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The ESA Cosmic Vision Programme

• M1: Solar Orbiter (solar astrophysics, 2018)

• M2: Euclid (cosmology, 2021)

• L1: JUICE (exploration of Jupiter system, 2022)

• S1: CHEOPS (exoplanets, 2018)

• M3: PLATO (exoplanets, 2026)

• L2: ATHENA (X-ray observatory, cosmology, 2028)

• L3: LISA (gravitational wave observatory, 2034)

• M4: ARIEL (exoplanets, 2028)   

• S2: SMILE (solar wind <–> magneto/ionosphere) 

• F: new “fast” channel for small missions

• M5: ?



THE ESA/M5 Call  

Launch in 2032
ESA budget 550 MEuro



• 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 

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.



Shedding light on the early Universe with GRBs

Because of their huge luminosities, mostly
emitted in the X and gamma-rays, their
redshift distribution extending at least to z ~9
and their association with explosive death of
massive stars and star forming regions, GRBs
are unique and powerful tools for
investigating the early Universe: SFR
evolution, physics of re-ionization, galaxies
metallicity evolution and luminosity
function, first generation (pop III) stars
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Exploring the multi-messenger transient sky

❑ Locate and identify the electromagnetic
counterparts to sources of gravitational
radiation and neutrinos, routinely detected in
the late ‘20s / early ‘30s by aLIGO/aVirgo,
eLISA, ET, or Km3NET;

❑ Provide real-time triggers and accurate (~1
arcmin within a few seconds; ~1’’ within a few
minutes) high-energy transients for follow-up
with next-generation optical-NIR (E-ELT, JWST if
still operating), radio (SKA), X-rays (ATHENA),
TeV (CTA) telescopes; synergy with LSST

❑ Provide a fundamental step forward in the
comprehension of the physics of various classes
of transients and fill the present gap in the
discovery space of new classes of transients
events



Promptly and accurately localizing transients with 
THESEUS 
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A powerful and flexible observatory

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 4
lobster-eye telescopes (0.3 - 5 keV band,
total FOV of ~1sr with source location
accuracy 0.5-1’)

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

➢ InfraRed Telescope (IRT): a 0.7m class IR
telescope (0.7 – 1.8 μm, 10’x10’ FOV) for
imaging and moderate resolution
spectroscopy capabilities (-> redshift)

THESEUS mission concept

LEO (< 5°, ~600 km)

Autonomous slewing

Prompt downlink  



THESEUS mission concept: ESA study



PROPOSAL CDF STUDY

THESEUS mission concept: ESA study



The Soft X-ray Imager (SXI)



The Soft X-ray Imager (SXI)



The X-Gamma-ray imaging spectrometer
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The X-Gamma-ray imaging spectrometer



The InfraRed Telescope (IRT)

IRT telescope: off-axis three-mirror 

anastigmat afocal telescope. Diameter of 

the exit pupil: 30mm. IRT instrument is 

three-mirror off-axis system incorporating a 

folding mirror just before the detector.



The InfraRed Telescope (IRT)



Status and near future

• Study at ESA has identified a solid mission baseline. Complex and 

conservative S/C simulator developed in collaboration with ESA 

confirms the feasibility of the science goals of THESEUS with 

significant margins. 

• Participation to the THESEUS Science Working Groups 

encouraged! The final goal is the preparation of the mission Yellow 

Book. 
• https://www.isdc.unige.ch/theseus/wg-association-request.html

• Public international conference dedicated to THESEUS: Malaga, 

Spain, 12-15 May 2020
• https://www.isdc.unige.ch/theseus/theseus-conference-2020.html

https://www.isdc.unige.ch/theseus/wg-association-request.html
https://www.isdc.unige.ch/theseus/theseus-conference-2020.html




GRB NIR Afterglow

Hi-z GRB NIR spectroscopy Very Hi-z GRB NIR spectroscopy

NIR Kilonova from NS-NS



❑ 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/GW170817Fermi/GBM

High-redshift



❑ Shedding light on the early Universe with GRBs



❑ Shedding light on the early Universe with GRBs



A Korsch telescope is corrected for spherical aberration, coma, astigmatism, and 
field curvature and can have a wide field of view while ensuring that there is little 
stray light in the focal plane. 

The InfraRed Telescope (IRT)

https://en.wikipedia.org/wiki/Spherical_aberration
https://en.wikipedia.org/wiki/Coma_(optics)
https://en.wikipedia.org/wiki/Astigmatism_(optical_systems)
https://en.wikipedia.org/wiki/Field_curvature
https://en.wikipedia.org/wiki/Stray_light
https://en.wikipedia.org/wiki/Focal_plane


The InfraRed Telescope (IRT)



The InfraRed Telescope (IRT)



The InfraRed Telescope (IRT)



The InfraRed Telescope (IRT)


