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Fermi @ Cape Canaveral - Delta-II heavy - 2008 IXPE @ KSFC 39A – SpaceX Falcon9 - 2021





IXPE Vela PWNe
2022 Nature 612 658

Fermi gamma-ray sky map
2022 ApJS 260 53



IXPE ASIC
2006 NIMA 566 552

Fermi SSD
2005 NIMA 541 29



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



1 – Detection system concept
• IXPE Virtual tour
• Tracking X-rays – a focus on the GPD



The IXPE telescope
where are the 

systems ?



IXPE telescope
artistic map



IXPE Detector Unit
Visual Product Breakdown Structure





Gas Pixel Detector
Engineering view of the actual particle 
detector





IXPE video



The Gas Pixel Detector



GPD tracks single photons in gas with

• a reasonably efficient photon to charge converter
• a sensor (or amplifier) providing O(104) electrons
• a highly efficient, asynchronous, auto trigger
• a high-density array of charge collecting anodes
• a distributed network of low-noise charge amplifiers
• a fast, configurable control readout to  transfer data and clear the 

detector
• good reconstruction algorithms



https://doi.org/10.1016/j.astropartphys.2021.102628 

https://doi.org/10.1016/j.astropartphys.2021.102628


Electron multipliers options

Gas Electron Multiplier (GEM)

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

Capillary plates

● Demonstrated to work but far from being qualified

Amplifying micrometric structures directly on ASIC

● Post-processing XPOL ASIC for Proof of Concept

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

LCP 

GEM

IXPE

GEM holes SEM image 

(FBK)

Hamamatsu CP



The XPOL ASICs family - a 20+ years development

Four generations of increasing 

size, reduced pitch, improved 

functionality

● First VLSI implementations

● XPOL-I, largest scale

○ Operating onboard 

Polarlight and IXPE

● XPOL-III, ~10x faster 

readout

○ Ready to fly on eXTP 

ASIC-I

XPOL-

I ASIC-II XPOL-

III
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XPOL chip layout and single pixel front-end chain

CMOS VLSI chip built with 180nm technology

● 16M+ transistors

● 105k hexagonal pixels (300x352) 

● 15mm2 - 470 pixel/mm2 density

Each pixel contains

● Hexagonal metal top layer

● Charge sensitive amplifier

● Shaping circuit

● multiplexer



XPOL - electrical properties and typical S/N 

1V dynamic range

Typical noise ~10 ADC counts / ~30 electrons

Typical pixel signal O(1000) ADC counts/pixel

5.9 KeV X-rays tracks at normal operating 

conditions peak at 20k ADC cts



XPOL-I Trigger and readout primitives

2x2 pixels mini-clusters

● Trade-off between signal (coherent noise sum) and noise 

(incoherent sum)

● 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

● +4 mini-clusters in X (400 um)

● +5 mini-clusters in Y (430 um)



XPOL-I Region Of Interest

Distribution of ROI sizes for 2.7KeV X-rays

Typical ROI around triggered mini-clusters requires a relatively large padding to capture initial part of the 

track



XPOL - considerations about Padding

ROI dimension drives event readout time

● ~600 pixels evt readout at 5MHz needs 120usec

● ROI should be ideally minimized around track

NOTE: actual deadtime for XPOL-I on IXPE is higher and ~1ms 

because of

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

● System internal delays

○ Most notably Sample & Hold reset to allow pedestal 

readout (500usec)

But padding (ie no signal) pixels are useful to measure trigger 

threshold by measuring PH distribution endpoint



Moving to XPOL-III

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

XPOL-III ASIC implementation relies upon

● Same design center and production technology to preserve heritage

● 2x faster clock - 10 MHz

● 10x faster recovery from hold - 50 𝛍sec

● Flexible ROI definition to reduce event readout time

● Trigger mask available for single pixel



XPOL-III The role of padding

Lower trigger threshold confines track inside ROT Flexible padding configuration minimizes readout time

2023, NIM-A, 1046



XPOL-III readout time

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

2023, NIM-A, 1046



Spectral and polarization performance

Pure Be window eliminates low energy tail Modulation factor and azimuthal asymmetry as known

2023, NIM-A, 1046





2 – Mission design and lifecycle
o Mission phases, requirements management and tailoring 

o Notions of system engineering, product assurance and space 
qualifications

o Discussion of requirements and constraints for example systems



Group sprint
List most relevant constraints for a space mission











IXPE Launch
Astronomy 
Picture of the Day 
22 Dec. 2021 Full video at

https://www.youtube.com/watch?v=JGij0x0PA_Q



The other 
relevant
system





The ESA approach



Reference standards and useful guidelines and material at https://ecss.nl/standards



The concept of 
tailoring

Image from Bedtime stories for Project Managers, Marisa Silva







Project Management approaches
iron vs inverted triangle



V model and system engineering



Fermi LAT Tracker salient I&T moments
which requirement are they addressing ?
which constraints are we competing with ?

2007, Astropart. Phys., 28, 422



Fermi LAT Tracker salient I&T moments
which requirement are they addressing ?
which constraints are we competing with ?

2007, Astropart. Phys., 28, 422



Fermi LAT Calorimeter salient I&T moments
which requirement are they addressing ?
which constraints are we competing with ?

2009, ApJ, 697, 1071



Fermi LAT telescope salient I&T moments
which requirement are they addressing ?
which constraints are we competing with ?

2009, ApJ, 697, 1071





ECSS-Q-ST-60-15C





Fermi LAT performance metrics



3 – Upcoming trends
o New scenarios

o Emerging scientific needs

o Technology gaps and solutions

o Changing space protocols

















Final remarks
• Detectors are not automatically systems

• Define functions and interfaces
• Breakout can be that of self-contained 

working units
• Cognizant engineer or single procurement 

• A space mission brings a detection system 
onboard a complex technology platform

• Launch, navigation, onboard processing, 
communications 

• Well established protocols apply
• New business opportunities in space are 

changing the reference for space exploration 
• Fundamental physics missions should 

explore this new scenario 
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