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May 2018-June2021: THESEUS ESA M5 phase 0/A
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ESA SELECTS THREE NEW MISSION CONCEPTS FOR STUDY

A high-energy survey of the early Universe, an infrared observatory to study the

https://www.esa.int/Our_Activities/Space_Science/ESA

selects three new mission conce

formation of stars, planets and galaxies, and a Venus orbiter are to be considered for ESA’s fifth

medium class mission in its Cosmic Vision science programme, with a planned launch date in 2032.

The three candidates, the Transient High Energy Sky and Early Universe Surveyor (Theseus), the
SPace Infrared telescope for Cosmology and Astrophysics (Spica), and the EnVision mission to Venus

were selected from 25 proposals put forward by the scientific community.

Theseus, Spica and EnVision will be studied in parallel and a|final decision is expected in 2021.




G. Stratta Trieste 12-15 Settembre 2022 4

Dec 2021- April 2022: THESEUS enters ESA
M7 Phase |l

4 N

End of 2021 = ESA M7 mission call = launch 2037

Februrary 2022: THESEUS successfully passed first pre-
selection

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

November 2022: selection of max 3 missions for Phase A




2S5ol]lS

TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

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




TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

Soft X-ra AN

Set of innovative wide-field monitors Ima g ers

with unprecedented combination of
broad energy range, sensitivity, FOV
and localization accuracy

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

see talk by Marchesini
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

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

* On-board autonomous fast follow-
up in optical /NIR, arcsec location
and redshift measurement of
detected GRB/transients
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

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

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

IR off-axis Koarsch Teescopeb.?m
(1 (20.9),Z (20.7),Y (20.4),J (20.7),H (20.8)
for 150s and SNR=5)
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Cosmic history:
THESEUS and other milestone ESA missions

THESEUS Core science

Investigating the first billion years
of the Universe through high-
redshift GRBs

Providing a substantial
advancement of multi- messenger
and time-domain astrophysics

15h 1

18h oh

-30°
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THESEUS synergies in >2037

M decision/construction

3G (ET,CE)
IceCube

KM3NeT

ELT

Rubin Obs.

THESEUS

2022 2025 2027 2030

Gravitational

I operation
waves

Neutrinos

=L

Photons

2033 2035 2038

Stratta+2022



Investigating the early Universe

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

first stars first quasars

age of the
Universe: 500 Myr 3 Gyr
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Investigating the early Universe

At the highest z, "normal” galaxies are too faint also for JWST and the
future ELTs - GRB optical afterglow spectra/SED can characterize the
host galaxy

....But how to recognize a high-z GRB?

050904 F850LP |060522 F110W| 060927 F110W
2=6.29; Mg > 28.86 z=5.11; Mag > 28.13 z=5.4T; Mg > 28.57

GRB 090429B

080913 F160W| 090423  F125W+F160W|090429B F160
7=6.73; Mag> 27.92 2=8.23; Mg > 30.29 z=9.4; Map> 28.49

L\
Cucchiara+2011 Tanvir+12 E |




[ Combined THESEUS]

instruments FoVs

XGIS

Survey

Mode
XGIS+SXI
(IRT GO)
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XGIS+SXI
(IRT not
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: : IRT Follow-up Mode (12.5 minutes)
1 (IRT imaging; XGIS+SXI Survey Mode)
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_ Transient _ _
source

Characterizati Deep Imaging
on Mode (1 h)

(IRT imaging + g [ Mode (lh)
Spectroscopy;
XGIS+SXI Survey
Mode)

(IRT deep imaging;
XGIS+SXI Survey
Mode)

THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0ORBS8

Burst detection - first sky
localization with XGIS and
SXI

Slew to put the source in
the IRT FoV

5 filter iRT imaging
acquisition

If an optical counterpart
is detected than
photometric or
spectroscopic redshift
is measured
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Afterglow spectroscopy of THESEUS GRBs
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Simulated z=8 GRB spectrum
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Input redshift

simulations of the IRT observation

sequence for a sample of 113 z>6 GRBs
extracted from synthetic population model
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Afterglow spectroscopy of THESEUS GRBs

1.4f ' T

- Once a high-z ¥ —
121 GRB is identified, G el B

e combined ====---
1 of facilities as ELTs
| can be pointed o
0.8f for deep spectral
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Simulated z=8 GRB spectrum taken at 0.5 days with
ELT (Jag=20 mag)
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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/8Zb0ORBS8

First Stars °

'@ THESEUS (3.5yrs)| e
e | © GRBs (1998-2020)  *




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/8Zb0ORBS8

First Stars
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THESEUS capabilities are 4
expected to significantly SR B . ko
increase high-z GRBs to >40 4 W s, et te . L

GRBs at z>6

o0

» First generation stars (pop Ill)

» Cosmic SFR (even beyond the limits of
current/future galaxy surveys)

» Galaxy metallicity evolution and
luminosity function, particular for low
mass galaxies

% Physics of reionization

o0

THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0ORBS8
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Afterglow spectroscopy of THESEUS GRBs

S0GRBsatz> 6
from THESEUS

PL a predicted metallicities
g by 50 high-z GRBs
Cghh o discovered with
. s A s THESEUS assuming a
-3 Oslope, a=-2.0] * 'ﬁ‘ .Q;n..} " galaxy LF with different
2%‘&%13&"'6 @ 55 "3..'%\3’\., slopes along with
4 fL @ quasar-DLA . P mass- or luminosity-
s e B e o BN n o o (i RSN SR § meta"|C|ty relation
0 2 =) 6 8 10
Redshift

Absorption line based metallicity of QSO-DLA and GRB-DLA
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Afterglow spectroscopy of THESEUS GRBs

2000

Fe complex
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Simulated Athena/lFU 50ks spectrum of a medium br|g7ht z=7
GRB with fluence = 4x10-7 erg cm=2, NH = 2x1022 cm-
[Credit: X-IFU Consortium]

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

©DB/X-IFU

THESEUS will provide
burst trigger and sky
localization to Athena

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

Athena

D) \“

\"



https://rdcu.be/cUNT4
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Exploring the HE transient Universe

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 o —

detected by the end of w0 w0t 1 e o 10010
2030s)

-6
10 T TTIT T TTTT T TTTI T TTT T TTTIT

10-8 X-RAY BINARIES

FLUX [erg cm™ s™] (0.3-5 keV, absorbed)
=
o
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NS-NS merger with 3G GW detectors

From GW/GRB170817 we know By >2035 ~10°/yr BNS will be
that short GRBs are associated detected up to z>1-2 with 3G GW
o, With NS-NS mergers (BNS) detectors
e g0 *
= 7 Lightcurve from Fermi/GBM (10 — 50 keV) 100 F — e ]
3 | s H ]
. . = lg%zggectedf i
‘_E-’ 50% detected: Q_o
; 5
@ 17501 Lightcurve from Fermi /GBM (50 ~ 300 keV) 1 0 a
g 15001 N
¥y z 2
i z ”
I 3
= 2
= Lightcurve from INTEGRAL/SPI-ACS 1
% 4 (> 100 keV)
: = aLIGO ==ET |
o M T T
1 10 100 1000

Frequency (Hz)

Total source-frame mass [ M ]

-4 -2 - I
g EINSTEIN
Time from merger (s) . E I | TELESCOPE

Abbott et al. 2017 ApJL 13, 848
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3G GW detectors

« ET starting observations in 2035
—> 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

Trieste 12-15 Settembre 2022 27

ESFRI ABOUT  ESFRIROADMAP  EVENTS ~NEWS WORLDOFRIS LIBRARY PRess Y @ . in

PPPPP

Part 3 PROJECTS & LANDMARKS
I PHYSICAL SCIENCES & ENGINEERING / PR 0. EC T 1N

ET ET‘EINSTEIN

TELESCOPE
Einstein Telescope

OCAIC AL NI

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

Mid-term review of the
European Astroparticle Physics Strategy 2017-2026
in preparation for the 2022 APPEC Town Meeting

APPEC Scientific Advisory Committee

7 March 2022

https://indico.desy.de/event/32140/attachments
/69790/92895/APPEC_Strategy  SAC_Midterm
_Review_2022.pdf
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3G GW detector sky localization

BNS mergers - Chan+2018
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Next generation neutrino detectors

Expec&ed
superposi.&i.ou
with THESEDS

. Baikal/GVD {
\ Deep water 3
3 ~1km*
> Construction §

Credit: U. Katz

Sky localization:
- Long tracks topology (for nu_p) - 0.1-0.2 deg
- Cascade topology (for nu_e and most nu_tau) > 3-5 deg



The role of THESEUS in MMA

1. Independent detection of the
electromagnetic counterpart of

neutrino and/or GW —> increase

statistical confidence of astrophysical 30
nature of GW or v event

. Autonomous source

characterization and identification o
(large spectral coverage of onboard
instrumentations, from y-rays to NIR)

. Accurate sky coordinate
dissemination —> follow-up
campaigns with large facilities of

-30°

independent
detection of a Short
GRB with THESEUS

4
{ arcmin
(X/gamma-rays)

+

60° 60°
4
GW170817
error box
\ /
16" / 12"
SXI+XGIS
\
\
-60° -60°

arcsec

(NIR)
. e

’

2030s as ELT, Athena, SKA,CTA, etc.
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short GRB+GW science

I THESEUS+ET+2CE
@ THESEUSH+ET

tot (ET) = 70
tot (ET+2CE)=87

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

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

redshift
(GW Total  detections [|Prompt emission | HLE+afterglow HLE+afterglow
detectors | with XGIS and |[|detections with XGIS | detections with SXI | detections with
SXI XGIS and SXI
ET 70 [56 - 87] 2213 - 34] 28 [21 - 36] 55143 - 70]
ET+2 CE | 87[72 -107] 34125 -47] 34 [26 - 44] 65 [53 - 82]
From pop. Synthesis + accurate structured jet model (see Ronchini+2022) + duty cycle (65% for XGIS

and 75% for SXI)
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short GRB+GW science

No follow-up with other factilities is
What is the nature of NS-NS —

< few hours follow-up with other
facilities required:

- What is the Universe
merger remnant from )
NS.gNS mergers and W — S i e -
their link with burst MeRsre)t
. 9 '1\"/ " v
prompt properties i T \ What role plays NS-NS/
Are t'herg any 2 > " NS-BH in Universe
systematic differences N i ol W= chemical enrichment of
between NS-BH and e heavy elements?

NS-NS jets formation
efficiencies?

What is the jet launching
mechanism and its
efficiency? What link with remnant nature | <1 hours follow-up with
Fundamental physics (e.g. and plateau/flare features? other facilities required:
photon/GW propagation)

What is the jet
structure?
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short GRB+GW science

< few hours follow-up with other
facilities required:

No follow-up with other factilities is
What is the nature of j s R

merger remnant from

What is the Universe
expansion rate (HO
measure)?

NS-NS mergers and Bl ) — ..
their link with burst et
prompt properties? i T, T \
Are there any s B
systematic differences i g - @

between NS-BH and

What role plays NS-NS/
NS-BH in Universe
chemical enrichment of
heavy elements?

NS-NS jets formation
efficiencies?

What is the jet launching

mechanism and its structure?

What is the jet

efficiency? What link with remnant nature

Fundamental physics (e.g. and plateau/flare features?
photon/GW propagation)

< 1 hours follow-up with
other facilities required:
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short GRB+GW science

No follow-up with other factilities is
What is the nature of NS-NS —

< few hours follow-up with other
facilities required:

- What is the Universe

merger remnant from )

NS.gNS mergers and W — S i e -

their link with burst MeRsre)t

. 9 '1\"/ " v
prompt properties i T \ What role plays NS-NS/
Are t'herg any R i °° NS-BH in Universe
systematic differences oy > chemical enrichment of

between NS-BH and

heavy elements?

NS-NS jets formation
efficiencies?

‘ What is the jet launching

What is the jet

mechanism and its structure?

efficiency?

What link with remnant nature | <1 hours follow-up with
Fundamental physics (e.g. and plateau/flare features? other facilities required:

photon/GW propagation)
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short GRB+GW science

No follow-up with other factilities is
What is the nature of NS-NS —

< few hours follow-up with other
facilities required:

- What is the Universe
merger remnant from )
NS.gNS mergers and W — S i e -
their link with burst MeRsre)t
. 9 '1\"/ " v
prompt properties i T \ What role plays NS-NS/
Are t'herg any 2 > " NS-BH in Universe
systematic differences N i ol W= chemical enrichment of
between NS-BH and e heavy elements?

NS-NS jets formation
efficiencies?

What is the jet launching
mechanism and its

efficiency? What link with remnant nature | <1 hours follow-up with
Fundamental physics (e.g. and plateau/flare features? other facilities required:

hoton/GW propagation

What is the jet
structure?
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short GRB+GW science

No follow-up with other factilities is
What is the nature of NS-NS —

< few hours follow-up with other
facilities required:

- What is the Universe
merger remnant from )
NS.gNS mergers and W — S i e -
their link with burst Measre):
. 9 '1\"/ " v
prompt properties i T \ What role plays NS-NS/
Are t'herg any 2 > " NS-BH in Universe
systematic differences N i ol W= chemical enrichment of
between NS-BH and e heavy elements?

NS-NS jets formation
efficiencies?

What is the jet launching
mechanism and its
efficiency? What link with remnant nature | <1 hours follow-up with
Fundamental physics (e.g. and plateau/flare features? other facilities required:
photon/GW propagation)

What is the jet
structure?
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short GRB+GW science

No follow-up with other factilities is
required:

What is the nature of

merger remnant from
NS-NS mergers and
their link with burst
prompt properties?

Are there any
systematic differences
between NS-BH and
NS-NS jets formation
efficiencies?

What is the jet launching
mechanism and its

efficiency?

< few hours follow-up with other
facilities required:

What is the Universe

N e 3 expansion rate (HO
- measure)?
i g \ What role plays NS-NS/
/' NS-BH in Universe
N chemical enrichment of

\

heavy elements?

Ascenzi+20

What is the jet
structure?

What link with remnant nature | <1 hours follow-up with

Fundamental physics (e.g.
photon/GW propagation)

other facilities required:

and plateau/flare features?
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Hubble constant measure

« BNS are "standard sirens" and
from GW waveform DL can be

0.04 4
measured

0.03 1

 From the EM counterpart the
cosmological redshift can be
measured

0.02 +

p(H, | GW170817) (km~' s Mpc)

« By combining the luminosity
distance and redshift from BNS
->indepedent HO estimate

000 :I ! I I I I I I
50 60 70 80 90 100 110 120 130 140

H, (km s™ Mpc™)

Abbott+2017, Nature
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Hubble constant measure

- 1 1
Belgacem+2019 (ET,10yr)
Belgacem+2019 (ET+2CE,10yr)
X THESEUS+ET (1-3.45yr): 9.8-33.8 SGRBs+*GW with z
4 —+  THESEUS+ET+2CE (1-3.45yr): 12.9-40.7 SGRBs+GW with z |
’0 RO N_]'/2
:\o\ m—— Planck
= 3 s SNIa
8
B
Q
2
a
o 2
— ., L
f . .
1 e + ......... — .X
0 i
1 2
10 10 10

K1)

Number of short GRB with measured redshift

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



G. Stratta

Trieste 12-15 Settembre 2022

40

Hubble constant measure

0.7

0.6 1

0.5 1

0.4 1

0.3 1
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* —

THESEUS+GW

HST+Gaia

60.0

625 650 675 700 725 75.0
Hubble constant [km s~! Mpc~!]

77.5

80.0

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

- confirm/rule out the request
for a new paradigm to the
standard cosmological model
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GRB classification and physics

Additional science from joint short GRB + GW detections:
the origin of short GRB “Extended Emission”
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GRB classification and physics

Additional science from joint short GRB + GW detections:
the origin of short GRB “Extended Emission”

Short GRB 050724
n Barthelmy+2005

main hard spike typical
of "standard" short GRBs

A

0.02

15-25 keV (counts s~ per detector)

0.01| ‘
b . P |"h I‘LI 4 X n n r mi i n
rmw """" *LH“PIW%H- fh;eor?;ig gf \(/jvr?i(z:frtmeisestinss 7

unknown

o

50 0 50 100 150 200  25C
Time since trigger (s)
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GRB classification and physics

Short GRB 090531B Kaneko et al. 2015

2000 < Spike o oAl 0 Which fraction of Short GRB
&~ T~ [15-50kev| I | with EE?
1000 | O
3 *7% from BATSE data
e (Bostanci+13)
. : : *5% Fermi/GBM data
1500 BAT (Kaneko+15)

No EE at high energies |50-100 keV

*2-25% from Swift/BAT (15-
350 keV) data (Norris+10,
Lien+16)

*>75% from Swift/BAT+XRT
data (Kisaka+17)

1000

500

NS1 00L —0S

T

— 500 L " ) 1 L
0 100 200 300

Time Since Trigger (s)



GRB classification and physics

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

T T
t o Short

- e Lo
| Short GRB 050724 . ook 8
Barthelmy+2005 . E
— A -
s wnf L i%
A N B "= = = T00ET T T 080sTs
= ’ 050724 | .
i ‘ I{ ‘ _1.9=:.
’1 J )
et L
1048 1.049 1050 1051 1052 1053 1054

...... i 1 i [T i 1 i E er
-] =0 100 150 200 250 150 ( g)
ime aince trigae )

Credit;: Amati
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GRB classification and physics

Zhu et al. 2022 (a) GRB 211211A: Swif/BAT

T T T T Lor ~— Normalized Counts, 15-25 keV
—— Normalized Counts, 25-50 keV
4 —— Normalized Counts, 50-100 keV
10 - = 0.8f —— Normalized Counts, 100-150 keV
- : 2 —— Normalized Counts, 15 - 150 keV
-]
i . S o.6f .
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103 3 ‘+ + e 0.2
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% [ 1 3o 20 )
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: 5 ] r ]
o, N i 104 1005
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- (T E 3
I GRB211227A (Whole Emission) : u —o E
100 Ll v i i i i TR R BT B o]
—0—0.
10 10® 10 10  10* 102 10¥ 10  10% e ]
1.4d 3
Ey,iso (erg) E
) 4?d

.1.3”. 1(1)15 n 1315' 1(|)‘7 1(|)"‘ e
Frequency [Hz]



G. Stratta Trieste 12-15 Settembre 2022 48

GRB classification and physics

Zhu et al. 2022 (a) GRB 211211A: Swif/BAT
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GRB classification and physics

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

GRB name Ty time Too® Tepike TEE Bspike" Bee?  Afterglow® b4
uT (s) (s () (s (s)

0507244 12:34:09 96 276 107 =0.02 3.04
051016B 18:28:09 R 4.03 33 0.07 4.23 X0 0.9364

0606147 12:43:49 1087 589 169 —155 7.24 X0 0125 Swift/BAT Short GRB+EE
| 0610067  16:45:51 1299 205 113 232 2 X0 0.4377 at known redshift from
061210¢ 122039 853 013 77 021  1.04 X 0.4095 Kaneko+15
070506  5:35:58 43 525 15 375 38 X0 2.31
~08 3229

070714BY  4:59:29 64 288 39
:26: 0.38 14

10:07:16
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GRB classification and physics

@ XGIS(2-30 keV, 0°) Spike ®- XGIS (2-30 keV, 0°) EE

1000 - SXI_eef50 (0.3-6 keV) Spike - SXI_eef50 (0.3-6 keV) EE

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

“® XGIS(2-30 keV, 30°) Spike - XGIS(2-30 keV, 30°) EE
- SXI_eef50 (0.3-6 keV) Spike - SXI_eef50 (0.3-6 keV) EE

1000

THESEUS XGIS+SXI are ideal to identify and characterize SGRB+EE
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EF, [keV'/cm’ s keV]

EF, [keV/cm’ s keV]

GRB physics

simulation of prompt spectrum of GRB180720B
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THESEUS wide
energy range (0.3
keV-10 MeV) and
larger effective area
of THESEUS -
accurate estimates
of the key
parameters of the
prompt emission
spectrum -
underlying physics
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The Transient High-Energy Sky and Early
Universe Surveyor (THESEUS) is a space
mission concept currently under Phase A
study by the European Space Agency (ESA)
as candidate M5 mission, in view of a launch
opportunity in 2032. The current assessment
phase will be concluded in mid-2021.
Proposed and developed by a large
international collaboration, the THESEUS
project aims at fully exploiting Gamma-Ray
Bursts for investigating the early Universe
and at providing a substantial advancement
of  multi-messenger  and time-domain
astrophysics. Through an unprecedented
combination of X-/gamma-rays monitors, an
on-board NIR telescope and automated fast

lewina _capabilities HESEUS _ wi be a

https://www.isdc.unige.ch/theseus/2
017-workshop-proceedings-2.html

2021 ESA
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https://sci.esa.int/documents/
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THESEUS

Transient High-Energy Sky and Early
Universe Surveyor
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THESEUS is a mission concept developed by a large European collaboration and
now selected for ESA M7 Phase Il > 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.
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

THESEUS is a mission concept developed by a large European collaboration and
now selected for ESA M7 Phase Il > 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

- 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

Characterization of X-ray transient sources from keV to IR

Activation of MW observational campaigns

v
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

THESEUS is a mission concept developed by a large European collaboration and
now selected for ESA M7 Phase Il > 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

- 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

Characterization of X-ray transient sources from keV to IR

Activation of MW observational campaigns

v

« 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, lceCube-Gen2;) and
e.m. facilities (e.g., LSST, ELT, SKA, CTA, ATHENA)
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Keep calm
and
5&0‘3

tuned!
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Extra slides



instruments FoV's

[ Combined THESEUS ]

XGIS

Survey

- Mode
XGIS+SXI
(IRT GO)

Burst Mode
XGIS+SXI
(IRT not
operating)

IRT Follow-up Mode (12.5 minutes)
(IRT imaging; XGIS+SXI Survey Mode)

_ — _ Transient ___+ OR

source

Characterizati

Deep Imaging

on Mode (1 h) Mode (1h)

(IRT imaging +
Spectroscopy;
XGIS+SXI Survey
Mode)

(IRT deep imaging;
XGIS+SXI Survey
Mode)

[ = = = = == o= e e e e e = e e e e e e e e e = e = e =

THESEUS ESA "Yellow Book" https://sci.esa.int/s/8Zb0ORBS8
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Afterglow spectroscopx of THESEUS GRBs

b ~3min| oMl = 1al 1
; ) l : : R-band light
IR Telescope will provide: of \ || e :r"; '&Tgck
. . 10F .
- arcsec localizations mnk , ll _ : : dots) GRB
- Redshift measures o IS T ?fgergltogi
. . . ] = N adapted rrom
- Luminosity estimates 0 : N N Kanf et al. 2011)
2 6 ¢ | ? R | 3
& 17fF O 5o 2l | ]
g 18} - Ny ]
These information will | :
be used to optimise 2 21 . _:
follow-up strategies g = K ;
gl.e. most appropriate Lol | 1.,
acility, select highest 25} I N 15
priority target) for: e : \ 18
- Deep host search s | s || AN Fe
- High S/N afterglow 20} | eLTjnzcavo | N
speCtroscopy 31 .- Aaaaaaaal ! Addaaasl Adodaaaaal ! Ak .‘...! PR E T | Adddedaaal : 8
1E-4 1E-3 0.01 0.1 1 10 100

t (days after burst in the observer frame)
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Table 1. Key science performance requirements of THESEUS'. The sensitivity requirements assume
a power-law spectrum with a photon index of 1.8 and an absorbing column density of 5 x 102 cm~2.

SXI sensitivity (30) 1.8 x 1071 ergem=2 57! (0.3-5 keV, 1500 s)
10~10 erg em 2571 (0.3-5keV, 100 s)
XGIS sensitivity (1's, 30) 108 ergem=2 571 (2-30 keV)

3 x 1078 erg em =2 571 (30-150 keV)
2.7 x 1077 erg cm~2 s71(150 keV-1 MeV)

IRT sensitivity (imagi =5 ()26 20.7 (J), 20.8 (H)

SXLBeV

0.5 51— 31 x 61 deg? N

Advances in Space Research
Volume 62, Issue 1, 1 July 2018, Pages 191-244

ELSEVIER

The THESEUS space mission concept: science
case, design and expected performances

L. Amati ® & &, P. O'Brien ®, D. Gétz ¢, E. Bozzo 9, C. Tenzer ®, F. Frontera " 9, G.
Ghirlanda ", C. Labanti 2, J.P. Osbome ®, G. Stratta, N. Tanvir, R. Willingale ®, P. Attina ¥,
R. Campana ', A.J. Castro-Tirado ™, C. Contini ", F. Fuschino 2, A. Gomboc ° ... J. Zicha s

XGIS FoV (>20% efficiency)

2 st (2-150 keV) - 117 x 77 deg?
4 sr (>150 keV)

~2000 deg? 0.3-5 keV

>10000 deg? 2 keV -1 MeV

T FoV 15" x 15
Redshiftagcuracy (6 < z < 10) <10% -
. e — ——
IRT resolving power =408
XGIS background stability <10% over 10 min
Field-of-Regard >50% of the sky
Trigger broadcasting delay <305 (65% of the alerts)
to ground-based networks <20 min (65% of the alerts)
External alert (e.g., GW or v events) 412h
reaction ti \
SX¥positional accuracy
(0.3-5 keV,99% c.l.) <2 arcmin
XGIS positional accuracy

(2-150 keV, 90% c.1.)

<7 arcmin (50% of triggered short GRBs)
<15 arcmin (90% of triggered short GRBs)

IRT positional accuracy (50 detections)
real time
ost-processing

<5 arcsec
<1 arcsec

StralisTse22_

/

arcmin level sky localization
accuracy in X/gamma-rays

arcsec level accuracy in IR




NS-NS merger detections with THESEUS

Nearly isotropic magnetar-powered X-ray
Inspiral Dynamical Accretion emission from long-lived NS-NS merger
Short GRB remnants

X-ray extended
emission/plateau

Phase

Coalescence

ANNVVVVVVVVV

GW “chirp” GWs from remnant NS? \
X-ray
emission
from NS

Signal

ms magnetar

Event
N\

T H
\ (NS) / Lx~ 104 — 1048 erg/s

Days—weeks Months-years

From Fernandez & Metzger 2017 ‘ X-ray emission peak ~ min/hours




Caii a binary black hole mierger produce
a detectable EM transient?

We don’t expect a stellar-mass binary black hole system to have enough matter around for
the final BH to accrete and form a relativistic jet [e g., Lyutikov, arXiv:1602.07352] — or can it?
Various models have been proposed:

Single star [Fryer+ 2001; Reisswig+ 2013; Loeb 2016, ApJL 819]: collapse of a very massive, rapidly

rotating stellar core, which fissions into a pair of black holes which then merge; but see Woosley,
arXiv:1603.00511v2 for modeling that does not support

Instant BBH [Janiuk+ 2013, A&A 560; arXiv:1604 07132]: massive star-BH binary triggers collapse of

star to BH, then immediate inspiral and merger; final BH can be kicked into circumbinary disk and
accrete from it

BBH with fossil disk [Pema+ 2016, ApJL 821]: activates and accretes long-lived cool disk

BBH embedded in AGN disk [Bartos+, arXiv:1602.03831; Stone+ 2016, MNRAS]:
binary merger assisted by gas drag and/or 3-body interactions in AGN disk, which provides
material to accrete

Third body [Seto&Muto 2011, cited in Murase+ 2016, ApJL 822]: tidal disruption of a starin a
hierarchical triple with the BBH at time of merger

Charged BHs [Zhang 2016, ApJL 827; Liebling&Palenzuela 2016, PRD 84]: Merging BHs with
electric (or magnetic monopole!) charge could produce a detectable EM transient

Magnetic reconnection [Fraschetti, arXiv:1603.01950]

Also models for high-energy neutrino and ultra-high energy cosmic ray emission

Review — courtasy of Peter Shawhan (Maryland)
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From Pian et al. 2017

Kilonovae e \
PN
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4 Thermal emission following a NS-NS/NS-BH 1t - 339
merger powered by radiactive decay of freshly ==} [ §

formed, instable heavy nuclei .| Rossietal. 2020 . S ]

; time [d] 110 8 5000 10000 15000 20000 250(
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4AT2017gfo is the best monitored kilonova so
far associated with NS-NS merger source GW

170817 KN 170817, z=0.068, distance=320 Mpc, Flux limit 50
o ' ' I-b'and < i j-ban:j =
. —21.2/F Z-band H-band
4 THESEUS/IRT can detect a kilonova AT2017gfo- 814 =
like after a short GRB up to few x 100 Mpc E o . %
< : " =
* Monitoring KN candidates localized by w218 £
other facilities £ 220 X
e Discovery KN after a short GRB or an X- € 222 “
ray transient from long-lived magnetar 241 . . . . . .
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Credit: E. Palazzi, A. Rossi (INAF-OAS)



