High-z GRBs in the JWST era
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Imaging sensitivity, pt src, SNR=10 in 10%s
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Object ID A. : logio Mx  logio SFR
(M@) Mg/yr)
JADES-GS+53.1499-27.7765 JADES-GS-z13-0 53.149880  -27.776500 ' 29.43+0.14  -18.5%+0.2
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Neutral gas
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GRBs

Ultra-relativistic jests associated with the formation of stellar black-holes (and magnetars?)

Credits: NASA
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Long GRBs as tools to probe galaxies

Bright afterglows

Massive stars

Image modified from an original by NASA/WMAP Science Team
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Long GRBs as tools to probe galaxies
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Long GRBs as tools to probe galaxies

normalised flux

Courtesy of Nial Tanvir
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Long GRBs as tools to probe galaxies
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GRB100219A  Théneetal. 2013
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GRB100219A  Théneetal. 2013
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Long GRBs as tools to probe galaxies
VLT/X-shooter

Low ionization lines

GRB130606A, z=5.9
Hartoog et al. 2015

Observed Wavelength (A)
8350 8400 84]50

&
|18

I ! ! ' 1

1.2

1.0

0.8

0.6

Nommalized Flux

0.4

0.2

IIIIIIIIIII]IIIIII‘IIIIII

0.0

|
|

|

|

=

——=
—

——a

\
\
|
\ .
; ] ' s " . B .
(At fy 1A .- | | ‘ LI S BV O | SR J SN Y 1 O L
[ER MY TH ALATIY &5 SRotutan | @i I L P ALl 40 PO 1 } ! | ! ! :

|

:lllllllllllllllll

0.2 o
0.0 ———————————————————— ..' .-A..A.A A : de AL

IIIIIII

Residuals
S
o

TTT II IT

b Illlll

—-4000 —2000 0 2000
Velocity (km s7")

T i 4l ot oiebuniieiginiete. L | il .

12 1.2 '
| \ ,_omul W
o 1 ok e

3 ' a. {1 o0s&f ¥ x s

3 1A {1 o4f N

- 'y 4 o2kl el b

oot
1.2

1_0}_'_‘_“_'_,——&35 ; E A Hurﬂ-'; 1:0F
[\T] WU r 4 oaf
(13 R o4 osF
a4 F i s -4 04F

1 1 ) . o of -
T et B
10F ' d 10k
08 - i oaf
0e P i o8
04 S 4 04
] ] I

800 -200 100 O 100 200 300
Anl. vooolty (kms')

Anl. velooity (kms’)

[X/H]

Illlll]llllllllllllll

llllllllllllll

DTM(WD) = 1.00 + 0.01

llIlllllllllllllllllllllllllllllllll

m_
%)
-
)

Al

Aluminium overabundance



0.0

1.0

05}

0.0}

0.0

0.0

1.0

0.5

0.0

Ci_1334

Sill_1260

p S

Sill_1

S.D. Vergani - Sexten CfA - Jan 2023

GRB210905A @ 7z=6.3 : VLI/X-Shooter

Saccardi et al. 2023 in press
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GRB210905A @ 7z=6.3 : VLI/X-Shooter

Saccardi et al. 2023 in press
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GRB210905A @ 7z=6.3 : VLI/X-Shooter

Saccardi et al. 2023 in press
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Following De Cia et al. 2016, De Cia et al. 2021

Dust corrected metallicity
[M/H]tot = — |\ Tl B8

Dust depletion
Zn/Fels = 0.33 £ 0.09

Dust-to-metal mass ratio
DIM=0.18 + 0.03

+ HI DLA
Log(N(HI)/cm=2) = 21.1
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GRB210905A @ 7z=6.3 : VLI/X-Shooter

Saccardi et al. 2023 in press

1.2 0.9

Milky Way (De Cia et al. 2021) +

QSO-DLAs (De Cia et al. 2018) <€

GRBs (Bolmer et al. 2019) @
GRB 210905A @

& ° e
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GRB210900A @ 7=6.3

VLT/X-Shooter

Saccardi et al. 2023 in press
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Long GRBs as tools to probe galaxies
Lyman-continuum studies

GRB191004B, z=3.5 Vieltaure, Vergani et al. 2020
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Long GRBs as tools to probe galaxies :
Lyman-continuum studies

Lyman-continuum photons escaping from extremely faint galaxies
Bulk of the population at reionization!

Vielfaure, Vergani et al. 2020
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Long GRBs as tools to probe galaxies

Harikane+22 Atek+18
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Long GRBs as tools to probe galaxies

Bright afterglows Low-mass, sub-solar metallicity
Gamma rays star-forming galaxies
qusive stars e.g. Palmerio et al. 2019; Perley et al. 2016; McGuire+ 16
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Image modified from an original by NASA/WMAP Science Team

Tool to select and study in detail faint star-forming galaxies at all redshifts
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Long GRBs as tools to probe galaxies

Harikane+22 Atek+18
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Long GRBs as tools to probe the high-z universe

Finkelstein 2016
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Long GRBs as tools to probe galaxies
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Long GRBs as tools to probe galaxies
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Long GRBs as tools to probe galaxies
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Long GRBs as tools to probe galaxies
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Long GRBs as tools to probe galaxies

GRB210905A, z=6.3 |

JWST ! HS+VTX—shootr": b

L
-

5.7kpc @ z=6.3

'y
Unique possibility to combine the information on the neutral and ionized gas '

GRB130606A, z=5.9 - A
HST + VLT/X-shooter & MUSE Host galaxy =

Host galaxy
(McGuire+17)
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Long GRBs as tools to probe galaxies

Courtesy of James

s & | |Mapping emission and absorption line metallicities
onto the same universal scale

JWST - 22.5 hrs - Pl: P. Schady

Neutral gas vs ionized gas metallicity @ z=2-4




Barnes+14
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Lyman-alpha emission studies

NHI
Gas velocity

Gas temperature

fa) [\
A %
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Lyman-alpha emission studies

Matthee et al. 2021 Vieltaure, Vergani et al. 2021
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GRB hosts that are LAE represent much better the population of UV-selected galaxies




Lyman-alpha emission studies

Vieltaure, Vergani et al. 2021
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GRB 021004
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Output of the Lyman-alpha line fit :

Redshift
NHI
Dust

Velocity of the gas
Temperature of the gas
Intensity, FWHM of the Intrinsic Lya
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Lyman-alpha emission studies

Vieltaure, Vergani et al. 2021
Eee G i LGRBs to study Lyman-alpha emission and test models
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Lyman-alpha emission studies

Vieltaure, Vergani et al. 2021
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GRB 021004
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LGRBs to study Lyman-alpha emission and test models

Input of the Lyman-alpha line fit :

e Redshift
e NHI
* Dust

* Velocity of the gas
* Temperature of the gas
* Intensity, FWHM of the intrinsic Lya

Parameters determined from GRB host and afterglow spectra

GRB happen in massive star regions
Statistically we probe photon escaping paths



Lyman-alp

Vieltaure, Vergani et al. 2021
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Lyman-continuum studies

Lyman-alpha emission
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Long GRBs as tools to probe galaxies

THESEUS YB
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In the meanwhile...
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Enlarge the fraction of GRBs with redshift
(Swift ~30%)

Svom

(2 bands)
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Thank you
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Long GRBs as tools to probe galaxies
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