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80 ps TIMING RESOLUTION
SCINTILLATION COUNTER WITH A PHOTOMULTIPLIER TUBE

FEU-87

S.V.Afanasiev, Yu.S. Anisimov, A.l.Malakhov, S.G.Reznikov,
A.Yu.Semenov, P.1.Zarubin

We describe a TOF scintillator counter with a photomultiplier tube FEU-87
and a 2.4%2.4x6.0 cm3 scintillator. A time resolution (o) of 84 + 4 ps has been
obtained from cosmic ray and deuteron beam tests. Possible timing improvements

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

JINR.

CUHHTHUISIHOHHBH CYETUYHK
C BpEMEHHBIM pa3pelieHHEM
80 nc nHa ocHOBEe ®IY-87

Adanacoves C.B. u ap.

OnmcaH BpeMSnNpoNETHBIH CUMHTHILISLMOHHBINA CYUETYMK HA OCHOBE GOTO-
ymHoxutens ®IV-87 u cumHrmnsitopa pasmepom 2,4x2,4x6,0 cM3. Bpe-
MeHHoe pa3spelnenue (0) 84 + 4 nc 6bUI0 NOMYYEHO NPU POBENEHNUH U3MEPE-
HHMIM HA KOCMMUYECKMX MIOOHAX M B MyuKe PEJSTUBUCTCKUX AEHTPOHOB.
B03MOXHbIE TyTH YTy HIICHHS BPEMEHHBIX XaPAKTEPUCTHK CYETUHKA 00CY K 1a-
10TCS.

Pa6ora BemnosneHa s JlJaGopatopuu seicokux snepruit OUSIU.

Introduction

The application of the time-of-flight (TOF) method with a typical
TOF base of about 12—15 m requires detectors with 50—100 ps timing
resolution to provide m—K separation up to the momentum of 4—
5 GeV/c. In this paper we describe a fast scintillation counter with a
Russian photomultiplier tube (PMT) FEU-87 of relatively low cost and
a LHE JINR produced scintillator. Our work was initiated by the pro-
posal of the CERN NA-49 collaboration {1]. The described results allow
us to improve x—K and K—p separation with the SPHERE forward spec-

trometer [2].
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Description of the Counter

We have used a “standard” scintillation material based on polysty-
rene doped with 1.5% p-terphenyl + 0.01% POPOP. The light pulse
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Fig.1. Voltage divider used with the FEU-87 photomultiplier tube

rise time (LPRT) of this scin-
tillator is about 0.8 ns [3].
The scintillator 2.4x2.4x

x6.0 cm? in size was wrapped
in black paper without a reflec-
tor and viewed from one side
(without a light guide) by a
500 mv/dlv. (vert.) fast PMT of the FEU-87 type
5 ne/div. {hor.) (2 cm diameter photocathode)
" with a certificate cathode
luminous sensitivity of

95 uA/lm.

A voltage divider (see fig.1)
is adjusted to a minimal timing resolution in response to a LED flash.
This resolution has been improved by setting a significant voltage (>
700 V) between the protocathode and the first dynode, and thereafter
between the last dynodes. No special stabilization is used because a low

average working count rate 10° per second) is expected. The total
high voltage is 2800 V. Figure 2 shows an output signal of the counter

Fig.2. Typical output pulse of the counter
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(the scintillator is excited with 200 T T T )
a %Sr source). An amplitude r ] A 15 ]
of about 2 V corresponds toa & | b) .
minimum ionizing  particle gtso i é 1000 g ; ]
flash in the counter scintil- > T 2 1 ]
lator. s ¢ o e LI
To estimatc the PMT transit 3 100+ 1 S
time jitter, we have measured 8 i T0C CHANNELS 1
the dispersion of time between o L ]
a LED driving pulsc and a 5 50[ ]
PMT output signal for dif- . - T T §
ferent outpul pulse amplitudes L i
A (see fig.3). We should note e T S T —
that the observed dispersion OUTPUT AMPUITUDE, V
bechaviour differs significantly
from the cxpected one for the I'ig.3. a) Dispersion of time between a LED dri-
. . .. —-1/2 . ving pulse and a PMT output amplitude. The
transit time jitter (~ A 15 dashed line corresponds 1o the A~1/2 depen-

the dashed line in fig.3). We dence. B Time spectrum for an amplitude of
explain this fact by the cxist- 2V

ence of a LED time jitter cont-

ribution with a morc complicated behaviour. Over an amplitude range
of about 2 V this contribution is more than 40 ps. On the other hand,
in our mcasurcments the photocathode is illuminated by a LED flash
not quitc uniformly. This fact means the existence of an additional un-
measured contribution to the PMT transit time dispersion (though its
value should be not very significant becausc of the high voltage between
the cathode and the first dynode). Finally, we estimate thc PMT transit
time jitter as about 50—60 ps.

Cosmic Ray Tests

A preliminary measurement of counter timing resolution was carricd
out with cosmic rays. A schematic drawing of the test arrangement is
shown in fig.4. It includes:

— a test counter S;

— a cosmic muon telescope consisting of two 2.0 cm thick 1.0x 1.0 cm?
scintillators viewed by FEU-87 PMTs;

— constant fraction discriminators produced at LHE;

— a CAMAC readout system including TDCs (54 ps/channcl), an
ADC and a crate-controller with an IBM PC/XT compatible computer.
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Fig.4. Schematic drawing of the cosmic ray Fig.5. TOF spectrum for cosmic muons

test arrangement

Cosmic rays monitor rate was about 10 counts per hour and it took
about 8 hours for one exposure.

Timing was done between S and M1, § and M2. Stop signals for
TDCs were provided by both counters of the muon telescope and com-
mon start by the test counter S. The pulse charge of the counter S was
also measured. A cut was set on this pulse charge in order to select
minimum ionizing particles in cosmic radiation. The obtained S — M2
time spectrum corrected for residual amplitude dependence is presented
in fig.5. The timing resolution o of the counter S is obtained from

Teami® Psamz 3N Op e The last value is obtained from event-by-

event subtraction TOF S&MI ~ TOFS&M2‘ The test counter time resolu-
tion derived from the corrected spectra is o = 80 ps.

Deuteron Beam Tests

As a continuation of our study, we carried out tests on a 9 GeV/c
deuteron beam. A layout of the test assembly is shown in fig.6. It in-

cludes:
— a test counter S;
— two monitor counters; the thickness of the forward one is 2.0 cm

and its entrance area 1.0x1.0 cmz; the thickness and diameter of the
rear one is 10 cm and 1 cm, respectively; PMTs are FEU-87.
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Fig.6. Layout of the deuteron beam test assembly
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Fig.7. Position dependence of the counter S
timing resolution

plexiglass counter C 20 cm thick
and 2.5 cm in diameter; its
radiator is viewed by a FEU-85
type PMT (it has a higher gain
than FEU-87);

— fast logic modules and a
CAMAC readout system.

Data were read out in coinci-
dence between the counters §
and C. The output signal of the
coincidence unit was timed with
the pulse of the counter S pulse.
Timing was done between S and
M1, S and M2, S and C as well
as charge measurements of M2
and S signals. A timer gate de-
creases a trigger rate down to

200—300 per spill. Deuterons having passed through the whole assembly
are selected by applying cuts on TOF (§—C) and ADC (M2). The tim-

ing resolution og of the counter S is obtained as shown above. The

position dependence of o is shown in fig.7 for a PMT with a cathode
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Fig.8. TOF spectrum for 9GeV/c deuterons Fig.9. Counter S timing resolution vs the
cathode luminous sensitivity of PMT

luminous sensitivity of 95 u4/lm. The mean value of <o¢> is equal to

84 + 1.5 (stat.) + 4 (sys) ps. The systematic error is associated with
PMT timing instability. The TOF (S—M2) spectrum obtained at the
center of the counter S is shown in fig.8§.

Besides, the o¢ dependence on the cathode luminous sensitivity of

PMT (see fig.9) was estimated. The value of sensitivity was taken from
the PMT certificate. The 85 uA/lm lower limit can be put as a selection
criterion of PMTs acceptability.

We note that the beam tests confirmed the conclusions derived from
the cosmic ray run.

Some Possible Improvements

Here we would like to discuss possible ways to improve timing pa-
rameters of the counter.

One way to improve timing parameters of the scintillation counter is
1o use scintillation material with the shorter LPRT. For example, a scin-
tillator based on polystyrene doped with 1.5—2.0% p-terphenyl (without
any secondary dyes) has the LPRT of about 75 ps [3]. However the
light yield obtained from this scintillator is only about 60% of that of
our “standard” scintillator and additional tests to study this problem
are needed.
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A possible improvement of PMT’s timing parameters is due to em-
ploying an inverse pulse from a dynode as an outpot one. First, this
operation provides smaller inner PMT’s stray capacitance and a decrease
of electron pulse widening [4] and, second, it eliminates the anode sig-
nal parasitic component induced by electrons travelling from the penu-
Itimate dynode to the last dynode [5]. In this way we hope to decrease
significantly the PMT time jitter.

The authors express their sincere gratitude to the members of the
Dubna Synchrophasotron staff and the beam transport group for the
high quality deuteron beam. Also the authors are much indebted to
Dr.A.1.Golokhvastov for his continuous interest and valuable discussion.
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