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= Next small mission by NASA

* Low Earth circular orbit satellite
— Altitude: 620 km
— Inclination:0.73°
— SpaceX Falcon 9

e Launch ready by April 2021
e 2 year baseline operation
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Solar Boom w/ Thermal X-ray Shields
Array Sock deployed (x3) deployed
Metrology Metrology \ Forward
LEDs Camera Star Tracker

Aft Tip/Tilt/Rotate
Star Tracker Mechanism
Spacecraft Detector Mirror Module
w/ Avionics Unit (x3) Assembly (x3)
< 5.2-m total length deployed >

< 4.0-m focal length >
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Detector Mirror Module
Unit (x3) Assembly (x3)

< 4.0-m focal length >
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Stray-X—ray
Collimator

Filter and Calibration

Wheel (FCW)

Alumina/

Detector Housing

_ Gas Pixel
GAS:DME (Dimethyl Ether, C2H60)

Filling area: 60 x 60 x 10 mm
Sensitive area: 15 x 15 x10 mm
Energy range: 2-8 keV

Detector (GPD)

Back-End Electronics
(BEE)
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PRINCIPLE

The photoelectric effect

do 7’ ( 2>7/ 4~/2sin%(0)cos(¢)

0= "157 \ 5 A = Bcos(9))’

z direction Ai Incoming photon

Photon Photon
polarization polarization
A—- A—-

6

Ejected photo-electron

Angular distribution on - >
the detic_tor plane y direction

Distribution in space of K-shell
photoelectrons after the
absorption of a polarized

x direction photon beam

Costa etal. 2001
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The photoelectric effect

do 75 (me?\"” 4+/2sin2(0)cos?(¢)
0Q — 1374\ hy (1 — Bcos(h))*

z direction A Incoming photon o0 oy T

Flat term 582945

Ph t Ph t 200 Modulated term 798587

oton oton Angle 0.02941+ 0.00544
polarization polarization
A— —-

Ejected photo-electron

Angular distribution on
the detector plane
X— =

->»
y direction %2/ ndf 93.96/ 97
Flat term 1242+ 6.1
Modulated term  14.48 + 10.00
Angle -2.588 + 0.343

Distribution in space of K-shell
photoelectrons after the
absorption of a polarized

x direction photon beam

3
Phi (rad)

Costa etal. 2001
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MULTIPLIER AND READOUT

Drift plane

Costa et al. 2001

ADC

** GPD-Proportionalcounter:
» Photon absorbed
» Photoelectron emitted
» Lose energy by ionization
» Drifted by E-field
» Charge amplified by GEM!
» Charge collected on ASIC
* 1.5x1.5cm
* 352 x 300 pixels
* Pixel pitch: 50 um
» Direction reconstruction
» Modulation curve

1Gas Electron Multiplier
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MULTIPLIER AND READOUT

ASIC pixel pattern
and identification

PIXY frame of reference
y

300 pixels, ~15 mm

352 pixels, ~15 mm

Centre in (0.00000;0.00000) mm

Position of the pixel centre (x;y) in mm
Pixel channel cF

~15 mm

<:> <:> -
(-7.55585 ; +7.43750)
o °
L4 °
L °

** GPD-Proportionalcounter:

ww GT~

» Photon absorbed
» Photoelectron emitted
» Lose energy by ionization
» Drifted by E-field
» Charge amplified by GEM!
» Charge collected on ASIC
* 15x1.5cm
352 x 300 pixels
* Pixel pitch: 50 um
» Direction reconstruction
» Modulation curve

1Gas Electron Multiplier
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** GPD-Proportionalcounter:

-

Ef > Photon absorbed

s, .F Photoelectron emitted
L Lose energy by ionization
.

e
N

)

Charge amplified by GEM*
Charge collected on ASIC
* 15x1.5cm
352 x 300 pixels
* Pixel pitch: 50 um
» Direction reconstruction
» Modulation curve

-
(S

>
>
» Drifted by E-field
>
>
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X coordinate (mm)

'
NrT

The energy loss increases with decreasing
kinetic energy o
'Gas Electron Multiplier
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MULTIPLIER AND READOUT

%2/ ndf 161.4 7197
Flat term 582945
Modulated term 798587
Angle 0.02941=0.00544

-3 -2

¥/ ndf 93.96 / 97
Flat term 1242+ 6.1

Modulated term  14.48 + 10.00
Angle -2.588 +0.343

-1 0 1

3
Phi (rad)

Amplitude > polarization degree

Phase - polarization angle

** GPD-Proportionalcounter:
» Photon absorbed
» Photoelectron emitted
» Lose energy by ionization
» Drifted by E-field
» Charge amplified by GEM!
» Charge collected on ASIC
* 1.5x1.5cm
* 352 x 300 pixels
* Pixel pitch: 50 um
» Direction reconstruction
» Modulation curve

1Gas Electron Multiplier
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= Start from simple geometric model

* Onlyone GPD
* Cross check with lab data

» G4EmLivermorePolarizedPhysics

* For Gamma photoelectric effect:

— NO: G4LivermorePolarizedPhotoElectricModel
— YES: G4LivermorePolarizedPhotoElectricGDModel (G.O.Depaola, 2006)

o Optimized for measuring linearly polarized X-raysin the energy range of few
keV

o Properly taking into account the direction of the photo-electron



2 imoo GEANT4 SIMULATION

@\g°| Polarimetry
sgemizeaide  EXplOrer

» G4EmLivermorePolarizedPhysics

* For electron ionization

— NO: G4LivermorelonisationModel
— YES: G4MollerBhabhaModel (V. Grichine,2011)

o Modification on mean excitation energy for the gas
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» G4EmLivermorePolarizedPhysics

800

—— Livermore model
700 1 Joy-Luo model
—— Moller-Bhabha model
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VALIDATION ON SIMULATOR

column number

column number

260 264 268 27‘2 276 280 284 288
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2 100
: Aowr 3,25 480
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104
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x[mm]

Fe55@5.9keV

sunes Jay
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VALIDATION ON SIMULATOR

0.225

Fe55 (no cut) - MC
0.200 1 DATA

0.175

Normalized entries

b 5000 10000 15000 20000 25000 30000 35000
Track pulse height [ADC counts]

Normalized entries

0.018

0.016

0.014

Fe55 (no cut)

50

75

[ MC
[ DATA -
100 125 150 175 200
Track size
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0.25 0.30
2.6 keV (standard cut 80% efficiency) 6.4 keV (standard cut 80% efficiency)
0.25
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0.05
0.05
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[ Data [ Data
0.00 0.00
-3 -2 -1 0 1 2 3 -3 -2 -1 0 2 3
¢ [rad] ¢ [rad]
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= Shielding physics list
* Hadronic physics
* Decay physics
* Electromagnetic physics
— ixpeEMphysicslList

= Apply different cuts in different regions
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column number
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column number

88 % 104 112 120 128 136
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= Background requirement:

e 0.04 count/cm2/s per DU
* Forthe faintest and extended source

= Background rejection method
* Energy
* Track size
* Charge density
* Border
* Skewness






