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The importance of polarimetry in astronomy

Photons at all wavelength are ideal probe in astronomy as the carry 
information of

● Impact point → sky maps
● Energy → spectra
● arrival time → dynamics and transport

Besides these obvious information, polarization provides information on 

● Emission processes → synchrotron, non-thermal bremsstrahlung, 
Inv Compton

● Source geometry → scattering with surrounding medium
● Transport processes and fundamental physics → LIV, ALP

℅ polarization on Wikipedia

https://en.wikipedia.org/wiki/Polarization_(physics)


Polarimetry in astronomy (NASA ADS)

5.5k abstracts with polarimetry, rising trend 341 abstracts with X-ray polarimetry, peak in 2022



Astrophysical X-ray polarimetry primer 

Limited to the historical OSO-8 measurement (1970s) until IXPE for lack of sensitive instruments. 

Check-out a brief history of the field at Weisskopf, Galaxies 2018, 6, 33

https://doi.org/10.3390/galaxies6010033


KeV X-ray polarimetry in gas - a long development

Nature - 2001 - TRL 4 (functional verification) Nature Astronomy - 2020 - TRL 9 - flight proven



Tracking X-ray photons as single events requires

● 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 and configurable digital control readout to  transfer data and clear the detector

● good reconstruction algorithms



The Gas Pixel 
Detector Concept



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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Electron multipliers

Gas Electron Multiplier (GEM)

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

Capillary plates

● Demonstrated to work but far from being 
qualified

LCP GEM
IXPE

GEM holes SEM image (FBK)

Hamamatsu CP



Gas Electron Multiplier - GEM

Principle of operation explained in the standard 
textbooks, eg PDG Review.

IXPE GEM are different in:

● Geometry (50um pitch, 50um thickness)
○ Matches ASIC pattern
○ Reduces operating voltage

● Insulation material (LCP vs Kapton)
○ Minimizes charging

● Footprint (15mm2 active surface)
○ Matches ASIC footprint

https://pdg.lbl.gov/2023/reviews/rpp2022-rev-particle-detectors-accel.pdf


The Imaging X-ray Polarimetry Explorer Mission

~ 7 cm2 silicon active area
400k analog channels
50𝛍m2 single chan size
~1Kg mass
~1W power

IXPE
3 Detector Units
2021

IXPE launch December 9  2021
In science ops since Jan 2022
General Observer program  
starts March 2024



IXPE Detector Unit and GPD breakouts



The IXPE XPOL chip layout and single pixel FE 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 (~400mV/fC)
● Shaping circuit (~4usec)
● Low noise (<30e ENC)
● Multiplexer to external ADC (1V dynamic, 

~30ke)



The IXPE GEM



XPOL Laboratory Activity

Main reference - https://arxiv.org/abs/2107.05496



The actual IXPE GPD 

XPOL laboratory activity 1 - feel and touch a GPD



The X-ray Calibration Facility

XPOL laboratory activity 1 - learn about the XCF



GPD setup and basic response

XPOL laboratory activity 2 - single event display and gain curve
Addon activity - GPD event reconstruction walkthrough



GPD Performance

XPOL laboratory activity 3 - energy calibration and rate effects



GPD response to polarized photons

XPOL laboratory activity 4 - modulation curve

Addon activities
● Discuss systematic effects (charging, secular 

variation, residual modulation)
● Bragg scattering X-ray polarization focus
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Enjoy the laboratory!


