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Scatteringinduces polarization.
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Synchrotron emission in a strong magnetic field.
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POLAR-2/LPD#

> IS F(RIRIRNPOLAR-2
{KRemifRRN=S (LPD)

Energy range: 2-10 keV

Detection area: ~ 298 cm2

FoV.: ~ 900 x 900

Energy resolution : <20 % @ 5.9 keV

MDP: ~ 10.6% @GRB210619B

Kz, KEiR, FEFIE

Z Feng, H Liu* et al., APJ, 2023




LPD in orbit simulation

» Chinese space station orbit

180°W 120°W 60°W 0° 60°E 120°E 180°E
60°N|- 60°N
30°N =30°N
4800 64‘00 80’00 96‘00 112‘00 12800 14400 16000
0° 0° Exposure time in one-year (ks)
30°S €]30°S
60°S 60°S
180°W 120°W 60°W 0° 60°E 120°E 180°F

101 102 103 104 105 106
flux (counts/cm?/s)

The prOJeCtlon Of LPD Orblt On Earth In 1 day 0.0001 0.0002 0.0003 0.0004 0.0005

Pointing distribution (Normalized probability)




Polarization Statistics

» Statistical distribution of MDP of LPD in 5 years

> Statistical distribution of PD
(Tomaet al. 2009, Lanetal.2021)
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Cosmic X-ray Polarimeter Detection (CXPD) CubeSat

* Validation of soft X-ray polarization
detection technology

* Spatial background measurement

//r®7Window frame
/
/

* Standard X-ray source polarization _
< >—Be window

measurement

Metal ceramic tube

Size : 96 * 96 * 108 mm?
Mass: ~900 g FEE board

I GMCP
Power consumption: <5 W

BEE board Topnetal-II

Gas sensor

Ceramic pedestal
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SiPM data SiPM trigger time
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ezl =iz Topmetal time Pixel address value Pixel ADC value

Monitoring HV voltage value HV current value GMPD temperature value GMPD pressure value

data

H Wang et al., Nucl. Sci. Tech, 2023, @ Z Fan, H Liu* et al., IEEE Trans, 2023
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Gas Microchannel Plate (GMCP)
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Topmetal i H

—_— - Topmetal-
CXPD %HQEI"J{%%;E:H_ TopmetaI-II Topmetal-Il M1/M2 Topmetal-L
Chip Size /mm? 6 X6 18 x 23 17 x 24
Pixel Array 72 x 72 400 x 512 356 x 512
Pixel Size /um? 83 x 83 45 x 45 45 x 45
Pixel Electrode / um? 15 x 15 10 x 20 26 x 26
ENC ~ 13.4e- ~ 15.4e- ~ 20.0e-
Power Consumption ~1W @3.3V ~4.3W @3.3V ~0.8W @3.3V
Clock 40MHz 5MHz 20MHz
0.37ms
Frame Rate 2.5ms 2.4ms @Sentinel Readout
P . ) Rolling Shutter
& Readout Mode Rolling Shutter Rolling Shutter /Sentinel Readout
Digital signal
R Readout Channel 1 16 1
| . Analog

Pixel 2-
Pixel 3

—)
. Buffer Analog signal [P

Z iy H-liu™ et al., Nucl. Instrum. Meth. A, 2021 '




Topmetal

L2 L L I
Data communication instructions. Sentry scanning and area
TR scanning.
RS In the readout section of the Topmetal-L chip,
i = B T a novel readout scheme called the Sentinel
SR e - readout scheme Is adopted.

Topmetal-L layout structure.
D



3.5

- 298 keV 3- 451 keV

3 L
i 2.5 70—

AZ.S_ - r B : A .

E E I » L Polarization

g = 2~ o F : .

N .u oL 60— direction
i 15- - interaction

1.5 ~501- point
i L
}.5 I I2I I 215 I I3I I I315 ‘ l_l - I]iSI - Iél - IZ.SI I .'; I I3{5 :

Y (mm) is Y (mm) 40 barycenter

25~ 6.40 keV - 8.05keV C
2 C

A %% 20f

E st E r

“ oL S »

- : 1or-

[ 2.5 _

0.5:_ = "lllllllllll,lllllllllll‘llllllllllll
S Lo Bl 10 20 30 40 50 60 70
15 2 25 3 35 5 1 15 2 25 3 )

Y (mm) Y (mm) pixel

X Huang, H Liu* et al., Nucl. Sci. Tech, 2021

Y pixel{ievery pixel=0.08 mm)

70

=5

arization directipr

gravity line ) _ )
| interaction poimt

_|II|III|I|IIII|II|I|IIII|IIIIIIIII|

IIIIIIIIIIIIII‘I|II'IIIIIII]IIIIIIIIIIlIIIIl

10 20 30 40 50 60 70
X Pixel{every pixel=0.08 mm)




GMCP FERHEEL B
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ZFan, H Liu* et al., IEEE Trans, 2023 after events matching.

» Improve the time resolution and energy resolution.
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X-ray polarized calibration platform
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Image with the CCD imager of the photons generated with the polarized source.

TABLE II. Configurations and performance list of 8.05 keV linear polarized sources. The polarization degree is calculated using Eq. (3).

Energy(keV) 2.98 451 5.40 6.40 7.06 8.05
—— 2.98 keV Crystal Si(111) Si(220) Si(311) Si(400) Si(331) Si(224)
80} 4.51 keV 'I?!cidu?nt radiation Ag Ly TiKg CrKy e Kg Fe Kﬁ Cu Ky
Diffraction angle(deg) 41.6 45.8 44.5 45.5 44.9 44.1
— 5.4l keV Rate(cts/s) 207.52 375.49 370.49 375.8 426.77 439.25
— 6.40 keV Proportion of monochromatic light*(%) 93.04 97.91 98.31 98.64 97.40 97.32
= 60 — 7.06 keV FWHM(eV) 139.38 146.69 149.39 142.42 158.62 159.73
= i . 8.0kV, 6.5 kV. 7.0kV, B.0kV. 9.8 kV, 9.5 kV.
o~ — 8.05 keV ray tube settings : . , !
= 8.05 ke X-ray tube settings 0.49 mA 0.19 mA 0.19 mA 031 mA 0.44 mA 0.58 mA
‘é‘ Polarization(%) 97.4 99.8 99.9 99.8 99.9 99.8
2]
\; 401 * The proportion of monochromatic light is defined as the ratio of the number of photons falling within three times the sigma of the target peak centre value to
= the total photons.
&
20t TABLE III. Configurations and performance list of 8.05 keV partially polarized sources. The copper Ko characteristic line diffracted by
silicon crystal to generate beams with different degrees of polarization. The polarization degree is calculated using Eq. (3).
L J J l \ Energy(keV) 8.05 8.05 8.05 8.05 8.05 8.05
0 ] ] ul J ] Crystal Si(l11) Si(220) Si(31) Si(400) Si(331) Si(224)
T N I R G Ok KGN GG Ok
iffraction angle(deg . 3. 28. 34.6 38. \
Energy (keV) Rate(cts/s) 27775 166,66 224.14 657.92 146,97 555.92
Proportion of monochromatic light*(%) 92.82 96.84 98.32 98.40 98.36 98.37
S .I: h | : d FWHM(eV) 193.05 162.63 159.61 159.24 159.11 159.73
peCtrL“ I I O t e po arlze Source- X-rav tube settines 9.3kV, 9.4 kV, 10.3 kV, 1L5kV, 10.0 kV, 10.5 KV,
4y tube setling! 0.19 mA 0.39 mA 0.19 mA 0.29 mA 0.19 mA 0.29 mA

Y Xle, H Llu* et al’ EXP ASTRON’ 2023 Polarization(%) 12.8 37.0 526 71.5 89.5 99.8

# The proportion of monochromatic light is defined as the ratio of the number of photons falling within three times the sigma of the target peak centre value to
the total photons.



Spectral and polarimetric characterization
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Energy spectra measured with Bragg diffractions.

Energy (keV)

Epeak (ADC)

FWHM (ADC)

FWHM/E pcar
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Energy (keV) pu
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H Feng, H Liu* et al., JINST, 2023



Assembly process of the CubeStar payload

Thermal vacuum test
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