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May 2018-June2021: THESEUS ESA M5 phase 0/A
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THESEUS
Early Universe

SPICA
Stars,planets & galaxy
formation

EnVision
Venus



Dec 2021- April 2022: THESEUS enters ESA 
M7 Phase II
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End of 2021 à ESA M7 mission call à launch 2037 

Februrary 2022: THESEUS successfully passed first pre-
selection

15 July 2022 à proposal sent for phase A participation
where 3 missions will be selected

November 2022: selection of max 3 missions for Phase A 
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• Set of innovative wide-field monitors 
with unprecedented combination of 
broad energy range, sensitivity, FOV 
and localization accuracy
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• Set of innovative wide-field monitors 
with unprecedented combination of 
broad energy range, sensitivity, FOV 
and localization accuracy

X-gamma-ray Imager Spectrometers 
(2 keV – 1 MeV)

Soft X-ray 
Imagers 
(0.3-5 keV)

see talk by Marchesini
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• Set of innovative wide-field monitors 
with unprecedented combination of 
broad energy range, sensitivity, FOV 
and localization accuracy

Soft X-ray 
Imagers 
(0.3-5 keV)
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• On-board autonomous fast follow-
up in optical/NIR, arcsec location 
and redshift measurement  of 
detected GRB/transients

• Set of innovative wide-field monitors 
with unprecedented combination of 
broad energy range, sensitivity, FOV 
and localization accuracy



9

• On-board autonomous fast follow-
up in optical/NIR, arcsec location 
and redshift measurement  of 
detected GRB/transients

• Set of innovative wide-field monitors 
with unprecedented combination of 
broad energy range, sensitivity, FOV 
and localization accuracy

IR off-axis Koarsch Telescope 0.7m 
(I (20.9),Z (20.7),Y (20.4),J (20.7),H (20.8) 
for 150s and SNR=5) 



THESEUS Core science

Providing a substantial
advancement of multi- messenger
and time-domain astrophysics
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Investigating the first billion years
of the Universe through high-
redshift GRBs



THESEUS synergies in >2037
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Stratta+2022



Investigating the early Universe
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Cucchiara+2011

GRBs sky position individuate the position of a "normal" 
galaxy representative of the bulk population from local to 
the infant Universe



Investigating the early Universe
At the highest z, "normal" galaxies are too faint also for JWST and the 
future ELTs à GRB optical afterglow spectra/SED can characterize the 
host galaxy
....But how to recognize a high-z GRB?
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z = 9.2

z=6.29; MAB > 28.86 z=5.11; MAB > 28.13 z=5.47; MAB > 28.57 

z=6.73; MAB > 27.92 z=8.23; MAB > 30.29 z=9.4; MAB > 28.49 

Tanvir+12
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Cucchiara+2011
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THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0RB8

1. Burst detection à first sky 
localization with XGIS and 
SXI

2. Slew to put the source in 
the IRT FoV

3. 5 filter iRT imaging 
acquisition

4. If an optical counterpart
is detected than
photometric or 
spectroscopic redshift
is measured
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Simulated z=8 GRB spectrum 
taken with THESEUS/IRT at 
0.5 hrs (JAB=16 mag)

Afterglow spectroscopy of THESEUS GRBs

ELT
photo-z vs input z from Monte-Carlo 
simulations of the IRT observation
sequence for a sample of 113 z>6 GRBs
extracted from synthetic population model
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Simulated z=8 GRB spectrum taken at 0.5 days with 
ELT (JAB=20 mag)

Afterglow spectroscopy of THESEUS GRBs

ELT

Once a high-z 
GRB is identified, 
facilities as ELTs 
can be pointed 
for deep spectral 
characterization



THESEUS capabilities are 
expected to significantly 
increase high-z GRBs to >40 
GRBs at z>6 

THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0RB8
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THESEUS capabilities are 
expected to significantly 
increase high-z GRBs to >40 
GRBs at z>6 



v First generation stars (pop III)
v Cosmic SFR (even beyond the limits of 

current/future galaxy surveys)
v Galaxy metallicity evolution and  

luminosity function, particular for low 
mass galaxies

v Physics of reionization

THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0RB8

THESEUS capabilities are 
expected to significantly 
increase high-z GRBs to >40 
GRBs at z>6 
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Absorption line based metallicity of QSO-DLA and GRB-DLA

predicted metallicities 
by 50 high-z GRBs 
discovered with 
THESEUS assuming a 
galaxy LF with different 
slopes along with 
mass- or luminosity-
metallicity relation

Afterglow spectroscopy of THESEUS GRBs
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Simulated Athena/IFU 50ks spectrum of a medium bright z=7 
GRB with fluence = 4×10–7 erg cm–2, NH = 2×1022 cm–7

[Credit: X-IFU Consortium]

Afterglow spectroscopy of THESEUS GRBs

THESEUS will provide
burst trigger and sky
localization to Athena

X-ray spectroscopy
with Athena will reveal
high ionization species
à gas proximate to 
the GRB 

Athena

Piro et al. 2022 Exp Astronomy https://rdcu.be/cUNT4

https://rdcu.be/cUNT4


Exploring the HE transient Universe
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THESEUS will perform
deep monitoring of the 
X-ray transient sky:
• GRBs,TDE,novae,SN

shock breakout, 
AGN,etc.

• counterparts of GW 
and neutrino 
sources (routinely
detected by the end of 
2030s)



NS-NS merger with 3G GW detectors
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Berger+2014

Short GRB z distribution, 
<z> ~ 0.5Abbott et al. 2017 ApJL 13, 848

From GW/GRB170817 we know 
that short GRBs are associated
with NS-NS mergers (BNS) 

By >2035 ~105/yr BNS will be 
detected up to z>1-2 with 3G GW 
detectors



3G GW detectors
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• ET starting observations in 2035 
à roadmap of the European
Strategy Forum on Research
Infrastructures (ESFRI)

• Same starting period also in 
- the Gravitational Wave

International Committee 
(GWIC) roadmap (Bailes et 
al. 2021, Nature Reviews 
Physics, 3, 344) 

- the mid-term review of the 
AstroParticle Physics
European Consortium 
(APPEC) roadmap

https://roadmap2021.esfri.eu/projects-and-
landmarks/browse-the-catalogue/et/

- https://indico.desy.de/event/32140/attachments
/69790/92895/APPEC_Strategy_SAC_Midterm
_Review_2022.pdf 



3G GW detector sky localization
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BNS mergers - Chan+2018



Next generation neutrino detectors
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Sky localization: 
- Long tracks topology (for nu_μ) à 0.1-0.2 deg
- Cascade topology (for nu_e and most nu_tau) à 3-5 deg



The role of THESEUS in MMA
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From BNS pop. Synthesis + accurate structured jet model (see Ronchini+2022) + duty cycle (65% for XGIS 
and 75% for SXI)

short GRB+GW science

Several tens of short GRB+GW are expected 
to be detected with THESEUS



short GRB+GW science
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short GRB+GW science
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short GRB+GW science
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short GRB+GW science
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short GRB+GW science
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short GRB+GW science
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Hubble constant measure
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• BNS are "standard sirens" and 
from GW waveform DL can be 
measured 

• From the EM counterpart the 
cosmological redshift can be 
measured 

• By combining the luminosity 
distance and redshift from BNS 
àindepedent H0 estimate 

Abbott+2017, Nature



Hubble constant measure
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We expect THESEUS to detect >20 short GRB+GW with measured z, ~1% 
accuracy can be reached



Hubble constant measure
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THESEUS + 3G GW detectors 
will allow to solve the current 
tension in the H0 inferred from 
local distance indicators and 
the angular scale of fluctuations
in CMB

à confirm/rule out the request 
for a new paradigm to the 
standard cosmological model



GRB classification and physics
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show GRB211211

short GRB with EE

Short GRB 050724 
Barthelmy+2005

extended and softer emission 
the origin of which is still 
unknown

main hard spike typical 
of "standard" short GRBs



GRB classification and physics
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show GRB211211

short GRB with EE

Short GRB 050724 
Barthelmy+2005

extended and softer emission 
the origin of which is still 
unknown

main hard spike typical 
of "standard" short GRBs



GRB classification and physics

G. Stratta Trieste 12-15 Settembre 2022 44

Which fraction of Short GRB 
with EE? 

•7% from BATSE data 
(Bostanci+13)
•5% Fermi/GBM data 
(Kaneko+15)
•2-25% from Swift/BAT (15-
350 keV) data (Norris+10, 
Lien+16)
•>75% from Swift/BAT+XRT 
data (Kisaka+17)



THESEUS XGIS+SXI suite is ideal to study this type of short GRBs

GRB classification and physics

Credit: Amati

Short GRB 050724 
Barthelmy+2005
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Zhu et al. 2022

GRB classification and physics

Troja+2022

Rastinejad
+2021
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Zhu et al. 2022

GRB classification and physics

Troja+2022

Rastinejad
+2021

The synergy with 3G GW detectors will allow to exclude the 
formation of a long-lived magnetar after a BNS merger as possible 
origin of the EE
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GRB classification and physics

THESEUS XGIS+SXI simulations of a sample of short GRB+EE with 
measured spectral parameters



GRB classification and physics
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show GRB211211

short GRB with EE

THESEUS XGIS+SXI are ideal to identify and characterize SGRB+EE



GRB classification and physics
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show GRB211211

short GRB with EE

THESEUS XGIS+SXI are ideal to identify and characterize SGRB+EE



GRB physics
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simulation of prompt spectrum of GRB180720B

THESEUS wide 
energy range (0.3 
keV-10 MeV) and 
larger effective area 
of THESEUS à
accurate estimates
of the key 
parameters of the 
prompt emission
spectrum à
underlying physics



Everything you wanted to 
know about THESEUS...
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https://www.isdc.unige.ch/theseus/2
017-workshop-proceedings-2.html

2017

2018

2021 https://sci.esa.int/documents/
34375/36249/Theseus_YB_fi
nal.pdf

2021 ESA 
Yellow Book 

https://www.isdc.unige.ch/theseus/
posters-slides.html



THESEUS is a mission concept developed by a large European collaboration and 
now selected for ESA M7 Phase II à November 2022: phase A final selection

• probe the physical and chemical properties of the early Universe, by discovering 
and exploiting the population of high redshift GRBs.

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

à Localization of GW/neutrino EM counterpart in the X-gamma ray band down to 
1-5 arcmin and 1’’ if an optical/NIR counterpart is present

à Characterization of X-ray transient sources from keV to IR 
à Activation of MW observational campaigns 

• THESEUS observations will impact on several fields of astrophysics, cosmology and 
even fundamental physics and will enhance the scientific return of next generation 
multi messenger (ET, Cosmic Explorer, LISA and Km3NET, IceCube-Gen2;) and 
e.m. facilities (e.g., LSST, ELT, SKA, CTA, ATHENA)
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Keep calm 
and 
stay 

tuned!



Extra slides
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THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0RB8



IR Telescope will provide:
• arcsec localizations
• Redshift measures
• Luminosity estimates

These information will
be used to optimise
follow-up strategies
(i.e. most appropriate 
facility, select highest
priority target) for: 
• Deep host search
• High S/N afterglow

spectroscopy
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R-band light 
curves of long 
and short (black
dots) GRB 
afterglows
(adapted from 
Kann et al. 2011)

Stratta et al. 2018
G. Stratta 61

Afterglow spectroscopy of THESEUS GRBs
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Stratta+2022

~2000 deg2 0.3-5 keV

>10000 deg2 2 keV -1 MeV

arcmin level sky localization 
accuracy in X/gamma-rays

arcsec level accuracy in IR



NS-NS merger detections with THESEUS

From Fernandez & Metzger 2017

X-ray
emission
from NS

X-ray emission peak ~ min/hours
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Nearly isotropic magnetar-powered X-ray
emission from long-lived NS-NS merger 
remnants

LX ~ 1043 – 1048 erg/s
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