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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 Iluminosity
function, first generation (pop lll) stars
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A statistical sample of high-z GRBs can provide
fundamental information:

e measure independently the cosmic star—formation rate, even
beyond the limits of current and future galaxy surveys

e directly (or indirectly) detect the first population of stars (pop llI)
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* the number density and properties of low-mass galaxies

050904 F850LP |060522 F110W| 060927 F110W
226.20; Mpg> 28.86 | Z=5.11; Mpg>28.13. | Z=547;M,,> 28,57

080913 F160W | 090423 F125W+F160W| 0904298 F160
7=6.73; Myg> 27.92 | Z=8:23;M,5>3029 | Z=9.4; M,z > 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).
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B) Perform an unprecedented deep monitoring of the
soft X-ray transient Universe in order to:

d Locate and identify the electromagnetic
counterparts to sources of gravitational
radiation and neutrinos, which may be

routinely detected in the late ‘20s / early i

‘30s by next generation facilities like
aLlGO/aVirgo, eLISA, ET, or Km3NET;

O Provide real-time triggers and accurate (~1
arcmin within a few seconds; ~1” within a few
minutes) high-energy transients for follow-up
with next-generation 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

Transient type SXI Rate
GW sonrces 0.03-33 vr!
SN shock breakout 4 yrt
Tidal Disruptions 50 yrt
Events

Thermonuclear bursts | 35 day!
Novae 250 yr!
Dwarf novae 30 day!
Stellar tlares 400 yr!
Stellar super flares 200 yr!

probe GRB physics




THESEUS payload

d 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 < 1-2’;

d X-Gamma rays Imaging Spectrometer
(XGIS,): 3 coded-mask X-gamma ray
cameras using bars of Silicon diodes
coupled with Csl crystal scintillators
observing in 2 keV — 10 MeV band, a FOV
of ~1sr, overlapping the SXI, with ~5
source location accuracy;

1 InfraRed Telescope (IRT): a 0.7m class IR _ Radiators
. . Radiators for XSls
telescope observing in the 0.7 — 1.8 pum for XGIS
!oand., providing a 10'’x10" FOV, with bc.)th LEO (< 5°, ~600 k)
imaging and  moderate  resolution Rapid slewing bus

spectroscopy capabilities Prompt downlink



The Soft X-ray Imager (SXI)

4 DUs, each has a 31 x 26 degree FoV

Source 2

Source 1

Spherical

focal surface

Unreflected rays ”

create diffuse
background

Reflective
surfaces

Table 4 : : SXI detector unit main physical characteréstics

Energy band (keV) 0.3-5
Telescope type: Lobster eye
Optics aperture (mm?2) 320x320

Optics configuration

8x8 square pore MCPs

MCP size (mm2)

40x40

Focal length (mm) 300

Focal plane shape spherical
Focal plane detectors CCD array
Size of each CCD (mm?2) 81.2x67.7
Pixel size (um) 18

Pixel Number

4510 x 3758 per CCD

Number of CCDs

4

Field of View (square deg) ~1sr
Angular accuracy (best, worst) (<10, 105)
(arcsec)

Power [W] 27,8

Mass [keo] 40




The X-Gamma-rays spectrometer (XGS)

SDD scintillator 40° _ 12
1400 _ L:cﬂ Ar . L0 2,006 keV
v < 1200/ 2
r =08
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X s T g
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400
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Direct Scintillation : a0 03 ke
N . . o — ' L : 2 i 6 § 10 12
detectionin Si light detection 0.4 06 or 0808 ! Energy (keV)
. ‘ Energy band 2 kel” — 20 Mel”
== ¥ detection plane modules 4
# of detector pixel [ module 32x32
pixcel size (= mask element size) 55 mm
Low-energy detector (2-30 kel”) Silicon Drift Detector
450 pm thick
Hioh enervy detector (> 30 kel”) CsI(T1) (3 cm thick)
Discrimination Sif CsI(T) detection | Pulse shape analysis
Dimension [cm] S50x50x85
Power [W] 30,0
20 ke 0150 keV 10 kv [ Mass [y 77
Fully coded FOV 0% deg’
Half sens. FOV 50% 50 deg?® 505 50 deg” (FWHM)
Toul FOV 6464 e 1 83 degt FWIR) e
Ang. 163 25 acmun
Souzce locatton accuracy |~ agemin (for 6 0 souree )
Enerpy res 200eVFWVHM @ 6keV | 18% FWHM (@ 60 keV | 6% FWHM (3 500 keV
Timming res. | ysec | ysec | usec
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Telescope type: Cassegrain
Primary & Secondary size: 700 mm & 230 mm
Matenal: S1C (for both optics and optical tube assembly)
Detector type: Teledyne Hawau-2RG 2048 x 2048 pixels (18 m each)
Imaging plate scale 07.3/pixel
Field of view: 107 < 10° 10° < 10° Sx Y
Resolution (A/AL): 2-3 (imaging) 20 (low-res) 500 (high-res), goal 1000
Sensitivity (AB mag): H = 20.6 (300s) H = 18.5 (300s) H =17.5 (1800s)
Filters: ZYTH Prism VPH grating
Wavelength range (lm): 0.7-1.8 (1maging) 0.7-1.8 (low-res) 0.7-1.8 (high-res, TBC)
Total envelope size (mm): 800 @ < 1800
Power (W): 115 (50 W for thermal control)
Mass (ke): 112.6




J Shedding light on the early Universe with GRBs

2=6.3 simulated IRT early ofterglow spectrum Simulated IRT low-res afterglow spectra at range of redshifts
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Figure 11: Left: a simulated IRT high resolntion (R=500) spectrum for a GRB at 3=6.3 observed at 1 honr post trigger assuming
1 GRB similar to GRB 050904. The spectrim bas host logNH)=21 and nentral fraction Fx=0.5 (and metallicity 0.1s0lar).
Ihe two models are: Red: logNH)=21.3, FEx=0 Green: log(NH)=20.3, Fx=1. The IRT spectra provide accurate redshifts.
Right: simnlated IRT low resolution (R=20) spectra as a function of redshift for a GRB at the limiting magnitude AB mag 20.8
it =10, and by assuming a 20 minute exposiure. The underlying (noise-fiee) model spectra in each case are shown as smwooth,
dashed lines. Even for difficilt cases the lon-res spectroscopy should provide redshifts to a few percent precision or better. For many
applications this is fine - e.g. star formation rate evolution.



J Shedding light on the early Universe with GRBs

Nows(>2) [yr']

Age of the Universe [Gyr]
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J Shedding light on the early Universe with GRBs

z=8.2 simulaoted E-ELT afterglow spectra
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Fig. 1.4: simnlated E-ELT 30 min spectrum of a
faint GRB afterglow observed after ~1 day. The
S/IN provides exquisite abundance determinations
while fitting the Ly-a damping wing simultaneously
fixces the IGM neutral fraction and the host HI
column density, as illustrated by the ftwo extreme
models, a pure 100% neutral IGM (green,) and
best-fit host absorption with a fully ionized IGM
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ATHENA +
Follow-up of high-z GRB with large facilities

O p‘[j ca I/| R a b5 X-ray spectroscopy of the progenitor environme
spectroscopy of the host
oalax
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J GW/multi-messenger and time-domain astrophysics
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probe GRB physics




1e-06

J Time-domain astronomy and
GRB physics

% : Thermonuclear
bursts
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* survey capabilities of transient
phenomena similar to the Large Synoptic
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with peculiar core-collapse Sne;
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possibilities, thus allowing an even
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Conclusions

s THESEUS (submitted to ESA/M5 by an Italy-led European collaboration, with
interest of USA, China, Brazil) 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.

s THESEUS will perform a deep wide field monitoring of the high-energy sky
from X-rays (0.3 keV) to gamma-rays (tens of MeV) with unprecedented
combination of sensitivity, FOV and source location accuracy in the soft X-
rays, coupled with extension up to several MeVs

»» THESEUS will also play a fundamental role for GW/multi-messenger and time
domain astrophysics at the end of next decade, operating in perfect synergy
with next generation multi messenger (aLIGO/aVirgo, eLISA, ET, or Km3NET;)
and e.m. facilities (e.g., LSST, E-ELT, SKA, CTA, ATHENA)

¢ Contributions are very welcome from everybody willing to help (about 200
researcher from worldwide institutions already provided their support to
THESEUS/M4). Please, provide your interest / support to
amati@iasfbo.inaf.it or through the THESEUS web-site:
http://www.isdc.unige.ch/theseus/
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Mission profile and budgets

FUNCTIONAL SUBSYSTEMS Basic Mass |Margin |Margin Current
(k=) ) |k Mass (Kg)

SERVICE MODULE

AOCS (gyro, RW, SAS, ST) 115,1 10% 11,5 126,6

PDHU + X BAND 31,4 10% 3,1 34,5

DATA HANDLING 244 5% 1,2 25,6

EPS (PCU, Battery, SA) 85,1 10% 8,5 93,6

SYSTEM STRUCTURE 129.1 10% 12,9 1420

PROPULSION 17,0 15% 25 195

THERMAL CONTROL (heaters+blankets) 14,2 10% 1.4 15,6

HARNESS 46,0 20% 92 552

Total Service Module Mass 462.3 11%o 50,5 512,8

PAYLOAD MODULE

SXI 100,0 20% 20,0 120,0

XGIS 93,0 20% 18,6 111,6

IRT 942 20% 18,8 116,0

i-DHU + i-DU + NGRM + TBU + harness (TBC) 23,1 20% 4.6 27,7

Total P/L Module Mass 310,35 62,1 3753

Total Service Module Mass (kg) 512,8

Total Payload Module Mass (kg) 375,3

System level margin (20%) 177,6

Dry Mass at launch (kg) 1065,6

Propellant 100,0

Launcher adapter 31,7

Total mass at launch (kg) 1197,3

Launch with VEGA into LEO (< 5°, ~600 km)
Spacecraft slewing capabilities (30° < 5 min)

Prompt downlink options : WHF network (options: IRIDIUM network,
ORBCOMM, NASA/TDRSS, ESA/EDRS)



Table 17: Instruments TN summary

Instrument Suite TM load
(Gbit/orbit)

SX7 0.3

XGIS 2.4

IRT 2.2

Total P/L telemetry 4.5

Table 18: Summary of Instrument Suite temperatures

Instrument Element Operative range (°C) Cooling
SXI- structure/optics -20 = +20 passive
SXI- detectors -65 active
XGIS-detectors -20 = +10 passive
IRT-structure -30 active
IRT-optics -83 active




