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The New Scintillating Fiber Detector of ES35 at
Fermilab

W. Baldini, D. Bettoni, R. Calabrese, G. Cibinetto, E. Luppi, R. Mussa, M. Negrini, and G. Stancari

Abstract—A cylindrical scintillating fiber detector for the mea-  fibers, with all channels equipped with both ADC and time-to-
surement of the polar coordinate@ has been built for experiment  digital converter (TDC) readout. This allows a more efficient
E835 at Fermilab. This is the first detector used in a high-energy reconstruction of the charged tracks as well as a better angular
physics experiment that exploits scintillating fibers and visible light resolution

photon counters (VLPCSs) . It combines the high granularity, flex- . .
ibility, and fast response of the scintillating fibers with the high _ Given the higher rate of events of E835 run Il (almost two

quantum efficiency of the VLPCs. Complete results about tracking  times higher than during run ), the TDC readout of each channel

resolution, detection efficiency, time resolution, long-term stability, provided an important information to recognize events where

and reliability are given. the “pileup” (i.e., pileup of charge coming from different events)
Index Terms—Charmonium, scintillating fiber detector, OCCUrS.

tracking system, visible light photon counter (VLPC).

Il. DETECTORDESIGN

I. INTRODUCTION The new scintillating fiber (SCI-FI) detector, represented in

XPERIMENT ES835 studies the direct formation of charEig- 1, consists of four layers of 240, 240, 430, and 430 scintil-
monium mesons in antiproton—proton annihilations meting fibers, respectively, mounted on fpur coaxial cy_IindricaI

[2]. The antiproton beam is stored and stochastically cool&PPOrts. Each supportis made of acrylic and has a thickness of
in the antiproton accumulator, where it intersects a gaseou§ MM, corresponding to 0.9% radiation length at normal inci-
hydrogen jet-target in a region of about&5 x 7 mni®. The dence.
E835 detector is a nonmagnetic spectrometer designed to sele&ch scintillating fiber is wound around one of the four sup-
the elecromagnetic decays of the charmonium mesons tR&ftS (radiiof 85.0 mm, 92.0 mm for the inner layers, 144.0 mm
include electrons, positrons, and photons. The central detec@f 150.6 mm for the outer ones, respectively).
is symmetric around the beam axis. It has a full azimutil ( On the surface of these cylinders, a set of U-shaped grooves
coverage and a polar angi®) Gcceptance from 10280 70.0. has been machined (pitches 1.10 mm, 1.19 mm, 1.10 mm, and
The E835 apparatus consists of an inner tracking systemi-&> mm for the four layers, respectively). The depth of the
thresholdCerenkov counter, a lead-glass central electroma@fooves varies linearly with the azimuthal coordinateo that
netic calorimeter, and a forward electromagnetic calorimeterthe fiber overlaps itself after one turn. To maximize the geomet-

Part of the inner tracking system is a scintillating fiber deical acceptance, the grooves of adjacent layers are such that
tector designed to measure the polar afgté charged tracks each fiber of one Ieyer covers the “crack” between two fibers in
from 15° to 65°. The readout of the detector exploits visibldhe nextlayer. Design parameters have been derived from Monte
light photon counter (VLPC) semiconductor devices, develop&d'lo simulations. The expected total detection efficiency (at
by Rockwell international, with high quantum efficiency (QEJeast one hit in one of the four layers) is better than 99% for
and high gairt. Thanks to the VLPCs' fast response, this de? < 50° (=0.9 rad). Requiring one hit in one of the two inner
tector can also be used in first-level trigger logic. Ieyers ar_1d one hitin one of the two outer layers, the expected ef-

The scintillating fiber detector described in this paper is difi€Nncy is about 99% foé < 45° and better than 90% fdr <
upgrade of the one built for run | of E835 (years 1996—19975}.50 (=0.75 rad). This efficiency loss is due to the fact.that at
This detector was made of two layers of 430 fibers each, re&9€ angles, each track crosses a smaller number of fibers and
out by latches (Le Croy PCOS IIl) and, for 61% of the channel8as & lower probability to be detected. _
by analog-to-digital converters (ADCs) [3]. All the fibers used in this detector are Kuraray multictathe

For run Il of E835 (year 2000), the detector has been susgintillating fibers, type SCSF-3HF, have a diameter of 0.835

stantially improved. The new detector consists of four layers BfM and an average attenuation length of 5.5 m. The scintillating
fiber is thermally spliced to a clear fiber, which brings the light
to the VLPCs. On the other end of the scintillating fiber, a thin
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Fig. 1. The geometry of the SCI-FI detector.
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Fig. 2. Schematic view of the SCI-FI detector and of the readout system.
LiQuID HELIUM

mm). The second segment exploits fibers with a slightly larger
diameter (0.900 mm) to reduce the loss of light in the connegy 3 schematic view of a VLPC cassette.
tion. The clear fibers have an average attenuation length of 10.4

m and the loss of light is on the order of 30%.

photosensitive devices characterized by a very high quantum ef-
ficiency in the visible region£70% at 550 nm) and gain better
than 2x 10*. To work correctly, the VLPCs have to be kept at
The light generated from the scintillating fiber is transformed very low temperature (below 10 K). The gain, quantum effi-
into an electric signal thanks to the VLPCs (Histe-V), solid-statdency, and “dark current” (the thermal noise) of these devices

I1l. DETECTORREADOUT AND THE CRYOGENIC SYSTEM
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Fig. 4. Detection efficiency of the scintillating fiber detector as a functioé.@&) Open squares: at least a hit in one of the four layers; solid squares: at least a
hit in one of the two inner layers and a hit in one of the two outer layers. (b) Detection efficiency of the inner layers (open circles) and outelithgecseso
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Intrinsic angular resolution of the (a) inner and (b) outer layers.

The VLPCs are housed in a “VLPC cassette” (see Fig. 3)
custom-made in Fermilab. Its task is to bring the light from the
clear fibers to the VLPCs and bring back the electric signal from
the VLPCs to the amplifiers, keeping the VLPCs at a tempera-
ture of 6.5 K inside a cryostat. Each cassette holds a total of
128 VLPC channels, grouped in 16 arrays of eight VLPC pixels
each. The arrays are fixed to a copper support that keeps all the
VLPCs at the same temperature.

A liquid helium cryogenic system has been developed, from
the Fermilab Cryogenic Group, to refrigerate the 12 VLPCs'
cassettes [6]. The system has been designed to keep the cryostat
at a constant temperature in the range of 4.5 K to 15 K. The
stability of the temperature, with a set point of 6.5 K, was better
that 0.05 K.

The small electric signal generated by the VLPCs is ampli-
fied by QPAO2 cards, 32-channel high-gain amplifiessif ~
17 mV/fC) designed and built at Fermilab [9]. After the amplifi-
cation stage, the signal is sent to discriminabersplitter mod-
ules custom-made in Ferrara. These 32-channel modules pro-
vide analog and digital output for each input channel, together
with the digitalor of all inputs. The analog signal is sent to
LeCroy 4300B ADCs, while the digital output is read out by

depend on the temperature [4]. The optimal working temperaeCroy 3377 TDCs.

ture, i.e., the best tradeoff between high-gain QE (but also highFor triggering purposes, the detector has been divided into
dark current) and low dark current (but low-gain QE) was foundjne 8 regions, corresponding to 19 sets of adjacent fibers
after some studies, to # = 6.5 K.

(“bundle”). The digitalor of the signals from each bundle is
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also sent to a LeCroy 3377 TDC and to the first-level trigger VI ANGULAR RESOLUTION

logic of the experiment (see also Section VIII). The scintillating fiber detector is by far the one with the best
spatial resolution in our apparatus. For this reason, we can only
measure an “intrinsic” tracking resolution, i.e., the standard de-
viation (divided by+/2) of the distribution of the differences

The signal generated by a track crossing one fiber, as séenr- 6,, where, for a given tracld, andé; are the polar angles
at the input of the discriminatapr-splitter modules, is typi- measured by two different layers. The factgk/& is due to the
cally 180 mV high and 80 ns wide, corresponding to a collectddct that the measured distribution includes the resolutions of
charge of~ 0.1 nC. two layers. The angular resolution, averaged over all polar an-

To obtain, for each VLPC channel, the one-photoelectrates, comes out to be 0460.1 mrad for the two inner layers and
(phe) equivalent in ADC countd (= ADC count= 0.25 pC), 0.4+ 0.1 mrad for the outer ones, as shown in Fig. 5. The ex-
we performed some measurements with a light-emitting diodess on the tails of the distributions is due to the discrete nature
(LED). We sent a small amount of light to each channel, througff the single-layer measurement. At large angtes (0.6 rad),
the LED, with the setup actually used in the experiment (VLP&track can hit a single fiber, sa};, in layer 1 and fiberV+1
cassettes, cryostat, and readout electronics) and looked atitHayer 2. When this occurs, the two single-layer measurements
charge corresponding to the 1-phe peak. The charge, in AR@én differ by a few mrad, corresponding to the angular distance
counts, generated by a minimum ionizing particle (mip) wasetween two adjacent fibers.
obtained studying a high-statistics hadronic sample of punch-Fig. 6 shows the overall intrinsic resolution calculated from
through tracks selected through the electromagnetic calorimetbe difference between the average of the angles measured by
Combining the two, we have the number of “phe per mip.” the two inner and the two outer layers. The overall intrinsic res-
olution is limited by the multiple scattering effect that occurs in
the material in between them, as we have verified with a Monte
Carlo simulation.

We measured the detection efficiency by using a sample of
(~15000) elasti@p tracks in the energy range of 3.385-3.530
GeV in the center of mass that corresponds toxth@nd! P,
states of charmonium. The elastic event was detected by the To determine the intrinsic time resolution of the detector, we
central calorimeter. For each track, we then looked for an asselected those tracks that hit exactly two adjacent fibers. We de-
ciated hit in the scintillating fiber detector within a window offine the time resolution as the standard deviation, divideg/By
+50 mrad. We defined a hit as an on-time signal in the TDC amd the distribution of the variablg 1, —¢;, when the same track
a signal above a given threshold (about three photoelectronsyinsses théth and the {+1)th fibers. The factor 1/2 takes
the corresponding ADC. The results are shown in Fig. 4. Tlato account the fact that the measured distribution incorporate
drop in the efficiency ab# > 0.75 rad is due to an expectedthe time resolutions of two fibers. Fig. 7. shows the overall time
decrease in the geometrical acceptance of the detector startiimiribution of the detector; it comes out to be 34.1 ns and
from that angle (see Section II). is mostly due to the decay time of the scintillator.

IV. CALIBRATION

V. DETECTION EFFICIENCY

VII. TIMING RESOLUTION
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300 XI. CONCLUSIONS

Mean of ADC distribution

In this paper, we presented the results of the first detector used

200 200 iN & high-energy-physics experiment that exploits scintillating
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o o fibers and visible light photon counters. It is a unique detector
S S because it combines a good tracking performance (resolution
100 | 100 betterthan 1 mrad, detection efficiene8.0%), fast first-level
< 7 trigger characteristics (time spread better than 4 ns), and good
- <1 stability of the signal over time.
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lect very efficiently events with the right polar kinematic. In par-

VIIl. FIRST-LEVEL TRIGGER

ticular, it has been used to study the decay of the charmonium
states into thet¢y — KTK~KTK~ and elastiggp channel. 1
This first-level selection reduces the rate to affordable values forI
the data acquisition system:100 Hz (for an instantaneous lu-
minosity of 1x 10** cm~2s~!) for thepp trigger and< 1000 Hz 2l
for the ¢¢ trigger.

3]

IX. LONG-TERM STABILITY

The stability of the signal from the detector has been checke%]
throughout the data taking. For each channel, we fitted the ADC
count distribution with a Gaussian and looked at the mean value
as a function of time. Typical results are shown in Fig. 8. During (5]
the data-taking period§6 months), the signal was stable, typ-
ically within a few percent. The overall variation was smaller
that 10%. [

X. RELIABILITY OF THE EQUIPMENT (7]

During the data taking of E835 run I, the cryogenic system
worked very efficiently, keeping the VLPCs at a temperature g)
constant within-0.05 K. Several warmups occurred. Most of
them were scheduled shutdowns or power outages and did not
affect the data taking. Despite the fact that the temperatur
rose—in one case up to the room temperature—the loss of
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