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THESEUS ESA mission
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THESEUS satellite: 
Scientific goals

➢ THESEUS  is designed to vastly increase the discovery space of
high-energy transient phenomena over the entirety of cosmic
history. 

➢ Its driving science goals aim at finding answers to multiple
fundamental questions of modern cosmology and astrophysics,
exploiting the mission’s unique capability to: 

a) explore the physical conditions of the Early Universe (the
cosmic dawn and reionization era) by unveiling the GRB population
in the first billion years; 

b) perform unprecedented deep monitoring of the soft X-ray transient
Universe, thus providing a fundamental synergy with the next-
generation of gravitational wave and neutrino detectors  (multi-
messenger astrophysics), as well as the large electromagnetic (EM)
facilities of the next 2030-2040 decade.



  

THESEUS satellite: 
core programme (1/2)

Long gamma-ray bursts in the cosmological context (adapted from the NASA/WMAP team).



  

THESEUS satellite: 
core programme (2/2)

Short gamma-ray bursts as electromagnetic counter-parts of the gravitational wave signal
emitted by merging neutron stars (credits: LIGO/VIRGO collaboration).

IN REAL TIME !!!



  

THESEUS: Synergies with next
generation large observatories



  

But also any kind of compact
object

(ancilliary programme)



  

But also any kind of
compact object

(Time domain astronomy)

Typical variability time scales and soft X-ray fluxes of  different classes of sources compared
to the SXI sensitivity for a power-law prototype source (Mereghetti et al. 2021).
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THESEUS satellite 
(re-proposed as ESA M7 mission – for

launch in 2037)

Schematic view of the spacecraft design for the Phase A ADS (left) and TAS  (right) Studies.



  

THESEUS satellite

Sketch of the THESEUS satellite showing the instruments accommodation is shown on the left
panel (credits: ESA).



  

THESEUS satellite: 
instrumentation

➢ Soft X-ray Imager (SXI, 0.3 – 5 keV): a set of 2 lobster-eye
telescopes units, covering a total field of view (FOV) of ~0.5sr with
source location accuracy < 1-2’;

➢ InfraRed Telescope (IRT, 0.7 – 1.8 μm): a 0.7m class IR telescope
with 15’x15’ FOV, for fast response, with both imaging and
spectroscopy capabilities;

➢ X-Gamma rays Imaging Spectrometer (XGIS, 2 keV – 20 MeV): a
set of 2 coded-mask cameras using monolithic X-gamma rays
detectors based on bars of Silicon diodes coupled with CsI crystal
scintillator, granting a ~2sr FOV and a source location accuracy of
~10 arcmin in the 2-150 keV, as well as a >4sr FoV at energies >150
keV. 



  

THESEUS satellite: 
The Soft X-ray Imager (SXI)

Optical elements of a SXI module.



  

THESEUS satellite: 
The Soft X-ray Imager (SXI)

The images on the left and center show close-up views of a crustacean’s eyes; the
image on the right shows a manmade microchannel plate. Both operate the same

way. Both gather light from multiple angles, focusing it into a single image to provide
a wide field of view. Credits: NASA-Goddard



  

THESEUS satellite: 
The Soft X-ray Imager (SXI)

The point spread function of the SXI obtained
from a ray-tracing simulation at 1 keV.



  

THESEUS satellite: 
The X-Gamma ray Imaging

Spectrometer (XGIS)

Mechanical design of one XGIS camera.



  

THESEUS satellite: 
The X-Gamma ray Imaging

Spectrometer (XGIS)

Left: Principle of operation of the XGS detection units: low-energy X-rays interact in Silicon,
higher energy photons interact in the scintillator, providing an energy range extended to three
orders of magnitude. Right: sketch of one XGIS module. A module is made of an array of 8x8
scintillator bars with SDDs at both ends. Both the SDDs and scintillators are used as active

detectors. The PDs readout electronics consist of an ASIC pre-amp mounted near each PD’s
anode while the rest of the processing chain is placed at the module sides and bottom.



  

THESEUS satellite: 
The InfraRed Telescope

(IRT)

Optical design of the IRT instrument
and telescope.
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Overview
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Overview

Spanish contribution



  

THESEUS satellite's
Consortium countries

As in the previous ESA M5 call.



  

THESEUS satellite: 
Consortium

➢ THESEUS was selected by ESA for a new 2.5-year Phase-A study as
one of the three candidates for M7 missions (together with M-Matisse
and Plasma Observatory). 

➢ Currently, the mission THESEUS (proposed again for M7) maintains
the same structure (as in M5) in terms of the Spanish contribution
(IAA-CSIC+INTA+UV). 

➢ Spain is part of the mission consortium (occupying the fifth
position of the contributing countries – with Italy being the main
contributor) and participates in the construction of SXI (INTA)
and XGIS (University of Valencia). 

➢ Spain also participated successfully in all stages of phase A during
the previous M5 phase A (prior to the current selection of the
mission).



  

THESEUS satellite: 
Overview

Spanish contribution:
Payload
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Overview
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THESEUS satellite: 
Overview

IAA-CSIC (coordinator)



  

THESEUS consortium: 
IAA-CSIC (1/2)

➢ The tasks to be developed at IAA will be regarding the coordination of
the Consortium structure of the SXI and XGIS instruments’ teams in
addition to the ones of scientific kind  (organization of meetings,
Workshops; production of simulated data, participation in scientific
collaborations, and publication of scientific results related to the
project) . 

➢ [GO1-IAA] To coordinate the Spanish participation in the
THESEUS ESA/M7 mission. THESEUS was selected for study A this
year and in middle 2026 it will be known which of the three M7
missions will be adopted for launch. The IAA is leading the
Spanish participation, involving different institutions (IAA-UV-INTA),
so coordination is a must, paving the way to a coordinated project to
be submitted in 2027 (if the mission is selected for phase B study by
ESA).



  

THESEUS consortium: 
IAA-CSIC (2/2)

➢ [GO2-IAA] To assist on the scientific side to the THESEUS
Consortium during the phase A Study. The methodology during the
THESEUS phase A involves the participation at scientific level and
programmatic/technological. Further work in several major Working
Groups is envisaged.

➢ Organization of Workshops:

– “Spanish participation in X-ray observatories: past, present
and future”, SEA symposium on 15-19th July (2024);

– “THESEUS international Conference” in late 2025/early 2026
in Spain.



  

THESEUS satellite: 
Overview

INTA (SXI instrument)



  

THESEUS consortium: 
INTA

➢ [GO1-INTA] The objective is to complete the Phase A activities
related to the SXI (Soft X-ray Imager) instrument of the THESEUS
mission and to address, if selected, phase B1. 

Two objectives of different nature are contemplated: a first one
(ObjEesp1-INTA) related to the thermo-mechanical design  of the
structure that will support the detectors (focal plane), the thermal
interface, and the support structure (hexapod)  that will serve as
interface and junction with the platform, and a second one (ObjEesp2-
INTA) that will consist in the elaboration of a preliminary plan of
alignment and integration of the CMOS detectors  in its support
structure and another one of metrological verification that will allow to
assure the strict positioning requirements.



  

THESEUS satellite: 
Overview

IPL (U. of Valencia; XGIS
instrument)



  

THESEUS consortium: 
UV

➢ [GO2-UV] Technical contribution to XGIS instrument and to
THESEUS mission.  The XGIS instrument consists of two units (two
telescopes) FOVs partially overlap. The group is responsible of the
whole XGIS Imaging System of each unit. This includes on the one
hand the optimization of the Coded Mask Assembly together with the
Collimator Assembly for each unit, and on the other hand the
mechanical and structural requirements and their interface definition
with the rest of XGIS and with the platform, the system budgets,
mechanical design, and structural analysis. In addition, members of
the team are part of the THESEUS System Engineering Working
Group and of the THESEUS National Project Management
Committee.



  

THESEUS consortium: 
UV

➢ [GO2-UV] Technical contribution to XGIS instrument and to
THESEUS mission.  The XGIS instrument consists of two units (two
telescopes) FOVs partially overlap. The group is responsible of the
whole XGIS Imaging System of each unit. This includes on the one
hand the optimization of the Coded Mask Assembly together with the
Collimator Assembly for each unit, and on the other hand the
mechanical and structural requirements and their interface definition
with the rest of XGIS and with the platform, the system budgets,
mechanical design, and structural analysis. In addition, members of
the team are part of the THESEUS System Engineering Working
Group and of the THESEUS National Project Management
Committee.



  

THESEUS satellite: 
Spanish contribution

(Phase A+B1)
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