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A position-sensitive start detector for a time-of-flight measure-

ment is described. In this detector microchannel plates were used to

obtain time and position signals simultaneously. A time resolution of

121 psec FWHM and a position resolution of 0,28 mm FWHM were obtained
for a-particles from an 24l Am source.
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1. .Introduction

In order to measure masses of héavy—ion reaction products, the
time-of-flight technique (TOF) is frequently used, 'A fast timing
technique utilizing microchannel plates (MCP) has been extensively
developed.lfz) Secondary electrons produced when the heavy-ion reaction
products pass through a thin carbon foil aré detected and amplified by
the MCP. Fast timing signals from the MCP provide start signals for the
TOF measurement. In addition to the fast timing,.the MCP has an excel-
lent position resolution.3) By making the best of these properties of
the MCP, a position-sensitive start detector with a fast timing_is con—
structed.

The secondary electrons emitted from the thin éarbon foil are focused
onto the MCP in a uniform magnetic field and then amplified by the MCP
without losing a position information. The timing and the position
signals are simultaneously obtained from a resistive plate placed behind
the MCP, From the position signals, one can determiﬁe the particle trajec-
tory when this detector is placed in the entrance of a TOF spectrometer.
Generally, a large sclid angle gives a large flight time difference
because of the different path lengths for particles starting with the
different angles. Thefefore the present position-sensitive start detector
has the substantial advantage when it is épplied to the TOF measurement

in a high-resolution magnetic spectrometer with a large solid angle.

2. Experimental Device

A structure of the position-sensitive start detector is shown in
Fig. 1. The experimental device is almost the same as one reported in
ref. 1, except that the resistive plate is placed at an anode position
of the MCP in order to measure positicns on the thin carbon foil where
reaction products pass through.

Alpha-particles (5.486 MeV) from an 24lam source hit the thin carbon
foil (about 10 ug/cm2 thickness, 10 mm in diameter) which is perpendicular
to incident o-particles. Secondary electrons emitted when the w-particles
pass through the thin carbon foil are accelerated to approximately 1.2 keV
by an acceleration grid of 99 7 transmission. They are then transported

180° in a homogeneous magnetic field of 50 G. The 180° transport. system
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containing a quater-turn slit placed at the 90° position has the advantage
of shielding the MCP from the background electrons and X-rays. Aﬁ in- )
homogeneity of the magnetic field B causes flight-time differences of

the secondary electrons, resulting in the deterioration of the time
resolution. In the present detector, however, AB/B is less than 2 % in
the whole region of a Faraday cage, and it turns out that the effect of
the magnetic inhomogeneity is unimportant.

In front of the MCP a suppression grid is placed to reduce small
satellite peaks appeared in the time-of-flight spectrum.l) The satellite
peaks, as reported in ref. 1, are due to tertiary electrons emitted from
an insensitive surface of the MCP which the secondary electrons hit.

They again hit the MCP after some time delays in the magnetic field. 1In
order to reject the tertiary electrons, the suppreésion grid and the ac-
celeration grid are electrically connected to the Faraday cage and their
.voltage is more negative than that of the contact surface of the MCP;
Voltages of various electrodes are shown in Fig. 2.

The two MCP* (active area of 20 mm in diameter, (.66 mm thickness
(upper) and 0.70 mm thickness (lower)) are mounted in a chevron configura-
tion with a gain of 107 at an applied voltage of 1 kV for each MCP.

For the purpose of the timing experiment, a 50 2 coaxial cone anodel)
was used to collect current pulses from the MCP. For the purpeose of
getting the fast timing and position signals simultaneously, the cone
anode was replaced by a resistive plate (20 mm length and 20 mm width),
which is made of ruthenium oxide/glass resistive ink blends fired om a
1 mm thick alumina substrate, The back of the alumina substrate is at-
tached to a copper plate. The resistive plate is electrically equivalent
to an RC transmission line. Total resistance R énd total capacitance C
of the line are determined to be 150 kQ and about 35 pF, respectively, in
order to minimize a position uncertainty due to the electronical noise.Q)

As shown in Fig. 3, position signals obtained from the both side of
the line are amplified by the charge-sensitive preamplifiers. The position
information is extracted by means of a risetime method developed by several
authors.®:8) The risetimes of both output pulses are proportional to
positions where electrons from the MCP are incident upon the resistive
plate, and they are converted to the zero-cross times of bipolar signals

from the linear amplifiers. The difference bhetween zero-cross times of

* Purchased from Hamamatsu TV CO., Ltd, Hamamatsu, Shizuoka, Japan.

_2_
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the bipolar signals is converted to a pulse height by the time-to-
amplitude converter (TAC) and analyzed by a multichannel analyzer.

Induced current impulses are obtained through the 50 £ coaxial cable
attached to the back of the alumina substrate., Their risetimes and pulse
widths were observed to be exactly the same as those obtained by the 50 @
cone ancde. These fast timing signals are directly input to the constant
fraction discriminator (CFD, ORTEC 473A) without any amplification because

of their large amplitudes.

3. Experimentd] Results
3.1 Pulse height distribution of slow signal

Pulse height distributions of slow signals from the MCP are shown in
Fig. 4. As shown in Fig. 2, the slow signals are extracted from a final
electrode of the MCP through the‘charge—sensitive preamplifier. The pulse
height spectra are recorded with a coincidence requirement from a surface
barrier detector in order to reject random pulses due to a dark current of
the MCP itself. The pulse height distribution has a broad bump with a

long tail. This characteristic shape is ascribed to a statistical process

‘in the electron multiplification of the MCP and to a number uncertainty of

the secondary electrons produced when a-particles pass through the thin
carbon foil. The number of the secondary electrons depends on the atomic
number Z of the incoming particles and its mean is probably less than 10
for the a—particles.7) Thereby its statistical fluctuation becomes large
for light particles such as o-particles.

Figure 4 also shows a dependence of the spectrum shape on a vacuum
pressure. A component of small pulse heights under the broad bump appears
in a higher pressure of 1x107° Torr. This component probably arises from
some contaminations on the inside surface of each channel of the MCP. It
has been reported that a deposition of a diffusion-pump oil on the multi-
pliers is responsible for a decrease of the gain of the MCP.B) Actually
this component somewhat decreased after the MCP was washed by a supersonic
cleaner.

In order to examine the dependences of the pulse height distribution
and of an emission power of the secondary electrons on the materials of
thin foils, the 10 ug/cm2 KCl and the 10 pg/em? NaCl evapolated on the
carbon backing of the 10 ug/cm2 thickness were tried. Almost the same

spectra as shown in Fig. 4 were obtained for these foils. The secondary
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electrons increased in number twice as large as in the case of the thin
carbon foil of the 10 ug/cm2 thickness. This result suggests that the
emission power of the secondary electrons simply depends on the total

energy loss of the incoming particles in the thin foils,

3.2 Emission angle of the secondary electrons

In the present device a flight time T of the secondary electrons
from the thin carbon foil to the MCP is 3.4 nsec. Therefore in order to
obtain the fast timing the flight-time different AT has to be minimized
at least less than a few percentage of the total flight time. A path
length L along the secondary electron orbital depends on the emission
angle 6. The path-difference AL between a center orbital (8=0) and the
other orbital of the emission angle 6(#0) is written as AL =2L8/m. The
AT, therefore, is expressed as follows; AT = 2ALT/L = 4p8/vY2V/m, where V,m
and p are an acceleration voltage, an electron mass and an orbital radius,
respectively. The angular distribution of the secondary electrons also
affects a position resolution. Here we adopt a coordinate system shown
in Fig. 1. By a simple calculation, x and y position displacements Ax,

Ay from the center orbital at the MCP position are written as ﬂx==p92,

Ay =mp6. The effective angle 6, can be obtained from the measurement of
the y-position dispersion Ay directly. To measure the Ay, the resistive
plate was set parallel to the y-axis and a single-hole slit (2 mm in
diameter) was placed just bgfore the thin carbon foil to collimate the
incident a-particles. A position spectfum of the secondary electrons
emitted in the forward direction is shown in Fig. 5a. The measured 24y is
5.4 mm FWHM and the effective angle 6. is calculated as 2.0°. The AT is
then estimated to be 152 psec for the secondary electrons emitted in the
forward direction. The AT can be reduced by making use of the secondary
electrons emitted in the backward direction. Figure 5b shows the position
spedfrﬁm of these éecondary electrons. The 2Ay of the position distribu-
tion was 3.6 mm FWHM for these secondary electrons and the smaller flight-
time difference AT = 90 psec was estimated. The number of the secondary
electrons emitted backward was, however, approximately 0.5 times smaller
than that emitted forward. This problem can be get over by using thicker
carbon foil than the present one, and there is no problem for the heavy
ions incident, becasue they produce many secondary electrons.7)

An acceleration of the secondary electroms in a stronger electric
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field than 1.2 kV will be a direct improvement to réduce the effective

-

angle. This effect will be discussed in Sec. 4.

3.3 Time resolution

A time resolution was measured by means of the TOF technique by
arranging the two same devices as shown in Fig. 6. In order to .get a good
time resolution an electronical walk of the CFD had tc be minimized., A
voltage dynamic range of the input fast signals to the CFD was larger than
1:10 because of the characteristic pulse height distribution. The walk
was minimized by optimizing a delay time and a fraction rate for the
constant fraction timing. Using a pulse generator, the overall time reso-
lution of the electronics was obtained to be 30 psec for the dynamic range
of 1:1. Since the path lengths of the electron orbitals depend on the
emission angles, the timing test was done with changing an aperture size
of the quater-turn slit. The time resolutions obtained were 272 psec,

215 psec and 189 psec FWHM for aperture sizes of 3 mm, 1 mm and 0.6 mm,
respectively. ' A transmission efficiency of the secondary electrons for
the aperture size of 0.6 mm is about half of that for the aperture size
of 3 mm. A maximum dispersion of the secondary electrons at the quater-
turn slit is estimated to be 1.6 mm from the measured effective angle 6,.
The observed transmission effeciencies are consistent with those expected
from the measured effective angle. Figure 7 shows the TOF spectra
obtained with the aperture size of 0.6 mm. From the measured value of
272 psec FWHM for the aperture size of 3 mm and the value of 132 psec
estimated for the flight-time difference, the time resolution due to the
electronics was estimated to be 118 psec.

The timing measurement utilizing the secondary electrons emitted in
the backward direction was also done and a better time resolution of 171
psec FWHM was obtained for the 0.6 mm aperture size. From Fig. 7b one can
obtain an intrinsic time resolution of single MCP arrangement by dividing
the observed width by v2. This gives 121 psec time resoltuion for the
backward emission of the secondary electrons. The results for the timing
experiment are summerized in Table 1, The flight-time differences for
each aperture sizes are calculated assuming the 118 psec time resolution

of the electronics.
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3.4 Position resolution

A measurement of the position resolution was carried out with the
single MCP arrangement as shown in Fig. 3. At an exit of o-particles
passed through the thin carbon foil the surface barrier detector was
mounted and the resistive plate was placed along the x-axis. The result
is shown in Fig. 8, where an image of a screen with two holes of 0.2 mm
in diameter placed at the side of the thin carbon foil facing the 24!Am
source is cleary displayed. From a measured width of 0.35 mm FWHM, an

intrinsic position resolution was determined to be 0.28 mm FWHM.

4. Conclusion

The present device was developed as a position-sensitive start
detector with a fast timing for the TOF technique and gave a gdod'fiming
(121 psec) and a good position resolution (0.28 mm). In this device the
emission angle of the secondary electrons plays an important role in its
performance. The acceleration voltage used in the present device was 1.2
kV which was rather low. The higher voltage will give the smaller effective
angle for the electrons emitted from the carbon foil. The more accélgration
of the secondary electrons in a strong maénetié field (=100G) has the
advantage of a reduction of the flight time in addition to the reduction
of the effective angle. By. these improvements, more excellent performance

should be expected.
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Table 1 The results of the time-of-flight measurement

Forward Backward
Aperture size 3 1 0.6 0.6
(mm)
Observed time
resolution 272 215 189 171
(psec) :
Intrinsic time
resolution 192 152 134 121
(psec)
Flight-time
difference 152 . 96 63 27

(psec)




JAERI-M 7800

"1039939p 11EIS 2ATITSUSS-uoT2Tsod 8yl Jo 2an3dnils oy T 914

(W) O} ‘I 0 Z
T T T T -~ ]
X
E {104 uoguD)
- PO UOLDIBIEIY | = w\
— __—Jdojow]|o)
J0}098(q dojg 0} <31 S9PIIDd -
S|D}AJ0 $810|d
U0.}0al3 -AIopuodag — 7 mw\ |BUUDYOCLDIN
i
. | 9pouy |DIXDO
Jajpuiljjod uanj -ty . mqu | .Gomwu
pu9 uoissaiddng ﬂww
aboy Aobpoungd | | ,\L/ 210}d
BAISISOY
- OB~ T




JAERI-M 7800
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Fig. 2 Schematic diagram of voltage bias. A 1 MG resistor
between the resistive plate and the ground is a leak
resistor for a discharge of the RC line after receipt
of position signals.
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Fig. 4 The pulse height spectra of the MCP recorded with a coincidence
requirement from the SSD, obtained at the pressure (a) of the
3%x107¢ Torr and (b) of the 1x10~5 Torr.
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Fig. 5 The y-dispersion of the secondary electrons emitted
{a) in the forward direction and (b) in the backward direction.
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