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Abstract YBJ-ARGO experiment is designed to detect small size air showers at an energy threshold of ~ 100GeV using a full cover-

age RPC array. High detector efficiency, good time resolution ( ~ 1ns) and low strip multiplicity ( ~ 1.2) are needed to meet the ex-

periment requirements. Performance of RPC, including the above mentioned detector parameters together with the RPC current, is

studied at high altitude (4300m a.s.1.) with a normal RPC gas mixture, under which high strip and hit multiplicity effect is observed

due to the float of the CHAMBER mass reference which creates concomitant strip multiplicity when a large sireamer develops in the

CHAMBER. By adding SFs component into the gas mixture to limit the streamer development together with adjusting the pull-down

threshold of the signal-receiving system, the mass-reference-float effect is effectively eliminated, thus achieving lower strip multiplicity

and lower working current under the same working high voltage.
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1 Introduction

YBJ-ARGO ( YangBaJing Astrophysics Research at
Ground-based Observatory) expen'ment[l‘” (90°31'50"E,
30°6'38"N, 4300m a.s.l., 606g/cm’) is designed main-

ly to study gamma ray astronomy and gamma ray burst

covering an energy region of 100GeV—500TeV, by
means of detecting small size EAS (Extensive Air Show-
er) using a full coverage RPC (Resistive Plate Cham-
ber)™ array (see Fig.1) .

The whole array is divided into the central area and
the guarding ring with the central area consisting of 10 x
13 detector CLUSTERs. The guarding ring which consists
of 24 CLUSTERs is used mainly to discriminate inner
against outer events. Each CLUSTER is a combination of
12 CHAMBERs (1.28m x 2.82m) which is made up of
2 x 5 detector units (called PAD, 56cm x 62.5cm) . Eight

unilateral read-out strips ( 6.7 cm x 62 cm ) on one PAD
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provide particle number information ( referred as strip
multiplicity ) . Totally the whole array consists of 154
CLUSTERs, i.e. 18480PADs.
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Fig.1. YBJ-ARGO carpet detector

(Orepresents one CLUSTER) .

The RPCs work under streamer mode'®’ , while each

PAD provides a FAST-OR signal of its 8 strip signals
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representing whether it is fired (called one hit) or not.
The trigger signal (called event) is generated according to
the hit multiplicity. When an event occurs, the time-po-
sition information, which is used to reconstruct the inci-
dent direction of the primary particle, and the strip multi-
plicity, which represents the EAS secondary particle num-
ber at the observatory level and is used to reconstruct the
primary energy and core position, of each hit are ac-
quired .

YBJ-ARGO experiment requires RPC detector with
high detecting efficiency, good time resolution ( ~1ns)
and low strip multiplicity ( ~ 1.2). Here we report the
results of a field test to the YBJ-ARGO RPC in the exper-
iment hall in the spring of 2003 .

2 Experiment Setup

The test system (Fig.2) is configured with 3 over-
lapped CHAMBERs working in coincidence mode as a
cosmic y selector, while 2 test CHAMBERs are sand-
wiched into the selector. The test CHAMBERs are stag-
gered with the selector along the horizontal direction to
eliminate the geometric inefficiency. The same gas mix-
ture flows in all the CHAMBERs. The selector CHAM-
BERs work under normal high voltage ( ~ 200V above the
knee) with the hit multiplicity > 2 as the trigger criteria,
while the 2 test CHAMBERs work under the same high
voltage which goes from low to high. The same eletronics ,
trigger and DAQ system as in YBJ-ARGO experiment are
used during the test.

s /Y

Fig.2. Experiment setup, 0—9 are PAD numbers in one

CHAMBER.

3 Results

An event is considered as a cosmic p if there exists
only one hit in the region totally covered by the test
CHAMBERs (i.e. PAD No.0,2,4&6) of each selector
CHAMBER. The efficiency of a test CHAMBER is de-

fined as the ratio of the events detected. Events which
generate only one hit in a test CHAMBER are used to cal-
culate the strip multiplicity. Supposing the 2 test CHAM-

BERSs have the same time resolution, the flight time divid-

ed by v2 of events which generate only one hit in each test
CHAMBER passing through the 2 test CHAMBERs can be
considered as the RPC time resolution.

The YBJ-ARGO normal gas mixture of argon
(15% ), isobutane (10 % ) and freon (75 % ) was test-
ed first, with results shown in Fig.3 which show the effi-
ciency can reach as high as 98 % . Under a high voltage
(HV) of 7800V, the time resolution is about 1ns, while
the strip multiplicity is near 1.9, much higher than the
experiment requirement. At the same time the ratio of
events with hit multiplicity > 1 in a test CHAMBER is
much larger than random coincidence (see Fig. 4(a)),
even some single y fire almost all the PADs of the test
CHAMBER . Further analysis shows that is due to the fact
that when a strip is fired it causes momentary float of the
CHAMBER mass reference, whose discharge time is of
the level of ns, comparable to the width of the strip signal
( ~ 5ns), thus all the strips in that CHAMBER are
equivalent to be generating an induction signal. If the
streamer is large enough, the amplitude of the above men-
tioned false signals could excess the front-end discrimina-
tor threshold, thus giving concomitant strip and hit multi-
plicities. When the front-end signals (ECL coupled) pass
through a 12 meters long flat cable to the signal receiving

system, those concomitant ones, which have more narrow
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Fig.3. RPC efficiency (f), strip multiplicity (n), current

(I) and time resolution (o,) varying with high voltage .
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width than the true ones, will suffer larger attenuation re-
sulting in lower amplitude, so they can be discriminated
by adjusting the pull down threshold V,, at the input side
of the signal receiving system. Fig.4(b) shows the hit
multiplicity distribution with V, = - 10V. The ratio of
events with hit multiplicity > 1 and the strip multiplicity
varying with V, are shown in Fig.5, from which one can
see adjusting V, effectively discriminates those concomi-

tant signals caused by the mass reference float.
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Fig.4. Distribution of event hit multiplicity. (a) without SF;,
V= -5V; (b) without SF,, Vo= - 10V; (c) with SF;,

Via = ~5V; (d) with SF,, V,, = -9V,
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Fig.5. Ratio of events with hit multiplicity > 1 and strip

multiplicity varying with V, .

Adjusting V, has its electronic limitation, and at
the same time higher V,, will lose detector efficiency. A

more sufficient way to minimize the mass reference float is

to limit the streamer development, which could be achie-
ved by adding a proper percentage of SF; as a quenching
component into the gas mixture to absorb UV photons in-

731 The new gas

duced during the streamer development
mixture was argon (15 % ), isobutene (30 % ), freon
(55% ), together with 0.3 % of SF,. Figs.4(c) and
(d) show the event hit multiplicity, with the strip multi-
plicity< 1.2 when V,; = - 9V and HV = 7800V. The
knee voltage shifts right after adding SF,, but the RPC
reaches the time resolution needed by the experiment at
the same high volitage with the gas mixture without SF,,
i.e. the working high voltage does not change, and the
working current can be reduced by ~ 40 % (see Fig.6) .

When cosmic p hits neighboring PADs of a CHAM-
BER, strips on two or more PADs could be fired, which
also generates events with multiple hits. When RPC works
under high voltage of 7800V with SF,, the expected ratios
of this kind of events for V, = =5V and -9V are 5%
and 2 % respectively, that can well explain why the ratio
of events with hit multiplicity > 1 under high Vo is still
higher than random concidence (Fig.4 (¢) and (d)),
which is also approved by the analysis to the position of

fired strips in multiple hit events.
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Fig.6. RPC efficiency, strip multiplicity, current and time

resolution varying with high voltage after adding SF; .

4 Conclusions

By adding SF; into the working gas mixture, the
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concomitant hit and strip multiplicities caused by the mass periment in detector efficiency, time resolution and strip
reference float are effectively eliminated, together with the multiplicity. Further study is needed on how the multiple
discriminating effect of the pull down threshold of the sig- hits generated by a single particle which hits neighboring

nal receiving system. RPC as a charged particle detector PADs of one CHAMBER affect the data reconstruction re-
at high altitude fulfills the requirements of YBJ-ARGO ex- sult.
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