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Redefining X-ray Polarimetry: Insights from Imaging X-ray 

Polarimetry Explorer (IXPE) and Future Directions
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Introduction: 

Why We Do Polarimetry ?
By Polarimetry we understand the emission 

mechanisms and geometry of  high-energy 

astrophysical sources like neutron stars, black holes

and supernova remnants. By measuring the 

polarization of  X-rays, IXPE provides insights into the 

magnetic field structures and particle acceleration 

processes in these extreme environments.

The Imaging X-ray Polarimetry Explorer (IXPE) has demonstrated the potential of X-ray

polarimetry using Gas Pixel Detectors in the 2–8 keV energy range. To advance further, next-generation

ASICs like Timepix3 enable fast 3D track imaging, a possibility which we are exploring with GridPix

detectors.

The Imaging X-ray Polarimetry Explorer (IXPE)
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High Yield Polarimetry Experiment in X-rays (HYPE_X) 

HYPE_X: The High Yield Polarimetry Experiment in X-rays enhances X-ray polarimeter sensitivity by using Timepix3 for 3D 

tracking with minimal dead time. This enables coupling to larger-area mirrors than IXPE, boosting polarimetric performance.

How we measure X ray Polarization:
X-ray polarization can be determined by the angular distribution of  the photoelectron emission directions. 

Determining this emission direction. we can obtain a histogram following distribution.

5

Working of  Detector : 



Gridpix Detector 

and Timepix3

•It has been shown that 3D imaging of  

photoelectric track could improve the 

polarization sensitivity (modulation factor). 

GridPix detectors using Timepix3 ASIC could 

be used for this purpose as they offer fast 

readout

• 256 × 256 pixels (65,536 total) with 55 μm

pixel pitch.

• Timepix3 has negligible dead time. 

• Record both Time of  arrival (TOA) and time 

of  threshold (TOT)
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Experimental Work:
GridPix Detector and TimePix3
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Initial testing at INAF/IAPS
A proto-type of  the GridPix detectors was tested at the X-ray polarization calibration facility at IAPS 

using gas mixtures with Ar-DME(80%-20%) at various energy ranges.

Prototype of GridPix detector at the Calibration facility at IAPS. Polarized X-ray source (X-

ray tube and crystal scatterer) can be seen on the top to measure the response to fully 

polarized X-rays,

Measurements at specific Energy Level 

X ray source Energy Value Detector Position

Mo (polarized) 8.7 keV ε = 0, ε=90

Mo (polarized) 17.4 keV ε = 0, ε=90

Mo (unpolarized) 8.05 keV ε = 0, ε=90
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Analysis With Measurement Data .

• The purpose of  the data analysis is to extract scientific information from the instrumental raw 

data (i.e., the photoelectron tracks, emission angles, energies, polarization).

• Exercise to use and improve the current analysis software

Lv0 files: contain raw pixel hits

Lv1 files: store reconstructed tracks/events

Analysis strategy : cluster Lv0 hits into Lv1 tracks for 

further study
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From Photoelectron image: reconstruct emission angle, 

energy, polarization information, and track properties.
Reconstructed Track Direction of  Photoelectron 



Analysis With Measurement Data .
• Top left: Energy spectrum (PHA) with a 

Gaussian fit (orange).

• Top middle: Azimuthal angle 

distribution with a cos square fit.

• Bottom left: 2D hit map of  detector 

pixels.

• Bottom middle: Track size (TRK_SIZE) 

histogram (e.g, the number of  hit pixel for 

track). 

• Bottom right: Correlation scatter plot of  

Energy vs. Track size
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Simulation Work
(Improvement and Debugging Phase) 

Monte Carlo study of  GridPix X-ray polarimetric response   to 

varying pressure, Energy and thickness with gas Mixtures
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High Yield Polarimetry Experiment in X-rays(HYPE_X) 

Simulation Workflow of  Gridpix Detector 

Initialization Phase

• START – Begin simulation.

• Build Physics – Define physics processes 

• Build Detector – Construct detector geometry 

(gas cell, foils, pillars, Timepix chip, etc.).

• Build Primary Generator – Define the source 

(X-ray photon beam with given energy).

• Run Action – Initialize run-level actions (data 

logging, statistics).

• Event Action – Set up what happens for each 

event.
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Parameters for GEANT4 Simulation:

On board In gas pixel detector (GPD) of  IXPE , gas is Dimethyl ether (DME).

For the new mixture : We are testing detector with Dimethyl ether and Argon(DME+Ar) .

Following are simulation Parameters:

Gas Mixture Ratio: Ar+DME ( 80%-20%) 

Thickness/Drift Gap: 1cm,2cm,3cm

Pressure: 1 bar, 2bar , 3 bar 

Photon Energy: 8,15, 20,25,30 (keV) Region of  interest (ROI) : Decide by Simulation

Drift velocity Vd : By Garfield Simulation

Diffusion Coefficient DL: By Garfield Simulation

Diffusion Coefficient DT: By Garfield Simulation
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Debugging Phase of  Monte Carlo Simulation:
When we test new gas mixture (Ar+DME) ( 80:20). 

Basically we found three main problem. 

1. Asymmetric Behavior of  modulation curve with all

energies (8,15,20,25,30 KeV) (solve now) 

2. found NAN and zeros values in Z direction at 

PHA =1after reconstruction data . 

3. No interaction with Argon 

4. Decide the region of  interest ROI by simulation 

Photoelectron Emission Direction
To determine the direction of  emission of  a photoelectron 

from the simulated tracks an algorithm for 3Dreconstruction 

has been applied. 

I developed new software for 3D photoelectron tracks. 
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Problem 1: 

1. Asymmetric Behavior of  modulation curve with all

energies (8,15,20,25,30 KeV) (solve now)

Why Asymmetric Behavior?

• Azimuthal distribution of  photoelectron emission deviates from ideal 

symmetric cosine form. 

• At Detector boundaries , Photoelectron track spilt charge across 

neighboring pixel , shifting the reconstructed angle and distorting 

modulation curve . 

Asymmetric Effect of  modulation curve at 20keV

TOA and TOT map at 20KeV Symmetric Effect of  modulation curve at 20keV
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Debugging Phase of  Monte Carlo Simulation:
When we test new gas mixture (Ar+DME) ( 80:20). 

Basically we found three main problem. 

2. found NAN and zeros values in Z direction at PHA =1 after reconstruction data .

Data after Reconstruction at 30keV with Ar+DME (80:20) 16
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Debugging Phase of  Monte Carlo Simulation:
When we test new gas mixture (Ar+DME) ( 80:20). 

Basically we found three main problem. 

2. found NAN and zeros values in Z direction at PHA =1 after reconstruction data .



Problem 3: 

3. No Interaction with Argon

Problem 4: 

4. Decide the region interest ROI : 

Region of  interest (ROI): 

In the simulation, the Region of  Interest (ROI) refers 

to the portion of  the detector selected for polarization 

measurements.

• For the GridPix detector, the full sensitive area is 

256 × 256 pixels.

• For pure DME gas, an ROI of  40 × 40 pixels was 

chosen.

• For the DME + Ar mixture, the ROI was finalized 

with 100 × 100 pixels after running multiple 

simulations and comparing the results

Histogram of  PE energy at 30KeV 
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Course Work

19



Course 1:

Course Title:

Advanced Electronics Sensing Devices

Course Status:

Complete and Exam Passed 

Credit Hours: 2
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Course 2:

Course Title:

Machine Learning Programming 

in Physics

Course Status:

Complete and Exam Passed

Credit Hours: 2.5
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Course 3:

Course Title:

Design of  Readout Integrated Circuits for 

Particle Detector

Course Status:

Complete and Exam Passed 

Credit Hours: 2.5
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Course 4:

Course Title:

New technologies for Cherenkov 

telescopes

Course Status:

Complete and Exam Passed 

Credit Hours: 2
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International 

PHD School
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• NOV 23-2024 to Nov 30-2024 :

The XII Geant4 International School-Romania

• April 06-2025 to Apri 11-2025:

Frontiers in X-ray Polarimetry (FiXP) Academy, L'Aquila, 

Italy
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• June 28,2025 to July 4,2025 :

VILNIUS TECH Doctoral Summer School 2025, Lithuania

• Sep 17, 2025 to Sep 25, 2025

DRD1 Gaseous Detectors School 2025, Germany

• Feb 18, 2025 to Feb 22, 2025
PHD Retreat Meeting , L'Aquila , Italy

International PHD School:
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Conferences and 

Seminars 
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2nd International Conference on Physics Horizons and 

Multidisciplinary Science -Pakistan

Seminars
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Publications 
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Plan for Final 

Year 
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What I have done:

What I will do in the final year 
• After optimizing Monte Carlo simulation we will compare results with real data 

• Thesis Writing 

• Article writing

• Three months period abroad in University of  Bonn Germany

• Literature Study 

• Course Work 

• Experimental Work

• Command on Geant4 

• Python Course 

• Developed new software for 3D photoelectron tracks 

• Monte Carlo Simulation ( 80 percent done) 
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