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A Modulated X-ray Source (MXS) with Channel
Electron Multiplier (CEM) developed by NASA is
a newtype of X-ray generator that uses UV-LED1).
MXS has many advantages compared with radioactive
sources or X-ray generators that require hot filaments.
For example, the timing of the X-ray output can be
controlled using the modulated LED. Moreover, elec-
tronic amplification by CEM leads to the generation of
short X-ray pulses (tens of nanosecond). These advan-
tages make the calibration of an X-ray detector consid-
erably easy. For example, we can determine the drift
velocity of an electron in a gas using high-precision
X-ray photon emission timing. It is important to cali-
brate an X-ray polarimeter using the Time Projection
Chamber technique2). In this progress report, we show
the performance of MXS with CEM.

A basic layout of MXS with CEM is shown in Fig
1. When an UV-photon emitted from an LED hits
a photocathode, the photon converts to a photoelec-
tron. The photoelectron is accelerated onto a target
through a potential difference and it produces an X-
ray. In fact, the modulation of the LED provides mod-
ulated photoelectron and it leads to the generation of
modulated X-rays eventually. The X-ray spectrum can
be controlled by choosing the target material and the
acceralating potential. To amplify the photoelectron,
i.e., to obtain a high X-ray flux, CEM is set between a
photocathod and the target. Figure 2 shows the MXS
made at RIKEN. The assembly is based on the SUS304
cuboid that is 67×34×34 mm. We adopted MgO as the
photocathode and Ti as the target.

To verify the performance of the MXS quantita-
tively, first, we checked the output X-ray flux. The
pressure in the MXS is set at 10−7 torr with pumping.
The voltage of the CEM and target are set as −2.25
kV and 10 kV, respectively. The frequency of the in-
put pulse is fixed at 10 kHz. We used a Si detector,
AMPTEK XR100CR, to evaluate the output X-ray.
Figure 3 (left) shows the relation between the width

Fig. 1. Schematic view of MXS with CEM.
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of the input pulse with 10 kHz for the LED and the
output X-ray flux. The results show that these two
parameter have a linear relationship. When the width
of the input pulse is 500 ns, the observed X-ray flux is
4000 counts/s/msr.

Next, we evaluate the duration of the output X-ray
pulse using a Time-to-Digital Converter (TDC). We
measured the time interval between the leading time
of input pulse for LED (used as the start signal of the
TDC) and the arrival time of the output X-ray photon
(used as the stop signal of the TDC). Figure 3 (right)
shows the derived TDC histogram at 5 different widths
of the input pulse (50, 100, 200, 400, and 600 ns). The
bin size of the histograms are 62.5 ns. The width of
each histogram corresponds to the pulse width of the
output X-rays. It means that the MXS output is con-
trolled by choosing the input pulse, and we can provide
a X-ray photon when needed at precisely known times.
To reduce the cost and size, currently, we are develop-
ing a new MXS using a carbon nanotube instead of
LED and CEM.

Fig. 2. MXS with CEM developed by our group.

Fig. 3. Left : Output X-ray flux as a function of the width

of input pulse for the LED (the frequency of the input

pulse is fixed at 10 kHz). Right : TDC histogram at

five different input pulse widths. The start and stop

signal are the input pulse and the arrival timing of the

output X-ray, respectively.
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Property of LCP-GEM in pure dimethyl ether at low pressures†
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We developed a photoelectric X-ray polarimeter
onboard X-ray advanced concepts testbed (XACT)
sounding rocket, the first dedicated NASA rocket mis-
sion for high sensitivity observation of cosmic X-ray
polarization.1,2) The polarimeter uses a time projec-
tion chamber technique to obtain the distribution of
photoelectron emissions from which the polarization
of the incident X-rays can be measured. A key device
of the polarimeter is a 100-µm-thick gas electron multi-
plier (GEM) foil with a copper-clad liquid crystal poly-
mer insulator (LCP-GEM),3,4) which amplifies the sig-
nal that keeps the track image of photoelectrons. The
required gain of the LCP-GEM for the polarimeter is
3,000 without discharge. Fine photoelectron track im-
ages are essential for a highly sensitive measurement of
X-ray polarization. By extending the track length us-
ing a low-pressure gas, high-resolution photoelectron
track images can be obtained. On the other hand,
the low-pressure gas decreases the X-ray detection ef-
ficiency of the polarimeter. We anticipate that the
optimum gas pressure of pure dimethyl ether (DME)
is 50−150 Torr by considering the trade-off between
the detected count rate and the modulation factor.1)

However, LCP-GEMs have never been operated below
190 Torr in DME gas. Under such low gas pressures,
discharge is one of the most significant risks to the suc-
cessful operation of GEMs. To explore this unknown
regime, we performed a systematic investigation of the
gain properties of a 100-µm-thick LCP-GEM in DME
at low pressures for the first time.
We developed a prototype gas-chamber detector,

which possesses the same geometry as the flight model
of XACT. By irradiating the chamber with 6.4 keV
X-rays, we obtained the spectrum from the readout
pad and fitted it with a Gaussian model. An energy
resolution of approximately 20% at the FWHM was
achieved. The highest gain under stable operation at
190 Torr was 2 × 104 at dVGEM= 560 V, while that
at 20 Torr was approximately 300 at dVGEM= 470 V.
Above 50 Torr, the highest gain exceeded 3000, which
meets our requirements for the XACT polarimeter.
The gain curves could be reproduced by exponential
functions; however, a change of slope with pressure
was observed. In addition, we determined the real
GEM gain derived from the sum of charge amounts
induced in the readout pad and GEM anode using the
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Fig. 1. Top: Comparison between the measured α and the

α simulated by Magboltz7) with 1σ errorbars.Bottom:

Ratio of α obtained in this experiment to that obtained

with Magboltz calculation.

same data set. The real gain represents the ampli-
fication degree of electron drifting in the GEM hole,
while the effective gain is the real gain multiplied by
the amplified electron collection efficiency of the read-
out pad.5) The real gain is approximately twice the
effective one because the charge amount of the GEM
anode is almost the same as that of the readout pad.6)

The highest gain at 190 Torr is 4 × 104, while that
at 20 Torr is around 600. These real gain curves also
show deviation from an exponential function.

To comprehensively characterize the gain variations
with different gas pressures and GEM voltages, we de-
rived the first Townsend coefficient, α. Fig. 1 shows
the observed α as a function of EGEM/P superposed
with the results of Magboltz calculations.7) EGEM is
the electric field applied to the GEM. The data points
can be roughly reproduced by an exponential function,
although they show deviation from it in the higher
EGEM/P range. This is because the DME ions gain
sufficient kinetic energy from such a strong electric field
to ionize the DME gas and emit additional electrons
that are amplified in the GEM hole. The measured α
values were approximately 80% of ones derived from
Magboltz calculations, which suggests that the length
over which the number of electrons were amplified in
the GEM hole was different from the GEM thickness
but close to 80 µm.
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