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 THESEUS and ATHENA operations may overlap for several years

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

A statistical sample of high–z GRBs can provide fundamental
information:
• measure independently the cosmic star–formation rate, even beyond
the limits of current and future galaxy surveys
• directly (or indirectly) detect the first population of stars (pop III)

Z = 9.2

Robertson&Ellis12

• the number density and properties of low-mass galaxies

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
Robertson&Ellis12

Even JWST and ELTs surveys will be not able to probe the faint end of the galaxy
Luminosity Function at high redshifts (z>6-8)

• the neutral hydrogen fraction
• the escape fraction of UV photons from high-z galaxies
• the early metallicity of the ISM and IGM and its evolution
Abundances, HI, dust, dynamics etc. even for very faint hosts. E.g. GRB 050730: faint host
(R>28.5), but z=3.97, [Fe/H]=-2 and low dust, from afterglow spectrum (Chen et al. 2005;
Starling et al. 2005).
Forest (IGM)
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Exploring the multi-messenger transient sky
 Locate and identify the electromagnetic
counterparts to sources of gravitational
radiation and neutrinos, which may be
routinely detected in the late ‘20s / early ‘30s
by
next
generation
facilities
like
aLIGO/aVirgo, eLISA, ET, or Km3NET;
 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
 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

THESEUS:
 short GRB detection
over large FOV with
arcmin localization

 Kilonova detection,
arcsec localization
and characterization
 Possible detection of
weaker isotropic Xray emission

THESEUS mission concept
 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’
source location accuracy;.
 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)

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
Fermi/GBM
High-redshift

GRB170817A/GW170817

 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 (BH) mergers and of
many classes of galactic and extra-galactic transients
 For several of these sources, THESEUS/IRT will provide
detection and study of associated NIR emission, location within 1
arcsec and redshift

 Detection, study, arcsecond localization and redshift of
afterglow and kilonova emission from shortGRB/GW
events with THESEUS/IRT

Precise localization is mandatory to activate large ground-based
telescopes as VLT or ELT from which detailed spectral analysis will
reveal the intrinsic nature of these newly discovered phenomena

 Promptly and accurately localizing e.m. counterparts
to GW events with THESEUS

110∘× 30∘

15 ʹ
5ʹ

1 arcsec !

• 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.
20

Fundamental role of THESEUS for ATHENA science
(with inputs from L. Piro and P. O’Brien)

 Fundamental role of THESEUS for primary Athena science goals
involving GRBs:
(1) Locate the missing baryons in the Universe by probing the Warm
Hot Intergalactic Medium (the WHIM)
(2) Probe the first generation of stars by finding high redshift GRBs
 THESEUS will:
(1) localise bright GRBs with sufficient accuracy to enable a rapid
repointing of the Athena X-IFU for X-ray spectroscopy of the WHIM
(2) find high-redshift GRBs using the SXI and XGIS and accurately
localising them using the IRT for redshift determination on-board to
provide reliable high-redshift targets for Athena.

 Many other transients found by THESEUS (e.g., TDEs, magnetars,
flaring binaries and e.m. counterparts (short GRBs, soft X-ray
transients) of GW events will also be high-value targets for Athena.

GRB are in the core science of
Athena as beacons to:
 Find the missing baryons in the WHIM:
about 10 GRB afterglows per year selected
for brightness (prompt emission as proxy)
 Find primordial stars sites in the High-z
Universe: 5 GRB afterglows per year
selected for redshift (photo-z with IR
telescopes, other indicators…)

Kaastra et al., 2013 arXiv 1306.2324

Jonker, O'Brien et al., 2013 arXiv1306.2336

Gamma Ray Burst at z=7 by ATHENA-XIFU
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Jonker, O'Brien et al., 2013 arXiv1306.2336

GRB accurate localization and NIR, Xray, Gamma-ray characterization, redshift
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Summary of THESEUS – ATHENA synergies
 Theseus providing triggers (time, location, flux, redshift) to Athena
for GRBs (high-z Universe, pop-III stars, WHIM studies), e.m.
counterparts of GW sources (short GRBs, soft X-ray emission) and
other transients relevant to Athena core science (TDEs, Magnetars, SNe,
Nova, flare stars, SgrA*)

 Athena providing triggers for Theseus IRT for follow-up of transients
found in the WFI, including triggering campaign on AGN in outburst.
 Simultaneous Athena/Theseus broad band observations of relatively
bright sources
 Cross Calibration of Theseus SXI instrument on Athena sources

Will be investigated by Athena – Theseus synergy WG (P. O’Brien et al.)

In summary
 THESEUS, under study by ESA and a large European collaboration with
strong interest by international partners (e.g., US) will fully exploit GRBs as
powerful and unique tools to investigate the early Universe and will provide
us with unprecedented clues to GRB physics and sub-classes.
 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 multi-wavelength ToO
capabilities and guest-observer programmes
 THESEUS is a unique occasion for fully exploiting the European leadership in
time-domain and multi-messenger astrophysics and in key-enabling
technologies (lobster-eye telescopes, SDD by INAF, INFN, FBK, Un.)
 THESEUS will enhance importantly the scientific return of next generation
facilities in the multi messenger (aLIGO/aVirgo, LISA, ET, or Km3NET) and
e.m. (e.g., LSST, E-ELT, SKA, CTA, ATHENA) domain

 Strong straightforward synergy with Athena: THESEUS will be the
optimal GRB/transients machine for Athena core and obs. science

• ESA L2/L3 review: “The SSC strongly endorses the
need to continue pursuing in the future the discovery
of GRBs”
• THESEUS will be a really unique and superbly
capable facility, one that will do amazing science on
its own, but also will add huge value to the currently
planned new photon and multi-messenger
astrophysics infrastructures in the 2020s to > 2030s.

08/11/2017

Interview with the ESA SARP M5 ESTEC
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Jonker, O'Brien et al., 2013 arXiv1306.2336

( fluence=1 x 1 0 - 7 erg cm- 2 , log Xi=3 , Nh=6 x
1 0^2 1 cm- 2 )

( f luence=5 x 1 0 - 8 erg cm- 2 , log Xi=3 , Nh=2 x
1 0 2 2 cm- 2 )

( f luence=1 x 1 0 - 7 erg cm- 2 , log Xi=3 , Nh=6 x
1 0 2 1 cm- 2 )

 Promptly and accurately localizing e.m. counterparts
to GW events with THESEUS
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 GW/multi-messenger and time-domain astrophysics
GW transient sources that will be monitored by THESEUS include:

 NS-NS / NS-BH mergers:
 collimated EM emission from short GRBs and their afterglows (rate
of ≤ 1/yr for 2G GW detectors but up to 20/yr for 3G GW detectors
as Einstein Telescope)
 Optical/NIR and soft X-ray isotropic emissions from macronovae,
off-axis afterglows and, for NS-NS, from newly born ms magnetar
spindown (rate of GW detectable NS-NS or NS-BH systems, i.e.
dozens-hundreds/yr)
 Core collapse of massive stars: Long GRBs, LLGRBs, ccSNe (much
more uncertain predictions in GW energy output, possible rate of ~1/yr)
 Flares from isolated NSs: Soft Gamma Repeaters (although GW energy
content is ~0.01%-1% of EM counterpart)

Mission profile and budgets

• Launch with VEGA-C into LEO (< 5°, ~600 km)
• Spacecraft slewing capabilities (30° < 5 min)
• Prompt downlink options : WHF network (options:
ORBCOMM, NASA/TDRSS, ESA/EDRS)

IRIDIUM network,

ESA Study Team for THESEUS

 Supervision: P. Falkner (head future missions department), L.
Colangeli

The Soft X-ray Imager (SXI) – led by UK

4 DUs, each has a 31 x 26 degree FoV

The X-Gamma-rays imaging spectrometer
(XGIS) – led by IT

2029-2030

2032
2022

+ Infrared telescope and fast slewing !!!

The InfraRed Telescope (IRT) – led by FR

Field of view
XGIS
SXI
IRT

 Time-domain astronomy and
GRB physics
• survey capabilities of transient
phenomena similar to the Large
Synoptic Survey Telescope (LSST) in
the optical: a remarkable scientific
sinergy can be anticipated.

•

substantially increased detection rate
and characterization of sub-energetic
GRBs and X-Ray Flashes;

• unprecedented insights in the physics
and progenitors of GRBs and their
connection with peculiar core-collapse
Sne;

Soderberg et al.

Nava et al. 2018

 THESEUS measurements + sinergy with large e.m. facilities
-> substantial improvment of redshift estimate for e.m.
counterparts of GW sources -> cosmology

Estimating H0 with GW170817A

 GW/multi-messenger time-domain astrophysics
GW transient sources that will be monitored by THESEUS include
NS-NS / NS-BH mergers:
 collimated on-axis and off-axis prompt gamma-ray emission from
short GRBs
 Optical/NIR and soft X-ray isotropic emissions from kilonovae,
off-axis afterglows and, for NS-NS, from newly born ms magnetar
spindown

 Shedding light on the early Universe with GRBs

 measuring cosmological parameters with GRBs

600 GRB

 measuring cosmological parameters with GRBs

600 GRB

GRB NIR Afterglow

Hi-z GRB NIR spectroscopy

NIR Kilonova from NS-NS

Very Hi-z GRB NIR spectroscopy

THESEUS payload consortium
• ITALY - L.P. / project office, XGIS, Malindi antenna (+ contrib. to SDC, VHF transm.)
• UK - SXI (optics + detectors + calibration) + S/W (SXI pipeline and remote contribution to
SDC)
• France - IRT (coordination and IR camera, including cooler) , ESA - IRT optics + SXI CCDs
• Germany, Poland, Denmark - Data Processing Units (DPU) for both SXI and XGS, Power
Supply Units (PSU)
• Switzerland: SDC (data archiving, AOs, + pipelines) + IRT focal plane assembly
• Other contributions: Spain (XGIS collimators), Belgium (SXI integration and tests), Czech
Rep. (mechanical structures and thermal control of SXI), Ireland (IRT focal plane), Hungary
(spacecraft interface simulator, PDHU, IRT calib.), Slovenia (X-band transponder, mobile
ground station)
• International optional contributions: USA: (TDRSS, contrib. to XGS and IRT detectors),
Brazil: Alcantara antenna, China (SXI, XGS)
• Industrial partners: OHB-I, GPAP

 GW/multi-messenger time-domain astrophysics
GW transient sources that will be monitored by THESEUS include
NS-NS / NS-BH mergers:
 collimated on-axis and off-axis prompt gamma-ray emission from
short GRBs
 Optical/NIR and soft X-ray isotropic emissions from kilonovae,
off-axis afterglows and, for NS-NS, from newly born ms magnetar
spindown

The Swift experience
• A flexible, rapid-slewing, multi-wavelength observatory has proven a
very powerful facility.
• New, frequently unanticipated, discoveries throughout mission.
• High publication rate, particularly of high impact papers (e.g. >50
Nature papers)

 Time-domain astronomy and
GRB physics
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Synoptic Survey Telescope (LSST) in
the optical: a remarkable scientific
sinergy can be anticipated.

•
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 Absorption features: the case of GRB990705 (edge at 3.8 keV ->
redshifted neutral iron k-edge -> z = 0.85 -> confirmed by host galaxy
spectroscopy: redshift estimate through X-ray spectroscopy

BeppoSAX WFC + GRBM
(Amati et al. 2000)

THESEUS SXI + XGIS
(Nava et al. 2018)

 measuring cosmological parameters with GRBs

600 GRB

 measuring cosmological parameters with GRBs

600 GRB

THESEUS consortium WBS (M5)

The Italian contribution to THESEUS
• Science: INAF (Lead Proposer & coordination; OAS, IASF-MI, Oss.
Brera, IAPS, IASF-PA, Oss. Napoli, Oss. Roma, …), Universities
(e.g., Univ. Ferrara, Pol. Milano, SNS Pisa, Univ. Federico II Napoli,
Univ. Urbino, …), INFN (Trieste, Napoli, Bologna, Ferrara, …)

• XGIS: INAF (PI; OAS, IASF-MI, IAPS, IASF-PA, …), INFN (Trieste,
Bologna), Universities (Politecnico Milano, Univ. Pavia, Univ.
Ferrara, Univ. Udine, FBK Trento
• Malindi ground station & VHF transmitter: ASI
• SSDC: ASI
• Industrial support for M5 proposal: OHB-Ita, GPAP

The key role of Italy in THESEUS
• Building on the unique heritage in GRB and transients science of the
last 15-20 years (BeppoSAX, HETE-2, Swift, INTEGRAL, AGILE,
Fermi, optical/NIR follow-up)
• Strengthening and exploiting the fundamental contribution to time
domain and gravitational waves astrophysics (EGO-Virgo, EM followup with major facilities like VLT)

• Taking advantage of leadership in key enabling technologies based
on R&D supported by INFN, INAF, ASI in the last years (e.g., silicon
drift detectors + scintillators, )

Italian contribution: technological heritage
• Scintillator-based detectors for high energy astrophysics: BeppoSAX
PDS & GRBM, INTEGRAL/PiCSIT, AGILE/MCAL (leading roles of INAF - IASF
– Bologna) + R&D projects funded by ASI
• SDD detectors for high-energy astrophysics and associated electronics
(ASIC): R&D projects funded by INFN (e.g., REDSOX), FBK, ASI, INAF
• Concept and earliest testing of SDD+CsI (“siswich”) (e.g., Marisaldi et al.
2005)
• Concept studies of next generation GRB Monitors for future
opportunities: supported by ASI-INAF contract during 2006-2011 (p.i. L.
Amati)
• Innovation: SDD+CsI detection system, ASIC
• Development and testing of an XGIS module prototype is supported by
TECNO INAF 2014 (P.I. L. Amati, INAF – IASF Bologna)

THESEUS mission concept
InfraRed Telescope (IRT)
• 0.7m class IR telescope
• 0.7 – 1.8 μm band
• 10’x10’ FOV
• Imaging + moderate
resolution spectroscopy
capabilities

Low-Earth Orbit, <5°
Rapid slewing bus (>10°/min)
Prompt downlink (< 10-20s)
64% sky coverage
Launch with VEGA-C

X-Gamma rays Imaging
Spectrometer (XGIS)
• 3 coded-mask X-g ray cameras
• 2 keV – 10 MeV band
• FOV of ~2-4 sr, overlapping the
SXI,
• ~5 arcmin source location
accuracy

Soft X-ray Imager (SXI)
• set of 4 sensitive lobstereye telescopes
• 0.3 - 5 keV band,
• FOV of ~1sr
• 0.5-1 arcmin source
location accuracy

 GW/multi-messenger and time-domain astrophysics
GW transient sources that will be monitored by THESEUS include:

 NS-NS / NS-BH mergers:
 collimated EM emission from short GRBs and their afterglows (rate
of ≤ 1/yr for 2G GW detectors but up to 20/yr for 3G GW detectors
as Einstein Telescope)
 Optical/NIR and soft X-ray isotropic emissions from macronovae,
off-axis afterglows and, for NS-NS, from newly born ms magnetar
spindown (rate of GW detectable NS-NS or NS-BH systems, i.e.
dozens-hundreds/yr)
 Core collapse of massive stars: Long GRBs, LLGRBs, ccSNe (much
more uncertain predictions in GW energy output, possible rate of ~1/yr)
 Flares from isolated NSs: Soft Gamma Repeaters (although GW energy
content is ~0.01%-1% of EM counterpart)

THESEUS: Main scientific goals
A) Exploring the Early Universe
(cosmic dawn and reionization era) by
unveiling the Gamma-Ray Burst
(GRBs) population in the first billion
years
The study of the Universe before and
during the epoch of reionization represents
one of the major themes for the next
generation of space and ground–based
observational facilities. Many questions
about the first phases of structure
formation in the early Universe will still be
open in the late 2020s:
• When and how did first
stars/galaxies form?
• What are their properties? When and
how fast was the Universe enriched
with metals?
• How did reionization proceed?

Planck

Z~10

THESEUS

Z~6

EUCLID
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THESEUS synergy with next generation large observatories
JEM-Euso
Cosmic rays

AUGER
LHASSO

Neutrinos

γ-rays

X-rays
Multi
wavelength
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IceCube
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Fermi

IceCube-Gen2
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XMM-Newton

Einstein Probe
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THESEUS

Swift
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Visible and
near infrared

TMT
LSST
VLT
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Infrared

JWST
ALMA

Radio waves

SKA
FAST
LOFAR
IndiGO

Gravitational
waves

KAGRA
Advanced Virgo
Advanced LIGO
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 X-Ray flashes and subluminous GRBs
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 Absorption features: the case of GRB990705 (edge at 3.8 keV ->
redshifted neutral iron k-edge -> z = 0.85 -> confirmed by host galaxy
spectroscopy: redshift estimate through X-ray spectroscopy

BeppoSAX WFC + GRBM
(Amati et al. 2000)

THESEUS SXI + XGIS
(Nava et al. 2018)

THESEUS mission profile
 Low-Earth Orbit (LEO), (< 5°, ~600 km)
 Rapid slewing bus (>10°/min)
 Prompt downlink (< 10-20s)

 Sky fraction that can be observed: 64%

THESEUS after JWST and SKA
•

Even JWST and E-ELTs surveys, in the 2020s, will be not able to probe the faint end of the galaxy
Luminosity Function at high redshifts (z>6-8).

•

The first, metal–free stars (the so–called Pop III stars) can result in powerful GRBs (e.g. Meszaros+10). GRBs
offer a powerful route to directly identify such elusive objects (even JWST will not be able to detect them directly)
and study the galaxies in which they are hosted. Even indirectly, the role of Pop III stars in enriching the first
galaxies with metals can be studied by looking to the absorption features of Pop II GRBs blowing out in a
medium enriched by the first Pop III supernovae (Wang+12).

•

This is intimately connected to the reionization of the IGM and build up of global metallicity. The latter is very
poorly constrained, and even in the JWST era will rely on crude emission line diagnostics for only the
brightest galaxies.

•

Regarding reionization, measurements of the Thomson scattering optical depth to the microwave background by
the Planck satellite now suggest it substantially occurred in the redshift range z ~ 7.8 – 8.8 (e.g., Planck
collaboration. 2016), whereas the observations of the Gunn-Peterson trough in the spectra of distant quasars and
galaxies indicate it was largely finished by z ~ 6.5 (e.g., Schenker et al. 2014). Statistical measurements of the
fluctuations in the redshifted 21 cm line of neutral hydrogen by experiments such as LOFAR and SKA are
expected to soon provide further constraints on the time history (e.g, Patil et al. 2014). The central question,
however, remains whether it was predominantly radiation from massive stars that both brought about
and sustained this phase change, or whether more exotic mechanisms must be sought? With samples of
several tens of GRBs at z > 7-8, we can begin to statistically investigate the average and variance of the reionization process as a function
of redshift (e.g., McQuinn et al. 2008).

•

Even though some constraints on fainter galaxies can be obtained through observations of lensing clusters (e.g.
Atek et al. 2015 ApJ 7 814 69), which will be improved further by JWST, simulations suggest star formation
was likely occurring in considerably fainter systems still (Liu et al. 2016).

THESEUS IRT Observatory Science

•

Fielding an IR-specified spectrograph in space, THESEUS would provide a unique resource for understanding the
evolution of large samples of obscured galaxies and AGN. With a rapid slewing capability, and substantial mission
duration, the mission provides a very flexible opportunity to take efficient images and spectra of large samples of
galaxies with minute-to-many-hour-long cumulative integrations

•

The capability to cover the redshift range from 0.07<z<1.74 for H-alpha and 0.44<z<2.29 for H-beta enables
Balmer decrement measurements of the extensive evolution of the AGN and galaxy luminosity functions at
redshift ~0.5-1.5, a spectral region that simply cannot be covered from the ground. These key diagnostic restoptical emission lines will be observed for galaxies in this substantial range of redshifts, reaching out towards the
peak of AGN and galaxy formation activity, over a continuous redshift range where the bulge-blackhole mass
relation is being built up and established, and the main sequence of star formation is well-studied. With excellent
image quality, THESEUS~Rs R~500 grism can also provide spatially-resolved spectral information to highlight
AGN emission, and identify galaxy asymmetries.

•

The imaging sensitivity of THESEUS is about 6 magnitudes lower than for JWST in the same exposure time;
nevertheless, its availability ensures that many important statistical samples of active and evolved galaxies,
selected from a wide range of sources can be compiled and diagnosed in detail at these interesting redshifts.
Samples can be drawn from the very large WISE- and Herschel-selected infrared samples of galaxies, from
EUCLID~Rs 24-mag large-area near-infrared galaxy survey, augmented by near-infrared selection in surveys
from UKIDSS (whose deepest field reaches approximately 1 mag deeper than EUCLID~Rs wide-area survey in
the H band) and VISTA, and in the optical from LSST and SDSS.

•

Spectra for rare and unusual galaxies and AGNs selected from wide-field imaging surveys can be obtained using
the wide-field of THESEUS grism, thus building an extensive reference sample for studying the environments of
the selected galaxies and AGNs, identifying large-scale structures and allowing overdensities to be measured.

A flexible and efficient use of the non-GRB THESEUS time with GO and ToO programs
will enable to tackle a wide range of studies of variable and transients sources. The
near-infrared bands are critical for Solar-system object tracking and multi-epoch
variability studies. Cool stars, whose photon fluxes peak in the near-IR, are ideal
targets for the detection and characterization of exoplanets using the transit technique,
either in surveys or for follow-up
observations of individual sources (see, e.g., Clinton et al. 2012, PASP, 124, 700 and
references therein). Simultaneous X-ray and NIR monitoring of samples of T-Tauri stars
will shed light on the mechanisms responsible for the onset of the observed outbursts,
and how the accretion rate of matter on these stars and the emission of jets can
influence the formation of proto-planetary systems. Several open questions for lowmass X-ray binaries, hosting either neutron stars or stellar-mass black holes, require
simultaneous IR and X-ray photometry (e.g. concerning the physics of jet emission
from these sources; see, e.g., Migliari et al. 2010, ApJ, 710, 117; Russell et al. 2013,
MNRAS, 429, 815). Recent studies have found that the peak luminosity of SNe Ia are
genuine standard candles in the NIR (e.g. Krisciunas et al. 2004, ApJ 602 L81; Burns et
al. 2014, ApJ 789 32). Considering also the reduced systematics in the NIR related to
host-galaxy reddening, the IRT will represent an very efficient tool to construct a low-z
sample of SNe Ia to be compared with the high-z samples that will be built by
forthcoming IR facilities (e.g. JWST). In addition, gravitational time delays (a technique
increasingly exploited in recent years for competitive H0 measurements) and AGN
reverberation mapping variability projects will be particularly advantageous for
THESEUS, where the cadence can be chosen more flexibly.

Possible THESEUS Data Policy
• In order to increase the follow-up from ground based facilities
GRB positions and redshifts will be made immediately public
• GRB data will be owned by the consortium and made public
after 1 year (TBC)
• X-ray survey alerts (i.e. non-GRB) will be made immediately
public

• X-ray survey data will be owned by the consortium and made
public within 1 year (TBC)
• THESEUS can be used as an observatory between one GRB
follow-up and the other a la Swift/XRT
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The ESA Cosmic Vision Programme
 Selected missions
•
•
•
•
•
•
•
•
•

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” (ESA-CAS): SMILE (solar wind <–> magneto/ionosphere)

The ESA Cosmic Vision Programme
 Selected missions

Resonant
keywords:
cosmology
(dark
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energy,
dark
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structures
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formation
and
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, fundamental
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of Jupiter
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• S1: CHEOPS
(exoplanets,
2017)
(relativity,
quantum
gravity,
QCD, gravitational
• M3: PLATO (exoplanets, 2024)
wave universe), life (exoplanets formation +
• L2: ATHENA (X-ray observatory, cosmology 2028)
evolution
+ census,
solar
system
exploration
)
• [L3: gravitational
wawes
observatory
(eLISA)
2032 ]

THE ESA/M5 Call (for launch in ~2029)

• M5: launch in 2029-2030, ESA budget 550 MEuro, final
selection of 3 missions for phase 0/A by May 2018
• June 2017: THESEUS passed the technical-programmatic
evaluation and was admitted to the final scientific evaluation

Italian leadership and contribution to THESEUS:
motivation and heritage
• BeppoSAX (Italy, +NL contribution) : X-ray afterglow emission -> optical
counterparts and host galaxies -> cosmological distance scale, GRB-SN
connection, X-ray flashes, Ep- Eiso (“Amati”) correlation -> cosmological
parameters and dark energy
• HETE-2 (USA; Italian contribution): deeper investigation of X-ray flashes
• Swift (USA, Italian contribution): early afterglow phenomenology, subenergetic GRBs, ultra-long GRBs, soft long tail of short GRBs
• AGILE (Italy): timing of prompt emission + X-ray detections
• Fermi (USA, Italian contribution): high energy emission, additional spectral
features -> crucial tests for emission physics, engine (+ testing quantum
gravity ?)
•

Piship of large optical /NIR follow-up programmes (TNG, VLT, etc.)

 Discriminating among different models - The case of GRB 090618:
THESEUS/XGS will be capable of discriminating among Band and BB+PL
thanks to its energy band extending below 10 keV

Fermi/GBM THESEUS/XGS (BB+PL) THESEUS /XGS (Band model)

 Absorption features: the case of GRB990705 (edge at 3.8 keV ->
redshifted neutral iron k-edge -> z = 0.85 -> confirmed by host galaxy
spectroscopy: redshift estimate through X-ray spectroscopy

BeppoSAX WFC + GRBM

THESEUS XGS

Here we show theoretical H-band lightcurves of kilonova based on models from Barnes et
al., 2016 (ApJ 829,110). The lightcurves are in observer frame for a source between 50 and
200 Mpc. Gray model is for the most optimistic case of a kilonova with $0.1 solar masses
ejected with speed of 0.3,c. Green model is for a weaker emission, corresponding to
$0.01 solar masses ejected with speed of 0.1 c.

G. Stratta - LVC Town Hall Meeting, 2018,
April 12-13, Amsterdam

THESEUS
will be here!

15-20
Gpc

NS-NS
We are here…

G. Stratta - LVC Town Hall Meeting, 2018,
April 12-13, Amsterdam

Credit: Sathyaprakash - 7th ET Symposium 2016

FOR CBCs

THESEUS
will be here!

15-20
Gpc

NS-NS
We are here…

G. Stratta - LVC Town Hall Meeting, 2018,
April 12-13, Amsterdam

Credit: Sathyaprakash - 7th ET Symposium 2016

FOR CBCs

