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Theseus payload and concept of operation

XGIS

IRT

| 37

FoV of the three systems
Blue lines contains the allowed pointing area

OPERATIONS
Survey Mode: XGIS monitor and look, with different methods for GRBs within the FoV.

Thesues after Mission Consolidation Review
2 Monitors system:  SXI (.2-5 keV) and Burst Mode: in case a detected GRB, XGIS switch to the photon-by-photon

XGIS (2keV -10 MeV) IRT Follow-up and External Trigger Mode: photon-by-photon
Infrared telescope:  IRT



XGIS instrument concept

Targets: long (hi-z) and short
(black-hole mergers/GW
counterparts) GRBs

sDD scintillator sDD

cs!(Tl)

|
Direct 'scintillation light
detection in Si detection

Coded mask telescope with scintillator
crystal and Silicon Drift Detectors

Lead: INAF-Bo IT 2X units

Energy range 2 keV - 10 MeV

Low en. detector Silicon Drift Detector SDD
High en detector CsI(Tl) scintillators
Imaging capab < 150 keV




XGIS consortium

XGIS system
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XGIS camera main parameters

2 + 150 keV > 150 keV (up to 10 MeV)
Energy range . . . .
Imaging Non imaging

Fully coded FOV (FCFOV) 10.5 x 10.5 deg?

CETE WAL [T R0 \VA (e Jo VAN 77 x 77 deg?
FOV 21U S
?f:b?:::lt::l‘;:: @13 ZZCL)(tWO > Ao s fror 2 S0l > 3x107 cgs

5 > 3x1078 cgs for the 30-150 keV 2
cgs = erg/cm?/sec
Angular resolution <1ldeg
Source location accurac < 15 arcmin 90% confidence level for a

y source with SNR > 7

Energy resolution <1200 eV FWHM @ 6 keV 6 % FWHM @ 500 keV

Relative timing accuracy 7 Us
Physical dimensions LxWxH=~60x60x92cm ~ 66 kg Weight ~50 W Power



OFF-AXIS ANGLE [deg]

XGIS Field of view of combined units

-20 0 20
OFF-AXIS ANGLE [deg]

60

Imaging FoV (<150 keV)

117x77 deg?

Non-imaging FoV (>150 keV)

~27C sterad

Courtesy S. Mereghetti (INAF-Mi )



XGIS Sensitivity for GRB population

Long GRB Short GRB

Log(S 000 1ey/Ph €M) - 50% eff. long GRB Log(S .y er/Ph em™) - 50% eff. short GRB
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Courtesy S. Mereghetti (INAF-Mi )



EFFECTIVE AREA [cm?]

XGIS Sensitivity (one unit)

Effective area (for imaging) Sensitivity (in FC FoV)
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Courtesy S. Mereghetti (INAF-Mi )



XGIS camera effective area vs area and off-axis angle
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Courtesy R. Campana (INAF-Bo )



XGIS detector plane

scintillator sDD

Direct Scintillation light
detection in Si detection

XGIS plane:

* 100 Modules
* 6400 pixel
*XGIS detector plane: array of 10x10 detector modules * 12800 SDD detectors

SDD organized in array od 8x8 elements pitch 5 mm

Signal readout via dedicated ASIC:
* 12800 ORION-FE ASIC and
- 80 ORION-BE ASIC

* Disciminating betwee X/y events and delivering digital data



Operating principle of a Silicon Drift Detector

(a)
120V 90V -0V -30V ovl 30V 60V 90V 120V
reamplifier
Electron potential energy
120 : =
Electron drift paths
E, [eV] 60
(b)
Pas0=S n* anode
Depth [um) e B ——~""""300
0 1900 . m]
1000 Transversal coordinate (i

Very low noise device suitable for direct X-ray detection and for light detection
Connections needed for each pixel (power, return, anode)
In XGIS side n (anode side) will be exposed to the incoming radiation



SDD for XGIS

ReDSoX-4 program 2019 Thesues run 2020

» 64 element matrix (8x8) pitch 5mm;
» dimensions 42,4mm x 42,4mm;
» Al grid (width 0,5mm) on the light input side (effective area 4,5mm x 4,5mm);

» One side polarisation common to the whole structure
Courtesy Fondazione Bruno Kessler (Trento, I )



Detector module design

Too FE PCB
ASICs

Two sides-adhesive \\ ey 1] A= . Top Cover

TOp SDD \ L —
Separation Grid 2

Optical Pads '
+—— Housing
Flex Top FE to BE
64 x Csl(T)
Wrapped Crystals
<+— Bottom Cover
BE PCB
ASICs
HV PCB
<«— Stand-off
] f <+— Bottom Housing

Bottom PCB not shown 3 ’ Courtesy OHB-Italia (Milano)



Bottom SDD array on the module prototype

-----

Courtesy OHB-Italia (Milano)



XGIS module mechanical prototype during vibration test

Courtesy OHB-Italia (Milano)



Concept of the module electronics

> 30D array peculiarity
 [entral small anode (as100 ym)
* large size (=4 cm x 4 cm)

Front-End ASICs
(ORION-FE)

Small amplitude
analog signals
transmission

S~ Back-Fnd ASICs
(ORION-BE)

Courtesy G. Bertuccio (Politecnico Milano)
P. Malcovati (Uni Pavia)



The ORION-FE & ORION-BE ASICs

S00-Top
ORION-EE pixel
e e e e I ~ X-Event!
/ |
| X-Channel (2 keV - 70 keV) \
I [ Re ] Stretcher || ADC | S
ORION-FE top | shaper [ | >treteher | I = ORION
e e N \ I i ; | 'g Back-Fnd
R¢ E ] =221
| | C | | : Amp.| | X-Channel | | x-time | |
| ' | | i xthreshold —| Disc.| | Logic _register_g_ |
SDD | 4| | csn CR-RC| | Current |, | | Current \,
top | ! shaper| |Transmitter| [ | Receiver ; ;
P \ P p | y-Channel (20 keV - 10 MeV) Pixel Logic lf?‘a"”t
________ ~ and [
! * | data word
el KOEIOE'F_E bﬂttﬂn_ — I ; f Stretcher ——| ADC - generation || S00-Bottom
S \ : ; i '
I R I I H SE;:;_EI' v-threshold ' I l:ll}iﬂl
| [ C I I : }}Amp._ y-Channel | | y-time |} | | '
. Disc. Logic register |} nma-hay
SoD | ESA CR-RC| | Current |, | Current | | RC- = ’ sl | |
bottom| ! shaper | [Transmitter | | Receiver [ | | shaper -L : |
\ - —C / | ' Stretcher — ADC |
-FEs close - -tvent:
ORION-FEs closely | , ORION-B¢ Gamma-Event!
connected to the SDDs I Common Logic and Basing p!aced on the
\ , distant BE PCA
e e e e S S S ORION

Back-End

B Output data format = 64 bits (62 bits used)
[Time (24) | Address (3) | X-v | Dbowom (16) | Dsop (16) | TRGx | TRG, [ NU (2) |

B Output interface (bidirectional SPI) =» Five wires
M LaM (Look at Me) =» Valid data available (one per ORION-BE ASIC)
B CS = Chip select (one per ORION-BE ASIC)
B CLK (Clock) = Synchronization signal (common to all ORION-BE ASICs)
W Data (MISO, MOSI) =» Bidirectional data transmission (common to all ORION-BE ASICs)  ~yrtesy 6. Bertuccio (Politecnico Milano)

The energy and the position
of interaction within the
crystal can be inferred by
comparing the top and
battam signals!

/

T~

P. Malcovati (Uni Pavia)



Structure of the module electronics

Bottom SDD n-side
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Courtesy F. Fuschino (INAF-Bo)



X and y signals ORION-v1

ORION FE & BE RX
NF July 2020
.

Keysight Infiniium : Thursday, January 28, 2021 4:08:28 PM

8 ORION-BE (analog receiver only) [
i ! ’ xR &
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ORION-FE v1 dec 2020
Courtesy |. Dedolli, F Mele (Politecnico Milano)

M. Grassi (Uni Pavia)



ORION-FE v2 preliminary test: X branch

» 2 channl/chip
» Reduced size
» Reduced gain

Idet (pA)
' ' I ' Np-I. lines I ' 50.0 1 10 100
L e e Pulser - e ST T T T
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SDD 25 mm?, >>Fe and 241Am sources

ORION-FE v2 March 2021
Courtesy |. Dedolli, F Mele (Politecnico Milano)
M. Grassi (Uni Pavia)



XGIS connection concept
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The SuperModule

-0 mm

» 10 Modules will be assembled mechanically and electrically
together to form a SuperModule (SM)

» A Super-Module Back End Electronics board (SM-BEE) operates
the common services for the modules, logics, memory ..

» A Camera Back End Electronics board (C-BEE) operates the
common services for the SuperModules and Interfaces Power

Supply and Data Handling units Courtesy F. Evangelisti, S. Squerzanti, M. Melchiorri
(INFN-Fe )

Detector plane with 3 SuperModules removed



Thermal aspects

The baseline of the thermal control strategy is fully passive
The relevant interface the Cold Finger (CF) operative range is:

-25 ++5°C

ol
o

Collimator
Jojew|[o)

v
P

I Scintillator |

Payload Side Panel
Other Instruments

| PCB Bottom 1

:

fwan PCB Bottom 2 b
H

[ PCB Bottom 3 |

Detector Case Side
apk ase) 4032338

Detector Case Base

H

PaylLoad Platform

XGIS Camera thermal model Courtesy L. Terenzi (INAF-Bo)



XGIS observation data processing flow

L

PREPROCESSING

Time sorting, cleaning,
calibrations, etc...

DATA PRODUCTION

Generates binned data
and lists of events
according to Operating
Mode

BURST SEARCH UNIT 2
TRIGGER VALIDATION

BURST SEARCH UNIT 1

Light curve and image
trigger algorithms

—

Combine 1+2
Combine with SXI
Check for known

sources




XGIS main DHU task during observation
DATA PRODUCTION BURST SEARCH (duplicated for the two units)

* Input * Input

- cIeaned_ XGIS events - cleaned events from one XGIS unit

- good triggers « Output
* Output - trigger packets containing: time, significance, E range, timescale,

- standard data [event lists, histograms] produced always instrumental coordinates, etc...

- GRB data produced in case of valid trigger - the content of the trigger packets depends on case by case
* Function

- produces binned data, i.e. light curves, images, spectra in fixed (but * Function

programmable) - searches for GRBs using two main methods:

- keeps a cyclic buffer of events and in case of triggers transmits pre- and a) rate trigger

post- burst data b) image trigger

I N

Survey mode 40.5 40.5
Burst mode 3.5 10.5

Follow up mode 0.5 1.5

Total 44.5 52.5

Telemetry budget Gbit/day with no data compression Average: 1 GRB/day Max: 3 GRB/day






