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From tracks to polarization
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From tracks to polarization

Astrophysical source

100% polarized X-ray photons

Telescope with GPD
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Photoelectrons emission angles distribution 
for an ideal polarimeter
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Moment Analysis

<latexit sha1_base64="hjAf5VgOPPk/ioz+pXBF/GAPknw="></latexit>

xb =

P
i qixiP
i qi

yb =

P
i qiyiP
i qi

<latexit sha1_base64="JMFp6CmXtApzsPAxOtZ5zHAZ3qY="></latexit>

M2(�) =

P
i qi[(xi � xb)cos(�) + (yi � yb)sin(�)]2P

i qi

<latexit sha1_base64="LnO0wAopBb8HhPDSK/kmZ5vhAIg="></latexit>

M3(�) =

P
i qi[(xi � xb)cos(�) + (yi � yb)sin(�)]3P

i qi

<latexit sha1_base64="bBymEHIx4KvS/GpBVHTWmtMw6gE=">AAACG3icbVC7TsNAEDzzJrwClDQnIgQFRDaKgAYpgoYSJBIiJcFaXzbhlPNDd2tQZPkT+AS+ghYqOkRLQcG/YIcUQJhqNLOr3RkvUtKQbX9YE5NT0zOzc/OFhcWl5ZXi6lrdhLEWWBOhCnXDA4NKBlgjSQobkUbwPYVXXv80969uURsZBpc0iLDtQy+QXSmAMsktbvMMLe3zO1fyY47XyV6rq0EkHTfxdmWaZsSkacEtluyyPQQfJ86IlNgI527xs9UJRexjQEKBMU3HjqidgCYpFKaFVmwwAtGHHjYzGoCPpp0MA6V8KzZAIY9Qc6n4UMSfGwn4xgx8L5v0gW7MXy8X//OaMXWP2okMopgwEPkhkgqHh4zQMmsKeUdqJIL8c+Qy4AI0EKGWHITIxDirLu/D+Zt+nNT3y85BuXJRKVVPRs3MsQ22yXaYww5ZlZ2xc1Zjgt2zR/bEnq0H68V6td6+Ryes0c46+wXr/Qt/HqAY</latexit>

wi = e�
db,i
ds

<latexit sha1_base64="oFr7jVXaBazv7EBjGXvMsiWv7zo="></latexit>

xIP =

P
i wixiP
i wi

yIP =

P
i wiyiP
i wi

<latexit sha1_base64="mFl81r6XQT8//3xOfjXu47Rb+nE="></latexit>

M0
2(�) =

P
i wi[(xi � xIP)cos(�) + (yi � yIP)sin(�)]2P

i wi

1.Determination of the barycenter and of the second moment of 
the distribution of charge

2. Determination of the third moment of distribution of charge to 
select the initial part of the track

3. Calculation of the weights respect to the initial part of the 
track, and subsequent determination of the impact point

4. Re-determination of the second moment of charge 
distribution, this time respect to the predicted impact point
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Examples
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Reconstructed 
emission direction

True emission 
direction

The reconstruction of the emission angle φ depends on 
the quality of the impact point reconstruction
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Imperfect reconstruction: implication

Modulation factor: reconstructed polarization fraction for a 100% polarized beam



First convolutional block, it includes 
the hexagonal convolution

DenseNet-121 standard structure

DenseBlock DenseBlock DenseBlock DenseBlock

Transition Block Transition Block Transition Block

Fully connected layer

(x,y)

Hybrid algorithm: joining CNN and moment analysis

We developed a network specifically for the impact point reconstruction
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The CNN-predicted impact point replaces the one predicted by the standard 
moment analysis

1. Barycenter and second moment 
of the charge distribution

2. Identification of the initial part 
of the track

4. Reconstruction of the emission 
direction

*

3. Reconstruction of the impact 
point

New CNN-predicted 
impact point *
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Calibration before flight

GPDs were calibrated at IAPS in Rome.


As is common in detectors made of pixels, the different pixels have a different gain.
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Credits: Rankin et al. (2021)
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Calibration before flight

Before measuring the response to polarized light, it is crucial to verify the response to 
unpolarized light.


UNPOLAIRZED BEAMS:

Spurious modulation

When illuminated by unpolarized beams, the detected 

polarization is not 0!



Calibration before flight
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