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THESEUS mission concept
q Soft X-ray Imager (SXI): a set of four
sensitive lobster-eye telescopes with CMOS
observing in 0.3–6 keV band, total FOV of
~1sr with source location accuracy ~1’;
q 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–20 MeV band, a FOV of
~2.5sr, overlapping the SXI, with ~5’
source location accuracy;.
q InfraRed Telescope (IRT): a 0.7m class IR
telescope observing in the 0.7–1.8 µm band,
providing a 15’x15’ FOV, with both
imaging and moderate resolution
spectroscopy capabilities (à redshift)

LEO (< 5°, ~600 km)
Rapid slewing bus
Prompt downlink

THESEUS mission concept: ESA study
PROPOSAL

CDF STUDY

• 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,
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.

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

Shedding light on the early Universe with GRBs
Because of their huge luminosities, a redshift
distribution extending at least to z ~9 and their
association with explosive death of massive
stars and star forming regions, GRBs are
uniquely powerful tools for investigating the
early Universe: SFR evolution, physics of reionization, galaxies metallicity evolution
and luminosity function, first generation
(pop III) stars

q Shedding light on the early Universe with GRBs

Detect hundreds of GRBs per year in the monitors and then slew to characterize with
the IRT with rapid communication
ESA mission simulations, including observing constraints, source brightness with time
etc., indicate we can characterize >60 GRBs at z>6 – equivalent to an annual rate >20
times that of Swift

Exploring the multi-messenger transient sky
q Locate and identify the electromagnetic
counterparts to sources of gravitational
radiation and neutrinos, which will be
routinely detected in the late ‘20s / early ‘30s
by
next
generation
facilities
like
aLIGO/aVirgo, eLISA, ET, or Km3NET;
q Provide real-time triggers and accurate (~1 arcmin
within a few seconds; ~1’’ within a few minutes) highenergy transients for follow-up with nextgeneration optical-NIR (E-ELT, JWST (if still
operating), radio (SKA), X-rays (ATHENA), TeV
(CTA) telescopes; synergy with LSST
q 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

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

Surveys and synergy
•

Bright survey: daily (or faster) monitoring of few dozen targets

•

Medium survey: ~weekly monitoring of hundreds-thousands of targets

•

Faint survey: flaring survey of entire sample

q With a Lobster instrument we do not need to decide sampling rate ahead of time
q Do need a way to trigger other facilities – requires an alert system
q Almost all future facilities have time domain studies in their science case (e.g. ELT, SKA,
CTA, Athena, ET…) but generally assume someone else will find the target!

ESA M5 Phases 0/A study timeline

q Smooth CDF study, successful MDR and Phase 0 -> Phase A
q Efficient and positive interaction between ESA and consortium

THESEUS science
working groups
WG4: Population
Synthesis
models

WG1: Early
Universe with
GRBS

ESA TSST

ESA Study team

WG0: Scientifc
Coordination

WG2: MultiMessenger
Astrophysics

WG3: Time
Domain
Astronomy

WG5: Synergies
with future
facilities

WG6:
Observatory
Science

Athena, LISA, ET,
ELT, CTA, SKA, …

Science consolidation timeline: 2019-2021
• Consolidation of the WGs definition and coordinators (done)
• Message to the worldwide community for updating on Theseus
study and inviting to join WGs (sent on Oct 2)
• Kick-off meeting with WG coordinating teams on 2019 December
6th - to prepare the ”Yellow Book”
• THESEUS conference in Malaga, Spain on 2020 May 12-15. You are
all invited
https://www.isdc.unige.ch/theseus/theseus-conference2020.html
• See THESEUS website for details on the mission

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

THESEUS Malaga meeting 12-15/5/20

https://www.isdc.unige.ch/theseus/theseus-conference2020.html

In summary
v THESEUS, submitted to ESA/M5 by a large European collaboration, with
strong interest by international partners, will fully exploit GRBs as
powerful and unique tools to investigate the early Universe
v THESEUS will also play a fundamental role for GW/multi-messenger and
time-domain astrophysics at the end of next decade, also by providing a
flexible follow-up observatory for fast transient events with multiwavelength ToO capabilities and guest-observer programmes
v THESEUS observations will impact on several fields of astrophysics,
cosmology and fundamental physics and will enhance importantly the
scientific return of next generation multi messenger (aLIGO/aVirgo, LISA,
ET, or Km3NET;) and E.M. facilities (e.g., LSST, E-ELT, SKA, CTA, ATHENA)
v Community participation in THESEUS scientific WGs is essential and very
welcome. Now only 18 months from selection!

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

