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redsh1ft Galax1es Current State of the Art

The advent of ]WST S revolutlomzmg the f1e1d

(1) The current redshift record for a galaxy observed with the JWST is z = 14.4
(ii)) Galaxy observations at similar redshifts already show strong metal enrichment

7.7
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H1 h-redshlft Galaxies: Neutral Gas

The FAINTNESS of hlgh-z galax1es 11m1ts
the available diagnostics even for JWST

—> FEW CONSTRAINTS ON THE PROPERTIES OF NEUTRAL COLD/WARM GAS IN GALAXIES
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Credits: adapted from Pallottini et al. 2019
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High-redshift Galaxies: Neutral Gas N |

Direct measurement of neutral hydrogen gas reservoirs in the
local environments of galaxies at z > 8 with JWST!

Heintz et al. 2024 N —
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Hors SRS
|

Ultra-Relativistic Jet produced by a new-born accreting compact object

Long GRBs

Short GRB o remmm e —————r——-
(SGRBs) e e ' 1. Extremely bright

3 °
- at all redshift
o NS L 2 ign-energy i
ow-energy aamma rays ; . 1
— aammao rays
.' "‘

2. Associated with the
collapse of massive star

Slower

,h‘:-l ": »

P AN~ \‘:

Emission prompt ~ sec .

3. Trace star formation to
the highest redshift

14. Afterglow emission fades!|

Afterglow emission
a few hours --> years
: (depending on
Prompt S the frequency range)

emission —> Study of the LGRB host]
(LGRBS) Afterglow ! )
: . i (Neutral Gas + Ionised Gas)|

Credits: NASA
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GRB 050730
7=3.968
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Chen et al. 2005; |
Nial Tanvir; '

Starling et al. 2005 f'

| GRBs ARE IDEAL TOOLS to explore the
properties of faint high-redshift

1.0 ; (IGM)
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The powerful potential of LGRBs afterglow
to access detailed information on
the neutral gas and its components

To studu

-Metallicity and dust depletion
=  Redshift of the absorbers -The distance of the
Credits: Adapted from ESO PR0813a = Column densities of the ions corresponding gas clouds

We can measure:

of different chemical elements -Kinematic of the gas

-Chemical abundance pattern e
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Starg ate Collaboration
PIs: N. Tanvir, S.D. Vergani, D. Malesani

ESO Large Programme
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S\/O MM Credits: Cordier et al. 2025
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-High performance of VT in quickly identifying a potential high redshift candidate
-Synergy with other space satellites such as Swift, EP
-Powerful and successful follow-up with ground-based telescopes e.g. NOT and VLT
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Z=6.312

Spatial (arcsec)

Flux (1e-17 erg / (Angstrom cm2 s))
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The case of GRB 210905A atz =6.312 o £,

GRB210905A VLT/X-shooter Spectrum GRB210905A HST/WFC3 Image
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The case of GRB 210905A atz =6.312

We perform a detailed analysis of metallicity, chemical enrichment and dust depletion

The overall host galaxy
| OF | g ! ' I =
B . Corrected for OL- element enhancement g
19 E 0.3 dex (e.g. Tinsley 1979; McWilliam 1997, - . . .
ol Oy Steidel ot al. 2016; Cullen et al. 2021) L Following De Cia et al. 2016, De Cia et al. 2021

AXIS

X = How refractory is an element
Y = Elements abundances

EFIT
Slope —> [Zn/Fe]s
[MH] =-172+/-0.13
24 Zn/Fel, = 033 4/-009 Intercept —> [M/H]ot

-2.0 -1.5 -1.0 -0.5 0.0
X

Saccardi et al. 2023
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The case of GRB 210905A at z = 6.312

We perform a detailed analysis of metallicity, chemical enrichment and dust depletion

The overall host galaxy Component—by-component
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The case of GRB 210905A atz = 6.312 o €, @

-We find that the dust-corrected metallicity of the GRB host is
[M/H] = -1.72 +/- 0.13 and DTM = 0.18 +/- 0.03
-We determine the total abundance pattern and for each component:

the abundance ratios, [X/Felnud, are due to the effect of nucleosynthesis S
accardi et al.
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Z=6.782

Saccardi et al. sub.

Arxiv2506.04340
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The case of GRB 240218A at 7 = 6 782

GRB240218A VLT/X-shooter Spectrum
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| metals and dust at high redshift! |
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The case of GRB 240218A atz = 6.782 e &, @ AN S

Credits: Saccardi et al. arXiv:2506.04340
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(1) poor fraction of GRBs with
an optical/NIR afterglow
spectrum(20-30%)

(i1) lack of satellites capability

to detect high-redshift GRBs

Epeak obs [keV]

ANDREA SACCARDI

' Thanks to GRB afterglow spectroscopy we ,

t and populate the reionization era (i.e. z>6) |

can reach the high redshift Universe

Credits: Ghirlanda et al. 2015
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See B. Cordier’s ‘ 4 TIPS | o~
S O M ;::(;A%E S IrfuJ '/A/\OID SVO M

GOAL: boost to 50/60% the fraction of GRBs with redshift determination
and enhance the number of high-z GRBs

Credits: COLIBRI&A. Watson, UNAM

-An energy threshold of
v-ray detector at 4 keV
may enable the detection
of faint soft GRBs
(e.g. high-redshift GRBs)

-SVOM F-GFT

localization < 1”
mirror of 1.3 m
FoV of 26" x26’

400nm to 1800 nm
r=22mag in 300 s

DETUDES SPATIALES

ECLAIRs MXT

-Good sensitivity of the

on-board optical telescope: satellite ~ 930 kg -Dedicated NIR follow-up on the ground:
payload ~ 450 kg
. . | | prompt observatior} i. oT n 1
(i) detect and localize *_ follow-up observation e. ground based telescopes

(SVOM /F-GFT) COLIBRI

GRB afterglow
(ii)or apid pinpoint to -Agreements to obtain the
high-z candidates spectroscopic observations

(r~22.5 (AB) in 300s) Credits: SVOM of SVOM-GRB with

large ground-based telescope

-A near anti-solar
pointing ensuring that
SVOM GRBs are

Ob Servable from earth Nearly anti-solar pointing
Credits: SVOM => Earth in the field of view
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SUN

Credits: Atteia et al. 2022, SVOM 20
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Dark Ages

-Three fibre-fed spectrographs (UBV, RIZ, YJH)
-Spectral resolution of R~100,000
-Simultaneous wavelength coverage of 0.4-1.8 ym
-Goal of extending to 0.35-2.4 ym
(K band spectrograph)
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Selected for
ESA M7 i \
P h a. S e = A : - \ Emﬁa%os; "mvakse;uw;vc;a""

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

‘e THESEUS (3.5 yrs)| e
o ‘® GRBs (1998-2020) | ®

* +
‘A
3 O
ANDES +

Marconi et al. 2024

(1) reach the SNR

. : t levelsneededto |
and the Inter-Galactic Medium study the faint high-z}

.
I.“
.
.

.
.
Ay

WG3
Galaxy Formation and Evolution
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-Unveiling galaxies at the highest redshifts and
studying their chemical properties is a key objective in
modern astrophysics

-Bright background sources are needed to study
ANDREA SACCARDI in detail the properties of the neutral gas

CNES Postdoctoral Fellow

@CEA/Itfu/DAp - AIM -GRBs are very powerful tools to probe the ISM of

high-redshift galaxies and their metal and dust content

-Thanks to GRB 210905A and GRB 240218A
we were able to obtain
unique and detailed information of
: the neutral gas and its chemical composition

-The future is bright thanks to new space missions such
as SVOM, Einstein Probe and hopefully THESEUS
in synergy with ground-based observations

(e.g. SOXS, ELT/ANDES)
1 October 2025
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limiting flux density (Jy)

Imaging sensitivity, pt src, SNR=10 in 10%s
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Credits: [IWST Consortium
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Spectroscopic line sensitivity, pt src, SNR=10 in 10%*s
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Figure 11. The MZ relation in three different redshift bins:
(a) z =4-6, (b) z = 6-8, and (c¢) z = 8-10. The red symbols
and the best-fit function (Eq. 1) are as shown in Figure 10.
The large stars represent the average MZ relations re-derived
in each redshift bin, by splitting the sample into two groups
based on stellar mass to have the equal numbers of galax-
ies. For the JADES+CEERS relations (Curti et al. 2023b in
emerald green), we plot their z = 3 — 6 sub-sample’s rela-
tions in Panel (a), while adopt the z = 6 — 10 relations in
Panels (b) and (c¢). In addition, the cosmological simulation
results at z = 5, 7, and 9 are displayed in Panel (a), (b),
and (c), respectively; FIRE in black (Ma et al. 2016), IL-
LUSTRISTNG in green (Torrey et al. 2019), FIRSTLIGHT in
blue (Langan et al. 2020 in the low-mass regime with solid
curves, and Nakazato et al. 2023 in the high-mass regime
with shades), ASTRAEUS in yellow (Ucci et al. 2021), and
FLARES in magenta (Wilkins et al. 2022). Some extrapo-
lations are applied, as detailed in the text.
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Study high-redshift gaseous environments to look for ,/
the signatures of the first stars and |

Core-collapse

Primordial
Supernovae

Supernovae
Pop Il stars

\

/ Pop |l stars Supernovae

; U
Ti Eu « (r-process

N AGB stars
Mg O Fe Ba «— (s-process)
Sr X La Y

N

H
He

Li

Primordial Chemical Type Ia

gas enrichment Supernovae

"lf_.'; ».,. Y
4 : ;!
Metallicity (Z), SR
number of stars
Credits: adapted from Tito & Pavlov 2020

Time

Big Bang
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Few Constrains on THE NEUTRAL GAS

z~3.0 zZ~4)5
2.1 Gyr post-Big Bang 1.3 Gyr post-Big Bang

Observed metals

B Neutral gas (DLAs)
B Partially ionized gas (sub-DLAS)
B lonized gas (LLSs)

' Not cataloged with current
observations

Credits: adapted from Péroux & Howk 2020
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2

Iog(S[NH]/L. kpc_z) . |09(5[0|u1/|—- kpc™)

-
6 7 8

Credits: adapted from Pallottini et al. 2019
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' Credits: Prochaska et al. 2008
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Starg ate Collaboration
PIs: N. Tanvir, S.D. Vergani, D. Malesani

ESO Large Programme
GRBs Follow-up with optical-NIR telescopes

Observations

Robotic

s UvVOT
N N
Spacecraft

Credits: Neil Gehrels Swift Observatory

i | Quick

) ~«« General Coordinates
Analysis 7 Network

Time-Domain and Multimessenger
Alert System

Credits: ESO/M. Claro

ToO mode
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Total metallicity, related to solar, corrected for dust depletion
| X/H], = [X/H] — 0y

The mass of the elements X in the dust phase relative to the
total metal mass in the line of sight

> (1 =10%) x 10%Hlo 5 W
metals — Y (105X7Hlo 5 Wy )

DTM = M, ./M

Dust tracer

2 202 39
5/03/2025 ANDREA SACCARDI
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Abundance patterns: ISM metallicities

y: [X/H] 1 Following De Cia et al. 2016, De Cia et al. 2021
abundance pattern

AXIS

X = How refractory is an element
Y = Elements abundances

;7 FIT
t slope =no d j Slope —> [Zn/Fe]st
' : Intercept —> [M/H]ot

refractory volatile

X: refractory index

Courtesy of A. De Cia
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Abundance patterns: ISM metallicities + Dust

y: [X/H] 1 Following De Cia et al. 2016, De Cia et al. 2021
abundance pattern
[M/H] ot : AXIS

X = How refractory is an element
Y = Elements abundances

FIT
steep slope = high dust : Slope —> [Zn/Fe]st
refractory volatile Intercept —> [M/H]ot

X: refractory index

Courtesy of A. De Cia
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Abundance patterns: ISM metallicities + Dust + a-element enhancements

y: /R Following De Cia et al. 2016, De Cia et al. 2021
abundance pattern
[M/H]J:ot AXIS

X = How refractory is an element
Y = Elements abundances

FIT
Slope —> [Zn/Fel]s
Intercept —> [M/H]ot

slope => dust

refractory volatile

X: refractory index

Courtesy of A. De Cia
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Credits: De Cia et al. 2024
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SVOM GRB 250314A z~ 7.3 nodding
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GRB 240218A J~20.51 (~25.9hr) LBT/LUCI f
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Fig. C.1: Comparison of GRB host galaxy absolute magnitudes
(or upper limits) from the SHOALS sample at 3.6 microns (Per-
ley et al. 2016), and from various HST observations at 1.1-1.6
microns (Tanvir et al. 2012; McGuire et al. 2016; Lyman et al.
2017) (note that these are 1n a fixed observed band, and so sub-
stantially different rest-frame band at different redshifts). Under
the assumption that the host of GRB 250314A dominates the
emission in the F150W?2 band, the observations are consistent
with other GRB hosts at high-z.
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Detailed analysis of metallicity, chemical enrichment and dust depletion

The overall host galaxy Component-by-component

@® Corrected for o-element enhancemerglt

0.3 dex (e.g. Tinsley 1979; McWilliam 1997,
OHI Steidel et al. 2016; Cullen et al. 2021)
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-We find that the dust-corrected metallicity of the GRB host is
[M/H] = -1.72 +/- 0.13 and DTM = 0.18 +/- 0.03

-We determine the total abundance pattern and for each component:
the abundance ratios, [X/Felaud, are due to the effect of nucleosynthesis

€0Z ' 12 11D 2 Y “‘MUVSIIA "(’S ‘1pAvIoVS Y

-Alpha element enhancement

-Nucleosynthesis due to

core-collapse SNe and

massive (S-)AGB stars.

(e.g., Masseron et al. 2020)
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-We find that the dust-corrected metallicity of the GRB host is
[M/H] = -1.72 +/- 0.13 and DTM = 0.18 +/- 0.03
-We determine the total abundance pattern and for each component:
the abundance ratios, [X/Felaud, are due to the effect of nucleosynthesis

ER T 1
— Y N S S T { © o o
£ O A S n— - B T ———— 15 Over-abundance of aluminium
oY I 1S
g = Under-abundance of oxygen:
_H“I}II}IIIIHIIHHIHIIIHHIHHIHI{Ilr}lIiIH{HH{HIIIIHIIHH S
- Comp. II Comp. V : . o
s 1 . T, R s -typical of some stars found in
< A ® e I N/ 2 -
e A 18 globular clusters and dwarf galaxies
< >
by = T \ 1t . ]
:'{I'IIIIIH'II'I'}IIIIIHIIHI'H{IIILH'{"I'{IIIIIIII'I" § 'thEbEStcandldateSaremaSSIVEAGB
Comp. 111 Comp. VI S o o
ERR| L @ 3" 13 stars and fast rotating massive stars
é 03_ _____________ i %¢ ___________________________________ + & o E i (e.g., Prantzos et al. 2007; Fulbright et al. 2007; Alves-Brito et al. 2010)
1k I 19
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" The dust-corrected (total and dust) abundances can defined as
X/H]ior = [X/H] - dx.

where [X/H] is the observed abundance of metal X and dx is its depletion in dust

A dust tracer can be [Zn/Fe].
Assuming a certain slope for the expected depletion:

5)( — :12)( +B2X X [Zn/Fe],

y = a—+ bx.

a4 = [*\[/H]tot
b= |Zn/Fe|gs,
r = B2y.

y=log N(X)— Xg+12. — A2x — log N(H)
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We derive the dust-to-metal mass ratio (D7 M), that 1s the ratio

between the mass of dust and the total mass of the metals, as
follows:

Y (1 = 10%%) x 10%/Hle % Wy

DIT'M =
Y v(10X/Hle x Wy)

(1)

where the metal depletions 0y are derived from the [Zn/Fe]lg, fol-
lowing De Cia et al. (2016), [ X/H] are the solar abundances X, -
12, Wx are the atomic weights of the metals considered. In prac-
tice, we 1nclude all the elements with an elemental abundance
above 3 (in the scale where H has an abundance of 12, Asplund
et al. 2009), 1n the same way as Konstantopoulou et al. (2022).
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Table A.3: [X/Fe] residuals of the depletion pattern fitting (see Figs. 7, A.4 and A.5). The values and uncertainties are obtained
including MC simulations to take into account the dust depletion errors. We stress that the impact of dust depletion on the nuclear
abundances 1s correlated between elements; 1.e., a higher dust depletion correction lowers all [ X/Fe] values except for [Al/Fe] which

1t raises, and vice-versa.

With a-element corr. Il 11 111 1V V VI Tot
[C/Fe] 0.73¥09%¢  -0.41%010 0207016 0.44709 0361012 0.10*012  0.29%010
[O/Fe] 0.357006  0.04%0% 0337015 02809 -0.60*01! -0427011  0.07+0%
[Mg/Fe] 0.13*093  0.691905 0351008 0327005 0.30%0%  —0.6112%  0.40*2%
[Al/Fe] 029700 0.747007 095700 1.07+00> 0.45*003
[Si/Fe] 0.28+093  0.371005  0.507097 0327004 0.20%09°  0.341097  (.34100
[S/Fe] 026750, 028755  1.05Igy; 0.28%);
Without a-element corr. | I 111 1V V VI Tot
[C/Fe] 0.31#013 097013 0247017 0.29+01¢  0.00102]  -0.59:016 —0.36+014
[O/Fe] -0.047015 04705 -0.74%01°  —042701 09377 -1.05%012 —0.52*013
[Mg/Fe] —0.09i8:87, O.40f8:8; 0. 12i8:83 0.25“_“8:(1)3 0.1 ligzi{ —0.96i8:8§ 0.07i8:8;
[Al/Fe] 0.447004  0.93+008  1.10%006  1.12+006 0.68+0.05
[Si/Fe] 0.10%2%  0.12%0%¢ 0317098 0267207 0.04129  0.04*997  0.06+0%
[S/Fe] -0.0370%  -0.10*0%  0.75*012 ~0.1670%
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Table 6: Properties derived from the total metal abundances and component by component. The total metallicity ([M/H],,), dust
depletion [Zn/Fels; and dust-to-metal ratio (DT M) are reported for the analysis performed taking a-element enhancement into

account.
With a-element corr. | Il 111 IV % VI Tot
[M/H]o¢ -1.72 £0.13
[Zn/Felg; 0.00jgj(l)(l) 0.53i8:83 O.57f8;ij 0.00ﬁgz(l)Z) O.OOigz(Z)(l) 0.53:’8}8 0.33 +£0.09

DTM 0.001005  0.26700:  0.27790;  0.007000  0.0070"  0.26700:  0.18 +0.03
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e A.l: Properties derived from the total metal abundances and component by component. The total metallicity ([M/H];), dust
etion [Zn/Felg, dust-to-metal ratio (DT M) and dust extinction (Ay (mag)) are reported for the analysis performed not taking

ement enhancement 1nto account.
Without a-element corr. | 11 111 IV V VI Tot
[M/H Jiot -1.01 £0.14
[Zn/Fe]g D= L0l e 0095 8 02750t - 045 B8 11D nase <089 012
0.03 0.04 0.04 0.04 0.04 0.05
DTM 023 5 058 o 037 wos 00 025 o 041 2z = 036 £0.04
Ay (mag) 0.04 + 0.02
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Table 5: Metal abundances. For each element (first column), the
total column density (second column), the ratio over iron (third

column) and the metallicity are reported.

X log(N/em?)  [X/Fe] [X/H]

C > 16.02 > (.66 > —1.5

O > 16.03 > 0.41 > —1.8
Mg > 15.13 > 0.61 > —1.6
Al > 13.69 > (.31 > —1.8
S1i 1490+0.02 046+0.04 -1.71+0.11
S > 14.50 > 0.45 > —1.7

Fe 14.43 +0.02 -2.17 +£0.11




lOgNHI =21.10 -I-/- 0.1
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Table 2: Column density of low ionization lines. The velocity shift of the components with respect to the N v line 1s
indicated. The last row reports the Doppler parameter b of each component as resolved by the X-shooter observations.

Species | 11 111 1A% V VI
Velocity —255kms" -203kms' —136kms’ -25kms’  +46kms  +75kms
Cull334 > 15.79 > 15.02 > 14.35 > 14.30 > 14.72 > 15.33
Cu*11335 13.16 +0.17  13.43 +0.09
0111302 > 15.66 > 15.68 14.02+0.12 13.83 +0.18 > 14.01 > 15.02
Mg 1112796, 12803° > 14.32 > 15.01 > 13.36 > 13.30 > 13.76 > 13.51
Aln1670* > 13.25 > 13.37 > 12.23 > 12.77
Sim11260, 11304, 11808 1433 +0.04 14.50+0.03 13.32+0.05 13.15+0.03 13.51+0.07 14.27 +0.02
Sim*11264 12.76 £ 0.04  12.49 + 0.08 12.02 +0.09 12.44 + 0.07
S 1112597 13.99 +0.09 14.22+0.09 13.69 +0.09
Fen11608, 12344, 12382 14.03+0.04 13.88+0.02 12.55+0.09 12.79+0.09 13.26+0.04 13.68 +0.02
b(kmsT) 15.6 27.7 21.7 28.4 29.6 23.2

§ Mg 1 lines are particularly uncertain because they are found in a very noisy region at the end of the NIR arm spectrum.
" The V, VI (and partially /V) components of Aln are strongly affected by a sky line and could not be determined.
"The I V, V, VI components of S i1 are blended with the S111411260 A absorption.

Table 3: Column density of high 1onization lines. The velocity shift of the components with respect to the N v line are indicated.

The last row reports the Doppler parameter b used of each component as resolved by the X-shooter observations.

Species 1 2 3 4
Velocity —220kms~' -72kms' Okms' +71kms™
C1vA1548,11550 > 14.36 > 14.13 > 16.2 > 14.08
NvA1238, 11242 > 14.25
SivA1393,11402 > 13.89 >1341 >13.82 > 13.63
b(kms™) 56.2 46.0 15.5 31.2
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~ F140W magnitude is 25.66 + 0.05 mag (AB), corresponding to SFRuv ~ 20 Mo -

(Rossi et al. 2022)
A. Saccardi, S.D. Vergani, A. De Cia et al. 2023 HST /Fl 40W Image
. Projected
S?;t21ie Distance F140W
‘ 7z=6.3118 mag (AB)
o 0.73” 4.14kpc 26.46 + 0.07
b 1.43” 8.14kpc 26.38 £ 0.06
Host (+afterglow?)
Y 1.53” 8.67kpc 26.34 + 0.06
.
O 2.13” 12.08kpc 25.98 + 0.05
N

Eiso = 1.27 x 10°% erg
log Liso = 1.86 x 1033 erg s-!
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Rest-fmme LIV spectroscopy
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A. Saccardi, S5.D. Vergani, A. De Cia et al. 2023

Tentative detection of an emission line
at A 8929A (observer frame).

Frya = (3.1£0.6)x10-18 erg s—1 cm2

We tentatively associate it with
extended Ly-a emission (covers ~ 2.5")

at z = 6.3449, i.e. ~ 1200 km s-1
redward of the DLA

High shift:
Lya line peak is usually found shifted from the
redshift of the host galaxy systemic emission

-Spectroscopic observations revealed
Lya emission at ~ 800 km s~1 from
the UV galaxy emission lines
(e.g. Hashimoto et al. 2019)

-A shift of a few 100 km s1is often
found between GRB afterglow

absorption and emission lines
(e.g. Friis et al. 2015; Vielfaure et al. 2020)
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UV-Pumping INPUT:
v 9 -INCIDENCE FLUX
Excite the absorber atoms and ions - -INITIAL COLUMN DENSITIES
to a principal quantum number ~ Photoionization code |
above the fundamental OUTPUT:
v D -DISTANCE
By a spontaneous emission, o
the fine structure lines of the . E
fundamental state are populated . "~ GRB2109SA
%53.0} ~=—-——<—<=-r® .
?;DSQ.O
5 H1.5
51.0 — -

log distance |pc]
A. Saccardi, S5.D. Vergani, A. De Cia et al. 2023
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[Zn/Fe]:: 0 0 053 053 057
AV [km/s] 255 +46 +75 -203 -136
. Proper ? 17 16 11 7
f Distance [kpc]
Component IV: | [Zn/Fe]i 0
1 Av [km/s] -25
Proper Distance [kpc] Component I

A. Saccardi, S.D. Vergani, A. De Cia et al. 2023



Credits: Rossi et al. 2022
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200 Pulse #1 X-ray flare Pulse #2 Pre-Pulse #3 Pulse #3
I I I I I I I I | | | | | | | | I I I I | I I | I I I
H-band+200 +FH——
600 | XRT+400 +
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500 - KW+200 S
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Time [s]

Fig. 1. Multi-band prompt emission light curve of GRB 210905A. The light curve of GRB 210905A as seen by Swift/BAT (15-350keV, 65
binning, count rate/50, cyan), Konus-Wind (20—-400 keV, 5.888 s binning, count rate+200, green points), Swift/XRT (0.3—10 keV, count rate+400,
grey points) and REM (flux density+200 in units of 0.1 Jy, red points). The evolution of the gamma-ray emission is highlighted with a black
smoothed spline to guide the eye. The intervals corresponding to the three main and two smaller pulses are highlighted by turquoise- and grey-
shaded areas, respectively.
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Credits: Rossi et al. 2022
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Fig. 2. Optical/NIR to gamma-ray SEDs of the prompt phase at five
different epochs (see Sect. 3.2). All SEDs have been modelled with a
double broken power-law following the expectations from synchrotron
theory. Note that we could not constrain the low-energy break during the
X-ray flare. In the fourth SED, we have simply scaled the solution from
the last epoch (there is no KW detection during this epoch). Note that
the photon indices described in the text correspond to spectral indices
1/3, —1/2, —1.3 shown here. X-ray data are corrected for Galactic and
intrinsic absorption.

-~ _ . .- o -~

Energy [keV]
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Fig. 4. Optical/NIR to X-ray SEDs of GRB 210905A at three different
epochs (0.1, 1.0, 2.18 d). The best fit with a broken power-law is shown
in all three epochs, and the best-fit parameters are shown in Table 3
(see Sect. 3.3). The dotted- and dashed-lines show the absorbed and
unabsorbed models, respectively.
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Fig. 9. X-ray afterglow of GRB210905A (blue line) in the context
of other high-redshift GRBs (green and red) and the world-sample of
Swift GRBs with known redshifts (grey density plot). The afterglow of
GRB 210905A 1s the most luminous after 10 ks among all z > 5 GRBs
and one of the most luminous in general. The colour table on the right
side translates a grey shade at a given luminosity and time into a fraction
of bursts.
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Credits: Rossi et al. 2022

66



GRB 240218A



Backup Slides

Credits: Saccardi et al submitted
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Credits: Saccardi et al submitted

Species I 11 111
—200km s Okms™ +50km s~
=2 Al 1167 > 14.7 > 15.0 > 14.5
X log(V/em ) [X/H] [X/Fe] Znm /12026,6/1(2)062 129+02 > 14.1[14.1+0.2] > 13.9[13.9 +0.1]
Al > 15.3 > =17 [> 0.3] Cr 1 12056, 12062 13.0£02 >144[144+0.1] > 13.8[13.8+0.1
Zn >143[143+£0.2] [-08x04] [1.2+0.2] Sim 11526 > 15.9 >165 >155
S1 > 16.6 > —1.4 [> 0.6] Fen 11608, 11611, 12260+  14.6+0.1 > 15.8[15.8+0.1] > 15.6[15.6+0.1]
Fe >160[16.0+0.11 [-1.9+0.3] Fer* 12612 (1s) <13.3 13.8 £0.1 12.6 £ 0.4
Cr >145[145+0.1] [-1.6+0.3] [0.3+0.1] remm o ANty 14 =0 1803
Nim* 12166, 12217, 12223 <129 14.2 +0.1 13.3+0.1
Alm 11854, 118621 13.3 +0.2 > 14.1 > 13.2
b(kms™!) 34 + 4 27 + 4 21 +4
Element | Transition | Observed Wavelength [A] Equivalent Width (EW,) [A] Species 1 _ 2 _ 3 _
Fe 1608 12517.22 0.91 + 0.09 TR i e T
Fen 1611 12538.63 0.32 £ 0.03 Siva1393, 114028 > 1423 > 15.2 > 13.7
Fen 2260 17593.76 0.62 + 0.07 T —
/n 2026 15768.40 0.90 + 0.08 — — —
Znn 2062 16048.32 0.50 + 0.09
Crn 2056 16001.72 0.58 + 0.06
Cru 2062 16051.65 0.49 + 0.08
Mg1 2026 15770.37 0.05 + 0.01
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GRB 240218A light curve
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The fast X-ray transient EP240315a: a z ~ 5 gamma-ray burst
in a Lyman continuum leaking galaxy
@Nature Astronomy - A. J. Levan, P. Jonker, A. Saccardi, et al.
Submitted
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A.]. Levan, P. Jonker, A. Saccardi, et al. submitted
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A. ]. Levan, P. Jonker, A. Saccardi, et al. submitted A. ]. Levan, P. Jonker, A. Saccardi, et al. submitted
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' EP carries a Wide-field X-ray Telescope (WXT) with a large instantaneous FoV, which adopts .'«
{ such a novel lobster-eye MPO technology. Complementary to this wide-field instrument is a
|__Follow-up X-ray Telescope (FXT) with a large effective area and a narrow field-of-view.

? FXT is a Wolter-I telescope operating in the 0.3-10 keV ,
L" energy range. It has a narrow field of view (60 arcmin in ¢
diameter) and a source localization error of 5-15 arcsec.

The FXT is responsible for the quick follow-up

’,"1 observations (within 5 minutes) of the triggered sources }
| from WXT, and will also observe other interested targets |
| during the all sky survey at the rest time ‘

WXT consists of 12 identical modules with 375 mm focal ,
;" length, each covering about 300 square degrees. The 12
modules make a total un-vignetted FoV of WXT of about
' 3600 square degrees (~1.1 steradian).

WXT has a moderate angular resolution of FWHM ~ 5

' arcmin and positioning accuracy of 1 arcmin (90%) in the ?
| ‘»0'.5 7-4 keV energy band. ]
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GOAL: boost to 50/60% the fraction of GRBs W1th redshlft determlnatlon

and enhance the number of high-z GRBs

EdlL_><

satellite ~ 930 kg
payload ~ 450 kg
prompt observation
follow-up observation

Svom

e

Credits: SVOM, https:/[www.svom.eu/

Credits: Chen Haojie, via Wu Lei sur X

SVOM Payload

-y-ray monitor GRM
(FoV ~ 5.6 sr; up to 5MeV)

-y-ray telescope ECLAIRs
(<12’; FoV ~ 2 sr; 4keV- 120keV)

-X-ray telescope MXT
(<13”; 0.2-10 keV)

-Visible telescope VT
(-17;400-1000nm) |

' SVOM Ground-based observation

3 Ground-based Wide Angle Camera
} (GWAC) and the robotic Ground |

| Follow-up Telescopes, ;
| _GFT5, French (F) and Chinese (C)
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Svom Overview of the onboard VHF alert sequence

LA i H

Potential alert seq.
GRM/ECLAIRs (no slew)

ECLAIRs/GRM (no slew)

GRM only (no slew)
GRM/ECLAIRs/MXT/VT (slew)
ECLAIRs/GRM/MXT/VT (slew)

several
W
ECLAIRs trigger

det. significance > slew
threshold ?

GRM trigger

Slew + stabilization
(2nd slew)

noslew

few MXT/VT follow-up
% .
minutes for14 orbits

no follow-up onboard

Credits: SVOM
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Table 1. Main requirements on COLIBRI

Observatory location

Observatorio Astronémico Nacional, San Pedro Martir, Mexico

Delay for pointing

< 30 seconds (goal: < 20 seconds )

Precision of localization

< 0.5 arcsec

Primary mirror diameter

1.3 m

Photometric channels

Three simultaneous arms: two in the visible (¢gri and zy) and one in the NIR (JH)

Field of view

20 arcmin

Pixel scale

0.38 arcsec/pix in the visible and 0.64 arcsec/pix in the infrared

Real-time data processing

< 5 minutes
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Filter | Exposures | Dark night | Bright night
g 8% 30s 22 22 21.16
r 8% 30s 22.00 21.38
1 8% 30s 21.42 20.87
Z 8% 30s 20.51 20.21
y 8% 30s 19.52 19.52
J 8% 30s 19.73 19.73
H 16x13s 18.85 18.85

4.2 Photometric redshift

One of the critical scientific requirement of COLIBRI is to provide a photometric redshift during the first minutes
of observations of the GRBs by the SVOM mission. This information is strategic in order to optimize in quasi-real
time the observation program carried out on the GRB.

To fulfill this requirement, a special attention was paid to the SED fitting procedure to obtain quickly an
accurate photometric redshift. This is based on the fit of the overall shape of the spectra and on the detection
of the strong spectral properties. In fact only two prominent signatures can really hint information about the

redshift: the Lyman-break at 912x (1+4z) Aand the Lyman-o at 1216x(1+z) A.

The relative accuracy is found to be about 10% for 3.5 < z < 8 and ~13-14% for z > 8 (Ref. 14). It confirms
the ability of COLIBRI to detect dusty and highly redshifted GRBs, and to reliably estimate their photometric
redshift in less than 5 minutes.
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Simulated redshift distribution of GRBs to be detected by ECLAIR

80 I | | | | 1
70
Using the fraction of observed sky per year,
. . 60
simulations show that |
SVOM/ECLAIRs will detect ~ 80 GRBs/yr 50
40
z |
The estimated number of GRB with 30
redshift determination is of the order of ~ 160 0 |

(3yr; nominal duration) .

0

Redshift z

Credits: Wei et al. 2016
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Credits: Ghirlanda et al. 2015

10000.00 E 0 3
- GREY: GRB population E
. . . 1000.00 - YELLOW: GRB population z>5 A =
(1) poor fraction of GRBs with : .
[ B A —
an optical/NIR afterglow = 10000 E
2 B =
spectrum(20-30%) E .
- E + dax -
Q - x % Hetell -
vae 2 1.00 E_ e S‘wii't | g
(1) lack of satellites capability E st
e A Konus -
to detect high-redshift GRBs 0.10F .
().()IF | | ! I | I ;
|V 10" 10° 10 10 10”

Flux [erg/cm’ s]
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| THESEUS Payload |
L -Soft X-ray Imager
(SXI, 0.3 - 5 keV)

Selected for -X-Camma ravs
ESA M7 Imaging S ectronZeter : 0'3\\
Phase-A o ;

| (XGIS, 2 keV-10 MeV) |

- - ’ : \ ! ‘l Ceo . — 5 <
. A . - { IS i
NEesaeus

x ¢ . 7 . - 3 . B
. s S TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

} -InfraRed Telescope |
| (IRT,0.7-1.8 um) §

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

The predicted annual rate of GRB detections by
THESEUS/SXI is ~ 300-700 per year

The estimated number of GRB with redshift determination
15 of the order of ~ 150-350 per year

THESEUS 1s expected to detect between
40 and 80 GRBs at z > 6 over a 3.45 yr mission,
with between 10 and 25 of these at z > 8 (and several at z > 10).

Backup Slides

Dark Ages

| First Stars

‘© GRBs (1998-2020) |

Credits: L. Amati; THESEUS
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| THESEUS Payload | S
L -Soft X-ray Imager | i
(SXI, 0.3 -5 keV) 5 BUStoars
Selected for X Comma sy o ¢ e o o °*
ESA M7 | . J i 0.3 ® (e THESEUS (3.5yrs)| e 19
Phase-A i Imaging Spectrometer | o ‘o GRBs (1998-2020) | ®

(XGIS, 2 keV - 10 MeV) |

]
UNIVERSE SURVEYOR

N T H SKY AN

L TRANSIENT HIGH ENERGY SKY AND EARL

-InfraRed Telescope

hitp:/[www.isdc.unige.ch/theseus ’/‘ﬁ ‘, (IRT,018 m) 7- .'

The predicted annual rate of GRB detections by
THESEUS/SXI is ~ 300-700 per year

The estimated number of GRB with redshift determination
15 of the order of ~ 150-350 per year

THESEUS 1s expected to detect between
40 and 80 GRBs at z > 6 over a 3.45 yr mission,
with between 10 and 25 of these at z > 8 (and several at z > 10).

Credits: Theseus Yellow Book
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+

N8 _Three spectrographs

1 Allowmg to

N -Spectral resolution §
A. R~100,000 (1) reach the SNR levels needed to study the faint high-z sources

ANDES -Simultaneous » (ii) constrain key elements column density
S wavelength coverage b ... . e qe ]
Crodite: FSO Moreori of al. 2024 0 4?1 8 um 5 ¢ (iii) study relative abundances in individual gas components §

b

WG3: Galaxy Formation and Evolution and the Inter-Galactic Medium

3

(iv) discern between different enrichment scenarios probing

Credits: ANDES White Book (D’Odorico et al. 2023) j, . . |
Adapted from Saccardi et al. 2023a S ,_ . f»r y », _\ '
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[ Characterization mode ]
Bright
source
=155 IRT .
{ Follow-up mode ] “o ACYHITES IRT perform multi-filter deep
3 1800 s : :
= imaging for 1800 s
Satellite . = 3 spectrum
GRR Sl IRT acquires & =

5x150 s
images

trigger

IRT perform multi-filter deep imaging for 3600 s

Faint
GRB position SOUSE
d h H - 1 I" .5
and photo-z (AB)

calculated on-

board and sent
to ground in

near real time

Spectra and images are sent to ground for analysis




The predicted annual rate of GRB detections by
THESEUS/SXI is ~ 300-700 per year

The estimated number of GRB
with redshift determination
1s of the order of ~ 150-350 per year

Number

THESEULS 1s expected to detect between
40 and 80 GRBs at z > 6 over a 3.45 yr mission,
with between 10 and 25 of these at z > 8 (and
several at z > 10).
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Simulated redshift distribution of GRBs to be detected by SXI
+

Measured redshift on board with IRT
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Credits: Theseus Yellow Book
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