A High Gain MSGC with a Capillary Plate
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1. Introduction

We have been developing the two-dimensional
Micro-Strip Gas Chambers (MSGC) in order to ob-
tain the real time X-ray images for the SAXS exper-
iments at the RIKEN beamline | (BL45XU) [1-5].
In this report, we mention the basic behavior of
gas multiplication and the imaging performance of
a high gain MSGC combined with a capillary plate.
The MSGC was made using Multi-Chip Mod-
ule technology, and has lots of anode-, cathode-
and back-strips with very fine pitches of 200 um
on athin substrate of 20 um (see Fig. 1). These
electrodes enable us to get a good position resolu-
tion of a few tens um, and we also expected that it
could be operated stably under intense irradiation.
Indeed, some studies have been attempted to use
the MSGC as a tracking detector in high-energy
physics experiments. However, there still remain
crucia problems preventing the MSGC from stable
operation: discharge of the electrodes and charge-
up of the substrate under high intense irradiation.

In order to avoid the charge-up effect, we intro-
duced a conductive substrate into the MSGC. Thus,
an excellent high rate capacity of 107 cps/mm?
could be realized, but the gas gain decreased dras-
tically. One solution to the gain decreasing is to
insert an intermediate gas-multiplier between the
drift plane and the MSGC. In this study, we intro-
duced acapillary plate as such adevice.
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Fig. 1 Schematic of the MicroStrip Gas Chamber.
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2. Capillary Plate as I ntermediate
Multiplier

Figure 2 shows a schematic view of the capillary
plate, which consists of abundle of fine glass cap-
illaries with an inner diameter of 100 um. It has a
9.5 cm x 9.5 cm detection area and 57 % opening
aperture ratio. Both sides were coated with Inconel
metal of ~ 400 nm in thickness.
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Fig. 2 Schematic of the capillary plate.

Figure 3 shows a cross section of the capillary-
MSGC combined system. The capillary plate was
installed between the drift plane and the MSGC.
The drift space and the inside of the capillaries was
filled with a gas mixture of Ar and C,Hg, or Xe and

CoHe.
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Fig. 3: Schematic of the capillary-M SGC combined
system.

An electric field is formed by bias voltages of
the anode-strips, the cathode-strips, the drift plane
and both sides of the capillary plate. The backs-
trips were connected to the ground. Figure 4 shows



a cross section view of simulated tracks of elec-
trons between the drift plane and the MSGC us-
ing two-dimensional approximation. As shown in
this figure, almost all electronsionized in the vol-
ume_A (see Fig. 3) can go through the capillary
and reach the anodes of the MSGC. Incident X-
rays converted in the volume_A will, therefore, emit
photo-electrons, and these electrons will be multi-
plied not only by the capillary plate but also by the
MSGC. Photo-electrons converted in the volume_B
will, on the other hand, be multiplied only by the
MSGC.
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Fig. 4: Tracks of electrons simulated by two-
dimensional approximation .

Very high surface resistivity of normal capillar-
ies easily let usinfer the unstable operation of its
gas multiplication under a high intensity of X-ray ir-
radiation due to the charge-up effect on the surface
of capillaries. In fact, sensitivity of highly bright
parts on a diffraction image diminished soon with
irradiation of X-rays. Because of such an instabil -
ity, the quantitative evaluation on the performance
of this device was hardly done.

In order to avoid such a charge-up effect, we
adopted to give a conductivity on the surface of
capillaries as well as the substrate of the MSGC.
This process yielded a conductivity of about 40
MQ between both sides of the capillary plate, and
the current of about 25 HA was obtained with a
supplied voltage of | kV. On the other hand, the
current generated by the intense X-rays (12 keV)
of 10° cps/mm? is estimated to be comparable to
the above current even when the gas multiplication
reaches to severa hundreds. Therefore, the charge-
up effect will be insignificant. This approach dra-
matically improved the performance of the capillary-
MSGC combined system.
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3. Gas Multiplication Measur ement

The measurement of gas multiplication was per-
formed with a conventional X-ray generator. In this
measurement, the mixture gas of Ar:C,Hgs = 9:1
was used. The capillary plate and the MSGC were
set vertically to incident X-rays. It was difficult to
read out signals directly from the capillary plate
because an electric current amounted to a few tens
MA. Therefore, we measured pulse height spectra
obtained from summed cathode signals. Figure 5
shows the pulse height spectrum of 8 keV X-ray,
and one can see double peaks there. The higher
peak corresponds to the X-rays converted in the
volume_A, and lower onein the volume_B. The ef-
fective gain of a capillary plate was estimated from
this figure. The gain variation of the capillary plate
as afunction of AV, g is shown in Fig. 6. It suc-
cessfully reached higher than 3000.
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Fig. 5: Energy spectrum of Cu characteristic X-
rays.
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Fig. 6: Gas gain of aCapillary plate as afunction
of applied voltage.

High rate capability of a conductive capillary
plate is also tested. Figure 7 shows the gain vari-
ation as a function of incident flux from the X-ray
generator, where the upper line shows the total gas
gain (capillary x MSGC), and middle one shows
the gain of the MSGC. The lower line corresponds
to the gain of a capillary plate which was cal culated
from division of upper two lines. As shown in this
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Fig. 7 Gas gain dependence of incident X-ray flux

figure, the gain of the capillary plate never decrease
up to 10° cps/mm? flux. The decrease of total gain
is aimost caused by the gain decrease of the MSGC.
We have been trying to reduce the gain variation of
the MSGC by controlling the surface of insul ator,
but we have not succeeded to remove it completely
yet.

In these experiments, sometimes discharges oc-
curred in the capillary plate, but there never ap-
peared a short circuit. It was found that the capil -
lary plates are very resistible to the discharge.

4. Imaging Performance

The imaging performance was investigated by
measuring X-ray transmission using the capillary-
MSGC combined system at the SAX'S experimental
station of the RIKEN beamline |. The X-ray energy
was 12.4 keV. Figure 8 shows the transmission im-
age for the test chart, where the gas mixture of
Xe:C,Hg = 7:3 was used. From this image, the po-
sition resol ution was estimated as 94 um (RMS).
From the measurement with Ar: C,Hgs = 8:2, on the
other hand, a poor _position resolution was mea-
sured to be 280 um(RMS). Xe gas provides a bet-
ter position resolution and a higher efficiency than
Ar gas, because Xe gas has higher photo-€electric ab-
sorption coefficient and range of electronsis shorter
thanin Ar gas.

In the case of Xe gas, however, it is commonly
said that discharges tend to take place. Therefore,
we could not get enough gas gain with Xe gas only
by the MSGC because the bias voltage was limited.
By using the capillary plate as a intermediate elec-
tron multiplier for the MSGC, on the other hand,
even Xegas could give avery high gain.
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Fig. 8 Test chart pictureusng Xe gas

5. Conclusion

In this study, it was confirmed that the capil-
lary plate worked as an intermediate electron mul-
tiplier for the MSGC. The gas gain of the capillary
plate successfully reached about 3000. The surface
conductivity of the MSGC and the capillary could
dramatically improve the performances of our sys-
tem. It could stably be operated at the counting
rate up to 10° cps/mm?, below which the decrease
of gas gain was negligible and damages of strips are
extremely suppressed. A good efficiency and a po-
sition resolution (94 um RMS) could be achieved
by using the mixture gas of Xe and C,Hg.

Now using the high gain MSGC with the cap-
illary plate, real time X-ray quantitative analyses
cometo be available for the SAX'S experiments.
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