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1) HOW MANY GRBS WILL THESEUS DETECT?
2) WHAT GRB SCIENCE (+ MAIN SCIENCE DRIVERS)?
1
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GRB formation rate (GRBFR)
short GRBs:
BNS,BHNS merger
(delay with respect to SFR)

long GRBs:
associated to SNIb/c
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Long GRB afterglows @ z>6
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A possible realisation of the THESEUS long GRB sample
Need
1) prompt emission
spectrum
2) redshift

Study the
cosmological
properties of the
GRB population
(e.g evolution)
Explore the low
luminosity end of
the LF
Existence and
nature of XRF

The nature of the radiative process

Ghirlanda+2015

Observations: e.g. Preece et al. 1998; Ghirlanda et al. 2002; Kaneko et al. 2006; Frontera et al. 2006;
Vianello et al. 2008; Gruber et al. 2014 . … …
Theory: e.g. Sari, Narayan & Piran 1996; Daigne et al. 2012; … Ghisellini et al. 2000;

The nature of the prompt emission
Ronchi+2019

Oganesyan et al. 2017: 14 bright
GRBs detected by Swift
Oganesyan et al. 2017a: 34
GRBs detected by Swift
Oganesyan et al. 2018: extension
to optical

Infer:
B, γm , p, Ne …

Fermi/GBM:
• Short and long Fermi GRBs
(Ravasio+2019) Short Ep ~ Eb
• Synchrotron fits: Bayesian analysis
(Burgess+2019)

Toffano et al. 2021
Break distribution currently sparsely
sampled (Toffano+2021)

The nature of the prompt emission
Simulations by M. Toffano (PhD Insubria)

Assume a 2break spectrum
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SXI: disentangle intrinsic
from extrinsic curvature

THESEUS: trace the break for
>80% of the XGIS detections

d, ultimately, the nature of the GRB pronitor. Owing to the coalignment of two
tection units of the gamma-ray burst monr (GRBM, 40 to 700 keV) (5 , 6 ) with the

A 120,000 s follow-up observation with
the BeppoSAX narrow-field instruments (12 )
was also performed starting !11 hours after
the GRBM trigger. In the first 7 hours of
observing time, an x-ray source of 3.3( significance, corresponding to 1.9 () 0.6) *

duration, respectively, cannot be described

respect to the solar (15 ), Fe/FeJ, and
absorbing medium left free to vary.
we show the result; we obtain a phot
% ' 1.09 & 0.02, an absorption
1.32 (& 0.30) ) 10
density
of NH '(Amati+2000)
GRB 990507
a relative abundance Fe/FeJ ' 75 &
a redshift z ' 0.86 & 0.17. The valu
± 0.17
photon index zagrees
the spect
= 0.86with
ness expected
at the
early times of th
Fe/Fe
⊙ ∼ 75 ± 19
We have also tested other elements
Ca,
Cr, Co,
and Ni
with
K-edge
clo
σz and
σFe/Fe
∼
20
−
25
%
higher than 3.8 ⊙keV. With Ca we sti
a satisfactory fit, but the abundance
(Ca/CaJ ' 1083 & 285) is higher
values found in Ca-rich astrophysic
(16 ).
We investigated whether the be
found for the B spectrum can also giv
description of the spectrum measure
the time interval A. The result is pos
the statistics of the data do not allo

The close ambient: hints on the progenitor

. 1. (Top) WFC light curve (2 to 28 keV) with 0.5-s time resolution. (Bottom) GRBM light curve
0 to 700 keV) with 0.128-s time resolution. The vertical dotted lines limit the seven intervals in
ich spectral analysis was performed. The typical error is shown for each light curve on the left
the panel.
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ceded by a supernova event.

Fig. 2. Distribution of the residuals of the count
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953
spectra
from the best-fit power-law model in
the time intervals A (top), B (middle), and C
GRB 990507 as seen by THESEUS
(bottom). The major deviations of the data
22
−2
(NH = 1.32 × 10 cm from
)
the model are apparent in the lowest
energy bin for the A spectrum and in the 3- to
6-keV band for the B spectrum, whereas no
statistically significant deviations from a power-law are apparent for the C spectrum. The
σz and σFe/Fe⊙ ∼ 5 %
probability that the observed deviations are
due to chance is 2.3 ) 10!2 for time interval A
and 9.0 ) 10!6 for time slice B. The higher
chance probability obtained for the deviations
Possible hints of the progenitors’
in the time interval A is likely due to the lower
explosive nucleosynthesis
statistical quality of these data (see text). The
possibility that instrumental effects caused the
depression in B spectrum were investigated
with negative results. The cross-calibration be-

On the nature of the prompt emission dissipation
Simulations by C. Guidorzi
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The nature of the early X-ray emission phase
Oganesyan+2020

Steep decay:
High latitude emission from switch off of the
prompt emission
Plateau: energy injection in the FS, delayed
afterglow emission, two phase structured jet
etc ….
A&A proofs: manuscript no. aanda

Ascenzi+2021

Figure 6. GRB 061121 lightcurves as observed by XRT
(energy flux in the 0.5 – 10 keV band, blue error bars) and
UVOT (mean flux density in the white filter, red error bars,
de-reddened assuming E(B V ) = 0.055) compared to the
predictions of our model (solid lines), where both the high
latitude emission (dotted lines) and forward shock (dashed
lines) emission are taken into account. The adopted parameters are reported in the text. The w filter model light curve
accounts for the transmission curve of the filter, retrieved
from the HEASARC website (https://heasarc.gsfc.nasa.gov/
docs/heasarc/caldb/swift/docs/uvot/)

Structured jet
.

0
Ebreak
= 10 keV/ c = 6.25 ⇥ 10 2 keV, and ↵1 = 2/3,
↵2 = 1/2 as before. The high-energy photon index

The nature of the early X-ray emission phase
Simulations by S. Ronchini (PhD GSSI)
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Simulations by M. Toffano (PhD Insubria)

Ronchini+2021: spectral evolution
can reveal the physical nature of
the early X-ray emission

THESEUS can monitor it (with the
unique extension of XGIS)

Conclusions
•Population studies to estimate GRB detection rates by THESEUS
(x 20 current sample of GRBs @ z>6 … stay connected)
•GRB prompt emission: characterise the low energy shape of the
spectrum (break and/or thermal component) to infer
1) nature of the radiative process(es)
2) jet energy content
3) Emission region physical properties for >80% of the events
•Study the progenitors through metal absorption signatures
•Understand the nature of the dissipation mechanism through
variability studies over unprecedented wide energy range
•Unveil the origin of the steep-plateau emission phases
WG4 white paper on Exp. Astron THESEUS special issue

