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Probing the Early Universe with GRBS. ;Q"j,.- z
Multi=messenger and time.domain Astrophysms; b
The transient high energyisky I
Syneray with next generation large facilities (E-ELT; SKA CT"* -
ATHENA, G and neutrino detectors) i ‘ | ';

First Stars and Reionization Era g # i' ,

o—— The Big Bang/Inflati

Tim ice the
Big Bang ()‘ws) Universe fled with
wve from Fermi/GBM (50 — 300 keV)

~ 400 Million
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Galaxies evolve

‘ Dark Energy begins
to accelerale the

¢ expansion of space
~ 9 billion

Qur Solar System
forms

~ 137 Billion

Today: Astronomers look back and understand



Lead Proposer (ESA/M5): Lorenzo Amati (INAF - OAS Bologna, Italy)

Coordinators (ESA/M5): Lorenzo Amati, Paul O’Brien (Univ. Leicester,
UK), Diego Gotz (CEA-Paris, France), C. Tenzer (Univ. Tuebingen, D),
E. Bozzo (Univ. Geneve, CH)

Payload consortium: Italy, UK, France, Germany, Switzerland, Spain,
Poland, Czech Republic, Ireland, Hungary, Slovenia , ESA

Interested international partners: USA, China, Brazil




The key role of Italy in THESEUS

e Building on the unique heritage in GRB and transients
science of the last 15-20 years (BeppoSAX, HETE-2, Swift,
INTEGRAL, AGILE, Fermi, optical/NIR follow-up)

o Strengthening and exploiting the fundamental contribution
to time domain and gravitational waves astrophysics (EGO-
Virgo, EM follow-up with major facilities like VLT)

« Taking advantage of leadership in key enabling
technologies based on R&D supported by ASI, INAF and
INFN in the last years (e.g., silicon drift detectors +
scintillators)



May 2018: THESEUS selected by

ESA for M5 Phase 0/A study

Activity Date

Phase 0 kick-off June 2018

Phase 0 completed (EnVision, SPICA and THESEUS) End 2018

ITT for Phase A mdustrial studies February 2019

Phase A mdustrial kick-off June 2019

Mission Selection Review (technical and programmatic Completed by
June 2021

review for the three nussion candidates)

SPC selection of M5 nussion

November 2021

Phase B1 kick-off for the selected M5 nussion

December 2021

Mission Adoption Review (for the selected M5

March 2024

MISSIoN)
SPC adoption of M5 mission Tune 2024
Phase B2/C/D kick-off Q12025

Launch
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Shedding light on the early Universe with GRBs

Because of their huge luminosities, mostly

Age of the Universe (Billions of
138 60 34 22 16 1.2 10

ears)
g 07 06 05

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 i+ i
unique and powerful tools for investigating the *
early Universe: SFR evolution, physics of re- - I T
ionization, galaxies metallicity evolution and I 11
luminosity function, first generation (pop lll) " =5 e e s
stars | ,

GRBs in Cosmological Context
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Lamb and Reichart (2000)



A statistical sample of high—-z GRBs can provide fundamental
information:

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

« directly (or indirectly) detect the first population of stars (pop lil)

GRB 090429B

-1
pSFR [Mam yr MpCﬁ

3| ]
10 F <4 GRBR ~ SFR 3

L —— GRBR ~ Low-Z SFR

|  —4— Rest-Frame UV P




* the number density and properties of low-mass galaxies

050904 F850LP [060522 F110W| 060927 F110W
226.29: M, > 28.86 | Z=5.11: Mg >28.13 | Z=547; M, > 28.57

080913 F160W | 090423 F125W+F160W| 0904298 F160
7=6.73; Myg > 27.92 | Z=8.23; M,s> 3029 | Z=9.4; M,;> 28.49

&

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)

Robertson&Ellis12



o the neutral hydrogen fraction
* the escape fraction of UV photons from high-z galaxies
o the early metallicity of the ISM and IGM and its evolution

Abundances, HlI, 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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observed w ngth (A)
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Courtesy N. Tanvir



* the neutral hydrogen fraction
o {l o '

Age of the Umverse Bullnons of geors)

o t| 13.8 6.0 3.4 2.2 1.6 1 2 1.0 0.7 0.6 0.5
—'YYYI'IIII'IIII'llll'll!l IIII ™rrrYy YIII 11T IIII 1T YYII 1T II'I ™rrrrY YIII II.IY'IIII'YIII'IF
Abunt I 3wift bursts s ésg E’g 1 0: faint host
- eon: 2z = 2. O 0 |
(R>2¢ Medion: z = 195 T al. 2005;
Starlir 6 pre=Swift bursts > =
Mean: z = 1.35 5 LR .
— Median: z = 1.02 ? : %
' D N
Lo O
5 [ 5
o 4 .0 L2
: 5
s Z @ 0
o . 2 i
2 + ™ M o
o Q ~ | N N
£ o O < <
g o O o o
2 n ® o >
o o o o
m o m m
X o | % %
O O O O
l 0d .lxl__Im A I 1|.
@ 6 7 8 9

Courtesy N. Tanvir



Exploring the multi-messenger transient sky

J Locate and identify the electromagnetic
counterparts to sources of gravitational
radiation and neutrinos, which may be
routinely detected in the late ‘20s / early ‘30s /——
by next generation facilities like aLIGO/
aVirgo, eLISA, ET, or Km3NET;

J 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

d 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

Absolute peak magnitude My

Time scale (seconds)



LIGO, Virgo, and partners make first detection of
gravitational waves and light from colliding neutron stars

Lightcurve from Fermi/GBM (50 — 300 keV)
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LIGO, Virgo, and partners make first detection of
ht from colliding neutron stars

gravitational waves and li

Lightcurve from Fermi/GBM (50 — 300 keV)

THESEUS:

v short GRB detection
over large FOV with
arcmin localization

v Kilonova detection,
arcsec localization
and characterization

v Possible detection of
weaker isotropic X-ray
emission
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THESEUS mission concept

3 Soft X-ray Imager (SXI): a set of four XCISs
sensitive lobster-eye telescopes observing in
0.3 - 5 keV band, total FOV of ~1sr with
source location accuracy 0.5-1’;

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 ~2-4 sr, /
overlapping the SXI, with ~5 source|pt
location accuracy;

SXls

d InfraRed Telescope (IRT): a 0.7m class IR Radiators
Radiators for XSls

telescope observing in the 0.7 - 1.8 pm for XGIS
band, providing a 10°x10’ FOV, with both
imaging and moderate resolution |LEO (<5° ~600 km)

spectroscopy capabilities (-> redshift) Rapid slewing bus
Prompt downlink




Star formation history,
primordial galaxies

Neutral fraction of
IGM, ionizing
radiation escape
fraction

10

Flux (uly)

o

. . . . .
1.4x10%  1.15x10*  1.2x10*  1.25x10*  1.3x10*

Wavelength (Angstroms)

ELT TMT GMT

GRB accurate localization and NIR, X-ray,
Gamma-ray characterization, redshift

keV“ (Photons cm™ ™' keV™')

103

Cosmic
chemical
evolution,

Pop llI

TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

THESEUS SYNERGIES



Localization of GW/neutrino gamma-ray or
X-ray transient sources NIR,

ASEn LS LS X-ray, Gamma-ray characterization

Transient sources

physics/host galaxy multi-wavelength

identification/formation I :
cambpailans

history/kilonova va ' bal9

identification

GRB170817A

Accretion
physics

..............................................

10 15 20
Days after LICO Lrigger

Hubble E 52 UE Star formation

TRANSIENT HIGH ENERGY SKY AND EARLYUNIVERSE SURVEYOR
constant

r-process
element
chemical

abundances

THESEUS SYNERGIES
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L TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR
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« THESEUS Core Science is based on two pillars:

o probe the physical properties of the early Universe, by discovering and
exploiting the population of high redshift GRBs.

o provide an unprecedented deep monitoring of the soft X-ray transient
Universe, providing a fundamental contribution to multi-messenger and
time domain astrophysics in the early 2030s (synergy with aLIGO/aVirgo,
eLISA, ET, Km3NET and EM facilities e.g., LSST, E-ELT, SKA, CTA,
ATHENA).

THESEUS Observatory Science includes:

o study of thousands of faint to bright X-ray sources by exploiting the
unique simultaneous availability of broad band X-ray and NIR

observations

o provide a flexible follow-up observatory for fast transient events with

multi-wavelength ToO capabilities and guest-observer programmes.
18




The Italian contribution to THESEUS

e Theseus consortium coordination: INAF (Lead Proposer, project office)

o Science: INAF (Lead Scientist; OAS, IASF-MI, Oss. Brera, |IAPS, IASF-PA,

Oss. Napoli, Oss. Roma, ?\iUniversities 8., Umv Ferrara Pol. Mllano
SNS Pisa, Univ. Federico Il apoli, Univ. Urbino,

. XGIS (mcludmg radiation monitor): INAF (Plship; OAS, IASF-MI, IAPS, IASF-

Universities (Politecnico Milano, Univ. Pavia, Univ. Ferrara, Univ.
Ucfme FBK Trento

o TBU (Trigger Broadcasting Unit): INAF

e Malindi ground station: ASI (in-kind contribution)

Industries: involvement already in Phase A (contrib. XGIS and TBU studies)

ASI funding for Phase A study: 500 KEuro (2019-2020)
Co-funding from INAF + Universities: 600 KEuro




Italian contribution: the key role of INAF-OAS

WP 1-1AA
Management & PO
(INAF - OAS Bologna)

WP 1-1AD
P/L & System engineering
(INAF - OAS Bologna)

—

( WP 2-2XA \

\_(INAF - OAS Bologna) /

l

Science activities
Coordination

( WP 2-2XB \
GRB and Cosmology
simulations

\_ (INAF-OABrera) /

!

XGIS Instrument

I

v

3-2AD
Mechanical, Thermal &
electrical design

WP 3-2ADD
Therm./Electrical
design
(INAF - OAS Bologna)
WP 3-2ADG
Mechanical design,
Calibration
(Univ. Ferrara)

WP 3-2ADX
Space qualification
(Univ. Bologna)

v

32X
XGIS simulations

WP 3-2LXA
MC, BKG, Resp.
(INAF — OAS bologna)

e )
WP 3-21X8

— Mask Imaging

(INAF - ASF Milano)
-/

e )

WP 3-2LXC
Imaging trigger

(INAF - ASF Milano)
-/

WP 3-2LXD
Light Curve triggering

—

-

(Univ. Ferrara)

—

v

32
Detector Critical Items

WP 3-2ADAC
Detector system:
Test model
(INAF — OAS Bologna)

WP 3-2ADAH
Detector system:
studies
(Univ. Udine)

.. )
WP 3-2XA

SDD

(FBK)
-

e )
WP 3-2XB
ASIC: Analog. Design

(Politecnico Milano)

N

( WP 3-2XC \
ASIC: digital design &
test model

\ (Univ. Pavia) /

>

4
Contract Administration
WP 4-1AAD
WP 3-28V Contract
I/Fs, operatives modes Administration

(INAF - IASF Palermo)

(ASI)



Theseus: OAS main contributors

Lorenzo Amati (Consortium PI, ESA Lead Scientist, XGIS Project Manager)
Claudio Labanti (XGIS System Manager, ESA System Engineering Working Group)
Filippo Frontera (project key person, ESA System Engineering Working Group )
Riccardo Campana, Fabio Fuschino, Mauro Orlandini (XGIS key persons)
Giulia Stratta (ESA Science Study Team)

Francesca Sortino and Natalia Auricchio (project management key persons)

Chris Butler, Adriano De Rosa, Gianluca Morgante, Luca Terenzi, Valentina
Fioretti, Andrea Bulgarelli (XGIS technical support)

Elisabetta Maiorano, Andrea Rossi, Elena Pian, Eliana Palazzi, Luciano
Nicastro, Nicola Masetti (scientific support)

Fabio Finelli, Eros Vanzella, Andrea Comastri, Stefano Ettori, Vito Sguera,
Alessandro Gruppuso, et al. (interested / contributing scientists)



Available online at www.sciencedirect.com
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ERMES: a constellation of nano-satellites for
high energy astrophysics and fundamental
DhysICS research

http://hermes.dsf.unica.it/
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Mission concept

Disruptive technologies: cheap, underperforming, but producing
high impact. Distributed instrument, tens/hundreds of simple units

HERMES constellation of cubesat

2016: ASI funds for detector R&D
2018: MIUR funds for pathfinder

(Progetti premiali 2015) )
2018 H2020 Space-SCI-20 project

2018 ASI internal proposal



HERMES main goals

How to promptly localise a GRB
prompt event?

GW/ Multi-messenger
astrophysics

How to construct a GRB
engine”?

Jet / BH / NS physics, GRB
progenitors

Which Is the ultimate granular
structure of space-time”?

Fundamental physics, quantum
gravity




1. Measure GRB positions through
delays between photons arrival times:

Opos = OccrF X C / <B> / (Nx(N —1— 2)12
|

AR

100

80

)

.0 0
>

Y »
2;';‘3_0.‘_2_‘ w%:d o8 I— k&&w o8 10

‘\ . Occr~10pus

,)! | Opos~ 10arcsec

If <B>~7000km, N~100

Arcmin-arcsec positions of ~a few dozen GRB/yr
Prompt(minute) localisation
hs timing

At/ AE~3us/100keV 30us/1MeV—->= Mac~Mpianck




HERMES performances

OPos = 2-40[(OCCF2+ Osysz)/(N-3)]0-5

< B> ~ 7000 km °2:E§§§§§§;:o 3
N(pathfinder)~6-8, active simultaneously 4-6

N(final constellation) ~100, active 50

4

OPos(pathfinder) ~ 1 arcmin If OCcCF Osys~1OUSGC

OPos(FC) <larcsec If OccCF Osys~1OUSGC

Bright GRBs with msec structure

V)]

Opos(pathfinder) ~ 2.4 deg If 0ccrOsys~0.001s
OPos(FC) ~ 3 arcmin If OCCEOSyS~0.OO1S

Short GRBs without substructure, risetime fraction of second.



HERMES Institutes

* INAF, ASI, PoliMi, UniCagliari, UniPalermo, UniUdine,
UniTrieste, UniPavia, UniFedericoll, UniFerrara, FBK,
Y

HERMES is open to ideas and collaboration
Want to be involved? Send an e-maill
fabrizio fiore@inaf.it
burderi@dsf.unica.it




HERMES: OAS main contributors

Claudio Labanti (responsabile payload development)
Riccardo Campana and Fabio Fuschino (payload development key persons)

Gianluca Morgante, Luca Terenzi, Mauro Orlandini, Alessandro Mauri (payload
development support)

Lorenzo Amati, Filippo Frontera (scientific support)

THESEUS - HERMES - ASTENA Synergies

 HERMES can be considered a technological (and partly scientific) pathfinder to
THESEUS/XGIS

e« The ASTENA WFM is a further a}J)Plication and development of the detection
system concept behind THESEUS/XGIS and HERMES (and GRBs also in the cores
science of ASTENA)

e The R&D, including simulations, for HERMES and ASTENA/WFM will contribute
to enhancing THESEUS/XGIS TRL at the end of Phase-A

e Current proposed organization for the AHEAD-2 proposal includes a WP on

Instrumentation for GRB & multi-messenger astrthysics, coordinated bki L.
Hanlon and L. Amati and including support to HERMES, THESEUS and ASTENA



HERMES
and
THESEUS

Synergies and technology towards a
development path

Riccardo Campana
OAS Days 17-18 December 2018



The siswich architecture

The key to both HERMES and THESEUS:
coupling of Silicon Drift Detectors (SDDs) and scintillators.
SDDs are sensitive to both X-rays and optical (scintillation) photons

SDD Scintillator
X-ra
J >
; ; Marisaldi+04
Direct absorption Scintillation light La ba n tl + O 5
in silicon production Labanti+08

Campana+16



A huge sensitivity band

This allows for a monolithic detector with a huge sensitivity band,

Effective Area (cm?)

from ~1-2 keV to several tens of MeV

Total Efficiency

Energy (keV)

1000

Campana+16
Fuschino+16
Campana+18
Fuschino+18



HERMES

2015: ASI tecnological project (R&D on detectors and architecture)
2017: MIUR Progetto Premiale, led by ASI: HERMES Technological Pathfinder
2018: H2020 project: HERMES Scientific Pathfinder

Disruptive technologies: cheap, underperforming, but producing high impact.

Distributed instrument: tens/hundreds of simple units

HERMES is a constellation of CubeSats
( H/gh Energy Rapid Modular Ensemble of Satellites)

Modularity

® Avoid single point failures, improve hardware

® Pathfinder

Limited cost and quick development

e COTS and in-house components

® Cost reduction of manifacturing: direct launch of QM

HERMES will open the submillisecond time window for GRB science
® Accurate positions

e Quantum gravity tests

Why now? Breakthrough scientific case: electromagnetic counterparts
of gravitational wave events




HERMES

2015: ASI tecnological project (R&D on detectors and architecture)
2017: MIUR Progetto Premiale, led by ASI: HERMES Technological Pathfinder
2018: H2020 project: HERMES Scientific Pathfinder

y/X Transients

« Global Surveying
CONSTELLATION « Precise Localization
« Faint Detection
+ Timely Transmission

Sci-20-2018

y/X Transients
-
SCIENTIFIC
} % « Precise_Localization
{ PATHFINDER « Faint Detection

« Timely Transmission

P N

" Technological ¥/X Transients
Pathfinder + Faint Detection

« Timely Transmission




HERMES

® A huge sensitivity band in a modular instrument within T0x10x10 cm3

® "Siswich" architecture: Silicon Drift Detector + scintillator. SDD acts both
as direct X-ray instrument and as photodiode for scintillator light readout

e Scintillator cristal: GAGG:Ce
- Low Energy Collimator
® 5-300 keV main scientific band R MR,

® Sensitive in 2-2000 keV

® ~50 cm? collecting area
® A few sr FOV at low energies
® Temporal resolution 100 ns

® ~1.5 kg

Scintillator
crystals

® [ess than 4 W power consumption



A complex detector in 1 liter volume

A

Collimator

A

Optical/Thermal filter

SDD+FEE PCB

A

cm

A

Scintillator crystals

Back-end electronics

A

A

PDHU, power, clock, etc.




HERMES payload
preliminary design




Ongoing mission studies

The HERMES consortium, with the full involvement of the INAF/OAS team,
is now performing detailed mission studies in various scenarios

WP3 DESIGN REVIEW:
state of the art — Space segment options

AT deimes (@
) skyiabd) ¢35 deimos | @

POLITECNICO MILANO 1863

M. Lavagna, DAER - PoliMi, HERMES-SP KOM, 21-22/11/2018 - Rome

Constellation configuration
Optimization of the scientific return
Thermal studies
Radiation damage
Launch opportunities

Detector allocation
CubeSat avionics
Telemetry and ground stations
Pointing strategy

WP3 DESIGN REVIEW:
state of the art — option example

Sky Visibility

Integral time - Sky visibility - 2 years

3 sats 550km SSO

Absolute Orbits
« Max Integral: 412.7 days (fixed

Orbit SSO 550 km %0 inertial direction)
h [km] 550 = 250
5 « Weekly-maneuver: 503.3 days
el] 0 s 20 (each week maximum inertial
ir] 97.6 & % ., direction pointing)
Q[ 2813 100

]

|njecti0n 50 <100 50 0 5 100 150 ¢
- - - Right Ascension 5]
Orbit Direction Av [mis] Sky visibility computed meeting the following requirements:
SSO 550km  +V-bar 1 + Sun avoidance (50°)
SSO 550km  -V-bar 1 » Earth (Earth radius + 120 km Atmosphere)
SSO 550km  +H-bar 1 * Galactic equator (+/- 15°)

* Projected Baseline (>1000 km)

| Time to first potential triangularization: ~3.97 days

gﬂ;trg

POLITECNICO MILANO 1863

M. Lavagna, DAER - PoliMi, HERMES-SP KOM, 21-22/11/2018 - Rome




Latitude

Trade-off studies at OAS

HERMES cubesats are a secondary payload, therefore we do not have much choice for the
final satellite orbits... Radiation damage (due to high-energy proton space environment)
and orbital decay will limit the useful lifetime.

For the first launches the orbit will likely be sun-synchronous,
high inclination, 500-600 km altitude, ~circular (TBC)

Equatorial low altitude orbits are preferred from a radiation damage standpoint
...but also for their lower background! (Geant-4 simulations)

AP8-MIN fluxes in 1 year
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THESEUS

Transient High Energy Sky and Extreme Universe Surveyor
A ESA-M5 mission candidate, currently in Phase A

Three main instruments:

SXI (Soft X-ray Imager) led by UK
IRT (InfraRed Telescope) led by France
XGIS (X and Gamma Imaging
Spectrometer) led by Italy




The XGIS instrument

At a glance — One unit

Coded mask
Provides imaging capabilites
below ~30 keV

Collimator
Shields the FoV

below ~150 keV

Detector plane

9x9 modules with _>

SDD and Csl(Tl) scintillator



The XGIS instrument

At a glance — One unit

Energy band 2 keV - 20 MeV
# of detection plane modules 100 (10x10)
# of detector pixels per module 64 (8x8)
Low Energy detector (2-30 keV) SDD (450 pm thick)
High Energy detector (30 keV - 20 MeV) Csl(Tl) (3 cm thick)
Discrimination LE/HE modes Pulse shape analysis
Dimensions 63x63x80 cm3

Weight 81 kg



The XGIS instrument

At a glance — One unit

Energy band 2-30 keV 30-150 keV >150 keV
Half sensitivity FoV 60° x 60° 60° x 60° (FWHM) -
Total FoV 77° x 77° ~100° x 100° (FWZR) 21 sr
Angular resolution ~ 5" at 6 sigma - -
Energy resolution 200 eV FWHM 18% FWHM 6% FWHM
at 6 keV at 60 keV at 600 keV
Timing resolution 1 ps 1 s 1 ps

On-axis useful area 518 cm? 1296 cm? 1296 cm?



Ongoing mission studies at OAS

Prototyping activity in the Gamma Laboratory




Ongoing mission studies at OAS

Geant4 based MonteCarlo simulator for XGIS and background studies

= = Primary alpha = = Secondary alpha = Neutron albedo

== = Primary alpha Secondary el === Thoton albedo

= = Primary elect === Secondary p = CXB
Primary p
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Energy [keV]




The XGIS instrument

THESEUS Phase A (2019-2021)
next steps at OAS
(1-2 AdR positions will be available in 2019 on THESEUS
simulations and technology)

1. Development of a consolidated XGIS design
i) Detector plane with FEE, BEE and PDHU
ii) Coded mask imaging system
2. Scientific simulations and performance optimization
3.  Monte Carlo Geant-4 simulations, response matrices and

background studies

4. Laboratory prototypes of a fully integrated detection module



X & Gamma
Silicon Detectors
for Space Applications
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PiCslIT on board INTEGRAL

Responsible: C. Labanti
— — —=a INTEGRAL overall
1 weight ~ 4000 kg

ICARUS ASIC

PICsIT
: = 4096 Pixel
S Sensitive Area 2890 cm?2
Range 180 keV - 20 MeV

L P § =
\ P e
o *_"“' f
£ E “4\ =5
. . EEFE
= i :
e '_
A== Pixel: CsI(TI) crystal 8.4x8.4x30 mm
PIN diode readout




MCAL on board AGILE

Responsible: C. Labanti AGILE overall

Constraints:

* Low weight

 Low power - few channels / solid state readout
« Low telemetry budget - on-board trigger logic

Design choices:
* Hodoscopic architecture - position reconstruction with few channels (30)
* PD readout: 350 keV threshold - energy range extended up to 100 MeV

» Trigger logic = very short time scales (300 us, 1 ms) + photon-by-photon data + GPS



Terrestrial Gamma Flashes (TGFs)

Duration distribution

Enhanced TGFs ET T Ty T T TR
detection capability z: E
Marisaldi+2015 . ]
= 25F -

5 20f f

£ 15f ?

Z‘IOE E

0.0625

0.0005 0.001 0.0015 0.002
Total duration (s)

Credit: Alan Stonebraker

First TGFs localization
Marisaldi+2010
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Basic Principle of SDD
Silicon Drift Detector

Anode Capacitance: as small as possible
-60ng 'r"' radiation J:L J_:_
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Electron potential energy
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S Electron drift paths
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Gatti+1984



CENTER FOR
MATERIALS AND MICROSYSTEMS

FONDAZIONE
BRUNO KESSLER

, Design, production &
costs funding

L/ Istituto Nazionale
di Fisica Nucleare-

@ IvMiv

Istituto per la Microelettronica ¢ Microsistemi

Integration SDD & FEE

Nuclear Physics
and
Synchrotron light
applications

2 ﬁ»ﬁ B
. R
®
<A\ adpPsS

strophysics
applications




RESEARCH

SDD within - >0+ Collaboration
Largest SDD 6 Silicon wafers  ging1e cell SDD
ever built (~ 80cm?2) with 900 mm2 sensitive area

v D I¢D D :
A ‘ 3’ "" o = :

e

Low anode capacitance (few tens of fF)

. . .
Low leakage current (tens of pA/cm?) SDD Quantum Efficiency (QE) > 80%



State-of-the-art FEE performances

Extremely Low noise

Measured >°Fe Spectrum .
SIRIO 3.1 bonded to 13 mm? TS-SDD Low power consumption
Low anode capacitance (SDD)

X-ray Silicon Drift Detector ...
5.9 keV G. Bertuccio, et al.
IEEE Trans. Nucl. Sci. ~ Feb 2016

SIRIO Preamp (1 ch)
~ 10 mW / ch
ENC ~ 1.3 e-r.m.s.

Sil

licon Drift Detectors for Low Energy X-ray Application
az20 N: Como, 9-11 May 2016
G. B io, M. Ahangariansbhari, M. Gandola, O. Genovese

32 parallel channels
~ 0.5 mW / channel
ENC ~ 15 e-r.m.s.




Scintillator readout with SDD

Optical properties
optimization & characterization

100 1 I\ CdWO4 Emission Spectrum -1.0
\ Area = 1.0
80 0.8
o N = ]
'3 60 b ii CdWO04 SDD Dete o 0.6 5
2 = i v\ Spectrum >
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O 404 4 I3\ 5 104 >
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20 d '\ 'O-Z‘SDD QE > 80%
/ \
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Other Silicon devices

Sensor Assembly
SPAD B =
custom design & [ N
production | ( I
CNR/IMM Bologna J
(FEE PoliMl) =

SiPM
(available on the
market)

Equipped with fast readout electronics




Towards prototypes

Design of innovative architectures
Sensors & FEE integration (bonds, etc.)

Back End Electronics requirements
(construction)

Prototype Assembly
Test Equipment

Prototype tests & characterizations



Space Missions

. THESEUS (ESA Calls M4-M5) > XGIS

« HERMES (MIUR, H2020Space)

LOFT today is :
eXTP Strobe-X MVN-M2

b




Enhancing the TRL with funded projects
INFN

XDXL (SDD)
ReDSoX SDD
ReDSoX2 SDD

FLARES (SDD+Cryo-cooling)
FAMU (PMT+LaBr3:Ce+Cryo-cooling)

INAF

WFM (Feroci)

PICO (Marisaldi)

SDD + scintillatori (Labanti)
XGS (Amati)

Pixel drift (Feroci)
COMPASS (Del Monte)

ASI

All sky Monitor (Feroci) (SDD)
LOFT (Stella/Feroci) SDD)
Compton camera (Labanti) SDD)
FiberSPAD (Marisaldi) SPAD)

WFM (Piro/Feroci) SDD)
PiXDD (Feroci) (SDD)
HERMES (Burderi) (SiPM+SDD)




Back-up slides



1 2 List of Beneficiaries - Associated with document Ref. Ares(2018)5108749 - 04/10/2018

Project Number ' 821896 Project Acronym * HERMES-SP

List of Beneficiaries

Project Project
No Name Short name Country entry  exit
month® month

1 ISTITUTO NAZIONALE DI ASTROFISICA | INAF Italy 1 36
2 UNIVERZA V NOVI GORICI UNG Slovenia I 36
3 POLITECNICO DI MILANO POLIMI Italy 1 36
4 SKYLABS VESOLJSKE TECHNOLOGUE | Slovenia 1 ,
DOO
_ UNIVERSITA DEGLI STUDI DI ,
UNIC: 7
5 CAGLIARI CA Italy 1 36
DEIMOS SPACE SOCIEDAD LIMITADA N .
DEIMOS
6 UNIPERSONAL o5 Spain ' 36
AALTA LAB. RAZVOJ ZMOGLIIVE .
7 Aalta Slovenia 1 36

PROGRAMSKE OPREME D.O.O.
FONDAZIONE POLITECNICO DI

8 MILANO FPM Italy 1 36

o  EBERHARD KARLS UNIVERSITAET - . | 1 Ny
TUEBINGEN ermany

|0 EOTVOS LORAND . ; | 1 y
TUDOMANYEGYETEM ungary

11  C3S ELEKTRONIKAI FEJILESZTO KFT. C

L
m,

Hungary 1 36



THESEUS payload consortium: contributions

ITALY - L.P. / project office, XGIS, Malindi ground station, Trigger
Broadcasting Unit (TBU)

UK - SXI (optics + detectors + calibration) + S/W (SXI pipeline and remote
contribution to SDC)

France - IRT (coordination and IR camera), Theseus Burst Alert Ground
Segment (TBAGS)

Germany (with Poland and Denmark) - |I-DHUs and Power Supply Units (PSU)

Sleitzlerland: SDC (s/w, data processing, pipelines, quick-look) + IRT filter
whee

ESA P/L contribution: IRT telescope (including cooler) + SXI CCDs

Other contributions: Spain (XGIS coded mask, IRT), Belgium (S5XI integration
and tests), Czech Rep. (mechanical structures and thermal control of SXI)

Possible minor contributions: Ireland (XGIS detectors, IRT on-board s/w ),
Hungary (spacecraft interface simulator, PDHU, IRT calib.), Slovenia (X-band
transponder, mobile ground station)



J THESEUS will have the ideal combination of instrumentation and
mission profile for detecting all types of GRBs (long, short/hard,
weak/soft, high-redshift), localizing them from a few arcmin down to
arsec and measure the redshift for a large fraction of them

IO(XXJ.O l T 1 Ll 1 1

1000.0

100.0

Ep,obs [keV]

100f -y <5

10° 10° 10" 10° 10" 10° 10°
Peak flux [ph/cm’s]



J THESEUS will also detect and localize down to 0.5-1 arcmin the
soft X-ray short/long GRB afterglows, of NS-NS (BH) mergers and of
many classes of galactic and extra-galactic transients

d For several of these sources, THESEUS/IRT will provide detection

and study of associated NIR emission, location within 1 arcsec and
redshift

0% Light curve peaks at 200 Mpc
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- Shedding light on the early Universe with GRBs

Now(>2)  [yr]

Age of the Universe [Gyr]

1000.0 1 I I 1
Theseus (High res. spec.)

Theseus (photometric)

100.0 f
10.0

10F

0.1

1346 322 151 091 0.62 046 036 029 024 020 0.17

Redshift

THESEUS All z>5 z>8 z>10
GRB#/yr

Detections 387 - 870 25-60 4-10 2-4
Photometric z 25-60 4-10 2-4
Spectroscopic z 156 - 350 10-20 1-3 05-1




Corrected R_magnitude

s 19 ‘
20 " (0 0=

J Detection, study, arcsecond localization and redshift of afterglow and
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kilonova emission from shortGRB/GW events with THESEUS/IRT
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Precise localization is mandatory to activate large ground-based

telescopes as VLT or ELT from which detailed spectral analysis will
reveal the intrinsic nature of these newly discovered phenomena

Absolute AB mag



* ESA L2/L3 review: “The SSC strongly endorses the need to
continue pursuing in the future the discovery of GRBSs’

« THESEUS will be a really unique and superbly capable facility,
one that will do amazing science on its own, but also will add
huge value to the currently planned new photon and multi-
messenger astrophysics infrastructures in the 2020s to > 2030s.

08/11/2017 Interview with the ESA SARP M5 - ESTEC 68



