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Abstract

At Brookhaven National Laboratory (BNL), the first heavy ion beam was accelerated
in 1986 using the Alternating Gradient Synchrotron (AGS). Furthermore, the AGS
started the acceleration of '"Au at 11 A-GeV/c since 1992. This beam energy in
heavy ion collisions corresponds to the maximum energy for the projectile nucleus to
be stopped by the target nucleus. When they achieve full stop in the center mass
system of collisions, the density of the central region is expected to go up by a factor
of 29.m. At the AGS energy, in other words, the density will be over five times of the
normal nuclear density, which may lead to the QCD phase transition.

In order to measure hadron productions in Au+Au collisions, we have constructed
a new dedicated spectrometer, Forward Spectrometer, which is designed for the high
particle density and for the powerful particle identification capability. We have carried
out systematic measurements of semi-inclusive spectra of various identified hadrons
from 97 Au+'°7Au collisions at 11.7 A-GeV/c as AGS-E866 experiment at BNL. The
first data with the Forward Spectrometer were taken in October, 1993, and data with
large statistic were taken in September - October, 1994.

To confirm the formation of hot and dense states of matter in the experiments, it
is crucially important to measure the size of hot and dense region together with the
measurement of the temperature. Among several methods proposed, measurement of
composite particle is expected to give the information on the size of hot and dense
region particularly for the baryonic gas.

The production of composite particles have been studied in A+A collisions at
Bevalac and also in p+A collisions at CERN. Most successful description of those data
is given by the Coalescence Model. As an example, deuterons are produced when a
proton and a neutron are formed close enough in the phase space with the Coalescence
Model. Then, the production rate of composite particle with mass number A is
proportional to the A-th power of the proton(neutron) density in the phase space
assuming proton and neutron are identical. This relation is called as a power law. [t
has been shown that the power law holds not only in the coalescence model, but also
in a model which assumes thermal equilibrium. Experimentally the power law has

been observed in many collisions at various beam energies.



With the Forward Spectrometer of the AGS-E866, proton and deuteron spectra
were measured with event characterization in the wide kinematic coverage; 0.2 <
p. < 1.7 [GeV/c] at 1.4 < y < 1.6 for proton and 0.2 < p, < 1.7 [GeV/c] at
1.2 < y < 1.4 for deuteron. From its much wider kinematic coverage and the full
event characterization capabilities than the previous experiments, we claim that this
is the first systematic measurement of deuteron production at the AGS heavy ion
program.

We have shown that the observed deuteron spectra are consistent with the power
law and also the scaling coefficient, B stays constant in the whole rapidity range of
this measurement. Since this thesis contains data of deuteron only, we cannot claim
all the composite production follows the power law. But, the deuteron production in
the kinematic region covered in this experiment has been shown to be consistent with
the power law.

Furthermore, we found that the scaling coefficient, B, depends strongly on the
centrality of the collisions. This is the first real measurement of the centrality depen-
dence of By. To explain this dependence, spatial proximity of nucleon is considered
as an additional condition to the deuteron production. Using the Sato-Yazaki model
and also the thermal model developed by Mekjian, we have evaluated the source sizes
from the B,. The deduced source sizes are similar in both model calculations and are
proportional to the cubic root of the number of participants, which implies that the
deuteron density stays constant from the peripheral to the central collisions of the

Au+Au collisions at AGS.
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Chapter 1

Introduction

1.1 Relativistic Heavy Ion Collision

[t has been proposed that nuclear matter formed in relativistic heavy ion collisions is
dense and energetic so that quarks are no longer confined to each individual nucleon
but move freely in a relatively large volume. This new phase of matter is called as a
quark gluon plasma(QGP) [1, 2]. According to Lattice QCD calculations [3], phase
transition from ordinal hadrons to the QGP is expected at critical temperature of 150
- 200 MeV. Enthusiasm to create such extremely high temperature and high density
states of matter initiates modifications of existing proton synchrotron for heavy ion
acceleration as well as construction of dedicated heavy ion machines.

The first relativistic heavy ion beam was obtained in 1974 at Bevalac in Lawrence
Berkeley Laboratory(LBL). Existing proton synchrotron was modified for heavy ion
acceleration up to 2 A-GeV/c. The experimental results certified that relativistic
heavy ion collisions are indeed not simple superpositions of nucleon+nucleon collisions
but global phenomena. To study those phenomena in collisions of increasing size and
beam energy, the Alternating Gradient Synchrotron (AGS) at Brookhaven National
Laboratory (BNL) in USA and the Super Proton Synchrotron (SPS) at CERN in
Europe have been modified to accelerate heavy ions. The AGS started the acceleration
of %0 and 28Si beams at 14 - 15 A-GeV/c since 1936 and ""Au at 11 A-GeV/c since
1992. The SPS started the acceleration of 'O at 200 A-GeV/c since 1937 and 2°%Ph
at 160 A-GeV/c since 1994, Furthermore, at BNL the Relativistic Heavy Ton Collider
(RHIC) is now under construction which will provide colliding Au beams at 100

A-GeV/c in 1999.
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[he goal of heavy ion programs is to confirm the creation of high density and
high energy state in the collisions and hopefully to detect the formation of the QGP.
For this purpose, first of all, one has to study the reaction mechanism of heavy
ion collisions. This is because one has to know how much initial kinetic energy is
transfered to the thermal energy and what is the size of “Fire ball” created in the

collisions in order to know the energy density achieved in heavy ion collisions.

1.2 Scenario of Collisions at AGS

Elementary process of heavy ion collisions at a few hundred MeV or above is the
nucleon+nucleon collision. At low energies, the angular distribution of particle pro-
duction in nucleon+nucleon collisions is almost isotropic in the center of mass frame.
After the first collision, the scattered nucleon easily escapes out of the reaction region.
However, at high energies, the angular distribution is sharply forward and backward
peaked. Therefore, the scattered nucleons and the produced particles are forced to
dive into the opponent nucleus and experience the further successive collisions until
they stop in the c.m. frame. Obviously, there is maximum energy above which the
projectile and its leading particle penetrate through the total thickness of opponent
nucleus. The beam energy of 10 A-GeV is believed to correspond to this maximum
energy.

At the AGS energy, the Lorentz contracted nuclei stops each other after violent
nucleon+nucleon collisions. When they achieve full stop at the c.m., the density is
expected to go up by a factor of 27.,. With this scenario, the density will reach five
times of the normal nuclear density at the AGS.

[n the first phase experiments of AGS heavy ion program, intensive studies were
carried out to check out whether such stopping scenario holds or not. As a direct
proof of the stopping, proton distributions have been studied. In Fig. 1.1 [4], rapid-
ity distribution of proton in central Au4Au collisions are compared with peripheral
Si+Al and central Si+Al collisions [5]. The distribution in peripheral Si+Al shows
forward /backward peaking, which is similar to that of p+p collisions [43]. In central
Si4+Al collisions. the distribution shows peaks of “projectile-like™ and “target-like”
participating protons. In central Aut+Au, however, it shows a broad peak at the
c.m.. Indeed, a large fraction of participating nucleons is shown to be piled up in

the collisions. which is consistent with the stopping scenario described above. The
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Fig. 1.1: Rapidity distributions of protons in Au+Au, Si+Al [5] and p+p [43]
collisions. The dN/dy is plotted versus the normalized rapidity y/yseam. The
filled symbols are the measured data while the open symbols represents the

data reflected with respect to the y.,.

Au+Au collisions at AGS might provide great opportunity to study the high density

states of matter.

1.3 Size of Reaction Volume

Important questions for the study of heavy ion collisions are the following: How hot
and dense region is created, over what volume and for how long 7 Particularly, the size
of the hot and dense region is important subject for the experimentalists. Two meth-
ods have been proposed to measure the size of the reaction volume; Hanbury-Brown
Twiss measurements [6] with two pions or two kaons detection and the coalescence
parameters of composite particle productions (the latter method is discussed in Sec-
tion 6.5). We consider the size information from the composite particle measurement
is more appropriate at the AGS energy from the following argument. As discussed,
the dominant features of the heavy ion collisions are given by the nucleon+nucleon
collisions. In Fig. 1.2, rates of particle production in a collision is as small as 4 at the
AGS energy. In other words, there is single pion produced per nucleon. Furthermore,

those secondary pions are believed to be emitted via excited states of baryons, such



CHAPTER 1. INTRODUCTION

rly - & AP <Nt>

i ‘O" X <Ng>
O/n ..".’. 3
o o ST " 3

d o,cr’ ./..." S — ﬂ:
i ;.—of.ﬂ T 1
- ""*g(—/—r———""'_'—.—-- P ]
- /// ‘
< i - 1

[ /// /’ /:,K'IK: “"K_
- ﬁ / /2‘_/ - K )
- ,( o«/’.’, . |

s v' ////:/// - p

yos ':,.—-—;’H,’
o 538 4~ o’
< dpe 1 ®. ]
A o , - ;
2 ‘ " a A
/ /r 7 a T

L " 7/ A, <
¥ v 7 ,

- 4 /?r( J‘ iy Wt /Cm ;
nm:-. II / ’/“ i
< v 57 74 4
R Ay i :
[ ¢ « ,./ / / 4
/ / ’ / }

F o ‘ -7

ootk ...f . Js.l LIS I BLNIE g T

0 "0 ) 0000

Fig. 1.2: Number of produced particles versus the squared total energy at
the center of mass frame, s in p+p collisions. The solid straight line shows the
AGS energy, s = 30 GeV? corresponding to the beam with incident momentum
of 15 GeV/c and target. The total number of produced charged particles, n.

is about 4 at the AGS energy.

[.4. POWER LAW 5

as A’s. Indeed, the importance of baryonic collisions, particularly of low lying reso-
nances was understood from the comparison of the pion/proton data with the several
model calculations. Any models of naive intra nuclear cascade are shown to overesti-
mate the pion yield by a factor of 2 while they underestimate the average transverse
momentum of protons significantly [9, 10]. On the other hand, ARC [11, 12] and
RQMD [13] models which treats pion production through low lying resonances such
as A's, have been shown to explain the pion, kaon and proton production properly.
From these successes, it is widely believed by now that baryons particularly low lying
resonances play the dominant role in the particle production in the heavy ion col-
lisions at the AGS energy. From this viewpoint, we consider that baryons such as

protons and deuterons should be measured for the studies of the reaction size.

1.4 Power Law

The most successful model to describe composite particle production in A+A colli-
sions at Bevalac is the coalescence model [14, 15, 16]. With this model, when a proton
and a neutron are accidentally emitted close together in the momentum phase space
in a nucleus+nucleus collision, the proton and the neutron coalesce into a deuteron.
Therefore, the yield of deuteron should be proportional to the squared density in

the momentum phase space of proton (neutron). The relation can be written with

invariant differential yield as;

d*Nd d*Np (1.1)
Lerw: aftc SR B2 e '
dp; dp;
where p; = 2 - p,. In general, for the composite particle consisting of A nucleons,
Eq. 1.1 is extended to;
3 AT Sy A
L d°Ny L d°N,
By = 113 /LP——% 4 (1.2)
dp dp
where py = A-p,. Those relations assume that the shapes of the proton and neutron

spectra are identical. This relation is called as a power law of the coalescence model.
[t turned out that this power law can be explained by a thermal model [47, 43, 49].
The model is static, non-relativistic and assumes thermal and chemical equilibrium
to be achieved and composite particles are produced uniformly over the volume. This
model is further discussed in Section 6.5.1.
The power law has been applied to light nucleus in A+A collisions with incident

energy from 9 A-MeV to 2 A-GeV [L7, 18]. Furthermore, it has been shown that
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the power law can describe the spectra of the light nucleus from deuteron to "N,
in Fig. 1.3 [18]. However, it is known that the disagreement of the power law is as
large as some ten percent at low p, region. It may be due to the difference of the
distribution between proton and neutron. Thus the measurement at wide p; region
is important to test the power law.

Fig. 1.4 shows that the values of B, are almost constant for A+A collisions at
Bevalac [46, 17] and p+A collisions [20] at CERN. It has been believed that the B,
does not depend the beam energy and the collision system. This uniformity of the

B, is remarked as a universality of the composite particle production.

1.5 Deuteron Measurements at AGS

Previously deuteron measurements have been performed in the relativistic heavy col-
lisions at AGS.

One of them was performed by E814 group. They measured cross sections of the
composite particles of mass A < 4 in collisions of 14.6 A-GeV/c *®Si nuclei with targets
of Pb, Cu, and Al [21]. However, they do not have proton data in the kinematic regions
for deuteron to be compared with their experimental coverage. They are forced to
use model prediction (ARC model [11, 12]) instead of real data for proton spectra in
order to test the power law, which by no means can be considered as an experimental
proof. Furthermore, their p; coverage is narrow: p; as 0 < p; < 0.14 [GeV/c]| for
deuteron.

ES886 group measured composite particles, deuteron, triton, 3He and *He at mag-
netic rigidities of p/Z = 0.8, 1.2, 1.5, and 1.8 GeV/c in collisions of "Au beam of
12 A-GeV/c with target of Pt [22].

the inclusive production cross section of the deuteron, triton, *He and *He, as shown

They have shown that the power law holds to

in Fig. 1.5. Since they do not have an event characterization detector, their data are
only for inclusive measurements. For comparison, they also measured the composite
particles in 2*Si4+Pt collisions of 14.6 A-GeV/c and p+Pt collisions of 12.9 GeV/c.
Furthermore. the source radii which were deduced from the Sato-Yazaki model [50]
were proportional to the cubic of the number of participant nucleons. However, the
evolution of collision might be quite different in central and peripheral collisions,

such as TAu4+'9"Pt. Specifying impact parameter is preferable in heavy ion colli-

sions. Furthermore, since they used a beam line spectrometer system fixed at 5.7 deg,

1.

.

DEUTERON MEASUREMENTS AT AGS
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and E8RK6.

they measured deuterons at the narrow range of 0.1 < p; < 0.5. Thus it is awaiting
to be confirmed by the measurements with impact parameter selection at much wider
kinematic coverage.

The kinematic coverage of deuteron measurement of E866 and ES886 are shown in

Fig. 1.6. Features of our data are;

e The p; range of deuteron, 0.05 ~ 1.7 [GeV/c| is much wider than those of the

other experiments.

e Protons and deuterons at the same kinematic region are measured simultane-

ously with a single spectrometer.
e The centrality of collisions are also measured.

We claim that our data is the first systematic measurement of deuteron production
in Au+Au collisions at AGS energy.

The experimental conditions are summarized in Table 1.1.

1.6 Kinematics

Here, we introduce kinematic variables. Since we are dealing with relativistic particles

and systems, it is useful to describe them with Lorentz invariant variables or variables

1.7. THESIS OBJECTIVES [

Experiment | Beam, Momentum [A-GeV/c] p: range [GeV/c] centrality
p d

E814 286G, 14.6 — 0—0.14 inclusive

E886 W Au, 11.5 0.06 — 0.2 | 0.11 — 0.46 inclusive
o T4 R ~ 0.2 ~ 0.46 inclusive
p, 12.9 0.06 — 0.2 | 0.11 — 0.46 inclusive

inclusive
E866 B &h 1LY 0.0 —-1.7] 0.05 —1.7 central

peripheral

Table 1.1: Experimental condition.

which have simple Lorentz transformation properties.
We take a beam line to be z-axis of a frame. For a particle which has momentum
P = (pz, py,p-) and mass m, we use a longitudinal momentum p; = p., a transverse
t =.,/p? . 1 total energy E = \/p? + m*. Transverse mass m; and
momentum p, = ,/p? + pi, and total energy E = \/p . Transver: S my @

rapidity y are defined as

m; = \/p}+m? (1.3)
1 E

o = =] T P (1.4)
2 E — pH

The total energy and longitudinal momentum of a particle can be easily related to
its transverse mass and rapidity as
E = mycosh(y) [BIET5)

py = msinh(y). (1.6)

1.7 Thesis Objectives

The data presented in this paper was obtained in the fall of 1994. Event characteriza-
tion was performed by the Bull's Eye counter and the zero-degree calorimeter. From
the experimental results, we get the information of the size of the interaction volume

at freeze-out, utilizing the coalescence model and compare it with other experimental

6 centrality cuts |
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results. A particular interest is in the size of the coalescence scaling coefficient, B4
and its dependence on the centrality.

In this thesis. we describe the experimental setup in chapter 2, the run condition
in chapter 3 and calibrations of detectors, particle identification and corrections
in chapter 4. In chapter 5, we present the experimental results. The results are
discussed in chapter 6 on basis of coalescence relation, and compared with other

experimental results. Conclusions are described in chapter 7.

1.8 Contribution of Author

The author has contributed to AGS-E866 experiment as following,

e Has taken part in construction of the Forward Spectrometer since he was master

degree.
e Constructed the time of flight wall with Ueno-Hayashi.

e Worked on development of the on-tube discriminator, which was used to the
time of flight wall, as master thesis. Then high resolution, o ~ 76 psec, was

kept during experimental run.

«

e Calibrated the time of flight wall.

e Analyzed the deuteron production.

Chapter 2

Experimental Setup

2.1 Overview

Fig. 2.1 shows the configuration of the experiment E866. It consists of a large solid
angle (25 msr) magnetic spectrometer (Henry Higgins Spectrometer), a small solid
angle (5 msr) magnetic spectrometer (Forward Spectrometer), and event characteriza-
tion detectors. In this chapter, the accelerator facility, the target arrangement, event
characterization detectors and the detector components in the Forward Spectrometer

are described.

2.2 Accelerator facility

Fig. 2.2 shows the layout of the heavy ion accelerator facility at Brookhaven
National Laboratory. First, the Au beam is accelerated to 1.00 MeV per nucleon
with a charge state of 13+ at Tandem Van de Graaff accelerator. And the beam is
transferred to Booster ring through Heavy lon Transfer Tunnel, and accelerated to
192 MeV per nucleon with a charge state of 334. Finally, the beam is accelerated up
to 11.7 A-GeV/c with a charge state of 79+ at AGS main ring [24], and led to the
ES866 experimental area. The beam had the repetition cycle of ~ 4 sec, and the flat

top of ~ 1 sec per spill.
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Fig. 2.2: A schematic layout of the AGS accelerator complex.

Fig. 2.1: The top view of the E866 spectrometer.
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2.3 Target Arrangement

Each target is mounted in an aluminum frame. The whole target assembly is in
vacuum. The target assembly has six target holders. One of the six is always kept
open and used as empty target for the background study. The targets are positioned

by remote control.

2.4 Global Detectors

Three global detectors are described in this section. The first is beam counters used to
define beam particles. The second is the Bull’s Eye counter used to define interactions.

The third is the zero-degree calorimeter used to define the centrality of collisions.

2.4.1 Beam counters

The beam particles were defined with BTOT which was a Cerenkov counter with a
quartz radiator by charge measurement of the projectiles. The sizes of the quartz
radiator were 51 mm high, 76 mm wide and 200 pm thick. The BTOT was read
out with two 2-inch photomultiplier tubes, Hamamatsu R2083, on its both side. The
resolution (o,/q) was estimated to be ~ 1.9 %. The BTOT was placed 171 c¢m
upstream of the target. BTOT provided a time-zero signal for the Time of Flight
system.

To veto the beam halo, Hole was used. It was a scintillation counter with a
circular hole 10 mm diameter. The size of its scintillator was 51 mm high, 76 mm
wide and 3 mm thick. It was placed 145cm upstream. Specifications of the counters

are summarized in Table 2.1.

2.4.2 Bull’s Eye counter

Bull's Eye counter was used to detect an interaction of a beam nucleus with a target

nucleus. The counter was a C'erenkov counter with a quartz radiator of 20 cm diameter

and 300 pum thick. The Bull’s Eye counter measured the charge of the remnant of

the beam. The measured charge smaller than that of the beam particle provided the
minimum bias interaction trigger. The resolution, o,/Z was ~ 6.7 % in 1994 runs [26].

The schematic view of the Bull’s Eye is shown in Fig. 2.3 [25]. The Cerenkov light
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Counter BTOT HOLE
Material Quartz | Scintillator
Thickness [mm] 0.20 3.2
Width [mm] 76.2 76.2
Height [mm] 50.8 50.8
Hole Diameter [mm] - 10.
Distance from the Target [cm] | —171. —145 |

Table 2.1: Specification of the beam counters.

was detected by eight 2-inch photomultiplier tubes, Hamamatsu H1161, located at

45 intervals around the periphery of the enclosure.

2.4.3 Zero-degree Calorimeter

A hadron calorimeter was located 11.7 m downstream of the target to measure the
total kinetic energy of beam remnants. It was called Zero-degree Calorimeter(ZCAL).
The ZCAL consisted of 138 scintillator/iron layers [27]. The ZCAL was divided
into two parts. The Upstream part consisted of 32 layers and the downstream part
consisted of 106 layer, and both two parts were read out by 4 PMT’s, respectively.
The sizes of the ZCAL were 60 cm high, 60 cm wide and 193 c¢m long corresponding to
8.9 interaction lengths. The ZCAL was used to define the centrality of the collisions.
The energy resolution of the ZCAL was o5/VE = 2.88 £0.02 [GeV'/?] in 1993 run

[28].

2.5 Forward Spectrometer

The Forward Spectrometer consisted of a collimator. two dipole magnets, two tracking
chamber complexes, and a time-of-flight wall. Each of the tracking chamber complexes
consisted of a time projection chamber and two accompanying drift chambers, and
one of two complexes was placed in front of the second magnet and the other one
was placed behind of the second magnet. The spectrometer could be swept from 6

degrees to 24 degrees.
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To reduce the particle density at the detectors, the solid angle of the acceptance
was designed to be rather small ( 5 msr) and the distance between the target and
the center of first chamber complex was extended to be 2.5 m. The first magnet
was placed in front of the first drift chamber to reject secondary particles with low
momenta. Further, a collimator was placed upstream of the first magnet. The window

of the collimator determined the acceptance of the spectrometer to be 4 degrees in

the horizontal direction and + 2 degrees in the vertical. It corresponds to the solid

) angle of ~ 5 msr.
/
1 The time projection chambers were used to find and define tracks because of their
‘\\ /Il . . . . . . m .
» high capability of three dimensional pattern recognition. Then the drift chambers

used to determine precise hit positions and angles of the found tracks with their high

A spatial resolution.

The time-of-flight wall was placed 6 m downstream of the target as the device for
particle identification. The time-of-flight wall had high resolution of 76 psec.

The performance of the spectrometer is summarized in Table 2.2

Performance

Solid angle [msr] ~ 5
' U~ Setting angle [degree] 6 — 24
Momentum resolution (o,/p) [%] 1.5 =5

(proton, 0 < p < 5[GeV/c])

Time of flight resolution, oror(7) [psec] 76.

m — K PID separation (2.50) [GeV/c] 0<p<25
K — p PID separation (2.50) [GeV/c] 0<p=3.5
p — d PID separation (2.50) [GeV/c] 0<p<

Fig. 2.3: A beam view of Bull’s Eye [25]. Table 2.2: Specification of the beam counters.

2.5.1 Forward Spectrometer Coordinate System

We defined a coordinate system on the spectrometer as in Fig. 2.4. The origin was
at the target position. The z-axis called the 6-degree line was a line perpendicular to
the surfaces of the magnets and the tracking chambers. The y-axis was upward. The

x-axis was taken so that the coordinate system was the right handed system.
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Fig. 2.4: A schematic view of the Forward Spectrometer to demonstrate the

definition of the FS coordinate system. Note that M1 and M2 are not shown.
A single reconstructed track is shown. The origin is at the target position. The
z-axis is along the beam side of the spectrometer, whose beam-downstream
direction is positive. The y-axis is vertical upward. The x-axis is determined

so that the FS coordinate system is right-handed.
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2.5.2 Magnets

We had two dipole magnets on the Forward Spectrometer. One called FM1 was placed
in front of the first tracking chamber system to remove background particles with low
momenta. The other called FM2 was placed between the tracking chamber systems as
an analyzing magnet. FM2 had an 94 cm effective length and bending power of about
0.9 T-m at its full strength. Field maps of FM1 and FM2 were measured with Hall
probes at 0.4T and 0.6T settings, respectively. Their specifications are summarized

in Fable 2.3,

Magnet FMI1 FM?2
Distance from the target [mm)] 1754. 3505.

Field Gap Size (x x y x z) [mm? | 229. x 159. x 508. | 597. x 283. x 762.
Yoke Size (x x y x z) [mm?] 546. x 616. x 800. | 1346. x 1442. x 1156.
Effective Field Length [cm] 623.2 943.4

Table 2.3: Specification of the beam counters.

2.5.3 Tracking Detectors

The spectrometer had two tracking chamber complexes. Both tracking chamber com-
plexes consisted of one time projection chamber and two drift chambers. First, the
time projection chambers found tracks, next the drift chambers improved spatial

resolution of the tracks.

2.5.4 Time Projection Chambers

A time projection chamber (TPC) [29] was placed at the center of each tracking
chamber complexes as a main tracking device.

Each of the time projection chamber consisted a field cage, an end-cap wire cham-
ber, a gating grid plane and a gas cage. The time projection chamber measured
the y-position as the drift time and x and z-position by the end-cap wire chamber.
Fig. 2.5 shows the schematic structure of TPC1 [30].

The time projection chamber (TPC1) placed upstream of FM2 was operated with

ZEOF [

Ar-isobutane (75:25) mixture and the time projection chamber (TPC2) [31] placed
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downstream of FM2 was operated with P-20. To operate time projection chambers
under the high particle density condition, the readout scheme of the time projection

chambers was segmented anode wire readout [34, 35, while conventional time pro-

jection chambers equipped at its end-cap MWPC with cathode pad readout [32, 33].

Further, TPC1 and TPC2 were equipped with gating erid systems to suppress
1 o (= [ = ) o,

field distortion due to the position ions from the anode wires. The gating grid was
usually closed, and the bias voltage, & 50 V for TPC1 and + 80 V for TPCI, are
supplied to each adjacent gating grid wires. When a trigger signal came, the gating

grid was opened so that the drift electrons could pass through the gate to the anode

wires. The performance of TPC1 and TPC2 is summarized in Table 2.4.

Chamber TRCI TPE2

Frame Size (x x y x z) [mm?] 406. x 450. x 352. | 965. x 660. x 450.

Field Cage Size (x x y x z) [mm?®] | 300. x 248. x 280. | 800. x 409. x 330.

Window Size (x x y) [mm?] 300. x 220. x 280. 800. x 380.

Effective Field Length [cm)] 623.2 943.4

Effective Volume (x x y x z) [mm®] | 290 x 200 x 280 770 x 350 x 330

Number of Rows 6 6

Row-to-Row Pitch [mm] 46. 54.

Drift Field [V /cm] 800. 640.

Maximum Drift Length [cm)] 26. 42.

Anode-to-Anode Pitch [mm)] 3. 4.

Anode-to-Cathode Gap [mm] 3 4.

Effective Anode Wire Length [mm] i 1

Anode Wire Diameter [pm] 15. 15. Endcap Wire Chamber
Operation Voltage [-kV] 1.90 2,156 —2.20 :

Number of Anode Wires [/row] 96 192

Total Number of Readout 576 1152 7

Gating Grid Wire Pitch [mm] L. L.

Grid-to-Cathode Distance [mm)] 8. S.

Gating Grid Operation Voltage [V] +50. +30. Fig. 2.5: A schematic structure of TP(C’s.

Table 2.4: Specification of the time projection chambers.
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(Chamber | Plane Order | Wire | Orientation | # Wires | Drift Length
FT1 xx'uu'yy'vv'za’ ht 0. deg. 514) 2.0 mm

y 90. deg. 40 2.0 mm
u —30. deg. 64 2.0 mm
v 30. deg. 64 2.0 mm
FT2 xx'uu'yy'vv'za’ - 0. deg. 56 3.0 mm
y 90. deg. 36 3.0 mm
u —30. deg. 64 3.0 mm
v 30. deg. 64 3.0 mm
FT3 cr'uu'vv'za’ T 0. deg. 78 4.0 mm
u —30. deg. 80 4.0 mm
v 30. deg. 80 4.0 mm
FT4 zx'uu'vv'za’ o 0. deg. 78 5.0 mm
u —30. deg. 80 5.0 mm
v 30. deg. 80 5.0 mm

Table 2.6: Plane configuration of the drift chambers.

ing them to TDC, and then were recorded with Phillips CAMAC TDC model 7186.
The 68 m coaxial cables, RG58f, were used as jumper cables from the on-tube dis-

criminator to the counting house, and the 30 m coaxial cables, RG58, were used as

delay cables from the second discriminators to TDC’s. The TDC had 16 channels of

time digitizers with the minimum bin of 25 psec. The analog signals were recorded
with LeCroy FASTBUS ADC 1882N in the counting house. ADC values are used in

1

off-line analysis for so-called slewing correction ' as well as for a charge cut.

2.5.7 Heavy Metal Shields

The collimator was made of heavy metal, mainly Tungsten, was placed in front of the

FMI to screen chamber frames and the yoke of FM1. The heavy metal shield was
also fixed on the beam side wall of FM1 in order to stop the particles from the beam

pipes.

Lcorrect the time changes which are caused from relation of the pulse height and threshold level

of the discriminator
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