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Abstract

Akimenko S. et al. Study of Strip/Fiber Prototype Shower Maximum Detector for the STAR
Experiment At RHIC: IHEP Preprint 94-94. -- Protvino, 1994. — p. 13, figs. 11, tables 1, refs.: 8

We describe the design and performance of a prototype shower maximum detector based
on a two-dimensional scintillation hodoscope with a fiber readout for the STAR experiment at
RHIC. The main characteristics of the detector, namely, energy response, energy and position
resolution, e~ /7~ rejection power, and 7%/~ separation have been measured and caiculated for
different detector locations (depths) inside an electromagnetic calorimeter, different detector
granularities, and various methods of construction.
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Introduction

We present, results on the study of the Shower Maximum Detector (SMD)
based on a scintillation hodoscope with a fiber readout (strip/fiber type), for
the Solenoidal Tracker at RHIC (STAR) [1]. The STAR detector with the elec-
tromagnetic calorimeter (EMC) and the SMD will have an excellent coverage in
pseudorapidity and azimuth for charged particle tracking and electromagnetic
energy measurement. It is-well-suited to measure W=*’s and Z%s, jets, ete”
pairs, 7%’s, direct photons, and direct photon-+jet events [2]. Since the STAR
detector has been described in detail elsewhere [1], only a brief summary of the
planned EMC is presented here.

The proposed barrel EMC (Table 1) is a lead-scintillator sampling calorime-
ter. It is located inside the aluminum coil of the STAR solenoid and covers
|7l < 1.0 and 27 in azimuth, thus matching the acceptance for full tracking in
the time projection chamber. At 5 ~ 0, the amount of material in front of the
EMC is ~ 0.5 radiation lengths (Xp).

Table 1. Barrel Electrornagnetic Calorimeter Parameters

Barrel Calorimeter type 18 Xy lead-scintillator "TEM’ section
Mechanical segmentation: | 60 azimuthal sectors,A¢ = 0.105 (6%)
40 projective towers in || < 1.0
An = 0.05
Moner radius: 222 m
Length: 6.20 m
Weight: 172.7 tons
Readout: Waveshifting fiber (2/tile) to PMT
| Towers: o 1,200




A detector with fine spatial resolution (SMD) will be placed into the EMC
to allow for the detection of direct photons. Its goal will be to reject background
photons emanating from decaying 7 — 4+ or ° — 77 mesons on the basis
of the transverse shower profile. The ability to extract W signals depends on
the detector capability to distinguish hadrons from electrons. A measurement
of the lateral profile of the electromagnetic shower and energy deposition in the
EMC may allow for a discrimination between hard positrons/electrons from
W= decays and misidentified high-py charged hadrons [2].

We discuss here the measurements of the energy and position resolution for
different SMD methods of construction and different locations of the SMD inside
the EMC. The electron/hadron rejection power for a lengitudinally segmented
EMC and a nonsegmented EMC with the SMD was measured. The separation
of v’s from 7° decay from single or direct-y’s was studied using the SMD with
different granularities positioned at several depths inside the EMC.

1. SMD parameters and experimental setup

The requirements listed above have led to the choice of a two-dimensional
scintillation hodoscope with fiber readout as a possible option of the SMD
for STAR. During 1992-1994 [3] four strip/fiber prototypes of the SMD were
designed, constructed and tested with electron and hadron beams at the U -
70 accelerator in Protvino. These four detectors differ from each other by
granularity, construction method and absolute light yield. The active element
in each hodoscope is a scintillation rod with a groove on its corner where a
wave-length shifting ( WLS ) fiber with the diameter of 1 mm is embedded;
(see Fig. 1). A WLS fiber with K27 dye (A=490 nm), produced at INR, Russia,
was used. The scintillator and the WLS fiber were wrapped with an aluminum
foil. The light collected by the WLS fiber was transported via a ~ 5 m long clear
fiber to a FEU-85 photomultiplier, with the average quantum efficiency ~ 7%
at A=490 nm. The first three detectors had scintillation strips 5 mm thick and
10, 12 and 14 mm wide. All of them had a light yield of ~2.0 photoelectrons
per minimum ionization particle (pe/MIP). In the fourth detector the light
from the scintillation strip was collected and transported to a PMT through
two WLS fibers ~0.5 m long each. As a consequence it had the light yield
of ~7.5 pe/MIP. The thickness and the width of the scintillation strip in this
detector were 5 mm and 12 mm, correspondently.

The measurements were carried out with 26.6 GeV electron and 39 GeV 7~
beams. Fig. 1 shows a schematic view of the experimental setup. The size of
the beam was defined by a telescope of scintillation counters S1-59-53-Sy S5+ Ag



to be 5x2 mm?. The electromagnetic part of the setup consisted of the 35X,
sampling calorimeter, the SMD, and the 20X, calorimeter.
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Fig. 1. Schematic view of the test setup. S1— Ss, Ao are scintillation counters, 5Xo is electro-
magnetic calorimeter, SMD is shower maximum detector of a strip/fiber type, 20Xo
is electromagnetic calorimeter, HAD is hadron calorimeter. Shown below is a sketch
of a single element of the SMD hodoscopes, including wave-length shifting (WLS) and
clear fibers, and the FEU-85 photomultiplier.

In the 5X; and 20X calorimeters the light was collected through the side
of the calorimeter to exclude free space between all parts of the detector. The
transverse size of the 5Xj calorimeter was 70 mm, with a sampling of 7 layers of
4 mm thick lead alternating with 7 layers of 5 mm thick scintillator. The 20Xy
calorimeter [4] had alternating layers of 3 mm lead and 3 mm scintillator. The
transverse size was 150x150 mm?. A compensated hadron calorimeter (HAD)
was used for the identification of a beam particle and was formed from 8 mod-
ules; each module had a lateral size 100x100 mm?. The HAD thickness cor-
responded to 6.0 nuclear interaction lengths, so the full calorimeter (EMC +
HAD) had 7.0 nuclear interaction lengths. To obtain the dependence of the
SMD performance on its location in the EMC, a noninstrumented preshower
detector was used to simulate the passive material in front of the EMC. The
preshower detector had sampling similar to that of the EMC planned for STAR.

2. Test results

2.1. Energy response

Fig. 2 shows a typical ADC pulse height spectrum for the SMD from 26.6
GeV electrons without the preshower detector before the SMD. The absolute
iight yield was determined from the detector response to these particles and
was close to 2.0 photoelectrons per MIP.
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Fig. 2. Fyp el g distribution for a st1ip/fiber assembly from 26.6 GeV electrons. The
i raios of the scintillation strip were 240x12x5 mm?®. The WLS fiber of 1 mm
diamncter with K 27 dye was spliced to a 5 m clear fiber. Measurements were performed
wiil a FEU-85 photomultiplier coupled to the clear fiber. "The number of zeros”
nethod gives ~ 2.0 pe/MIP.

Ounce the migunum ionizing pulse amplitude was determined, all the results
relating to the longitudinal shower development could be expressed in units
of MIPs Iig. 3 shows the lougitudinal development of a shower initiated by
96.6 Gieb cleciions incident on the sandwich calorimeter, as measured and
predicted by thie EGS4 Moute Carlo computer prograin [5]. The mean ionization
value as a function of the energy of an incident photon for three locations of the
SMD inside the EMC is presented in Fig. 4. While the difference of the mean
tonization in the SMD for showers initiated by a photon and an electron is small,
the energy resoiutions differ dramatically. Fig. 5 shows the energy resolution
for electron date for dittercnt SMD positions inside the EMC. A similar results
were obtained iu |5 Fig. 6 shows the encrgy resolution for photon data for
three locations of the SMD and for an incoming photon energy from 0.5 to
26.6 (ieV. One can see that for the SMD at 5X and an energy of an incoming
e and - of 26.6 GeV the energy resolution for a shower initiated by an e” is
approxitately two tirues better than for a shower from a ~. So, to provide both
a linear 1¢0ponse and beiter energy resolution, the SMD should be positioned
at 6.5 Y7 5%, iuside the EMC for the energy range from 5 to 30 GeV.
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Fig. 3. The mean ionization in the SMD vs its location in the sandwich calorimeter as mea-
sured with 26.6 GeV electrons.
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Fig. 4. The mean ionization in the SMD positioned at 3Xp, 5Xo 7Xo as a function of the
incident photons energy from the EGS4 simulation.
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Fig. 5. FEnergy resolution vs the position of the SMD in the sandwich calorimeter. Showers
were initiated by clectrons with 26.6 GeV energy.
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Fig. 6. Energy resolution for three positions of the SMD inside the EMC vs the incident
photons energy from the EGS4 simulation.



2.2. Position resolution

The shape of the electromagnetic showers was studied by observing the
fraction of the total ionization in each element of the hodoscope. Fig. 7 shows
26.6 GeV ionization distributions for the SMD with the 10 mm strips width
and a detector location near 3Xo, 5X4, and 7Xy. The lateral shower density at,
each position was well approximated by the sum of two exponential functions.
All the measurements were made for the impact point at the center of the strip.
For each depth and strip width a first moment (center of gravity) calculation
of the position of the electron was performed for each shower by the formula:

.Y 7y
X =3 Ejz;/ } Ej,
J=n; I=ni
where Ej is the energy deposition in the Jth element, and z; is the position
of the center of the element. The values n; and ny define the strip range over
which the summation has been made.
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Fig. 7. Normalized energy deposition in the scintillation rods for three SMD locations in the
sandwich calorinieter. Showers were initiated by electrons with the energy 26.6 GeV.

The position 1esolution for the SMD with the strip widths of 10 mm and
14 mm was evaluated from shower profiles and from the Gaussian fits of the
distribution of X. Fig. 8 shows the behavior of the position resolution for
different SMD depths and strip widths. One can see that at depths close to



7X, the resolution for a 14 mm strip width is similar to the resolution for a
10 mm strip width. The position resolution for the SMD which is located deeper
than 5X| is insensitive to the strip summation range.
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Fig. 8. Position resolution for different SMD depths and strip widths for an 26.6 GeV electrons
impacting at the strip center.

Monte Carlo calculations give the dependence of the position resolution on
the material inserted just before the scintillation plane. Tt leads to a different
response for the first and the second SMD planes, due to a cut of the soft
component of the shower in the first plane when the detector is located near a
shower maximum. Opr measurements confirm these calculations. Fig. 9 shows
the first moment and the energy deposition in the scintillation plane for different
materials inserted just before the scintillation rods for the SMD which is located
near 7X,. One can see that to improve the position resclution in the second
plane, a lead plate ~ 2 mm thick should be positioned between, the planes.
Our measurement shows that albedo slightly influenced the position resolution
and caused a ~ 10% increase in the mean energy deposition in the scintillation
plane near the shower maximum.

To obtain the influence of the light yield on tue position resolution, & SMD
with the ~ 7.5 pe/MIP was assembled and tested. The results of the experi-
mental study and Monte Carlo simulations show no significant difference in the
response of the SMD with ~ 2 pe/MIP and the SMD with ~ 7.5 pe/MIP. This
means that the position resolution is determined mainly by the intrinsic shower
fluctuations. A similar conclusion was reached in [7]. Monte Carlo calcula-



tions also show mo difference in the position resolution for a shower initiated
by a photon and an electron. Fig. 10 shows the first moment vs the energy of
gammas incident on the STAR EMC for different SMD locations.
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We note here that the EGS4 program provides a narrower shower profile
than the one obtained in the experiment. Therefore the distribution of the first
moment as a result of the Monte Carlo simnulations is about 20% narrower than
the one measured.

Thus, we have found that the optimal parameters of the STAR SMD in
terms of the position resolution and the number of SMD channels ( cost ) are
as follows:

- strip width ~ 14 mm ( at =0 ):

— location or depth close to 7Xj.

2.3. e~ /7 rejection

To compare electron/hadron rejection power for the longitudinally seg-
mented EMC ( 5X(+20X, ), the nonsegmented EMC (25Xy), and the non-
segmented EMC with the SMD (25X, + SMD), these detectors were tested
with beams of 7~ at 39 GeV and of e~ at 26.6 GeV. The rejection coefficient
K was defined as the probability to identify a hadron as an electron for 90%
electron detection efficiency. The 25X, EMC provided a rejection at the level
of K = 1.8 -10"2. The longitudinal segmentation improved the rejection by
~ 6 times and gave K = 3.0 - 1073, The information about the energy deposi-
tion in the 25X, EMC and the SMD gave J{ =5.1- 1073, An additional study of
the shower width in the SMD slightly improved the rejection, due to correlations
of the SMD energy deposition and shower width, and gave K = 4.8 1073,

The results listed above show that the additional information from the SMD
improves the rejection power by ~ 3.8 times as compared to the rejection of the
nonsegmented EMC. It is poorer by ~ 1.6 times as compared to the rejection
of the longitudinally segmented EMC.

3. 7/v separation

A study has been carried out to investigate the use of the SMD to separate
showers coming from a single v from those coming from a 70 decay. We used a
procedure similar to that described in [8]. All the results were obtained forn =0
for the STAR setup. Two parameters, the energy weighted radius R and the
“inertial moment’ E - R? of the shower energy deposition in the SMD, defined
below, were used to find a coefficient of rejection for 90% electron detection
efficiency. For every shower the parameters were calculated separately for each
of the two scintillation layers of the SMD. The center of gravity of the shower

10



was calculated as follows:

ny ny

v - S el N .

“gf - L b] ‘TJ/ Ls EJ*
j=ny j=ng

where E; and z; were the energy deposition in the jth element and the coordi-
nate of its center. The energy weighted parameter R; was calculated as:

ny ny
R, = Z Djr Ej/ Z E]‘,
j=m SETY
where Dj, = | X~ x,|, 1s the distance along the x direction, of the jth ele-
ment from the calculated center of gravity of the shower. For the second plate
(y direction) parameters were caleulated similar to those listed above.
The mean weighted radius. TR, was defined as follows:

R R E

The second parameter, E R2. which provides information about the longitudinal
shower development, was first caleulated for each layer, and then the sum of
the two moments yielded:

ER =ER +ER,

where, E R% = T E; D']“?l, and E R‘; =5k D?y were, respectively, the mo-
ments for the first and the second plates. The energy summation was taken
over + 7 cm from the calculated center of the shower.

On the scatter-plot of E R vs. R the area which contains 90% of the single
~ showers is marked off. Showers within this area were considered to be ‘single
~’s’, while all showers outside this area were classified as 7" showers. Using
this definition, the probability to reject m¥’s was determined for 90% single v
detection efficiency as a function of incident energy and the SMD granularity.
Fig. 11 shows the result of this study. One can see that for the energy range
from 10 to 30 GeV the probability to reiect 7’s is weakly energy and granularity
dependent. Below 10 CeV the losses of #7's are mainly due to losses of a soft
photon from highly asymmetric decays, and above 30 GeV this technique loses
offectiveness since the opening angle decreases as 1 [ Exo.

The study of the parameters defined above shows that showers initiated by
7’s and 7% are well distinguished by the use of 1. The additional requirement
of ’inertial moment’ negligibly improved the rejection power, due to the poor
energy resolution of the SMD.
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Conclusion

Four prototypes of sciutillator strip/fiber SMDs were assembled and tested.
The main characteristics of the SMDs were measured and Monte Carlo cal-
culated. Our results show that this technique is well-suited for STAR where
high rate capability, %/ shower separation, good position resolution and elec-
tron/hadron rejection capability are necessary. These investigations indicate
that this type SMD is'a good option for the SMD for STAR.
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