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MICROCHANNEL PLATES AS A DETECTOR
FOR 800 MeV/c CHARGED PIONS AND PROTONS

F.F.Valiev' | G.A Feofilov', A.P.Tsvinev, A.A.Baldin? s
Yu.K.Gavrilov?

The initial results of the first measurements of the efficiency of the
registration of high energy charged pions and protons by a tandem of
microchannel plates (MCPs) are reported to be not less than (80£10)%.
A new application of the delay line as a direct readout MCP's anode in
combination with strips is discussed. The proposals for a new type of a
vertex detector that includes all MCP advantages are made.

The investigation has been performed at the Laboratory of High
Energics, JINR.

MHKpOKaHasIbHbIE NIACTHHBI KAK DETEKTOP 3apAXKEHHbIX
NHOHOB U NPOTOHOB ¢ UMmyIscoM 800 M3B/c

©.® . Banues u ap.

[IpuBonATCA HavanbHble Pe3yNbTATBI HCCIIEq0BAHMI 3¢ dexTHBHOCTH
PETHCTpAlIMK BbICOKOIHEPreTHYECKHX 3aPSKEHHBIX THOHOB M IPOTOHOB
cbopko# M3 1IByX MHKpPOKaHaTbHbBIX IIIACTHH (MKII), nonyyennas Be-
muumrHa coctamnsaer (80+10)% u MoxeT 6bITh ynyuLIeHa. O6cyxnaerca
TAKXKe HOBaA KOOp/MHATHasd CHCTeMa cbema MHbopmammu ¢ MKII,
BKJIOYAIOIWAA TU10CKYI0 JIMHHIO 3allePXXKH HEllOCPelCTBEHHO B KAYeCTBe
perucTpupyiowero avona MKII B koMGuHaumu co crpunamu. Boiasura-
10TCH MPEITIONKCHHUA MO CO3AAHNI0 BEPLIMHHOTO IETEKTOPa HOBOTO THNa,
BKJIIOYAK01Lero Bce focTonHcTBa MKII.

PaGora Bbimonuena B JlaGoparopum BbICOKHX sHepruii OHMAMU.

1. Introduction

Microchannel plates (MCPs) are widely used now for the detection
of various sorts of radiations (see, f.e.”!~%/) due to their well-known
properties:
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— high counting rates

— low self noise

— good performance in the magnetic field

— high radiation resistivity

— small amount of matter introduced to the way of the particle

— possibility of an application in various position sensitive detectors.

However, the detection of the moderately relativistic particles by
the microchannel plates was not studied yet.

Thus the main purpose of this work was to show the principal possi-
bility of using the MCP as a detector of high energy particles. Besides we
are making the proposals for a new type of position-sensitive detector
that can provide precisely both time signal and two space coordinates of
the track interacting the MCP’s surface.

2. Detector description

We used standard MCPs that had the diameter of 34 mm, thickness
of 400 um and the channels density of 10° 1/cm? . The plates were made of
Si0, PbO with the density of 3.89 g/cm?. Channels are 10 um in diame-
ter and have the wall thickness of 2 um. The bias angle of the channel
axis with respect to the front surface normal is 10°.

Two MCPs mounted in a shevron setup’?’ with an interplate dis-
tance of 0.5 mm were placed into a small vacuum chamber together with
the coordinate sensitive readout anode (see fig.1). Chamber has provided
3.10~5 mm Hg and had two thin Al (1 mm) front and rear windows.

The MCPs were operated by a high voltage ~1000 V each. We also
used a small accelerating potential between the plates and between the
second plate and the readout anode (~100 V). The high voltage adjust-
ment was done to obtain the characteristic saturation effect/?' 47 for
the MCP’s pulse spectrum (see fig.2).

We used two types of readout anodes: i) 0.8 mm strips and
ii) a combination of a delay line and strips. In contrast to’*/ we used
a flat delay line directly as a readout anode. Those two systems of rea-
dout anodes were used for two sorts of measurements: i) for the effi-
ciency measurements, ii) for the test coordinate resolution measurements
of a new coordinate sensitive anode.

The MCP output pulses after charge sensitive preamplifiers were
sent to the fast amplifiers (or to the analog filter amplifier and ADC).
We used standard CAMAC electronics for constant fraction discrimina-
tion, coincidences, TAC and ADC with KKO009 crate controller and IBM-
compatible PRAVETZ.
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3. The efficiency of MCPs for the detection
of high energy pions and protons

The measurements have been performed at the Laboratory of High
Energies, JINR.

The layout of the experiment for the MCPs efficiency measure-
ments is shown schematically in fig.1.

Two MCPs placed into a small vacuum chamber were sandwiched
between two plastic scintillators (see fig.1). The whole setup was expo-
sed to the pion and proton beams that had the intensity of up to 10°® 1/s.

The efficiency was derived as a ratio of TAC’s line intensity to the
whole number of two plastic coincidence (i.e., the ratio of TAC to CC
counts) with the account of the geometry of the setup. During the effi-
ciency measurements all strips were used together with a single preamp-
lifier.

It is a known fact that the so-called geometrical efficiency of MCPs
for the strongly interacting particles cannot be higher than 70%. This is
due to the surface dead region of the walls edges for those particles.

As to the high energy particle passing through the plate and cross-
ing several channels the electron avalanche may start at any place of
track’s intersection with the cylinder surface of any crossed channel.
Thus in our case we can expect the increase of the efficiency compared
to that of strongly interacting particles due to the mentioned argument.

The effective thickness seen by a minimum ionizing particle (MIP)
passing through one MCP described above is ~90 um, that leads’”’ to
a mean value of ionization losses estimated for Si of 34 keV, which may
result in ~10* pairs produced along the track in a single MCP. It’s clear
that only the fraction of channel surface created electrons may work.
The same argumentation may be valid for &electrons also. Nevertheless
an MCP seems to be a good target-converter for MIPs, playing additional-
ly the role of electron muitiplier. The only thing remains to be done —
it is not to lose the weak electron signal corresponding to the deep re-
gions of MCP, e.i. one has to make an extra amplification by using
a second MCP (or to use the MCP with higher gain).

Results of the efficiency measurements together with the MCP self-
noise are shown in the Table, The measurements were done for two thre-
shold levels in the MCP’s CFD (they are marked by arrows in fig.2). The
results of the table are averaged on two series of measurements done
with pure proton beam and with a 50/50 mixture of pions and protons
having 800 MeV/c. It was justified by the absence (within the limits of
accuracy of the present experiment) of any significant amplitude spectra
dependence on the type of the detected particles.
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Fig.1. General layout of the experiment with the MCP detector. MCP —
a tandem of microchannel plates; R1 — R5 — high voltage divider; C —
strips; M1, M2 — plastic scintillators; PM — photomultiplier; PA — pre-
amplifier; CSPA — charge sensitive PA; AFA — analog filter amplifier;
CFD — constant fraction discriminator; CC — coincidences scheme;
TAC — time to amplitude converter; ADC — analog-digital converter;

(delays and counters are not shown).

stop

The dependence of the efficiency on the CFD threshold is
quite obvious from fig.2. Thus we can conclude that i) the saturation
MCP’s effect is not exhausted and it is possible to increase the bump
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Fig.2. Amplitude spectrum of signals from MCP detector obtained
for BOO MeV/c pions. Arrows correspond to the threshold levels in MCP
strip channel (1 — channel No.70, 2 — ch.No.520).
Table. The efficiency of the MCP’s tandem for the detection of
800 MeV/c pions and protons
CFD threshold Efficiency, MCP’s self-noise,
(ADC channel No) % cm™2s7!
520 45:5 0.390:0.004
70 ~ 80+10 0.684+0.007

intensity (fig.2) by more careful high voltage tuning, because the expo-
nential soft part of the MCP’s amplitude spectrum corresponds to the
useful events (not to the electronics background), ii) additional CFD
threshold adjustment may be done without the deterioration of
signal/noise ratio. The last argument is based on the close similarity of
the MCP self-noise amplitude spectrum to that of detected particles.
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The accuracy of the efficiency measurements in the run was deter-
mined by the accuracy of geometry overlap estimation for MCPs and
plastic scintillators.

4. Proposals for a new type vertex detector

The concept is to use MCPs for the detection of high energy partic-
les playing a double role of a very effective target-converter and electron
multiplier. This provides i) the possibility of using lesser amounts of mat-
ter and to minimize a multiple scattering as compared to silicon strip de-
tectors, ii) placing the detector close to the target in the vacuum beam
pipe, iii) using all other benefits of MCP as a detector (f.e. good behavior
in high magnetic fields’® /).

The best vertex detectors can provide up to 2 um spatial resolution
but at the price of a great number of strips or pixels together with sophis-
ticated electrons used for the signals readout (see, f.e.”'°' ' /). More es-
sential is the fact that the usually applied method of charge dissection
for two dimensional readout (see, f.e.”!°’) is good for precise coordina-
te measurements but it takes additional time and is not suitable for fast
triggering application.

For a number of physical studies planned for the investigations
at the universal 4n-spectrometer AMPIR a vertex detector is needed ca-
pable to provide both timing and at least one coordinate measurements
directly, so it could be used in the first trigger.

The first promising results obtained for the efficiency of MCPs for
the detection of high energy pions and protons and the advantage of
using an independent coordinate sensitive readout anode allow us to pro-
pose a new readout unit based on a combination of a flat delay line and
usual set of strips situated inside. Figure 3 shows the example of a possib-
le setup.

This proposal combines the following advantages: i) the usual set
of strips provides the precise time signal and one coordinate measure-
ment in a usual way, this information may be sufficient for the first trig-
ger, ii) the use of a flat continuous delay line directly as a readout anode
gives a possibility of considerable simplification of the second coordinate
measurements.

We have tested the described coordinate sensitive unit for Z-coor-
dinate resolution using a Po*!° a-source and a special mask. We used
a flat 30 mm x 100 mm delay line (r = 300 ns) made of 50 ym wire.
Longitudinal strips of 0.8 mm x 100 mm were situated inside the delay
line. We used the same electronics as in the previous run (fig.1).

AN
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Fig.4. a) The part of the time spectrum giving the information about
spatial (Z-axis) resolution (0= 500 um). b) The edge of the time spect-
rum measured with better time resolution (time scale 0.05 ns/channel,

spatial resolution 0= 150 Um).



The measurements of a spatial resolution along Z-axis were done
with the mask that shadowed the center of the plate. In oder to diminish
the spatial uncertainty connected with mask and detector misalignment
and with the finite a-source dimensions we have placed the thin (100 um)
mask directly on the MCP’s surface. Besides we used the induced start
signals from only one strip. Thus we evaluate this uncertainty to be less
than 10 um and the whole spatial accuracy is derived mainly by the time
measurements resolution.

Figure 4 shows the results of spatial resolution measurements done
with two values of time resolution obtained in a different runs. We did
not make any exhaustive efforts with the standard equipment used in
this test (f.e., self-rise time for the charge sensitive preamplifiers was
20 ns). Thus the obtained results (04 = 150 um and 500 um — fig.4a,b)
are the illustration of the idea. The inhomogeneity of the time spectrum
in the vicinity of the mask and the background below the mask (see fig.4)
may be connected with some additional surface electron noise produced
by the mask and by electrons from the mask edge knocked by a-particles.

5. Conclusions

The first measurements of the efficiency of the registration of high
energy charged pions and protons by a tandem of microchannel plates
gave the result of (80+10)% that allows us to make the proposals for
a new type of a vertex detector that includes MCP advantages as a detec-
tor and is capable of precise time and two space coordinates determina-
tion.

The authors are thankful to V.V.Krasnov, O.OPatarakin and
L.B.Golovanov for their support of the work, to M.V.Aprelev for the
preamplifiers and to all the JINR colleagues who helped us in this work.
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