39 pointings (5min each) covering ~27% of the localization region 

▪ GCN #21153 

■ GW170814 (H.E.S.S.): the first GW event detected by 3 interferometers 
▪ First complete coverage of the localization region 

▪ H.E.S.S. Collaboration, ApJ 923, 109 (2021)
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H. Ashkar et al. (H.E.S.S.), 12th INTEGRAL conference, arXiv:1906.10426

https://gcn.gsfc.nasa.gov/gcn3/21153.gcn3
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F. Schüssler (Irfu, CEA-Saclay), H.E.S.S. Collaboration

ApJL 855:L22 (2017)  +  ApJL 894:L16 (2020)  + H. Ashkar et al., JCAP03 45 (2021)

Gravitational waves 
H.E.S.S. rapid follow-up of GW170817

12

■ First observations of a ground-based pointing instrument  
■ 5.3 hours after GW170817 (5 minutes after the joint Ligo+Virgo analysis) 

■ Extensive monitoring of the remnant => limits on the magnetic field 
■ Complex scheme to optimize the tiling => ready for O4
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■ activity in all wavelengths (optical - X-rays - 
gamma rays) with unprecedented flux levels 

IceCube-170922A and TXS 0506+056
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■ 28/09/2017 Fermi-LAT: Detection of an active 
blazar (active galactic nuclei with the jet 
pointing towards Earth) within the neutrino 
uncertainty region ATEL #10791

Neutrino detection

High-energy gamma rays (Fermi-LAT)

http://www.astronomerstelegram.org/?read=10791
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TXS0506+056
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SCIENCE, Vol 361, Issue 6398 
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TXS0506+056
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SCIENCE, Vol 361, Issue 6398 
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VHE emission associated to high-energy neutrinos

16

!7

Alerts observed since October 2017

!8

● Typical delays: immediate - 10 days (depends on visibility, weather, moonlight, MWL info…) 
● Typical observation time: 0.5 - 10s of hours (same dependencies as above)

Typical IACT response

Joint effort by all IACTs 

Santander et al. ICRC 2017 
Satalecka et al., ICRC 2021
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F. Schüssler (Irfu, CEA-Saclay), H.E.S.S. Collaboration
F. Schüssler (Irfu, CEA-Saclay), H.E.S.S. Collaboration

(Recurrent) novae 
Efficient hadronic acceleration in RS Ophiuchi
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■ 1st Galactic transient  
■ Well-known recurrent nova; 2021 outburst detected by amateur astronomers 

■ 2006 outburst in February restricted observation time for VHE follow-up 
■ H.E.S.S. VHE detection over ~20 days! Also detected by MAGIC + LST-1 
■ VHE peak flux 2 days after Fermi-LAT (3 days after optical); comparable decay slope 
■ Conclusion: hadronic scenario preferred; reaching theoretical limit of Emax via diffusive 

shock acceleration; SNe as CR accelerators…

Science Vol 376, Issue 6588 (2022)
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The Cherenkov Telescope Array
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The Cherenkov Telescope Array
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For details see  

”Science with CTA”

20



8o Field of View
→ surveys, 

extended objects

Few ‘ Angular 
Resolution

→  morphology

10 x Sensitivity,  
Large Collection 

Area
→  all topics

z=4.3, E>30GeV, 0.1 sec time bin

0

20

40

Time from GRB [sec]
40 60 80 100

Ex
ce

ss
 [/

Bi
n]

60 

Rapid Slewing 
in 20 seconds
 →  transients



Energies down 
to 20 GeV

→ Cosmology++



Energies up to 
300 TeV

→ Pevatrons

10% Energy 
Resolution

→ lines, features
NASA

https://www.cta-observatory.org/cta-releases-updated-science-case/
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The CTA Transient program 
■ Transients are integral part of the CTA ”Key Science Projects” 
▪ Observation time allocated to the CTA consortium 

■ dedicated Science Working Group ”Transients and MWL”

21
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M. Seglar-Arroyo et al. (CTA), ICRC2019, arXiv: 1908.08393

GW follow-up with CTA: real-time analysis

22

https://arxiv.org/abs/1908.08393
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Outlook: GRB detections with CTA
■ ~10 times better sensitivity => increase detections + probe deeper into the 

afterglow 

■ Rapid slewing of the LSTs => catch parts of the prompt phase (?)

23
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■ detailed studies ongoing 

■ extending work from  
▪ all current IACTs 

▪ I.Bartos et al., MNRAS 
477 (2018) 639-647 

▪ B. Patricelli et al., JCAP 
05 (2018) 056

24

H.E.S.S. CTA

LST-1 taking data

H. Abdalla et al. (H.E.S.S.), ApJL 855:L22 (2017) FS (CTA consortium), preliminary

GW follow-up with CTA
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High Altitude particle detector arrays
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HAWC

Milagro ARGO-YBJ

LHAASO SWGO
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MM searches with air shower arrays 
■ Large FoV + high duty-cycle 
▪ Smaller instantaneous sensitivity + higher Ethreshold 

■ HAWC: automatized searches for excess at 
several timescales (0.3s - 100s)

26

I. Martinez + H. Schoorlemmer et al. (HAWC)

S191216ap 
MassGap => BBH

IceCube neutrino

HAWC  
« hotspot »

GCN #26455 
GCN #26463 
GCN #26472 

…
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High-energy multi-messenger astrophysics in real-time

■ Many years of preparation coming to fruition 
▪ automatic alert systems + dedicated data analysis tools + MoUs + … 

■ Gravitational waves + Gamma Ray Bursts 
▪ major breakthroughs over the last years (GW170817, GRB180720B, GRB190114C, etc.) 

■ High-energy neutrinos 
▪ transient sources promising (no point-source in IceCube + reduced chance prob.) 

▪ IceCube-170922A and TXS 0506+056: a first hint 

■ Galactic Novae: new class of VHE transients ! 
■ … 

■ Current instruments going strong; transition/synergies to CTA coming up 

■ Open yearly calls for observation proposals (e.g. MAGIC, H.E.S.S. + ToOs) 

■ First public data archives (e.g. H.E.S.S. data release)
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https://magic.mpp.mpg.de/public/magicop/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/proposals/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/too/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/dl3-dr1/
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Lessons learned
■ Success of rapid, fully automatic systems to trigger observations 

■ Increasingly fast in reporting detections (currently: <1day; CTA: <1min)  

■ Increasing fraction of observation time dedicated to MWL/MM transients 

■ Increasingly open (observations + data release) 

■ Remain open minded and search for the unexpected 

■ TXS 0506+056: VHE flare 10days after a neutrino detection 

■ GRB 190829A: VHE emission 3days into the GRB afterglow 

■ RS Ophiuchi: VHE emission detectable for several weeks 

■ MWL/MM information crucial: triggers + interpretation 

■ Substantial increase in MWL/MM information and opportunities 

■  Automatized systems (using ML) for filtering/categorization   

■ Modern centralized platforms and services for scientists

28

ACME



Fabian Schüssler    -    MMAW 2022    -     2022-10-10  29



Fabian Schüssler    -    MMAW 2022    -     2022-10-10  3030





Fabian Schüssler    -    MMAW 2022    -     2022-10-10  

The H.E.S.S. VoAlert system
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C. Hoischen et al., arXiv:2203.05458; accepted by A&A

https://arxiv.org/abs/2203.05458


Astro-COLIBRI

… …

• Increasing number of multi-messenger transients + a large variety sources of 
information (alerts, catalogs, monitoring, etc.) 

• Need for novel tools and platforms to keep track and make informed decisions
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RS Ophiuchi
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GRB observations with IACTs

35
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VHE observations of GW170817: prompt observations
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adapted from arXiv: 1710.05862 and arXiv:1710.10757 adapted from arXiv: 1710.05862

https://arxiv.org/abs/1710.05862
https://arxiv.org/abs/1710.10757
https://arxiv.org/abs/1710.05862
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VHE observations of GW170817: prompt observations
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adapted from arXiv: 1710.05862 and arXiv:1710.10757 adapted from arXiv: 1710.05862 and arXiv:1710.10757 

https://arxiv.org/abs/1710.05862
https://arxiv.org/abs/1710.10757
https://arxiv.org/abs/1710.05862
https://arxiv.org/abs/1710.10757
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■ e.g. K. Murase et al. (arXiv:1710.10575) 
■ high-energy signatures from long-lasting central engines  
■ inverse Compton: X-ray up-scattering by electrons in the jet 
■ H.E.S.S. observations constrain on-axis emission 
■ CTA will have access to off-axis emission

adapted from arXiv: 1710.05862 and arXiv:1710.10757 

H.E.S.S. observations of GW170817: prompt observations
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https://arxiv.org/abs/1710.05862
https://arxiv.org/abs/1710.10757
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Longterm H.E.S.S. observations of GW170817
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synchrotron

synchrotron self-Compton (SSC)

radio X-ray gamma-ray

increase magnetic field

Fsynch ⇠ ueuB

FSSC ⇠ u2
euB

■ Extensive H.E.S.S. follow-up during the peak of the X-ray+ radio emission 
■ exploiting the link between synchrotron + SSC peaks to put limits on the B-field 

H. Abdalla et al. (H.E.S.S. Collaboration), ApJL 894 (2020), 2
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Longterm H.E.S.S. observations of GW170817
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■ Extensive H.E.S.S. follow-up during the peak of the X-ray+ radio emission 
■ exploiting the link between synchrotron + SSC peaks to put limits on the B-field 
■ isotropic, non-relativistic outflow: B ≳ 210µG  
■ relativistic jet: B ≳ 24µG

H. Abdalla et al. (H.E.S.S. Collaboration), ApJL 894 (2020), 2

29055
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The CTA Transient program 
■ Transients are integral part of the CTA ”Key Science Projects” 
▪ Observation time allocated to the CTA consortium 

■ dedicated Science Working Group ”Transients and MWL” 
▪ Preparation of the first observations (reaction to external ToOs, definition of 

observation program, preparation of science analysis, etc.) 

▪ Setup of multi-wavelength/messenger connections 

▪ Main topics: gamma-ray bursts, gravitational waves, high-energy neutrinos, FRBs, 
Galactic transients (e.g. microquasars, novae, magnetars, etc.) 

▪ Real-time analysis of the data => emission of notifications/alerts (internal + external) 

■ Also: AGN monitoring program + survey of the extragalactic sky + …
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The CTA Transient program 
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■ Also: AGN monitoring program + survey of the extragalactic sky + …
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current status of proposed observation program
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Sensitivity to transient emission
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~104



Fabian Schüssler    -    MMAW 2022    -     2022-10-10  

High Altitude Water Cherenkov Observatory (HAWC)

■

44

R. Lauer (HAWC)
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The Southern sky
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VERITAS
HAWC

CTA-S

CTA-N
MAGIC

HESS

TAIGA

TIBET LHAASO

SKY COVERAGE

SWGO

adapted from W. Hofmann (TeVPA2018)
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Potential SGSO/SWGO sites
■ altitude ~4xxx m 
■ reasonably flat area 
■ latitude around 30°S 
■ infrastructure (incl. access to water)
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LLAMA + QUBIC site 
San Antonio de los Cobres (Argentina)

ALMA observatory / Chajnantor plateau 
San Pedro de Atacama (Chili)

J. Hinton/H. Schoorlemmer

other potential sites in Bolivia, Peru, etc.
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The main science drivers of SGSO/SWGO
■ Cosmic ray acceleration and transport 
■ Monitoring the high-energy transient sky 
■ Physics beyond the Standard Model of particle physics 
■ Cosmic ray observations 
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White paper:  
arXiv: 1902.08429

Complementarity with CTA

https://arxiv.org/abs/1902.08429
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Different novel design ideas + prototypes
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LATTES ALTO

ALPACA

Floaters	

Dual	bags	
or		
subdivided	bags	

Electronics	
unit	

Readout	&	
calibra6on	
cables	

per	20	cm	water	on	top	
=	300	m	height	

Weight	of	bag	~200	kg/mm	thickness	

”bags in a lake” ”layered WCD” 


