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1. Detection system concept
2. Mission design and lifecycle

3. Upcoming trends
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IXPEVelaPWNe
2022 Nature612 658

Fermi gammaray sky map
2022 ApJS26053




Fermi SSD
2005 NIMA541 29

IXPEASIC
2006 NIMA566 552




Fermi LAT Tracker tower 16- 2004 IXPE Telescope DU 4-2019



1 T Detection system concept

A IXPE Virtual tour
A Tracking XraysT a focus onthe GPD
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Detector Unit (DU) x 3

IXPE telescop@ncnise
artistic map
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Launch Locks
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Spacecraft Top Deck

MMA Thermal
Shield

+Z Star Tracker

Mirror Module
Assembly (MMA) x3




Collimator-

Filter Calibration Wheel-_ 5
-UV Filter

GPD Housing walls——

__ IXPE Detector Unit

== Visual Product Breakdown Structure

GPD—__ __-BEE Backplane

DAQ Board-._
LV Board-
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Gas Pixel Detector

Engineering view of the actual particle
detector
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IXPE video



The Ga®ixel Detector

Incident X-ray
Photoelectron Track v

Window

Initial
Absorption

GEM

Pixel Anode




GPD tracks single photons in gah

Aa reasonably efficient photon to charge converter
Aa sensor (or amplifier) providing O(1%) electrons

Aa highly efficient, asynchronous, auto trigger

Aa high-density array of charge collecting anodes
Aa distributed network of low-noise charge amplifiers

Aa fast, configurable control readout to transfer data and clear the
detector

Agood reconstruction algorithms
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Electron multipliers options

Gas Electron Multiplier (GEM)

LCP GEM qualified for space (SciEnergy)
GEM wet-etched (Techtra, CERN)
GEM dry-etched (new R&D)

O« O¢ O«

Capillary plates

0 Demonstrated to work but far from being qualified

Amplifying micrometric structures directly on ASIC !mmm y—
0 Post-processing XPOL ASIC for Proof of Concept m":l"’“m ?ommﬁmz @

containing 40 % to 50 % lead.
Hamamasuaccsp special orders for capillaries with

abceeg micmete. oD e [ FEATURES AND CUTAWAY VIEW

Hamamatsu aiso offers capillary plates that e anti-
statically treated on the plate Vonrealndlnneval
surtaces.

Mostly relevant for amplification of the primary charge in gas - no J APPLICATIONS
more info on this topic in this talk Sl

Hamamatsu CP-




The XPOL ASICs family - a 20+ years development

Four generations of increasing . ‘
. . . ¥ ,,,’, 22k 0 35 um |

size, reduced pitch, improved
functionality
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6 First VLSI implementations “ .
XPOL-I, largest scale ASIC-II |
s Operating onboard '
Polarlight and IXPE

5 XPOL-Ill, ~10x faster mm—

1. ASIC-I, 2004, NIM-A 535
readOUt ASIC-11 2006, NIM-A 560
XPOL-I 2006, NIM-A 566
XPOL-111, 2023, NIM-A, 1046
PolarLight, 2019, Exp. Astronomy 47
IXPE, 2022 JATIS, 8, 2
eXTP, 2019, Sci. China Phys. Mech. Astron. 62
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s Readyto fly on eXTP
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XPOL chip layout and single pixel front-end chain
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CMOS VLSI chip built with 180nm technology rsom |- i

0 16M+ transistors
0 105k hexagonal pixels (300x352)
0 15mm?- 470 pixel/mm? density

Each pixel contains

0 Hexagonal metal top layer
0 Charge sensitive amplifier
0 Shaping circuit

0 multiplexer
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\\




XPOL - electrical properties and typical S/N
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1V dynamic range j‘; . Y ——
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XPOL-I Trigger and readout primitives

2x2 pixels mini-clusters

0 Trade-off between signal (coherent noise sum) and noise
(incoherent sum)
0 Threshold is defined by the user

Region of Trigger
All triggered mini-clusters
Region of Interest

<Xmin,Ymin> - <Xmax, Ymax> around all triggered mini-
clusters + padding

Padding
O +4 mini-clusters in X (400 um)
O +5 mini-clusters in'Y (430 um)



XPOL-|I Region Of Interest

ROI = ROT(+8 cols, +10 rows)

8 keV simulation (XPOL-I setup)

Bragg peak

ROT

Absorption point

track

ROI = ROT(+8 cols, +10 rows)

2 keV simulation (XPOL-I setup)

Relative occurrence

Distribution of ROI sizes for 2.7KeV X-rays
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@ 0% ! Fit model: ixpeEx‘ponenli-‘;l
Chisquare: 511.1/370
. " " = Normalization: 4060 + 34
XPOL - considerations about Padding
Z 10"
s - : - - - l.‘"F- e
ROI dimension drives event readout time WwE R Qe e 8 NS
- : ®) 1o} '
0 ~600 pixels evt readout at 5MHz needs 120usec Y
® ROI should be ideally minimized around track £ e Chisquare: 666.1/ 241
= Normalization: 1468 + 18
. s hi 3 D 5 SB35
NOTE: actual deadtime for XPOL-I on IXPE is higher and ~1ms Dead fime dlipciaion: 01139 & 6.0015
because of 00 05 10 L5 20 25 30 35 40

delta t [ms]

0 event-by-event pedestal subtraction (2x)

0 System internal delays 104

3 Most notably Sample & Hold reset to allow pedestal
readout (500usec)

Mlnicluster <73, 103>

But padding (ie no signal) pixels are useful to measure trigger
threshold by measuring PH distribution endpoint

109 1

Entries/bin

10-1 Quan’ilel@ 0.980: 53'ﬂ. .

200 360 400 500 600 760 800
PHA [ADC counts]




Moving to XPOL-III

Project goal was to readout ~10x faster to match eXTP mirrors effective area

XPOL-Ill ASIC implementation relies upon

0 Same design center and production technology to preserve heritage
0 2x faster clock - 10 MHz

0 10x faster recovery from hold - 50 sec

0 Flexible ROI definition to reduce event readout time

0 Trigger mask available for single pixel



2023, NIM-A, 1046

XPOL-IIl The role of padding
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Lower trigger threshold confines track inside ROT Flexible padding configuration minimizes readout time



XPOL-IIl readout time

Average readout time [ys]
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2023, NIM-A, 1046

~<150 sec (vs ~1ms XPOL-I) from faster clock, smaller padding, minimized delays in the readout



2023, NIM-A, 1046

Spectral and polarization performance
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Gaussian fit
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’ IXPE
Q) 3 Detector Units

~ 7 x 10°cm? silicon active area ~ 7 cm? silicon active area

900k digital channels 400k analog channels

40cm x 200pm single channel dimensions 50pm? single channel dimensions
~100 Kg mass ~1Kg mass

~100 W power ~1W power



2 T Mission design and lifecycle

0 Mission phases, requirements management and tailoring

0 Notions of system engineering, product assurance and space
gualifications

o0 Discussion of requirements and constraints for example systems
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IXPE The requirement flow-down

imaging X-ray Polarimetry Bxplorer How does one go about designing an experiment?

\Y

A space mission is all about science

When you go and ask money you will be asked

1. What do you want to measure (and why is that important)?
2. How are you going fo measure it (and are you sure you can do it)?

> Normal flow down of requirements is from science fo the
instrument

> Severdl different levels, from the very top to the single sub-systems

> Requirement flow-up is not uncommon, foo :-)
> | happen to have this neat detector—what can | do with it?

In practice the mission design is a complex, iterative process

Completely different perspective with respect to operating a
detector in the lab

\

VvV VvV

> Need fo consider all the different aspects of the system

Luca Baldini (UNIPI and INFN) Giornate di Studio sui Rivelatori, Cogne, June 13-17, 2022 Page 26/59
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==  The Fermi Observato

Large Area Telescope (LAT) - pair conversion telescope

Huge field of view (2.4sr)
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H‘uge energy range

Public data

Gamma Burst
Monitor (GBM) -
counters

S from K8 162008
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sz LAT TKR Requirements flowdown

GLAST LAT Project CAL Peer Design Review, Mar 17-18, 2003
a../

Calorimeter Concept

* 30-100x EGRET sensitivity O(10)MeV - O(100)GeV

« High efficiency a Calorimeter Concept, or, How we got there from here....

* Large area Q LAT is modular
. — So CAL is modular
> low cost per unit area a Active CAL or Sampling CAL?
> low power — Low E performance rules out sampling
. . i — Maintain high stopping power for EM showers within the mass budget
* Large field of view for transients 3 Imaging CAL

— Energy-profile fitting improves energy resolution
— Background rejection
* Long stable operations — CAL-only events
a Segmentation
— Moliere radius is 38 mm

* Many thin converting layers

* No consumables

* High reliability — Radiation length is 19 mm
. — Bkg rejection requires positioning on same order
* Uniform and stable response « Xtals have cross section with dimension on this order

» Low operating voltage (~100V) * Xtals give longitudinal positions better than this order



IXPE Launch e . ..
Astronomy

Picture of the Day
22 Dec. 2021

Full video at ‘

https://www.youtube.com/watch?v=JGI1j0XOPA _Q
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NASA Life-Cycle Approval for Approval for
oty Formuiation FORMULATION imolementation IMPLEMENTATION
Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout
Technology and Technology Fabrication Integration & Test, Sustainment
Development Completion Launch & Checkout
Project Life- KDP A\l/ KOP B\}/ KDP C\)/ KopD\/  KOPE\/ KDP F\/
Cycle Gates, FAD SFA
Documents, and | preliminary Project Preliminary Baseline Launch End of Mission Final Archival
Major Events Requirements A‘ Project PltmA Project Plan A AS of Data
Agency Reviews S
el VA Al A A AL N AN
Life-Cycle MCR SRR SDR PDR CDR{ SIR ORR FRR PLAR CERR' DR DRR
Reviews'? 4 A | 4 PRR Inspectionsand d__| o oL
> Re-enters appropriate life-cycle Refurbishment o
Re-flights phase if modilication{are A
Robotic Mission needed between flights PEAR
Project Life Cycle \ A A A/\ / \ /\ \ A
Reviews'? MCR SRR MDR® PDR CDR/ SIR ORR MRRPLAR CERR' DR DRR
Other Reviews PRIY
) SAR® SMSR,LRR (LV), FRR (LV)
Supporting
Reviews A Peer Revipws. Subsystem POFs, Subsystem CDRs, and System Revjews A
FOOTNOTES ACRONYMS MDR — Mission Definition Review
1. Flexibility is allowed as to the timing, number, and content of reviews as long as the equivalent ASM - Acquisition Strategy Meeting MRR — Mission Readiness Review
information is provided at each KDP and the approach is fully documented in the Project Plan. CDR - Critical Design Review 0RR — Operational Readiness Review
2. Life-cycle review objectives and expected maturity states for these reviews and the attendant CERR - Critical Events Readiness Review PDR - Preliminary Design Review
KDPs are contained in Table 2-5 and Appendix D Table D-3 of this handbook DR — Decommissioning Review PFAR — Post-Flight Assessment Review
3. PRR s needed only when there are multiple copies of systems. It does not require an SRB. Timing | DBR - Disposal Readiness Review PLAR - Post-Launch Assessment Review
is notional. FA - Formulation Agreement PRR - Production Readiness Review
4. CERRs are established at the discretion of program . FAD - Formulation Authorization Document  SAR - System Acceptance Review
5. For robotic missions, the SRR and the MDR may be combined. FRR -~ Flight Readiness Review SDR - System Definition Review
6. SAR generally applies to human space flight. KDP - Key Decision Point SIR ~ System Integration Review
7. Timing of the ASM is determined by the MDAA. It may take place at any time during Phase A. LRR — Launch Readiness Review SMSR — Safety and Mission Success Review
A Red triangles represent life-cycle reviews that require SRBs. The Decision Authority, LV - Launch Vehicle SRB - Standing Review Board
Administrator, MDAA, or Center Director may request the SRB to conduct other reviews. MCR — Mission Concept Review SRR — System Requirements Review

FIGURE 3.0-1 NASA Space Flight Project Life Cycle from NPR 7120.5E




The ESA approach




