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SOME RESULTS
OF MCP TIMING RESOLUTION MEASUREMENTS
WITH MINIMUM IONIZING PARTICLES

A.A.Baldin', L.G.Efimova.A.Feoﬁlovz, S.N.Filippov!,
V.S.Pantuev! , F.F.Valiev

First results of the timing resolution tests done with 800 MeV/c pion and
proton beams for the MCP-based detector are reported. Two chevron stacks of
multichannel plate (MCP) detectors with dimensions 43%63 mm?> were used to-
gether with the multipad readout anodes. The detectors were placed at 34 mm
distance one from another along the beamline inside the vacuum chamber. The
value 285 psec (FWHM) was obtained for the TOF spectra both for pions and
protons.

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

Hexoropuie pesyabraTal uamepenmit
BPEMEHHOro paspemenns MKIT
ANt MUHMMAJIBHO MOHHU3HPYIOIMMX YACTHL]

A.A.Banaun u gp.

TIpuBoasTca nepebie pesyasraTsl namepenuit BPEMEHHOTO pa3pelieHus ae-
TEKTOpA Ha OCHOBE MMKPOKaHAbHBIX wiactur (MKII), nonyuennbie Ha ayu-
kaXx IIMOHOB M MPOTOHOB ¢ MMMy IhcoM 800 MaB/c. Ucnos3osamuce nse c6opku
MKII netexTopos ¢ pasmepamu 43x63 MM COBMECTHO ¢ MHOIONaa0BOi aHOM-
HOIt cucTeMoit. JIeTeKTopbl pacnoaraiuce s BAKYYMHOM KaMepe Ha paccTos-
HuM 34 MM no nyuxy. s BPEMSITIPOJIETHOTO CMIEKTPA MOJyYeHA WHPHHA Ha
NOJTyBbICOTE 285 1ICEK KaK AAS MMOHOB, TaK U AJIS TIPOTOHOB.

Pabora sbinonneHa B JIaGopaTopuu BeicOKMX Hepruit, OULIH.

1. Introduction

This work is aimed at the experimental investigation of the high timing
features of MCP detectors that can be used in a wide range of experiments
with MIPs. Results of the previous studies [1 ] of the efficiency of MCP de-
tectors for the MIPs registration stimulated our proposals for the new type
coordinate and time sensitive detectors [2]. Now the work is being carried
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out on the design of the MCP Forward Multiplicity Detector of the future
ALICE detector at the LHC {3 ]. Besides being used as charge particle multi-
plicity counter this MCP detector is supposed to be applied as Z-coordinate
primary vertex detector and can be included into the First Trigger. The
expected excellent timing characteristics of MCPs [4 ] were not sufficiently
studied previously with minimum ionizing particles.

Below we describe briefly the MCP-based multipad detector prototype
designed for the future LHC environment and give the details of timing
resolution measurements done for a set of two detectors.

2. Detectors and Experimental Setup

; Measurements were done at the KASPIY magnetic channel of the INR
located at the Laboratory of High Energy, JINR, Dubna. Pions and protons

with momentum 800 MeV/c, beam size 10x10 cm? and intensity 102-103
per spill were used as well as 8-source.
We used rectangular MCPs with conventional parameters: material —

(SiOz) PbO, density 3.89 g/cm3, sensitive area 43x63 mm2, thickness
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Fig.1. Artistic view of the MCP stack. The transmission lines are positioned on the back-
plane of the anode plate
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Fig.2. Schematic view of the channel and the block diagram of the electronics. T —
target, Q1 —Q3 — magnetic lenses, Bl —B2 — magnetic dipoles, S1 —S2 — scin-
tillation counters, P1—P2 — pads, PA — current preamplifiers, D — discrimina-
tors, CFD — constant fraction discriminators, QDC — charge-to-digital converters,
TDC — time-to-digital converter

770 um, channel diameter 15 um, channel pitch 17 um, channel bias angle

7°, resistance 6.4-10% Ohm, gain 1.6-10*at U = 1.14 kV.

The general layout of one MCP-based large area multipad detector is
given in Fig.1. It consists of two MCPs mounted in a chevron type stack and
a special multipad readout anode combined with 50 Ohm transmission lines

[5). Pads have 13x15 mm? size arranged in 3x4 matrix. For technical rea-
sons we have chosen rather large interplate distance 0.5 mm for each stack.
The distance between last MCP plate and anode was 0.25 mm.

Two similar modules were mounted on the flange at the distance of
34 mm and placed into the vacuum chamber along the beam line. The

vacuum chamber had two mylar.28’<16cm2 windows of 250 micron thickness.

Operating pressure was (1 + 3)- 107 Torr. An external high voltage divider
was used for each detector. It supplies equal HV for MCPs in the stack, some
potential between MCPs, and a collecting potential about 100 V between the
last MCP and the anode.
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Signals from the anode pads were enhanced by current preamplifiers
with 3 nces rise time (resulted in 5 nsec rise time and 20 nsec duration after
30 meters of cable) and the gain about 40 (or 2 mV/uA).

The block diagram of the electronics used for measurements with beam
particles is presented in Fig.2. We used one pad in the first module and one
pad in the second one. Signal after preamplifier was splitted to two equal
pulses by passive divider. One pulse was sent to QDC, another one after Con-
stant Fraction Discriminator (CFD) was used as start/ stop input for TDC
and for coincidence measurements. Two identical plastic scintillator coun-

ters S1 and S2 having sizes 10x10 cm? were used for QDC gating. S1 was
mounted in intermediate focal plane of the magnetic channel 7.2 meters
upstream, S2 was positioned just behind the vacuum chamber.

3. Results and Discussion

Operating conditions of the MCP detectors were tested with a collima-
ted B-source prior to measurements with beam particles.

In our case the applied voltage was 2.5 kV for the stack or 1.2 kV for one
MCP plate and was restricted by ion feedback. All presented results were
obtained at this voltage. The interplate voltage obtained after some adjust-
ment was —100 V. It cleared the signal and suppressed the positive ion
feedback in a wide range of the applied voltage. Nevertheless, as can be seen
from Fig.3, where collected charge from one pad is shown, we are far from
the saturation mode.

The test measurements of counting rate from B-source and noise versus
applied HV are shown in Fig.4. The efficiency of registration of MIPs by this
MCP detector was tested with particle beams by usual method of two- and
three-fold coincidences between S1, P1 and P2 (See Fig.2). The measured
dependence of the efficiency on HV is shown in Fig.5. The geometric factor
+ 259, was taken into account. It reflects an angular spread of particles in
the beam about + 70 mrad. Estimations of this geometric factor were made
with the program code DECAY TURTLE. Within the errors we did not find
the efficiency plateau: it grows steadily with HV reaching the value more
than 809, at the maximum. This value is close to that from [1]and may be
explained by the rather high CFD threshold and hence by some amount of
amplitudes under the threshold.

The result of the timing resolution measurement is presented in Fig.6.
Signals from two MCP detectors were used as start-stop inputs for TDC.
The TDC channel width is 95 = 5§ psec. The timing resolution (for two
detectors and electronics) is 3 TDC’s channels that corresponds to FWHM
= 285 psec.
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Fig.3. The pulse height spectrum from one pad of the MCP detector obtained with

B-source
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Fig.5. The efficiency vs. HY for one pad mea-
sured with pions and protons at 800 MeV/c

Fig.4. The counting and noise rates for one

pad measured with S-source
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Fig.6. Time-of-flight spectrum for two pads measured with pion and
proton beam at 800 MeV/c. The distance between pads is 34 mm.
FWHM is 285 psec. The TDC channel width is 95 + § psec

4. Conclusions

First results of the timing resolution tests at 800 MeV /¢ pion and proton
beams for two MCP-based multipad detectors are reported. Two chevron

stack of 43x63 mm? sensitive area MCPs were used together with the multi-
pad readout anodes. The value FWHM = 285 psec was obtained for the TOF
spectra both for pions and protons.

In order to improve further the timing resolution it is necessary to opti-
mize the geometry of the detectors and exploit MCPs in saturation mode.
The later is preferable for using MCP as a multiplicity detector [3 ] due to
better signal to noise ratio and peaked signal electron pulse height attain-
able for this regime.

It would be useful also to test these detectors at lower pressure of
ambient gas close to that of LHC, where the effect of ion feedback is negli-
gible.
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