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We have developed a photoelectric tracking type gas
X-ray polarimeter using a time projection chamber
technique for cosmic X-ray polarimetry.1) We select
dimethyl ether (DME) as target gas of the polarimeter
because the electron drift velocity in DME is relatively
slow. The polarimeter chamber, filled with DME gas
under a pressure of 190 Torr, consists of three com-
ponents: drift plane, gas electron multiplier (GEM),
and readout strips. When an X-ray interacts with a
DME gas atom, a photoelectron is ejected in a di-
rection according to a cosine probability distribution
aligned with the electric field vector of the incident X-
ray. Secondary electrons produced by photoelectron
ionization are drawn by the electric field to the GEM,
amplified by a factor ～3000 with the strong electric
field in the GEM hole, and then collected by readout
strips. The 2-d image of the photoelectron track cre-
ated by the readout strip position and timing enables
measurement of the polarization degree of incident X-
rays. In order to square the pixel size of the 2-d im-
age, the electron drift velocity is optimized to be 0.242
cm/µs, which is derived from a strip pitch of 121 µm
over a sampling rate of 50 ns. Thus, we accurately
measure the electron drift velocity in DME gas under
a pressure of 190 Torr as a function of applied electric
filed.

Figure 1 shows a schematic view of experimental
setup. We generated X-rays with a modulated X-ray
source (MXS), whose X-ray radiation can be controlled
by a switching LED2) with a pulse generator. Gener-
ated X-rays were collimated and directed parallel to
the GEM foil. The drift distance of electrons to the
GEM foil changed by moving it up and down the cham-
ber using the Sigma Koki Z-stage. We measured the
time interval between the leading edge of the pulse,
which turned on the LED, and a discriminator signal
created by charges induced on the GEM cathode. The
drift velocity can be determined by dividing the X-ray
beam position difference by the time interval differ-
ence. Figure 2 shows time interval as a function of
stage position. The drift velocity was calculated by
the slope of this plot.

The observed drift velocities, vobs, at various elec-
tric field are listed in Table 1. The drift velocities are
determined with an accuracy of < 0.5%, and are con-
sistent with the Magboltz prediction3), vsim, under the
DME gas condition of 190 Torr and 25◦C. We deter-
mined that the electric field, where the drift velocity
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is 0.242 cm/µs, is 196.3 V/cm by interpolating the ob-
served values. Reproducibility of the results should be
checked in further experiments.
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Fig. 1. Experimental setup to measure the electron drift

velocity in DME gas.
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Fig. 2. Time difference as a function of stage position. The

drift velocity is calculated by the slope of this plot.

Table 1. Comparison of simulated drift velocity and mea-

sured velocity.

Ed vobs vsim
(V cm−1) (cm µs−1) (cm µs−1)
156 0.1918(6) 0.1916(2)
176 0.2161(10) 0.2158(2)
186 0.2291(8) 0.2285(3)
196 0.2405(8) 0.2411(3)
205 0.2525(9) 0.2532(3)
215 0.2650(8) 0.2651(3)
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Measures for Micro Meteoroids and Orbital Debris in Cooler Driver
Harnesses of the Soft X-ray Spectrometer onboard ASTRO-H

H. Noda∗1 and T. Tamagawa∗1 on behalf of the SXS team

The Soft X-ray Spectrometer (SXS)1) onboard the
6th Japanese X-ray satellite ASTRO-H2) covers an
0.3–12 keV band with an unprecedentedly high en-
ergy resolution of 7 eV (the target value is 4 eV). The
performance of X-ray spectroscopy is achieved using
micro-calorimeter technology at a low temperature of
∼ 50mK, which is maintained through the following
cooling chain. Stirling coolers, called Shield Coolers
(SCs) and Pre-Coolers (PCs), decrease the tempera-
ture from ∼ 290K to ∼ 20K, and subsequently, a Joule-
Thomson cooler (JT) further decreases the tempera-
ture to ∼ 4.5K. Then, the temperature is cooled down
to ∼ 1.2K with superfluid helium and/or an Adiabatic
Demagnetization Refrigerator (ADR), and finally the
temperature is reduced to ∼ 50mK using two-stage
ADRs at the front end of the chain.

Electric power derived by a satellite bus is supplied
to SCs, PCs, and the JT via cooler drivers named
SC Driver (SCD), PC Driver (PCD), and JT Driver
(JTD), respectively1). The cryo-coolers and cooler
drivers are connected by multiple harnesses, and the
numbers of particularly important harnesses for driv-
ing the cryo-coolers are 4 in SCD, 4 in PCD, and 2
in JTD (10 in total). Because a part of the dewar
surface is placed in front of a window of the satellite
panel (Fig. 12)), the harnesses are partly exposed to
space, and hence, Micro Meteoroids and Orbital Debris
(MMODs) of various sizes can collide with the har-
nesses. If one of the important harnesses is destroyed
because of collision with an MMOD, the cooling chain
fails to work as required, significantly degrading the

Fig. 1. Flight model of the ASTRO-H satellite body in a vi-

bration test, including the engineering model of the SXS

dewar2) on the inside. The red dotted square shows a

window at the satellite panel, through which the har-

nesses are exposed to the space and MMODs can enter.
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SXS performance. Thus, the design needs to satisfy
the requirement that the number of MMODs passing
through an important harness per year must be lower
than 0.1. In the present document, we roughly esti-
mate the probabilities with 1-digit accuracy in cases
with and without a Kevlar measure3), and we deter-
mine whether the requirement can be satisfied.

The probability that a harness is penetrated by an
MMOD can be estimated by multiplying an area ex-
posed to space, a solid angle against space, and flux
of MMODs. In each harness, the part exposed to
space commonly has a length of ∼ 2 m and a solid
angle of ∼ 0.5π against space, while the sum of widths
of important parts driving the cryo-coolers is ∼ 1–3
mm (for simplicity, we hereafter employ a width of
3 mm for all the harnesses). According to a debris
flux model, MASTER20094), developed by the Euro-
pean Space Agency (ESA), the MMOD flux drastically
changes with their sizes. Because the critical MMOD
size is determined as the smallest diameter penetrat-
ing a harness, the flux depends on the toughness of the
harnesses. According to the JAXA space debris protec-
tion manual3), the critical MMOD size for a commonly
used harness cable is ∼ 0.2 mm, while that for the same
cable covered by a 1-layer Kevlar fiber is calculated to
be ∼ 0.4 mm. Therefore, the MMOD fluxes can be
determined to be ∼ 10 and ∼ 1 collisions/m2/year for
harnesses without and with the 1-layer Kevlar cover-
age, respectively.

We calculated the probabilities that one of the im-
portant harnesses is penetrated per year. The case
without Kevlar coverage has the probability

10 pieces × 2 m × 0.003 m × 0.5π

2π
× 10 collisions/m2/year

≈ 0.2 collisions/year,

while the probability for the case with the 1-layer
Kevlar fiber decreases to

10 pieces × 2 m × 0.003 m × 0.5π

2π
× 1 collisions/m2/year

≈ 0.02 collisions/year.

Thus, we successfully confirmed that the design with
the 1-layer Kevlar fiber coverage is effective to satisfy
the requirement, and we have employed the measures
for all the SCD, PCD, and JTD important harnesses.
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