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Real time alerts with CTA
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The CTA observatory
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The key science projects 
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GRB in the TeV energy range
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GRB with CTA
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GRBs with CTA & Theseus
■ Theseus will serve as a GRB trigger provider to the world (and for CTA…) 

■ A fraction (to be estimated) of the events triggered by Theseus followed and 
detected by CTA  

■ The same approach used by Theseus (based on a population study) is used by 
CTA. Therefore the predictions on the synergies will be straightforward.  

■ An interesting case considering the larger detection rates of Theseus at any redshift 
compared to Swift  

■ Moreover, the softest energy range probed by the soft X-ray instrument (SXI) will 
uncover, at low redshift (where the EBL is not going to kill the flux) the soft and sub 
luminous population of GRBs.  
■ It will be relevant to explore the sources and their emission with CTA.  
■ The present detections, except 190829A, are all relatively normal-to-energetic 

GRBs.  
■ Focus on the low redshift events.  
■ CTA key points in providing a view of GRB in the TeV energy range.  
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GW with CTA
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GW and CTA
■ Theseus is a key instrument to associated the GW alerts to an e.m. 

counterpart, and to select useful GW alerts, among the several expected 
during CTA and GW-interferometers operations.  
■ From 2030 it will be the only X-ray instrument available (plus Athena and, 

possibly, SVOM).  
■ CTA data will be important to interpret the whole emission and the energetics. 

■ The GW-shortGRB connection 
■ The connection between Theseus (real-time alerts, localisation, energy 

estimation) and CTA is clear for GRB.  
■ The Connection between short-GRB and BNS mergers, and the corresponding 

GW emission is established 
■ The advantage of Theseus is the extension of the parameter space to lower 

flux and softer short GRBs 
■ study more soft/dim off-axis sGRB, which should be the majority of the 

corresponding events associated to GW
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GW and CTA
■ GW alerts and e.m. counterparts 

■ Theseus will flight when CTA will be in full operation since few years.  
■ In that period GW interferometers will be in a well advanced O5 phase 

(2025-2026), and this will presumably bring to a good localisation, at least for 
nearby mergers and bright collapsing objects.During O5 the interferometers can 
provide good localisation for nearby  (~<200Mpc) BNS, but it will be similar to the 
present (>100-1000 deg^2) for more distant ones;  

■ In this case the wide field and good localisation of Theseus will be pivotal to let all 
telescopes, not just CTA, find out the e.m. counterpart.

16



F.Longo                            CTA - Theseus  Synergies                         2020-06-04

GW and CTA
■ Selection of promising GW e.m. alerts for CTA 

■ Theseus can be used to select those that:  
■ 1. have an identified X-ray counterpart;  
■ 2. have a good localisation;  
■ 3. are bright enough in X-rays to foresee a possible TeV emission (which, to the 

present knowledge, follows the X-ray emitted power).  

■ To be or not to be a GRB 
■  X-ray emission may not be detected in many GW alerts; 
■ Most of them will be off-axis and thus the X-ray emission will be observed in later 

time (hours/days).  
■ In these cases, Theseus is important to understand if X-ray emission is detectable 

during the early phases.  
■ How much the off-axis can affect our CTA detection, since it depends on still 

uncertain details (jet structure, angle...).  
■ In this respect, delayed observations with CTA can pose interesting constraints on 

the interpretation of the delayed emission and on the jet structure, and angle.   
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GW and CTA
■ Interpretation 

■ Return of joint CTA-Theseus observations in terms of interpretation and modelling. 
■ The detection of GeV-TeV emission has strong implications on the energetics of the 

whole phenomenon, and its interpretation is based on the two key energy ranges, 
X-rays (soft to hard) and TeV, as was seen with GRB190114C.  

■ This is also where CTA can definitely add information to Theseus data.  

■ Joint Rates 
■ Assuming a standard jet shape Theseus can detect 5-15 joint GW/GRB per year 

(see e.g. Stratta+2018) with conservative assumptions. This is the number of joint 
events that we may expect to follow with CTA.  

■ GW events that could be detected in the O5 scientific run can reach up to 
redshift~2 (which may be explored by CTA).
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Conclusions
■ MWL/MM input necessary for most CTA science cases  

■ X-ray domain crucial for interpretations/modelling 

■ Key Science Projects: significant dataset of the VHE sky (e.g. surveys)  

■ Useful as input to the THESEUS GO program  

■ Transients  

■ Alerts to CTA on a large range of objects/sources (GRBs!) => CTA reaction O(30s)!  

■ Public alerts from CTA on transient emission from known and unknown sources  

■ Real-time analysis => alert emission with O(30s)  

■ CTA will be an observatory 

■ A lot of opportunities for joint programs + ToOs  

■ At the THESEUS timescale most of the CTA observations will be driven by Guest 
Observer programs 
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