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1. Introduction

With the aim to enhance the particle identification performance of the FOPlejenare than
a decade ago, we proposed a completely novel symmetric multigap RPC tomagbout via
multistrip anodes, similar to Pestov countdis[[1]]q] 3, 4]. The first prototggelb readout strips
of 300 mm length with a pitch of 2.54 mm and the second 12 readout strips anh@0@ngth with
a pitch of 3.44 mm. During the preparation of the pagkr [3], where we teghtime resolution of
70-80 psecq~95% efficiency and a non-Gaussian tail of 1%, we learned that Coimbrgpdras
build and tested a detector of 160 x &8¢ of similar structure with two anode strips of 50 mm
width [B]. As a conceptual difference, our design is able to measureasiéign across the strips
with an accuracy better than the strip width. Intense R&D activities following tsegromising
results, on both sides, detectfir [6] and front end electrofli¢b [7,&]fed with the construction of
the FOPI RPC time-of-flight barref][§, JL0] successfully running in thedagears. The first large
area multi gap timing RPC based on many wide strips (3.2 cm pitch) was devdlmpedions
detection in extensive air showers, as well as for looking for unexgexsmic events, within the
Extreme Energy Events (EEE) Projet[11].

Next generation experiments such as CHM [12] at FAIR aim to selectpages in high
multiplicity environment at collision rates up to 1@vents/sec. Hadron identification in such
conditions is a real challenge requiring intensive R&D activities for dewetppery good time
and position resolution and high granularity detectors at reasonable Thstlow polar angles
region of CBM-TOF detector will be exposed at counting rates of theratl@0 kHzkn?. Being
a fixed target experiment aiming to measure collisions up to Au+Au at-ZeX the hit density
varies from 610-2/dn? at the outer regions to 1/dirfor the most inner zone of the detector.
Therefore, an occupancy smaller than 5% requires very high grétguld@romising results in
terms of performance of standard single ended strip structure RPC exnedifial architecture strip
RPC based on low resistivity glass electrodes of Pestov type were obtdieadyaa few years
ago [IB[I}]. In order to increase the granularity, the longitudinal stdpi#cture was replaced
by a transverse strip architecture, the performance in terms of efficéttime resolution being
presented at the last RPC2010 WorksHop [15]. Based on these prgmesinlts new prototypes
were developed; their characteristics and in-beam test results aemfa@ s this contribution.

2. Description of detector configuration

As it was mentioned in the introduction, we designed and built the new prostgmed on
a complete symmetric architecture relative to median plane. This can be follovtleel stnomed
zone of Fig.1. Among other advantages, such a structure allows to usedbsadute values of the
applied voltages as far as this is applied on both, the cathode and anddedelecThe high voltage
and read-out electrodes have the same strip structure. The strip catiigwas maintained the
same as in the case of previous prototygep [15], i.e. 2.54 mm pitch, 1.1 mm &ttipamd 1.44
mm gap width. Three such prototypes, each of them with an active aregofl80 mnt were
built. The difference among them is the following: RPC1 has the strip struttigh voltage
electrode in contact with a resistive layer deposited on the last float déatsoele, for RPC2 the
strip structured high voltage electrode is in direct contact with the last flaas glectrode. Both
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RPC1 and RPC2 are based on float glass resistive electrodes of 0.55cknedls and have 2x7
140 um gas gaps. RPC3 is based on low resistivity glass electrpdes [16] of Otfinkmess, 2x5

140 um gas gaps and the same pitch size, the high voltage electrode strips beirgrircdirtact

with the last glass electrode. Each RPC prototype has 72 strips. A phote ioi-beam set-up is
presented in Fig.2. In order to access the position information along the fetripgsme runs one
of the RPC was positioned ortogonal relative to the other two. Signals iy the RPC strips
at both ends were amplified and discriminated by differential front endretdécs based on NINO
chips [I}] and sent to 32-channels V1290A CAEN TDCs. Signals frérstfips of each counter
were recorded.

1
signal et connector bod I )
o (18x16=288 signals) _-.|

Figure 2: In-beam position of the three
Figure 1: Schematic drawing of a complete sym- RPC prototypes, see the text. The middle
metrized RPC structure, easy to be followed in the one is rotated by 90for position resolution
zoomed zone of the figure measurement along the strip direction

As it will be seen in the next chapter, the results obtained with these protoiygerms of
time resolution, position resolution along and across the strips are excel@mévir, the number
of channels required to equipe the most forward polar angles of the CBM Wall with RPC
cells of this type is quite high~{ 140,000 electronic channels), with direct concequence on the
cost. In order to reduce the cost, a new prototype was designed andTheltstrip structure of
the electrodes has 7.112 mm pitch (5.588 mm strip width and 1.524 mm gap widtBpanch
length. It is based on low resistivity glass electrode$ [16] of 0.7 mm thicki2a&§s140um gas
gaps. Two such cells of 96x280 Mmctive area covered by 40 strips were constructed. They
were staggered having an overlap of 6 mm along the strips and introdutied game gas box,
see Fig.3. A highly integrated new version of mother boards using NINOasleipised for signal
processing. An idea on integration of the electronics can be followed in Wigede a photo of the
back plane housing box with the electronics can be followed. Signals fAostrips were recorded.
Time-over-Threshold (ToT) information delivered by NINO chip wasdui® slewing correction
and position information across the strips.

3. In-beam tests

Detailed tests done in our laboratory in Bucharest showed a negligiblearais#ark counting
rate of all the prototypes described in the previous chapter. The in-bestsof the first three
prototypes were performed at PS-CERN, using a pion beam of 6 GeWo. pairs of plastic
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Figure 3: Schematic presentation of the geometrical Figure 4: Photo of the back plane gas box, hous-
configuration of the two RPC cells introduced in a ing two RPC cells, with the electronics motherboards
common gas box based on NINO chip

scintillators, with 1 x 1 crA overlap, were used as active collimators and 2 plastic scintillators,
with 2 x 2 cn? overlap, were used as time reference. Two channels of each TDCusece

for recording the signals of the reference plastic scintillators. Threerdiit gas mixtures were
tested, i.e. 85%¢F4H, + 5%Sk + 10%is0-GH1p, 90%GF4H, + 5%Sk + 5%iso-GH1p and
95%GF4H> + 5%Sk. The high counting rate tests were performed at COSY-Julich with protons
of 2.5 GeV/c. Besides the new prototype based on two RPC cells of 7.112 iiprpith, in the
beam line was installed also RPC3, used as reference. The RPCs wked flys85%GF,H» +
10%Sk + 5%iso-GH1g gas mixture.

3.1 Cluster size

4 100¢ = 3
¢ 90 & Y
E ke
3.5 *' 80; *-
S 3 Q’l ;\3 70; =
‘B ”*‘l'l X 60F v
5 " 2 50-
Q25 T Q e °
@ on S 40f -
0 2 “ i 5 a0k
E .
° ) 20E+» 5 gaps; Chinase g1ass; siip H
15 5. daps. hlne e gl strip HV. 10: Qﬂp _mpgv
T virsstrio HY LT, 7.g3s, resistve layersstrip
i Yoot V516171819 2 21 22 23 2.4

}..5 16 1.7 1819 2 2122 23 24

Applied Voltage (kV/gap) Applied Voltage (kv/gap)

Figure 5: Cluster size for the three 2.54 mm strip Figure 6: Efficiency for the three 2.54 mm strip pitch
pitch RPCs as a function of applied volatge RPCs as a function of applied volatge

In Fig.5 the cluster size as a function of applied voltage per gap is predente&C1, RPC2
and RPC3. The RPC2, in which the strips of the high voltage electrodes direah contact with
the float glass electrodes, systematically shows a lower cluster size df@B8ustrips. At~2.1
kV/gap where an efficiency large than 95% is reached, the cluster siZ&s#ips, i.e. 7.5 mm.

3.2 Detection efficiency

The efficiency of each RPC is calculated as the number of events with hitsafidatime
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window and ToT information divided by the number of triggers. The resukispaesented in
Fig.6. At lower voltages, before reaching the efficiency plateau, sysieatipa RPC3 based on
low resistivity glass has higher efficiency than RPC1 based on float\gi#s$he the strips of the
high voltage electrode in contact with a resistive layer applied on the last gllestrode. RPC2,
where the high voltage strips are in direct contact with the glass electrasléhdlowest efficiency.
However, at 2.1 kV/gap all prototypes have an efficiency-67%.

3.3 Time resolution

The time resolution was measured using the plastic scintillators as reference tinectione
difference between two RPCs considering that they have the same timetimsolin Fig.7 is
presented the time resolution of RPC1 as a function of applied voltage, & gas mixtures,
using the plastic scintillator as reference time. The isobutane improves the tipieties by
~15%, at 2.1 kV/gap the time resolution being better than 50 psec. Fig.8, wiedmmthresolution
for different runs using the time difference between RPC3 and RPCz2&epted, confirms the
previous result.
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Figure 7: Time resolution of RPC1 as a function of Figure 8: Time resolution using the time difference
applied voltage for the 3 gas mixtures mentioned onpetween RPC3 and RPC2 under the hypothesis that
the figure both counters have the same time resolution

3.4 Position resolution

As far as each strip is read-out at both ends, using the time differercecand access the
position information along the strip. In order to extract the resolution, weitioned the position
spectrum by the strip number of RPC prototype rotated By 88 shown in Fig.2. The obtained
position resolution along the strip direction is presented in Fig.9 for two stripg tise condition
on 5 orthogonal strips of the reference counter. A position resolution4od mm is obtained.
The position information across strips was obtained using the runs whéehees|prototypes had
the same orientation. In Fig.10 are presented the results obtained usingithal® distribution
relative to the track reconstructed using the position information of all thoeeters. The hit
position in each counter was obtained using a Gaussian Pad Respoms®rizuThe position
resolution depends on the type of glass and the way in which the high voltagpligd, i.e.
directly on the glass electrodes or via a resistive layer. It ranges be®28g:m and 45Qum. The
RPCs were operated at 2.1 kV/gap.
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Figure 9: Position resolution a|ong two Strips using Figure 10: Position resolution across the StripS for
the condition on the ortogonal strips of the referenceRPC3, RPC2 and RPC1 using residual distributions
counter relative to the track determined by all three counters

3.5 High counting rate performance

The counting rate performance of the 7.112 mm pitch prototype, based ooveviapping
cells can be followed in Fig.11 and Fig.12. Fig.11 shows the time resolution oBitasieg the
time difference between the overlapped zones while Fig.12 shows the timati@s@and effi-
ciency using the RPC3 as reference counter. Even at 100,000 péctitlesc, the time resolution
remains better than 80 psec and the efficiency higher than 90%.
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Figure 12: Efficiency and time resolution (using

Figure 11: Time resolution obtained using the two RPC3 as reference counter) as a function of counting
overlapped RPC cells as a function of counting rate rate

4. Conclusions

Based on the results presented in this contribution it can be concludedftaegrtial, strip
read-out, multi gap timing RPC, based on low resistivity glass electrodes,igathto go for high
counting rate and high granularity, as required by the next generatmerimental devices. Test
for multi-hit performance and high counting rates all over the counter witldséormed in the near
furture.
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