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Agenda 

WEDNESDAY JUNE 3 
 
  9:30 - 10:15: Welcome, overview and most recent updates (Amati with  
                          O'Brien and Gotz) 
10:15 - 10:30: ESA/M5 process (McNamara) 
10:30 - 10:50: Theseus study status (Saavedra) 
10:50 - 11:10: Yellow Book preparation (Guainazzi) 
 
11:10 - 11:30: Coffee break 
 
11:30 - 12:00: Mission observation concept and simulator (Bozzo) 
12:00 - 12:30: Theseus ground segment (ESA / Bozzo) 
 
12:30 - 13:15: WG1 - Early Universe with GRBs (Tanvir, Christensen, Ferrara, 
                        Le Floch) 
 



Agenda 

THURSDAY JUNE 4 
 
09:30 - 10:15: WG2 - Multi-messenger astrophysics (Stratta, Ciolfi, Rezzolla, 
                         Paltani) 
10:15 - 11:00: WG3 - Time-domain astronomy (Osborne, Mereghetti, 
                         Hanlon, Caballero-garcia) 
 
11:00 - 11:15:  Coffee break 
 
11:15 - 12:00: WG4 - Theseus GRB population synthesis model (Ghirlanda, 
                          Salvaterra, Mereghetti) 
12:00 - 13:10: WG5 - Synergies (Basa, Branchesi, Rosati and sub-WG 
                         coordinators) 
13:10 - 13:50: WG6 - Theseus as an Observatory (Blain, Castro-Tirado,  
                         De Rosa, Burderi) 
13:50 - 14:00: Final remarks and adjourn 



Cosmology and multi-messenger 

astrophysics (and extreme physics) 

with Gamma-Ray Bursts 

http://www.isdc.unige.ch/theseus/ 

Amati et al. 2018 ( Adv.Sp.Res., arXiv:1710.04638 ) 
Stratta et al. 2018 (Adv.Sp.Res., arXiv:1712.08153) 



  

THESEUS 
Transient High Energy Sky and  

Early Universe Surveyor  
  
  
  

Lead Proposer (ESA/M5): Lorenzo Amati (INAF – OAS Bologna, Italy) 
 

Coordinators (ESA/M5): Lorenzo Amati, Paul O’Brien (Univ. Leicester, 
UK), Diego Gotz (CEA-Paris, France), C. Tenzer (Univ. Tuebingen, D),  
E. Bozzo (Univ. Genève, CH) 
 
Payload consortium:  Italy, UK, France, Germany, Switzerland, Spain,  
Poland, Czech Republic, Ireland, Hungary, Slovenia , ESA 

 
Interested international partners: USA, China, Brazil 
  



May 2018: THESEUS selected by 

ESA for Phase 0/A study                  
(with SPICA and ENVISION)  



Updated ESA timeline for M5 

Phase 0/A study 

  Smooth CDF study, successful MDR -> Phase A  
  Efficient and positive interaction between ESA and  consortium  
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• THESEUS Core Science is based on two pillars: 

o probe the physical properties of the early Universe, by discovering 

and exploiting the population of high redshift GRBs. 

o provide an unprecedented deep monitoring of the soft X-ray transient 

Universe, providing a fundamental contribution to multi-messenger and 

time domain astrophysics in the early 2030s (synergy with aLIGO/aVirgo, 

eLISA, ET, Km3NET and EM facilities e.g., LSST, E-ELT, SKA, CTA, 

ATHENA). 
 

• THESEUS Observatory Science includes: 

o study of thousands of faint to bright X-ray sources by exploiting the 

unique simultaneous availability of broad band X-ray and NIR 

observations 

o provide a flexible follow-up observatory for fast transient events with 

multi-wavelength ToO capabilities and guest-observer programmes. 
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 Soft X-ray Imager (SXI): a set of four 
sensitive lobster-eye telescopes observing 
in 0.3 - 5 keV band, total FOV of ~1sr with 
source location accuracy 0.5-1’;  

 X-Gamma rays  Imaging Spectrometer 
(XGIS): 3 coded-mask X-gamma ray 
cameras using bars of Silicon diodes 
coupled with CsI crystal scintillators 
observing in 2 keV – 10 MeV band, a FOV 
of ~2-4 sr, overlapping the SXI, with ~5’ 
GRB location accuracy in 2-30 (150) keV 

 InfraRed Telescope (IRT): a 0.7m class IR 
telescope observing in the 0.7 – 1.8 μm 
band, providing a 10’x10’ FOV, with both 
imaging and moderate resolution 
spectroscopy capabilities (-> redshift) 

THESEUS mission concept 

LEO (< 5°, ~600 km) 

Rapid slewing bus 

Prompt downlink   



 THESEUS will have the ideal combination of  instrumentation 
and mission profile for detecting all types of GRBs (long, 
short/hard, weak/soft, high-redshift), localizing them from a 
few arcmin down to arsec and measure the redshift for a large 
fraction of them 

GRB170817A/GW170817 Fermi/GBM 

High-redshift 



 Shedding light on the early Universe with GRBs 



 THESEUS will also detect and localize down to 0.5-1 arcmin 
the soft X-ray short/long GRB afterglows, of NS-NS mergers and 
of many classes of galactic and extra-galactic transients 

 For several of these sources, THESEUS/IRT may provide 
detection and study of associated NIR emission, location within 
1 arcsec and redshift 



 Promptly and accurately localizing e.m. counterparts 

to GW events with THESEUS  

15 ʹ 

5 ʹ 

110∘× 30∘ 

1 arcsec !  



The Soft X-ray Imager (SXI)  

4 DUs, each has a 31 x 26 degree FoV 







Extending the XGIS imaging to 150 keV 

 Improve significantly the XGIS location capability for GRB 
and other  transients 
 

 Particulary important for short GRBs, showing a harder 
spectrum below Ep w/r to long ones -> optimization for 
multi-messenger astrophysics 

 
 

 

 

 

 



The InfraRed Telescope (IRT) 



The InfraRed Telescope (IRT) 



PROPOSAL CDF STUDY 

THESEUS mission concept: ESA study 



Mission profile and budgets 







  Smooth CDF study, successful MDR -> Phase A  
  Efficient and positive interaction between ESA and  consortium  

THESEUS ESA study: timeline, organization 
and status  









  Phase A study organization 

Scientific 
community 



THESEUS ESA Teams 

  

(lead scientist) 

L. Colangeli, P. McNamara (Science Coordination Office), P. Falkner (Mission Studies Office) 

(Lead scientist) 



THESEUS Consortium 



THESEUS Consortium scientific WGs 



Scientific Requirements Document (SciRD) 



Theseus Requirements Levels 

Level Topic Location 

0 Science Objectives  SciRD 

1 Science Requirements SciRD 

2 Mission Implementation SciRD/MRD 

3 S/C – Payload – GS MRD/EIDA 

- The Mission Observation Simulator (MOS) verifies level 2 compliance with 
level 1. 

- The System Performance Budget justifies the flow-down of requirements from 
level 2 to level 3. 

- The Instrument Performance Budgets justify the in-orbit end of life 
instrument performance requirement flow-down below level 2. 



Level 0 

Level 1 



NEW: 



Mission Operation Concept (MOC) 

IRT Characterization Mode 

TALK by Bozzo 



 

External trigger (TOO)  
• 3 per month dedicated to core science are granted (SciRD); more / 

additional science -> GO programme;  
 

• reaction times: 12 hr (goal 4hr) during working days (due to 
mission operation control, despite high level of spacecraft agility 
and autonomy) 
 

• Guest Observer  
• small deviations ( < few deg) from nominal pointing strategy during 

survey mode to observe sources of interest selected through a GO 
programme is in mission baseline;  
 

• GO observations (including TOOs) requiring larger deviations / 
resources are an option subject to achievement of core science 
objectives. 
 
 
 
 

Mission Operation Concept (MOC) 



Mission Observation Simulator (MOS) 

TALK by Bozzo 



Most updated rates from MOS 

 

 

 

 



Pointing strategies trade-offs 
 
• Minimize Earth in FOV of SXI (and XGIS imaging FOV) 
• Optimize for follow-up from on-ground large telescopes (e.g., ELT, 

TMT) -> lower latitudes 
• Optimize sky exposure of the monitors e.g.,  









 

• Remark: different pointing strategies will be feasible with 
Theseus, some of them not impacting significantly the main 
goals but optimizing different aspects of the scientific 
return 
 

• Pointing strategy may be changed during the mission 
based on the scientific return, evolution of the scientific 
scenario, emergency of new science cases, etc. 
 

• The sWGs should provide first of all feedback, supported by 
as quantitative as possible simulations, on the best pointing  
strategy for core science goals as well specific topics 
 

• The sWGs should also provide justification and support for the 
minimum and possibly extended number of external triggers / 
TOOs. 



 

• A new optical design for the IRT telescope has been proposed by ESA and 
has been studied by the IRT Consortium during MCR 
 

•  The new design simplifies the optical interface with industry, the IRT 
instrument accommodation, and the IRT design. Also improves the global 
efficiency (less reflecting surfaces), slight performance increase expected. 

 
• With the new design the low resolution spectral mode is hard to 

implement: this issue and the sensitivity considerations (see next slide) 
induced the suppression of the LR mode and just the photometric and HR 
mode are being considered 

 
• The Resolution of the HR mode is being traded against the sensitivity. The 

current resolution trade-off interval is 300-500 
 

• The detector trade-off has been concluded and the Teledyne H2RG is now 
the new baseline (allows more margins wrt. scientific requirements) 

 

 

Main recent instrument updates: IRT (D.Gotz)  



New Instrument Design 

8 positions Filter Wheel 
Calibration Unit 

M3 

M1 

Detector 

The instrument is 
now at the focus 
of the telescope 
(converging 
beam).  
4 mirrors 
removed.  
The Instrument 
requires a 
telescope 
simulator to be 
tested. 



Old  Sequence 
• 3 X 10 s images (JHK) -> field astrometry and early spectral 

selection (19 mag requirement) 
• 300 s LR mode (30 x 10 s) frames : (18.6 H mag requirement) 
• 60 s (6x10s) -> sources variability 

– Total duration 390s~6.5 min The sequence was imagined during 
the proposal phase and based one early sensitivity estimations 

• Now we have advanced in the telescope an instrument 
design and performance and we have started to (partially) 
re-think our follow-up strategy 

 
The old follow-up sequence was a combination of imaging and 
LR spectroscopy, but the imaging depth was not enough to 
guarantee sufficient success in afterglow identification and 
redshift determination. Hence a new was proposed: 
 

Updated IRT follow-up sequence  



 

• We now better assessed the IRT sensitivity (including jitter, drift, detailed 
optical design, etc.) and we feel that the old sequence is not efficient. In 
addition we want to be conservative and have margins at this stage 

 

• We want to be sure to able to estimate photometric redshifts early for all 
GRBs at z >6. 

 

• In order to obtain that, 5 filter images (I,Z,Y,J,H) equally long exposures 
are implemented: 5 x 150 s (25 s frames) exposures in 5 filters (~0.02 
mJy sensitivity) in order to obtain photometric redshifts. As before the 
early sequence will be followed (as a function of the flux) by 1800 s in HR 
mode (60 s frames) for GRB characterization. 

 

• Early simulations have assessed the efficiency of such strategy for redshift 
determination, but further (more sophisticated) simulations) will 
investigate possible degeneracies between high-redshift and dust-
obscured GRBs 
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• Instrument concept updates 

• New Point Spread Function analysis 

• Effective area improvement 

• On-going development work 

 

SXI module 

Main recent instrument updates:                      
SXI (P. O’Brien)  
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Instrument concept updates 
 

 Thermal design (spacecraft interface; detector 
baseplate analysis; effect of Earth pointing) 

 

 Mechanical design (CAD model: updated instrument 
shape) 

 

 Detector performance (X-ray characterisation and 
radiation sector analysis – EOL performance) 

 

 Performance budget (optics performance: cross-beam 
analysis & PSF analysis; effect on sensitivity) 



New method of defining the Point 
Spread Function 

54 

A conventional circular beam is not a 
good approximation to the PSF shape 
 
 Instead we define a cross-beam: 
 This provides a better match and is 

flexible – can adjust to exposure 
 Current approach (for MOS run) is a 

single cross-beam using half the 
effective area for photons that 
suffer 1 or 2 reflections 

 Next level is to adjust the PSF used 
as a function of trigger duration 

 This would also be optimal for any 
source detection 

 Also recalculated sky and particle 
background (lower on average) 

 



Effective Area 
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New effective area: 

• Cross-beam 

analysis; 

• Deep depleted 

CMOS with SiO2 

deadlayer QE; 

• 180nm Al total 

filter (optical 

block) 

Old effective area 

(used in previous 

SXI sensitivity 

analyses & MOS 

runs): 

• Circular beam 

analysis; 

• Suzaku CCD QE; 

• 170nm Al total 

filter 
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On-going development work 

 
 Analysis of optimum trigger algorithm 

 Technology development work on optics and 
detectors on-going (with some delays due to the 
virus…). Additional work on electronics soon to 
begin. 

 Thermal and radiation analysis – reduce impact of 
cooling requirements on spacecraft 

 Design of electron diverter 

 Initial design of ground segment 
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Main recent instrument  
updates: XGIS   



 

 

 

 

 

 
• Using the combination of CsI and SDD, we currently estimate 

that 90% of the short GRBs will have R90 <14 arcmin (and 50% 
R90 <6 arcmin). 

 
 
 
 

XGIS: updated source location accuracy and effect 
of extension to 150 keV of imaging 



  
• Inclusion of support structure into XGIS cameras -> updated 

mechanical design, impact on structural and thermal analysis, I/F 
with platform, etc. (must be taken into account in mass budget) 

 
• Overall consolidation of budgets (mass, power) and clarifications  

 
• Enhanced thermal design and analysis in progress following 

interactions with ESA engineers during las SEWG and MCR 
 
• Detection plane: excellent feedback from TDA on detection module 

(OHB-I + INAF/OAS) to mechanical, thermal and electrical design  
 

• Continuing progress on detectors and ASIC R&D activities  
 

• MC simulations (GEANT4) for response and BKG, radiation and 
activation analysis in very good status and progress, thanks to 
significant  heritage and further stimulated by MCR 
 
 
 
 
 

Instrument design and R&D/TDA  



Scientific WGs main aims 
 
• Support TSST in further assessment and refinement of SciRD: e.g, 

formulation of requirement on high-z GRBs, re-assessment of req. on short 
GRBs, etc. 

 

• Support TSST in main scientific trade-off and assessments:  e,g, justification 
of IRT HR mode, pointing strategy vs. follow-up from ground, 
justification and needs of guest-observer and “external trigger” obs. 
 

• Support TSST in further refinement of mission operation concept 
(e.g., IRT observing sequence) and inputs to the MOS (e.g., 
population models) 
 

• Contribute to mission advertising and community involvement  
 

• Main task: provide fundamental contribution to the writing of 
the scientific sections of the “Yellow Book”  
 

• Possible contributing / white papers 
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Main task: science sections of «Yellow Book» 



Main task: science sections of «Yellow Book» 



TALK by Guainazzi 



 

•  SciRD: formal reference for 
expected scientifc performances 

 

• Theseus M5 proposal 

 

• Theseus papers on Adv. Sp. Res. 
(general and MMS-specific) and 
Proc. of Theseus Workshop 2017 

 

• Responses by Theseus 
consortium to questions posed 
by ESA scientific panels during 
proposal evaluation proces 

 

• All available in the WGs 
repositories 

 
 
 

Tools for sWGs:  main reference documents 



 
 

• Note summarizing the priority tasks to be addressed by 
each sWG circulated by L. Amati on Dec. 17, following 
also discussions at KO meeting in Paris  

 

 



 

•  Accessible through UPDATED THESEUS website: simulations and testing by 
WG members;  SXI and XGIS updated versions (same as input for the MOS) 
available;  updated description of instruments characteristics and 
performances  on website 

 

• SXI FITS files for bkg, rmf, arf: assuming uniform response within FOV; updated 
response and background for a cross-beam extraction region (containing a sky 
area 675 arcmin^2); estimated BKG ncludes instrumental and diffuse X-ray 
background components (the                               latter estimated from the 
median over the ROSAT All Sky Survey data)  

 

• XGIS FITS files for bkg, rmf, arf:  effective area varies significantly within the 
FOV depending on off-axis; available FITS file for bkg (CXB + instrumental), 
response (rmf, arf) for some off-axis directions; different sets of files for SDD 
and CsI detecting elements. 

 

 

 
 
 

Tools for WGs:  scientific simulations 



 

• IRT:   Exposure Time Calculator (imaging, LR, HR for different filters);  
tools for simulations of spectra and images available through 
interaction with IRT team (TBC) 

 

• Exposure maps: SXI and XGIS sky exposure maps for baseline and 
different pointing strategies are an outcome of the MOS; may be 
made available under request (but see later) 

 

• Library of IR afterglow light curves for GRBs detectable by SXI 

 

• More refined simulations will require direct interaction with 
instruments teams 

 

 
 
 

Tools for WGs:  scientific simulations 



 

•  Implemented for technical assessment of compliance of mission 
profile and instruments performance with main scientific 
requirements (e.g., #GRB@z>6 ) 

 

• Additional (under request by TSST) trade-off between different 
pointing strategies (relevant, e.g., for follow-up from ground or 
survey uniformity) 

 

• Most recent results provided to TSST on May 4 

 

• List of useful outputs for WGs and TEB work (distributions, 
exposure maps, etc.) requested by Consortium and should be 
delivered soon  

 
 
 

Tools for WGs:  MOS outputs 



 

•  Impact of new IRT follow-up sequence (-> photo-z measurement through 
imaging in 5 filters for a total of 12.5 min) on #GRB@z>6 is marginal (decrease 
by a few%) 

 

• Because of new IRT follow-up sequence, distribution of start time of IRT 
observations inconsistent with requirement (50% within 10 min w/r to 90% 
required): no relevant impact (see above), but TSST may need to change req. 

 

• Pointing strategies giving a “better” distribution of declinations for high-z GRBs 
are technically feasible and provide #GRB@z>6 in 3 years > 50 (as required)  

 

• Slight improvement (2.5%) of #GRBs@z>6 (19/year) with updated SXI eff. Area 
and corrected BKG 

 

• Impact of XGIS location accuracy on #GRBs@z>6 needs further assessment 
(but about 2/3 of  only XGIS detected GRBs should have an IR counterpart 
within IRT FOV after pointing) 

 

 

 
 
 

Tools for WGs:  most recent MOS feedback 



 
 
• October 2019: Call to the community for joining renewed WGs and 

messages to WGs by coordinators: more than 450 contrib. scientists 
 
• December 2019: KO meeting (Paris) of the sWGs (general information 

and updates, YB structure, main scientific trade-offs, priorities) 
 

• Jan-Feb 2020: interactions within sWGs, managed by coordinators, to 
collect availabilities, organize the work, discussing piorities and doing 
first analyses and simulations  
 

• March 2020: updated instrument description and performances sections 
and simulation tools on the website 
 

• April 2020 Scientific WGs meeting In Leicester replaced by telecon 
among coordinators:  presentation, discussion and planning of activities 
of each WG 
 

• June 2020 : Theseus Conference 2020 in Malaga canceled and replaced 
by a telecon open to all WG members (this meeting) 

 
 
 

WGs  timeline  



 
• Activities of sWGs need to be synergic with those on YB 

preparation: schedule synchronized with that of TEB (Theseus 
Editorial Board for YB editing), see talk by Guainazzi) 

 
• Theseus sWG meeting on October 2020: likely still videoconf; 

further inputs to TEB for final phase of YB writing 
 
• Delivery of YB to ESA: 15 Jan 2021 (draft), 15 Feb. 2021 (final, for 

MSR) 
 

• THESEUS Conference 2021: Malaga (Spain) on March 23-26  
 
• Possible white papers: ready by March/April 2021 

 
• Please, stay in touch with the coordinators of your WG(s) and refer 

to them for any clarifications, discussions, ideas, etc. 

 
 

WGs  timeline: next milestones  


