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Hyperon-proton scattering has being studied at. 1\.EJ\. in order to obtain a lwt.t.cr under
standing of the Baryon-Baryon interaction. A scintillating fiber (SCIFI) hlod; detector 
has been used as a production targc1. of hyperons as well as a hyperon scattering target 
on hydrogen. The pilot experiment (E251) for B+p scattering has been completed, and 
the next experiment (E289) for :s+p, ~-=-p and :\p channels has finished its data taking 
and is now carrying out analysis. 
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1. INTRODUCTION 

:"Jud('on-nuclcon (Nt\) scattering was extensively studied in the 50's and 60's. The 
exist.cn\c of a "hard-core'' has definitely been verif1ed by a phase-shift analysis, and the 
NN scat.tcring data well described by one-boson exchange (OBE) models. An attempt 
has been made to understand the I\'N interaction within the framework of the strong 
int('raction between the baryon octet. The OBE models have been extended to include the 
YN scat.tcriug data. The :\lijmegcu group took into account the flavor SU(3) symmetry 
[I] and the Honn-Jlilich group developed a model based on SU(6) symmetry [2]. The 
short-range repulsive force of the strong interaction was explained based on a more ba.<>ic 
hierarchy, i.e., quarks and gluons. The quark-cluster model approach has been developed 
independently by groups from Tokyo, Tiibingen and I<yoto-i\:iiga.ta [3-5]. 

Although experimental studies of the hyperon-nucleon (YN) interaction will play an 
essential role for understauding the strong interaction, there is not much experimental 
data on YN scattering, cspcci<tlly in tlw moment.um region below 1 GcV/c. The existing 
YN data are from bubble-chamber experiments in the 1960's [6]. The major difficulty of 
lhe YN scattering experiment arises from the short lifetime of hyperons. The production 
target of hyperons must serve as the scattering target of hydrogen. The detector must be 
C<tJHlble of resolving a three-dimensional reaction sequence. Although a bubble chamber 
is also such a device, the data-taking rales are limited. \Ne thus developed a SC!Fl block 
detector as a live target to satisfy t.hesc requirements. A SCIFI detector may overcome 
any data-ra!c diflicult.ies, and data are recorded directly as digital images, unlike iu a 
bubble chamber. In this paper, the present status of the YN study with a SCIFI detector 
at 1\EK is dt~scrihcd. 

2. EXPERIMENT 

The experiment was performed at the K2 beam line of the 12-GcV Proton Synchrotron 
at. 1\EK. t\ separated,.+ or,.- heam was used to produce ~+'s, A's orE-'s through the 
( ,.±, J{+) reactiou, and subsequent scattering of hyperons was observed in a SCIFI target. 
Fig !. shows a top view o{ th<: E289 experimental s.ztup, which consist.,; o( the beam line, 
a spectrometer and the SCIF'I target system. The system is similar to the E251 setup, 
which was also used in a previous fl-dibaryon search experimentj7J, except for the central 
<mglc (H0

) of the spectrometer to the beam axis. At E289, the spectrometer was set at 
a finite angle in order to reduce the overlap of tracks of an outgoing ](+, a produced 
hyp<:ron, its decay product(s) and a recoiled proton in the image data. 

A ... ± beam of about 1.6 GcV/c and an intensity of 1 ....... 2x10r. pions/spill (one spill is 
....... 2 sec length with 0.2r> Hz repetition) was focused on the target. The beam particle 
idcntificfltion was performed by mcflsming the time-of-flight between the Tl and T2 
scintillation counters. supplemented by a silica aerogel Ccrenkov counter (HAC) and a 
gas Cerenkov wunt.cr (GC). The particle momentum and trajectory were measured by 
sets of drift chambers (BDC1......,3) and multi-wire proportional chambers (llPCJ,....,5). 

The outgoing charged particles wert' momentum analyzed and detected with a spec
trometer cousi::;ting of a dipole magnet. (SP), multi-wire proportional chambers (PCl and 
PC2), drift chal!lbers (DCl, DC2 and DC3), an aerogel Cercnkov counter (FAG), a lu· 
cite Cerenkov counter (FLC) and a TOF hodoscope (FTOF). The FAC vetoed scattered 
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pions. A coincidence matrix between the hodoscope (CH) in the entrance of the SP mag
net and the FTOF counters was used for the first-· and second-level trigger to provide 
approximate momentum information on the part.iclc. 

Tlw scintillating fiber (SCIFI) target is a visual detector located at the focal point of 
the beam line. In E251, we u~ed the ~ame SCIFI block target and the image-intensifier 
tubes (I.l.T.) which were used in the previous H-scarch experiment.. In E289, we made 
and assembled a larger target. with smaller fibers for higher statistic~ and better spatial 
resolution. The characteristic parameters of SCIFl tnrgets for E251 and E289 are listed 
in Tabk 1. 

Table 1 
Parameter list of SCIFI block detectors for E251 

Fi f)ers nsed 
Fi bcr cross sect ion 
Target. size 

[pm'J 
[cm.3J 

KURAHAY 

<~nd E289 
E251 

SCSF81 
500x500 
SxSx lO 

E289 
SCSF7S 

:J00x300 
10x10x20 

SCSF78 has a 1.8-limes higher light output at 30 em length than does SCSFSl. The 
E289 SCIFI block was assembled in two stages: first. 10 ern (width)x30 ern (length) flat 
fiber sheets were constructed using about 3;W fibers for each sheet; the sheets were then 
stacked alternately in the vertical and horizontal directions. About 600 such sheets in 
total were used to form a target volume of 10 cm(U) x 10 cm(V)x 20 cm(Z). The sp<~ce 
between the fiber sheets iu ('ach direction beyond the target volume created by stacking 
alternately was reduced at the readout arms, as shown in fig 2, in order to match the 
sensitive area of the !.LT.'s, which amplify !.he output light from the tmget. Two chains 
of I. LT.'s were used_ onf' for the ll-Z plane and th(' other for the V-'l plane. 

'l~"\blc 2 
Struct.me of LI.T. for E2S9 
st.agc l.I.T. input/output- dia. gain Q.Jo:. phosphor 
1st HAMAMATSU VP,l440XI' I 00 /25mmq) -10 19% PS-.:'"1 
2nd DEP PP0030X :25j2.)mm0 6-10 H% p,16 
:3>-d I'ROXITRONIC BV2%3McG 2:J/2.Smm6 ,......, lOt "'10% P:20 
Fiber Optic 'Cwer 25/8.6-imm¢ 
·lth GEOSPIIAERA EBCCD !vlagnification"-' 1 ,...._, 10~ ""-'10% 

A list of the components of the I.I.T. ch<1in is given in Table 2. The input. diamctc·r of 
the 1st-stage I. LT. is larger than that of E:l.Jl (80 mm¢). VVc require a phosphor with a 
:;hart. decay time in order to reduce event overlapping. Thus, the PS-,!J phosphor with a 
decay time of 1.4 11sec was used for the first stage, whereas the P2.-J phosphor (2.4 pscc) 
was used at E251. 
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The third stagE' of the l.l.T was gated by the first-level trigger formed by 1r±'s in the 
beam vetoed by scattered pions. The rate of the first-level trigger \vas 150rvl70/spill 
for (r.+,A'+) and and 200rv250/spill for (r.-,1{+) at l.5x105 rr±/spill. The fourth stage 
was gated by a second-levd trigger, which we called a "mass trigger». The trigger was 
invoked within 15pscc from the occurrence of au event, and opened the gate of the fourth 
LI.T. for 1 mscc. The trigger was formed by the signal from the mass region of ]{+'s 
in the "mass trigger'' logic. The mass-trigger selection was determined by momentum 
information given by the combination of hit positions on CII and FTOF and the timc-of-
Oight information between the T:2 and FTOF counters obtained from the fast-encoding 
'!'DC module~. The trigger rate at this level was }Q ........ l-1/spill for (1r+,J\+) and 5"'8/spill 
fm· (;;- ,!{+). 

The photo-electron in this fourth stage bombarded the back-side of a CCD-chip con
taining :5:32 x 580 pixels, the cfft:ctive ar<'a of which was 9.04 mm x 13.3·1 mm. The 
output signals from the CCD were digitized in real· time and recorded in CAMAC mem
ory modules after dala wmpression. 

3. MILESTONE & PRESENT STATUS 

3.1. E251 
In 1\F:K, a SCIFI dctedor was newly designed and developed CtS a live target for a 

JJ-diLaryon search experiment (E22<1). As a first tried of the application of this SCIFI 
dd('ctor to E"'"p scattering. experiment E:251 was approved, and started in July, 1991 with 
a slight modification of the E224 setup. Data acquisition was finished in January, 1993, 
aud the result. has been reported [8J. 

3.2. E289 
After R&D work and preparation from 199:3 t.o the summer of 1995, the beam time of 

E289 started in October, 1995, and finished in february, 1997. About :2x106 E+'s and A's 
iu total and G x lO~:s- 's were ;u:cumulated by the ( 1r+, /\·+) reaction and by the ( 1r-, !{+) 
reaction, respectively. A mcasnrcment of the magnetic field of the spectrometer and the 
calihr<ltion of an overall distortion of the SCIFI detector by X-ray was performed this 
1-!;uch and April. 

A raw image on the CCD suffers a distortion caused by the LI.T. lens system and a 
stray magnetic field of the spectrometer. The position of each pixel in the real target 
was ralihrvted by placiug a plate with holes on the opposite end of the SCIFI block 
and illuminating them with EL panels. This position calibration was performed with a 
two-dimensional spline fitting, as shown in Fig :3. 

The proton-proton scattering was measured by the SCIFI detector for the system cali
])l"ation. Proton beams of 750 1\·lcV jc were incident on the SCIFI target, and image data 
were recorded for each proton beam. A preliminary result. of the p-p differential cross sec
tion for image da.ta. selected by the eye-scanning procedure was obtained after kinematical 
constraints, such as the coplanarity condition and the momentum balance, as shown in 
Fig 4. The p-p differential cross section is known to be almost flat at about :3.5 mbjsr 
around this momentum region. This figure shows that the eye-scanning efficiency drops 
at. angles less than 50 degrees. By using this pp data, we will estimate the efficiencies 
of thf' eye-scanning procedure and the automatic tracking program, as well as systematic 
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errors. such as contaminations caused from pC quasi-elastic scatterings. 

4, SUMMARY 

After a long experimental silence since obtaining the bubble chamber data, E251 de· 
velopcd a new technique using scintillating fibers, and showed new data of ~+p elastic 
scattering. Its statistics, however, was still poor. 1':289 for 2:±- and A-p scattering i~ now 
in analysis. Thus, this SClFI technique provides a new opportunity for Yp scattering 
experiments. However, data-acquisition rates are limited by both the d('cay time of the 
phosphor in LLT. and hy triggers. Further improvements or tests of a fast. imaging de
vice, such as the image-delay tube [9J, might. be required for experiments at B\L and 
the coming JIIF. At fii\L and JIIF, measmemeut:; of po!arir,ation observablcs aud :=:-p 
scot!cring will be attainable. 

\Ve would !ike to thank the 1\GK staff for their continuous support during the exper
iments and analyses. We thank Professors H. Sugawara, S. Twat.a, I<. Nakamura ilnd .J. 
Chiba for their continuous encouragement. throughout this work. The experiment was 
supported in part by a Grant-in-Aid for Scientific Research (02,102008. (l(i() .. 10,l2.5). the 
lviinistry of Education. Science and Culture in Japan. It is a pleasure to thank Professors 
D .. J. i'vlillener and R. E. Chrien for inviting to l!YP97. 
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Figure 1. Top view of the E289 experimental setup. 



figure 2. A photo of the B289 scintillating fiber block. 
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Figure :3. Position calibration of each pixel of CCD in the real target JWt-formcd by a 
two-dimensional spline fitting. Left) calibrated image; Right) raw image. 
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Figure 4. Preliminary result of pp clastic scattering by the SCIFl detector 
calibration. The vertical C'rror-bars contain only statistical errors. 
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