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Motivation of XMotivation of X--ray ray polarymetrypolarymetry

Physics which can be solved only by XPhysics which can be solved only by X--ray ray 
polarimetrypolarimetry..

Identification of the mechanism of the Identification of the mechanism of the 
accelerated electrons.accelerated electrons.

Direct measurement of spaceDirect measurement of space--time time 
structure around compact Xstructure around compact X--ray sources.ray sources.

But only detected from Crab nebula because But only detected from Crab nebula because 
of technology.of technology.



Before pixelBefore pixel--readout readout µµ--PICPIC

X-ray polarimetry => To use photo-electric effect
(most dominant process) 

Polarization? =>Track of the photo-electrons
(<=mm even in gas) 

=>MPGDs
=>µ-PIC?

Transmitting hard X-rays => with hard X-ray 
polarimeter
The performances  have been already demonstrated.

Detected polarization in the lab. (Ueno et al. 2004) 
A long-term stability (over 1000h at a gas gain of 
5000 without any critical discharge) (Nagayoshi et al. 
2004) 



StripStrip--type type µµ--PICPIC

Cannot determine the track of photoCannot determine the track of photo--electrons electrons 
event by event.event by event.

Not sensitive to 45Not sensitive to 45oo polarization angle => Need polarization angle => Need 
the rotation of the detector.the rotation of the detector.



=“Very thin and small multi-anode proportional 
counter” + pixel-readout

PixelPixel--readoutreadoutμμ--PICPIC
for Xfor X--ray ray polarimetrypolarimetry

1cm

1cm
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Gas package

30cm

X-ray Electrodes
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Measurement of polarization angle Measurement of polarization angle 
(photo(photo--electron direction)electron direction)

anode Cathode
(strip)

Gas (Ar, etc.) 
is packed.

X-ray

drift

Gas 
multiplication



Data acquisition systemData acquisition system
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Images of Images of 
electron electron 
cloudsclouds

Ne 8keV

Ne 15keV

Ar 15keV

Ar 8keV



Energy spectrum & gas gainEnergy spectrum & gas gain

ΔE/E(FWHM)∼24%@8keV

Gain v.s. HV

104@550V



Uniformity on detector planeUniformity on detector plane

Integral of ADCs

Less than 1/10 times 
on the edge…



Study of nonStudy of non--uniformityuniformity

1. Readout ＝＞×?
no correlation between 
pixel position and 
readout

2. Electric field of drift 
space

3. Gain
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Electric field of drift spaceElectric field of drift space



Uniformity of gainUniformity of gain



Experiment in synchrotron facilityExperiment in synchrotron facility
Sensitivity to 
polarization 
depends on energy.

Need 
monochromatic 
and
polarized X-rays.

X-ray beam
Scattered
by acrylate

Rotation



Image orientation angle of Image orientation angle of 
electron cloudelectron cloud
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Modulation factor Modulation factor vsvs energyenergy

8 15

?

Now we try to understand 
with detailed analysis and 
simulation.



SummarySummary
Development of pixelDevelopment of pixel--readout readout µµ--PIC and PIC and first first 
measurement of Xmeasurement of X--ray polarizationray polarization..
=> Further simulation study, fine=> Further simulation study, fine--pitch, etc.pitch, etc.
ProblemsProblems

Difference of modulation factors between the experiment Difference of modulation factors between the experiment 
and the previous simulation.and the previous simulation.
NonNon--uniformity.uniformity.

Further studyFurther study
Detailed simulation study (GEANT4?).Detailed simulation study (GEANT4?).
400um pitch detector.400um pitch detector.
More elegant readout ???More elegant readout ???



1977 Stark&Connors

10keV10keV



Satellite for XSatellite for X--ray ray polarimetrypolarimetry
““PolarisPolaris””



Structure of pixelStructure of pixel--readout readout µµ--PICPIC



HitmapHitmap vsvs hit thresholdhit threshold



NotNot--corrected image orientation corrected image orientation 
angle of electron cloudangle of electron cloud

Not flat even for unpolarized X-rays…

Polarized to 90degree Polarized to 0degree



Simulated sensitivity Simulated sensitivity vsvs energyenergy
Ne 200µm

Ne
400µm

Ne 600µm

Ar 400µm

Xe 400µm



Sensitivity to XSensitivity to X--ray polarizationray polarization

Assumptions
With pitch size of 

400µm
Gas is neon with 

1atm, 1cm.
Effective area ～

500cm2

X-ray flux >> 
Background

Observed
（M.C.Weisskopf et al., ApJ 208(1976)L25）

観測時間


