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A 5-gap timing RPC equipped with patterned ele@sodoupled to both charge-sensitive and
timing circuits yields a time accuracy of 77 psrgjavith a position accuracy of 38 um. These
results were obtained by calculating the straigte-fit residuals to the positions provided by a
3-layer telescope made out of identical detectdetecting almost perpendicular cosmic-ray
muons. The device may be useful for particle idmation by time-of-flight, where
simultaneous measurements of trajectory and tim@aecessary.

XI workshop on Resistive Plate Chambers and Related Detectors (RPC2012)
INFN-Laboratori Nazionali di Frascait, Italy
February 5-10, 2012

1. Introduction

Particle identification by the time-of-flight tecigue depends on the combination of
timing and tracking detectors. This is generallyfgened by detectors specialized for each
task. However there may be advantages in perforthiege measurements by detectors capable
of performing both tasks simultaneously ([1, 2B, exemplified in Fig. 1. For instance, each
particle would be measured several times, improvingng accuracy (although on a shorter
path) and there is no need for an external intitiaé detector, which is sometimes problematic.

The capability of Resistive Plate Chambers (RPGg)eliver a position resolution below
0.1 mm has been already demonstrated for thin esigglh devices working in digital readout
mode and its application to tracking discussedH&jwever this technique cannot be applied to
wide-gap or multigap RPCs owing to their compasdjivlarger thickness, spreading the
induced charge profile.

Likewise, the capability of RPCs to deliver timesahitions close to 50 ps has been
established for several years, but only in deviggls a position resolution of a few mm [4] at
most.

In this study we demonstrate for the first time #iultaneous measurement of accurate
time and space coordinates in a single gaseoustdetdemonstrating as well the application of
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classical charge interpolation readout to obtam plsition of charged particles in RPCs to
accuracy better than 0.1 mm.

X0:Yolo XpYt X2,Y2: b X3,Y3:13

Fig. 1 - A tracking system capable of simultanepuskasurement of accurate coordinates
and time may have advantages. For instance, eatiblpavould be measured several times,
improving timing accuracy (although on a shortethpand there is no need for an external
initial time detector, which is sometimes probleimat

2. Detector

The detector had an active area ®8&nt and was composed by a multigap RPC [5] with
five gas gaps of 0.35 mm width delimited by 0.4 riritk soda-lime glass plates. The high
voltage is applied to each side of the stack by #lectrodes made of a semiconducting
polymeF epoxied to the outer glasses and insulated fremneadout electrodes by a kapton foil.

Signals were induced on 4 mm pitch metallic stfgrsned on a thin printed circuit board,
as depicted in Fig. 2. Each X-strip delivers sorhthe induced charge to a common PCB track
via a 40 pF capacitor and the remainder to a chamygglifier via a chok& The common track is
connected to a custom timing amplifier and compmarraomewhat similar to [6] via two
equal-length cables (see Fig. 3). This arrangewnlieatts the high-frequency signal components
towards the timing amplifiers and the low frequesciowards the charge amplifiers. It should
be noted that this way it is possible to use thel toduced charge for position determination
and not just the prompt component.

The Y-strips are arranged in the perpendicularctive and the arrangement is similar to
the X-strips, except that now the common track gt $n two, each side of the Y-strips
connecting to these via 20pF capacitors. The shgldf the cables leading to the timing
amplifiers is connected to these tracks.

Three similar detectors are stacked verticallycedaby 5 cm, forming a 3-layer telescope
(Fig. 3).

The strip signals are fed via the chokes to intaggaamplifiers with 10 ps integration
time, digitized by 40 MHz streaming ADCs and ditijtefiltered in the time domain by a
trapezoidal filter (e.g. [7]) with time constantss? 1 us, 2us (leading, top, falling). The particle
passing times were recorded by 100 ps bin TDCs[&der further info on the data acquisition
system.

2 SEMITRON ®.
3 MURATA BLM21BB201SH1.
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Fig. 2 - Schematic representation of the coordin@éeling electrodes and the readout circuit.

Fig. 3 - View of the telescope. Legend: 1-X stri@gsRPC; 3-Y étrips; 5-signal division
network; 6-equal length cables connecting to timéniiy amplifier; 7-HV connections.

3. Chargeinterpolation

The detector cross section, along with the weightield (e.g. [9]) map for a 4 mm pitch
strip is represented in Fig. 4. The intensity @ Wertical weighting field for this generic strip a
a function of the avalanche distance in each gaghawvn in Fig. 5 a). The charge sharing
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between several strips can be deduced from theseesciby considering the different
avalanche-strip distances.

To determine the avalanche position from the inducharge pattern, the following
algorithm was used. From the charge in the 3 stwjgh larger signal,Q,, Q,, Q. the
following quantities were formedQ=Q,+Q+Q, q,=Q,/Q, ¢,=Q,/Q. ¢=Q/Q,
S=(q-a)/2, S =q/v2-(q-q,)/2, a=arctan§, /S ) In Fig.5b) it can be seen the
calculated relation between and the avalanche position relative to the ceoftithe strip with
largest charge for the five cases (gaps) shownigng-a), in steps of 0.1 mm. The position
coordinates of each event are calculated by formaiagd then inverting the average curve, as
shown as well in Fig. 5 b).

The bi-dimensional position distribution of 330keets calculated this way is shown in
Fig. 6. The three fishing line spacers are cleddible in each layer. In layers “a” and “c” some
differential non-linearity of unknown origin appsean the Y coordinate.
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Fig. 4 - Representation of the detector cross-@e¢th meter) and of the weighting field for a
4 mm pitch strip. The red lines are the electriddfilines and the colour map the intensity of
the vertical component of the weighting field (ivnyj. The x<0 region was omitted owing to
reflection symmetry.
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Fig. 5 — a) Intensity of the weighting field in tldérection perpendicular to the plates for a
generic 4 mm strip (only right hand side shown) &deach gap (as shown in Fig. 4) as a
function of the distance between the avalanchetlamdentre of the strip. b) Relation between
the valuea defined in the text and the avalanche position. aherage of the curves is also
shown. This average is used to estimate the avataposition from the data by calculating
the a value for each coordinate in each event and imgethe function.
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Fig. 6 - Position distribution of the triggered at®in each of the 3 layers of the telescope in
0.25 mm wide bins. The fishing line spacers arartjevisible in all layers. In layers “a” and
“c” some differential non-linearity (“waves”) of lnown origin appears in the Y coordinate.

4. Reaults

4.1 Tracking of cosmic rays

The 3-layer telescope tracked cosmic rays muons apmincidence trigger generated in
the outer detectors. Events were retained wherttrdéio& inclination, &, relative to the vertical
direction was smaller thatan@)= 1/2C. This selects tracks whose X or Y distance betvieen
top and the bottom layers range up to 5 mm, exetudny automatic cancellation of systematic
effects that would occur if the tracks were chasteietly perpendicular to the electrodes, hitting
the same region of the same strip in all layerg @Vents with coordinates within 1 cm from the
edges were excluded because such events showge aleficit in the outer strips and must be
handled via a modified algorithm, to be studiede Eiffective active area considered here was
therefore of 86¢cnt for each layer.
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Fig. 7 - Residuals to the straight-line fit to eamjordinate of the collected tracks, taking in

consideration the full effective area and trackehwnoderate, but not negligible, inclination.

It is hypothesised that the lower resolution obedrin Y originates from the differential

non-linearity evidenced in Fig. 6.

A straight-line fit was performed to the three #adblie positions in each coordinate
without any further cuts (therefore taking the veheffective area). In Fig. 7 it can be seen the
distribution of the residuals for each coordinatmng with a Gaussian fit performed within
+1 0. The bulk of the X distribution shows a width af gmao, while the Y distribution shows a
width of 86 umo. It is hypothesized that this difference arisesnirthe differential
non-linearity evidenced in Fig. 6.

After the procedure described above some systeraatits remain, as the observed fit
residuals depend deterministically on the valueasfesponding coordinate (Fig. 8). This effect
was corrected by using half of the data to deteentive offset that should be applied to each
0.2 mm coordinate interval in each layer to glopatinimise the residuals. The offsets were
then applied to the other half of the data andrdslt plotted in Fig. 9. The bulk of the X
distribution shows now a width of 38 panwhile the Y distribution shows a width of 71 jan
It should be noted that if the data were takemily @ small portion of the detector, not over the
entire area, as it would be the case for tests ntadefocussed particle beam, such effects
would be invisible and the results presented in Fignd Fig. 9 would be identical.
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Fig. 8 — Observed systematic dependence of theditluals on the corresponding coordinate.
For visibility, an offset of:1 mm was added to each residual.
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Fig. 9 - Residuals to the straight-line fits to leamordinate of the collected tracks after
correction of systematic errors, taking in consitien the full effective area and tracks with
moderate, but not negligible, inclination.

4.2 Timeresolution

The time differences between each layer pair weceessively corrected by each of the
measured charges in the corresponding layers. dtfaand that this correction is very much
dependent on the location of the tracks. It is ligpsized that this effect is related to a
considerable signal dispersion owing to a deficignpagation on crossed strips. To counter
this effect the time-charge correction was perfatnie regions of 1 cfand the results
concatenated for the final fit, which is shown iig.20. The average single-layer resolution is
found to be 77 ps and the telescope resolution lfatation of the 3 layers) is Al3=44 ps.
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Fig. 10 — Time difference between successive tefgsdayers after time-charge corrections.
The gaussian fit was performed withith.5 o of the peak. The average single-layer resolution
is 77 ps and the telescope resolution (combinatfdhe 3 layers) is 778=44 ps.

4.3 Conclusion

The TOFtracker device, a 5-gap timing RPC readgutharge interpolation between strip
electrodes in 2 dimensions, yields a position rggmt up to 38 um when forming a 3-layer
telescope tracking cosmic-ray muons impinging oréx&cnf active area. The average
single-layer time resolution was 77 ps.
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