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Abstract-- An active target with plastic scintillating fibers 
has been constructed. This active target serves as a production 
target of hyperons as well as a scattering target, and works as 
a 47C -detector for charged particles. This system is designed 
for measurements of hyperon-proton scattering for hyperon 
momenta of several hundred MeV/c. A spectrometer system for 
the incident beam and outgoing particles of the hyperon 
production reaction is linked with this target-detector in order 
to prol'ide triggers for the imaging device of this detector 
system. As a control of this detector, the decay constant of :E" 
hyperon has been evaluated. 

!. INTRODUCTION 

Recent progress in scintillating fiber technology has made 
it possible to design new types of visual detector 
assemblies[!]. We have developed an active target with block 
of scintillating fibers (SCIFI) in order to measure hyperon­
proton (Yp) scattering [2],[3], which is viewed by two chains 
of image intensifiers (!Is) to reconstruct three-dimension 
reaction kinematics of the event inside the SCIFI block. The 
existing data of Yp scattering are from bubble-chamber 
experiments performed in the 1960's [4]. In recent nuclear 
physics experiments concerning strangeness, a precise 
tracking of hyperons decays plays an essential role in order to 
obtain information about the event, itself, or about the 
reaction sequence [5]. 

The SCIFI block target and the imaging device are 
explained in sect. 2 and 3, respectively. The process of 
treating image data is described in sect. 4. In sect. 5, the 
analysis of:!:' production events is mentioned, and the decay 
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constant on:· is deduced as a control of the detector system. 
A summary is presented in sect. 6. 

II. SCINTILLATING FIBER BLOCK TARGET 

The SCIFI block consists of plastic scintillating fibers, 
KURARAY SCSF-78 [6]. Each fiber is 30 em long and has 
a 300 ~m x 300 ~m square cross section. The core of the 
fiber is 288 ~m x 288 ~m square, which is coated with a 6 
~m thick cladding. 

300 Jlffi 
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Fig. I. Schematic drawing of (a) the cross section of a fiber and a fiber 
sheet, (b) the structure of the SCIFl block. The SQFI block is assembled by 
stacking alternate fiber sheets. 

The SCIFI block is assembled by stacking alternate fiber­
sheets, as shown in Figs. !-(a) and (b). Each fiber sheet 
consists of about 330 fibers, corresponding to I 00 mm in 
width. The fiber sheets are bonded with white water paint, 
which eliminates any cross talk across the fiber-sheets by 
diffused reflection of the untrapped photons. The overlapping 
area between alternate fiber sheets is !OOx!OO mm2

• About 

600 sheets are stacked to fonn an effective target thickness of 
200 mm along the beam direction. The fiber sheets in each 
direction are bundled and polished at the readout arms to 
make readout surfaces of lOOxlOO mm2

• The effective 
volume serving as an active target is the overlapping area of 
IOOx!OO mm2 with 200 mm thickness in the beam direction. 

Photons created by the interaction of a charged particle in a 
fiber reach the end of each fiber, and those end-surfuces make 
a line of bright points as the projected track of a charged 
particle. By using two sets of these projected tracks in the U­
Z and V-Z plane of the SCIFI block, we reconstruct three­
dimensional track(s) of charged particle(s) in the target 
volume, and the kinematics of the reaction inside the SCIFI 
target is calculated by these reconstructed tracks together with 
the track and momentum infonnation of the incident pion 
and outgoing kaon of the hyperon production reaction 
obtained by the spectrometer system. 

Ill. IMAGE INTENSIFIER TUBES 

Photons from the projected track of charged particles in the 
SCIFI block are amplified by lis. Two sets of the II chain are 
attached at the readout arms for the U-Z and V-Z planes of 
the SCIFI block. A chain of lis is shown in Fig. 2. 

shield lor a stray 
magnetic lleld 

~ 

y 

tapered llber optic 

lourth II 

CCD Controller and ADC 
0 20 (em) 

Fig. 2. SCIFl target viewed by two chains of Ils. The ftrst (V4440PX : 
HAMAMA TSU [7]) and the second (PP0030X: DEP [8]) stages are of the 
electrostatic type. The third stage (BV2563McG : PROXITRONIC [8]) is 
of the micro channel plate (MCP) type. At the fourth stage, an electron 
bombarded CCD (EBCCD : GEOSPHAERA [9]) is employed. A tapered 
fiber optic (HOY A-SCHOTT [I OJ) is used between the third stage and the 
fourth stage to match the image size to the sensitive area of the CCD. 

The third II and the electron bombarded CCD (EBCCD) 
are operated in the gate mode by independent external triggers, 
which are created by fast detectors of the spectrometer syetem 
(SP) consisting of a dipole magnet, several wire chambers, an 
aerogel Cherenkov counter, a hodoscope, and a TOF array. 
The external triggers consist of two different levels. The 1st 
level trigger, made by fast signals from photomultipliers of 
SP, opens the third MCP gate. The 2nd level trigger, called 
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"mass trigger", is detennined by momentum and time-of­
flight information by the hodoscope and the TOF array, to 
open the EBCCD gate. The image data from the CCD are 
digitized in real time with a 6-bit flash-ADC. The digitized 
data are compressed with a compactor module in a CAMAC 
crate. A typical example of the image for :E"p scattering is 
shown in Fig. 3. The average data size is about 7 
kbyte/image. Details concerning the lis chain and triggers 
made by detectors of the SPare described in ref. [2],[1 1]. 

U-Z view (EBCCD-L) 

1oo,----------, 

50 

' 

0 

-50- ' 

~.z-~~:. r;#/ / 
•t~/ 

·1 00 ...._._...:. ...... .c.....~·"'-··:..·-J....J 
-40 -20 0 20 40 

(mm) 

V-Z view (EBCCD-R) 

Fig. 3. U-Z and V-Z view of a :E-p scattering event. 

IV. lMAGEDATAANALYSIS 

A. Analysis procedure 

Raw image data are distorted by the pin-hole distortion of 
the electrical lens system and a stray field from SP. First 
among all processes, this distortion should be corrected. 

To derive the observed values and their errors, the 
efficiencies and accurateness of the analysis should be 
estimated. For this purpose, Monte-Carlo simulations were 
performed. Simulated image data were generated and analyzed 
through the same process as the real data. 

Then, pictures are eye-scanned and categorized according 
to the event patterns. The events including visible :E"'s are 
selected and used for further analysis. After categori2ation is 
completed, the reaction points are marked on a graphic 
display with a pointing device. 

B. Position calibration 

Raw images on the CCD suffer a pin-hole distortion 
caused by the electrical lens system of the lis. A Stray field 
from SP also distorts the images. The actual position of each 
pixel in the SCIFI target is compensated by placing a black 
lucite-plate with holes on the opposite side end of the SCIFI 
block, and uniformly illuminating them with an electro­
luminescence panel from outside. Fig. 4 s4ows pictures of 
calibration patterns before and after a correction. 

The diameter of the hole is 300~Lm<!>, and the pitches are 
I Omm and Smm longitudinal and transverse to the beam 
direction, respectively. The pixel position is transformed to 
the real position with a formula obtained by using a two-

dimensional spline fitting. The centers of the holes are 
aligned with an accuracy of 50 11m after compensation. 
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Fig.4. Position compensation by using a calibration pattern illuminated 
with an electro-luminescence panel. (a) A picture of the raw pattern. (b) 
After compensation, the scales are converted to the real dimension in the 
SCIFI block. 

C. Image Data Simulation 

In order to estimate the analyzing efficiencies and 
accurateness of pointing and to evaluate systematic errors, a 
Monte-Carlo simulation was performed by using GEANT 3 
[12]. To evaluate the scanning efficiency, the simulated 
image data were mixed into the real data The :E"'s were 
generated by the x· + (p) -> K+ + :E" reaction, and scatter or 
react with protons in the simulation. The Fermi motion in 
carbon nuclei was reproduced with the distribution as 

N 
N(p)= O . (I) 

I (
p(GeV/c)-0.1) +exp 

0.05 
The energy loss of the charged particles, an effect of multiple 
Coulomb scattering, was calculated by GEANT. The 
response of the SCIFI detector system was simulated to 
reproduce the characteristics of the real tracks, and simulated 
image data were created. Finally, the brightness distributions 
of x· and :E" tracks and their track width were well reproduced. 

The generated image data were analyzed through the same 
process as the real data, and the efficiencies were evaluated 
from the surviving rate of the simulation events. The angular 
resolution and the accuracy of the track-length measurements 
were also estimated using the simulation data by comparing 
the generated positions to the positions obtained by the 
pointing process. 

V. ANALYSIS OF L. PRODUCTION AND ITS DECAY CONSTANT 

A. Ep elastic scattering experiment 

We have performed :E"p elastic scattering. :E"'s of 400 to 
700 MeV/c were produced through the in-flight p(x·, K) :E. 
reaction in the SCIFI with a 1.32 GeV/c x· beam. Subsequent 
elastic scattering of :E. hyperons was observed in the SCIFI 
active target. Details of the analysis of :E·p elastic scattering 
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are described in ref. [2]. Here, we explain an analysis of the 
:1:· hyperon production reaction, which is important for 
obtaining the absolute value of the cross sections of :1:·p 
elastic scattering, since the produced L"'s act as a "beam" for 
L·p scattering. 

B. Requirement forE Production 

For 2947 event samples of the :1:· beam candidates, the 
reaction points were marl<ed on a graphic display with a 
pointing device (the pointing process) to evaluate the amount 
of"L' beam". This corresponds to 1.6% of all the data in the 
:E'p scattering experiment. A typical :1:· production event is 
shown in Fig. 5. 

100 100 
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f ' 
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' . . 
' 50 ' 50 ' K+ \ 

' ' 
' ' ./ xw , ' 
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U·Z view (EBCCD-L) V-Z -(1~ (E6CCD-R) 

fjg_ 5. ExampJe of a r production event observed with the SCIFI 
detector. The open squares represent the input positions given in the 
pointing process. The solid lines just on the n· and K+ tracks are the fitted 
lines, and the dotted lines slightly deviating from the tracks represent the 
predicted tracks with the extema1 wire chambers. 

The weak decay of :1:· ~ 1tn was easily recognized in the 
pointing process, because the brightness of the :1:· and 7t 
tracks was quite different. The starting point of the :1:· track 
was the vertex point of the (7t, K) reaction and the end point 
was the kinked point or the point where the brightness of the 
track suddenly changed. 

The production vertex of the (7t, K) reaction was 
reconstructed by using the image data The vertex position 
was defined as the closest point of the :1:· and K+ tracks. The 
vertex resolution along the z-axis was estimated to be 0.6 
mm from the simulation data. 

The measurement error of the track length of the :1:· causes 
systematic errors in the cross section. Additionally, if the 
length of the :1:· is too short, the event selection becomes 
ambiguous. Fig. 6-(a) shows the difference of the flight 
length between the generated one by the simulation and the 
measured one by the pointing process. Fig. 6-(b) shows the 
efficiencies for the event categorization, pointing and 
kinematical cut to select the H-target :1:· beam as a function of 
the flight length of the :1:·. The definition of the H-target :1:· 
beam and the details of the kinematical cut are described 
below. The 1:· whose flight length was longer than 5mm was 
used for the L' beam. To avoid ambiguities in the 

categorization for events which occurred at the upstream and 
downstream ends of the SCIFI, the z-position of the vertex 
was required to be within -90 mm - 60 mm, where the origin 
of the coordinate was the center of the SCIFI block. 

I 3 

2 .:; 
(a) .. 

~ 
~ 0 
~ 
u 

-1 E 
~ -2 
'9 

-3 

·jl' 
0 

~+ 
by 8in1ula.tcd 
ilua2c data 

5 10 15 20 
r nieht leneth (mm) 

0.4 
6 .. 

:. 
···: 

by simulated 
image data 

6' .. 0.2 

00~~~5~~10~~15~~20 
r flieht leneth (mm) 

Fig. 6. L- flight length dependence of (a) the error of length obtained by 
the pointing process, and (b) the analyzing efficiency. In figure (b), open 
squares represent the efficiency of the event categorization and pointing, 
and closed squares represent the total efficiency including the kinematical 
cut efficiency to select the H·target L- beam (The definition ofH·target is 
described in the next subsection.) They were obtained with the analysis of 
the simulated image data. The threshold value for the :E- track length was 
set to Smm, as indicated by the lines in the figure. 

C. :E Produced on Free Protons and Carbon Nuclei 

Since the SCIFI target consisted of (CH)n, L''s were 
produced both on free protons (hydrogen target) and carbon 
nuclei (carbon target). We call them the H-target and C-target 
:1:· beams, respectively. For the C-target beam, the 
momentum of the :1:· beam is not well determined by the (7t, 
K) kinematics due to the Fermi motion. 

In order to separate the H-target :1:· beam, we adopted the 
H-target cut, which includes the angle-difference and missing­
mass cuts. The angle-difference for the :1:· production 
kinematics (L18p,.,) was defmed as 

.,, _ -1 [ P;E- prod · dL-prod ] 
Lw prod - cos 

IP:E- prodlldL- prod I 
(2) 

where, dxprod is the measured direction of the :1:· obtained 
from the pointing process, and Pxprod denotes the predicted 
momentum vector of the :1:· calculated from the momentum 
vectors of the 7t and the K•. The momenta of the "- and K+ 
were obtained from an analysis of the spectrometer data, and 
the directions were measured with the SCIFI detector and the 
external wire chambers. The energy loss in the SCIFI target 
was taken into account to calculate the production kinematics. 

Fig. 7-(a) shows the distribution of L18prod versus the flight 
length of the :1:· (j/r;·). The L1 &prod distribute around zero 
within the resolution of the SCIFI system for the H-target :1:· 
beam. These events make a narrow peak, and which can be 
distinguished from the broader distribution of the C-target :1:· 
beam. The region inside the lines in Fig. 7-(a) was the 
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accepted region for the l:"'s produced on free protons. The 
threshold was set to be 

1.35 
M d<--+0.03, fl"<'- >5mm (3) pro fl '-' 

l:-
by taking projections of Fig. 7-(a) onto LlO,""' in some slices 
of (jl,-). 

Fig. 7-(b) shows the missing-mass spectrum of the p(1t, 
K)X reaction (MMpro<~) after the angle-difference cut was 
applied. The missing-mass resolution was 7.4 MeV!c' 
(r.m.s.). The criterion for the missing-mass cut was 

1.174 < MMpro < 1.218 (GeV!c1
). (4) 

The events which satisfy (3) and (4) were regarded as the 
H-target l:. beam, and the other events were recognized as the 
C-target l:. beam. The contamination from the C-target in the 
H-target L. beam was estimated to be 10% from Fig. 7-(b). 
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Fig. 7. (a) Scatter plot of .19prod versus the flight length of the :E" (jlr.·). 
(b) Missing·mass spectrum of the p(1t·, K)X reaction after the angle· 
difference cut was applied. The lines on the spectrum are obtained with a 
two-Gaussian fitting. The events inside the region indicated by the arrows 
were regarded as the l:"'s produced on free protons (H-target L" beam). 

D. Lifetime of :E 

To confirm the L" event selection and test the detector 
system, the lifetime of the L. was derived as follows. 

The mean flight length, x, of the particle with the lifetime 
-r is given by 

X = C'r · f3y = C'r · .E_ , (5) 
m 

where m and p are the mass and momentum of the particle, 
respectively. For charged particles in material, the energy loss 
of the particle along its path should be taken into account, 
then, x•mlp is replaced by L, which is defmed as 

(6) 

The decay rates as a function of L before and after the 
efficiency correction were evaluated in the region of L 
between 10 mm and 100 mm, as shown in Fig. 8. The 
efficiency for each bin of L was obtained by using the 
simulation data The decay constant was calculated with the 
logarithmic likelihood method. 

The result is 
a= 43.3 ± 3.2 mm, (7) 

which is consistent with the known value [13]: a = 44.34 ± 

0.33 mm. 

10 

ct = 43.3 ± 3.2 mm 

with correction 
without correction 

1 o! .. ~10~~2=o~7Jo~·4~0~~5~0~~60~~7~0u.~8u0~~90Lu~l~OO 

L(mm) 

Fig. 8. Distribution of the L- flight length for the H~target L- beam 

VI. SUMMARY 

A new active target with plastic scintillating fibers has 
been constructed for hyperon-proton scattering. The SCIFI 
block consists of 2 x 105 plastic scintillating fibers, 
KURARA Y SCSF78, where each fiber is 30 ern long and 
has a 300 11m x 300 11m square cross section. 600 sheets, I 0 
ern wide and 30 ern long with 330 fibers each, are stacked 
alternately so as to form an effective target volume of 10 
x 10 x 20 ern'. This fiber block is viewed from two 
orthogonal directions by two sets of II chains. The data are 
stored as two CCD images, in order to reconstruct the 
particle trajectories inside the target three-dimensionally. 

To evaluate the scanning efficiency of image data, the 
simulated image data are mixed into the real data The decay 
time of L. hyperon is well obtained as a control of this 
detector system. 
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