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Photoelectric X-ray polarimetry

I Dominant interaction process at low energy.

I The distribution of the direction of emission of a K-shell photoelectron is
100% modulated if the incident radiation is 100% linearly polarized:
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I In principle this is the perfect polarization analyzer, but. . .
I Need to reconstruct the direction of emission of the photoelectron, i.e., a

granularity significantly smaller than the typical range.
I The range for a 5 keV photoelectron is a few µm in a solid—main driver for

choosing a gaseous detection medium.
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The Gas Pixel Detector (GPD) as a polarimeter

I Basic components: absorption gap, Gas Electron Multiplier (GEM), finely
pixelized readout anode.

3 Sensitive down to very low energy (∼ 1 keV).

3 Fully two-dimensional (imaging).

3 Highly azimuthally symmetric (no need of rotation to control systematics).

8 Coupling between the efficiency and the modulation factor.
I Track blurring due to the transverse diffusion of the ionization.
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The proof of concept for the readout plane
Circa 2000

I Main technical challenge: fan-out from
the readout anode to the front-end
electronics.

8 Maximum number of channels: ∼ 1000 at
∼ 200 µm pitch.

8 High input capacitance to the preamplifier
(non negligible noise).

8 Cross-talk between adjacent routing lines.
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Photoelectric X-Ray polarimetry gets attention
Costa et al., Nature 411, 662–665 (2001)
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A dedicated readout VLSI ASIC
Circa 2004

I 2101 hexagonal pixels.

I 80 µm pitch.

I Metal top layer acting as a
charge collecting anode.

I Integrating preamplifier, shaper,
S/H, multiplexer.

I Serial readout via external ADC.
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Three generations of ASICs

15 × 15 mm active area

300 × 352 pixels

3–10 µs peaking time

50 electrons ENC

Self-trigger (2200 e− thr.)

1, 8 or 16 output buffers

Full frame/event window

Up to 10 kHz frame rate
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Readout ASIC: salient features
Image: real 5.9 keV photoelectron track
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I Serial readout on (up to) 16 parallel buses, clocked up to 10 MHz.
I Self-triggering, based on 2× 2 mini-clusters with fast shaper.
I Internal definition of the region of interest for the event readout.

I All mini-clusters above threshold plus some padding (10 or 20 pixels).
I Typical window size < 1 k pixels.
I Multiple window readout for event-by-event pedestal subtraction.
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Ten years later. . .

I 3 (+ 1 spare) flight Detector Units assembled and tested
I Each including the GPD, FE and BE electronics, a filter and calibration

wheel and a stray-light collimator
I Qualification completed
I Calibration ongoing

I Integration with the SC due to begin in spring 2020
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Is all of this ready off the shelf for e-XTP?

I The IXPE instrument design is now tested and qualified for space
I The overall architecture is fairly similar to the e-XTP baseline
I IXPE readout ASIC successfully flown on a cubesat (lead: Hua Feng)

I e-XTP effective area per telescope significantly larger than IXPE
I Readout throughput does not scale well for bright sources
I Need to cut down the dead-time by an order of magnitude
I Feasible with specific modifications of the readout ASIC

I Systematic effects connected to the GEM manufacturing for IXPE
I Low-energy spurious modulation
I Rate-dependent gain variations due to charge build up

I We have convincingly demonstrated that all the systematics can be
calibrated to meet the IXPE Science requirements. . .
I (via a dithering of the observatory and suitable time-dependent calibrations)

I . . . but we do have a clear path to fix (or at least mitigate) them at the
hardware level
I “Diagnostic” R&D on the GEM successfully started in the IXPE framework

I (And we now have a much more profound understanding of the detector
to base the optimization of the gas cell upon)
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Conclusions

I The e-XTP PFA will largely build upon (and benefit from) the IXPE
experience
I We have a full design working and qualified for space

I New generation of the readout ASIC needed to cope with the larger
effective area

I In practice: natural chance to design a full GPD “2.0” overcoming the
difficulties encountered through the IXPE development
I The ASIC development does not happen in vacuum (needs a full end-to-end

test in a full GPD assembly)
I Clear path forward from the technical standpoint

I Can be realistically achieved through a focused R&D in the e-XTP phase B
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