
INS—858

JP9105219 INS-Rep.-858

INSTITUTE FOR NUCLEAR STUDY KEK Preprint 90-163
UNIVERSITY OF TOKYO December 1990
Tanashi, Tokyo 188
Japan

Letter of Intent for RHIC Experiment

Two-Arm Electron/Photon/Hadron Spectrometer
TALES Collaboration

R.S. Hayano+, H. Sakurai, K. Shigaki, Y. Shimizu, H. Tamura
University of Tokyo

Y. Akiba, H. Hamagaki, S. Homma, Y. Tanaka
Institute for Nuclear Study (INS), University of Tokyo

J. Chiba, T. Kobayashi, K.H. Tanaka
National Laboratory for High Energy Physics (KEK)

I. Arai, H. Kitayama, Y. Nagasaka, K. Tomizawa
University of Tsukuba

H. En'yo
Kyoto University

H. Sano
Osaka University

Y. Iwata, T. Sugitate
Hiroshima University

S. Hayashi, M. Tanaka, M.J. Tannenbaum++, P.A. Thompson
Brookhaven National Laboratory

G. Roche
LBL/Clermont-Fd University

+) Spokesperson
++) Local contact



INS-Rep.-858
KEK Preprint 90-163
December 1990

Letter of Intent for RHIC Experiment

Two-Arm Electron/Photon/Hadron Spectrometer
TALES Collaboration

R.S. Hayano+, H. Sakurai, K. Shigaki, Y. Shimizu, H. Tamura
University of Tokyo

Y. Akiba, H. Hamagaki, S. Homma, Y, Tanaka
Institute for Nuclev Study (INS), University of Tokyo

J. Chiba, T. Kobayashi, K.H. Tanaka
National Laboratory for /fign Energy Physics (KEK)

I. Arai, H. Kitayama, Y. Nagasaka, K. Tomizawa
l/.niversil.y of Tsukuba

H. En'yo
Kyoto University

H. Sano
Osaka University

Y. Iwata, T. Sugitate
Hiroshima University

S. Hayashi, M. Tanaka, M.J. Tannenbaum++, P.A. Thompson
Broo/ciaven iVationai Laboratory

G. Roche
LBL/Clcrmont-Fd University

+) Spokesperson
++) Local contact

1 Introduction
With the advent of RHIC, the study of nuclear matter will enter a new realm of extreme
conditions of temperature and density. An exciting possibility is that the colliding nuclei
will interact sufficiently to come to equilibrium so that the energy of the incident beams will
be distipated by compression and heating in the large volume of nuclear matter. Under such
conditions, it is expected that the system will undergo a phase transition from a state of
nucleons containing bound quarks and gluons to a state of deconfined quarks and gluons, in
chemical and thermal equilibrium, covering nearly the entire volume of the colliding nuclei,
a volume much larger than the characteristic hadronic length scale. This new state of matter
is called the Quark Gluon Plasma, or Quark Matter [l|[2j.

It is possible that the QGP will become self-evident when just a few ultra high energy
central nuclear collisions are observed. A more likely outcome is that the existence of the
QGP will have to be determined from a comprehensive and systematic set of experimental

- 1 -



data exhibiting several striking signatures "which can be interpreted in a unified way as
manifestations of QGP production"[3j.

The signatures proposed for the QGP include both hadronic and leptonic modes. For in-
stance, chemical and thermal equilibrium are tested by measuring the temperature (<pr >)
and relative abundance of identified charged hadrons[4][Sj. The existence of a phase transi
tion may be inferred[6][7] from the variation of the temperature with increasing particle or
energy density, dn/dy or dET/di], correlated with large fluctuations in these densities in a
limited region of rapidity (~ 1 unit), on an event-by-event basis. Identical particle interferom-
etry [8] may be used to estimate the size of the thermalized QGP. Lepton pairs are important
in at least two wayB: low-px, low-mass lepton pairs are a probe of the thermal equilibrium of
the system and of the transition temperature[9); while J/V production (suppression)[10) is a
probe of the deconfinement and Debye screening of color charge in the QGP. "Jet quenching"
may be another example of a process that demonstrates deconfinement[11] and jet effects can
probably be observed at RHIC by measurement of one or a few leading high pr hadrons[12J,
or by direct single photon production[l3j.

In order to discover and prove the existence of the QGP, it would seem desirable to have
a detector which is sensitive to as many of the proposed "signatures" as possible, so that
they could all be observed and turned on and off in a predictable, reproducible, controllable
and unified way. By emphasizing an open geometry experiment, optimized for detecting
low-mass, low-pj- electron-positron pairs, we believe that a reasonably comprehensive mea-
surement of the majority of the QGP signatures can be obtained.

2 Physics Motivation and Goals

2.1 Dielectron Production
The primary physics goal to be pursued with the proposed detector is the detection of quark-
gluon plasma through the measurement of soft e+e~ pairs, with a particular emphasis on
the low-mass continuum below Afe+«- < a few GeV/c3.

The importance of penetrating probe cannot be over-emphasized: Even if a QGP is formed
in the early stage of a nucleus-nucleus collision, the signals from the QGP phase may be
buried under the backgrounds from the hadronic phase. We can only probe the hot dense
matter by using penetrating probes such as photons or dileptons. After the transition to the
QGP is detected by whatever signal, the details of the QGP phase can be better studied by
clean penetrating probes, free from the final-state strong interactions.

Since the temperature, or the average energy per quanta, of the QGP phase is expected to
be a few hundred MeV, low-pr dilepton spectra below ~ a few GeV/c* (and direct photons,
which can be also studied with the proposed detector) should provide best signatures of the
QGP formation[9,14].

On the other hand, lepton pairs in higher-mass region (A/J+I- > 3 Gev/cJ) should mainly
come from initial haid scattering processes, hence they carry little information of the ther-
malized QGP state (of course, measurements of higher-mass pairs are interesting in their
own right, e.g., structure-function distortion due to nuclear effect, etc.).
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There are several characteristics which can be used to distinguish thermal production of
e+e" pairs by the QGP from other sources. The lepton pairs that are characteristic of the
hadronic phase or hot pion gas exhibit peaks at the vector mesons (p°, UJ, <j>). On the other
hand, since such mesons cannot exist (at least at the same m&ss as in the hadronic phase)
in the QGP, the lepton pairs are observed as an enhancement of continuum specrtra. For
thermal production[9], the number of lepton pairs per unit of rapidity is proportional to the
square of charged particle density dn/dy (or energy density dEjjdr) ); and furthermore this
ratio is proportional to the transition temperature Tc. Also, the transverse momentum, and
invariant mass dependence of the cross section are not independent but depend only on the
transverse mass raj.

Recently, much theoretical work has been done to study the consequences of chiral sym-
metry restoration. It is conjectured that meson (p,<j>,ui) masses would decrease at high
temperatures. Should such changes occur, they can be best studied by measuring lepton
pair spectra; the resonant shapes of these mesons may change, or there may even appear
satellite peaks or shoulders in the invariant-mass spectra. The use of hadronic decay modes to
detect the mass-shift effect should be quite difficult because of the large final-state hadronic
interactions. At present, it is not possible to reliably predict what the spectrum should look
like. The prediction depends sensitively on the QCD chiral restoration scenario, as well as on
the collision dynamics. We believe that only the detectors capable of measuring lepton-pair
continuum (good mass resolution, good background rejection) can successfully attack this
intriguing problem.

High resolution measurement of low-mass virtual-photon continuum can only be achieved
by detecting electron-positron pairs; clearly, muon-pair detection is not a suitable method
to attack the important physics issues as described above. However, e+e~ detection is a
nontrivial task due to the overwhelmingly large combinatorial background from ir° and r/
DaJitz decays. The key to the successful measurement of the low-mass continuum is i)
positive identification of electrons and positrons in large hadronic (and photon) background,
ii) precise measurement of their momenta, and iii) rejection of Dalitz-decay pairs.

The study of the opening-angle distribution of Dalitz-decay pairs shows that it is essential
to reject pairs with relatively small (0 < 15°) opening angles, and that the identification is
done in a field-free region, so that the asymmetric pairs which produce the most serious
background do not open up, or worse, spiral so badly that the lower energy member of the
pair is lost.

The proposed detector system can attain these goals by the combination of ring-imaging
Cerenkov counters, time projection chambers and highly-segmented electro-magnetic calorime-
ters. The details will be provided in the next section.

2.2 TT°, ij and direct photon measurements
Direct photon production is another penetrating probe of the QGP, complementary to e+e"
production, and should exhibit the same characteristic thermal signatures[9j[14j. Thermal
production of direct photons is expected to dominate in the range 2 < pr < 4 GeV/c,
while hard scattering production of direct photons via the g + q -* 7 -I- q subprocess, should
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dominate for pr > 5 GeV/c.
The main problem with detecting direct photon production is the inevitable background

of photons from the decays of the leading hadrons: ir° —• 7 4- 7, TJ° -+ 7 + 7 and perhaps
even w0 —• ir" •+• 7. Thus the detector must have the capability to measure in detail the
production of T° , if and other mesons which decay to photons in order reconstruct the
background to direct photon production. Since the internal {or Datitz ) conversion of these
hadronic photon sources is also the principal background to the e+e~ pair measurement,
it is natural (and ttaditionaJ[lSj) for detectors of e+e~ production in hadron collisions to
also provide excellent measurements of neutral hadron, charged hadron and direct photon
production[13j. In fact, this is how jets and hard scattering phenomena were originally
discovered at the CERN ISR[16]. At RHIC, it appears that the production of one or a few
leading high px hadrons[12] may be the best probe of jets and minijets. This will involve
measurements of semi-inclusive single and few particle spectra with at least two different
values of TJSNN and two different ions (e.g. Au+Au, Cu-f-Cu).

2.3 Global event characterization
Measurements of ET and dEx/drj distributions have proved to be an important analyti-
cal tool for the soft multiparticle interactions which are predominant in Relativistic Heavy
Ion Collisions! 18j. Experiments at BNL and CERN have shown that ET distributions from
nuclear collisions are largely dominated by the nuclear geometry. A coarse-segmentation
electromagnetic barrel calorimeter covering 0 < \r}\ < 2, and a coarse-segmentation electro-
magnetic endcap calorimeter covering 2 < \t}\ < 6 will be used as our global event charac-
terization device {EjCKh). The ETCAL will supply an estimator of dEr/drj over nearly the
full phase space \t}\ < 6 and thuB provide an excellent "centrality" measurement ou an event
by event basis. It will be used as one of the primary triggers of the experiment.

From measurements in high energy particle physics, it is expected that the average ra-
pidity distribution of the charged particle production, dn/dy, or equivalently of transverse
energy emission dEr/drj, will exhibit a very broad and flat plateau, possibly stretching out
to ±6 units of rapidity. It is also possible that event-by-event fluctuations of dEr/dtj are
signatures of interesting physics such as correlations, "intermittency", or a phase transition.
Van Hove[7j has suggested that the rapid expansion of the QGP would cause an explo-
sive process or "deflagration" into a few droplets in which the "latent hc*t of the plasma
transforms into collective Bow energy" which would be manifested by large event-by-event
fluctuations in dEr/dr) over a range —1 unit of rapidity. These fluctuations will be detected
in the ETCAL, and when they occur at 7 ~0 , they can be analyzed by the central detector
for other evidence of the characteristic QGP signatures. EM calorimeters are used in both
the central two arm spectrometer and the ETCAL to ensure that the particles observed in
the two arm spectrometer are representative of the global trigger when the fluctuation is
selected at JJ ~0 .
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2.4 Identified Hadron p? Spectra
Measurement of semi-inclusive hadron spectra with good particle-ID, in combination with
the global event characterization, would give us information on the breakup stage of the
collisions. The interesting kinematkal region will be below ~ 2 GeV/c, where we expect
hadrons from the hot hadronic gas. By comparing the spectra among various hadrons, we
might be able to deduce the evidence of the hydrodynamical flow. Change of relative yields
and spectral shape among various hadrons correlated to the fluctuations in dEr/drj could
be a clear demonstration of the explosive QGP expansion processes.

For such measurements, we think it is sufficient to have about 100 elements of time-of-
flight counters just in front of the EM calorimeter. With flight path of ~ 3.5 meters and
with ~ 70 psec timing resolution, we will be able to identify TT* and K± up to 2 GeV/c, and
p* up to 3 GeV/c.

It is predicted that at RHIC energy a baryon-free central region will be formed at mid-
rapidity. This prediction is based on an extrapolation from the baryon stopping power
measured at much lower energies (y/s = 20 GeV), and should be experimentally verified
at RHIC. The stopping power of baryons can be best studied by measuring the dn/dy
distribution of identified hadrons in forward-rapidity regions; it is also useful to study the
effect of baryon density on the particle production.

We can take advantage of the open geometry of the proposed system, and combine the
present system with an optional forward small-acceptance spectrometer to extend the dn/dy
measurement to wider rapidity range, and to correlate the hadron spectra with the global
event characterization.

2.5 Charm Production
Direct identification of charm particles in the RHIC environment will be very difficult. Lep-
tons from semileptonic decays of charm particles (mainly D,D') may possibly constitute the
major background in the dielectron mass spectrum from 1 to 3 GeV.

The charm signal in hadron collisions (without a vertex detector) has been seen in the
single electron channel (Dalitz conversions rejected) at a level e/ir ~ 10"4 for pr ~ 1.3 to
1.5 GeV/c. At the ISR the e/ir ratio varied systematically by a factor of ~ 1.8 from 30 to
60 GeV, and by a fit to this data would be predicted to be 2.6 x 10"4 at •/$ = 600 GeV[15].
Recent measurements at CERN give roughly this value[17j. Thus, it is likely that e/v at
RHIC is large and is a good measure of CHARM production. In particular, production of
multiple high pr (> 1-5 Gev/c) electrons on the same side may be important—and could
serve as a CHARM nignal, as well as an estimator of the combinatoric background due to
CHARM in the opposide-side e+e" spectrum.

3 Overview of the proposed central detector

The proposed central detector system is schematically depicted in Ftg.l. This detector has
been designed so as to fulfill the physics goals described in detail in the previous section,
with an emphasis on the measurement of soft low-mass e+e~ pairs.



It is an open-geometry double-arm spectrometer, consisting of two identical arms on both
sides of the beam pipe (each covering —0.2 < r) < 0.2, -30° < <f> < 30°), with a gas ring-
imaging Cerenkov (RICH) counter on each arm. The RICH counters are placed close to the
beam pipe, in a field-free region, and are used to identify electrons and to reject small-angle
e+e~ pairs. A heavy-metal shield is placed between the beam pipe and the RICH photon
detectors so as to protect the photon detectors against the high flux of charged particles.

Charged particle tracking starts at 1.5 m from the collision diamond. Each arm has a
time projection chamber (TPC) placed in an H-type dipole magnet, and a high-resolution
drift chamber system. The expected number of charged particles entering each arm is about
80 (for central Au+Au collisions).

A RICH detector has a high angular resolution, and is used to determine the direction
cosines of the electron (positron) tracks. This angular information is used to connect the
electron track in the RICH to the charged tracks detected in the TPC-DC tracker.

Behind the tracking volumes, we propose to install highly-segmented high-resolution
electromagnetic calorimeters. The calorimeters provide additional electron identification
power, and can be also used to study 7, TT° and 77 spectra.

A coarse-segmentation electromagnetic barrel calorimeter covering 0 < |TJ| < 2, and a
coarse-segmentation electromagnetic endcap calorimeter covering 2 < |TJ| < 6 will be used
as our global event characterization (impact-parameter trigger) device (£YCAL).

The RICH optics design and the field uniformity on the TPC are the two major parame-
ters which has lead us to the present detector geometry (rj acceptance in particular), and the
proposed geometry is the best optimization we have achieved so far. The overall geometry
optimization is an important R&D item.

Another major issue is the ability to trigger on electrons of a minimum pr and e+e~
pairs of a minimum invariant mass in real time. This would involve a first level trigger on
a cluster in the EM calorimeter followed by a second or higher level trigger in which the
cluster would be correlated with an electron track identified with the RICH.

4 Description of detector components and expected
p erfor mance

4,1 Tracking
Tracking starts at 1.5 m from the collision diamond. Each spectrometer arm has a dipole
magnet with a maximum strength of 1 T-m, and a TPC inside the magnet. High-resolution
drift chambers (projective readout) will be placed at the entrance of the magnet, and at lm
behind the magnet. The TPC is our primary pattern recognition device; the drift chambers,
which have better spatial resolution and better two-track separation as compared to the
TPC, are used to achieve good momentum resolution (Sp/p < 0.5% at 1 GeV/c).

Issue* of Magnetic field strength, momentum resolution, acceptance and triggering
The strength and uniformity of the magnetic field are important concerns. The TPC

requires a purely axial magnetic field (Bt) over its volume. The specification on the other
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components is to be determined but is expected to be similar to that of the ALEPH detector,
averaged o\ei the gap height of one meter. The width of the magnet aperture is approxi-
mately 3 meters, and the length through the magnet is assumed to be 1.5 meters, including
shielding plates. The good field region in which the TPC is located is assumed to occupy the
central 1.0 meter. A 120D36 with shielding plates is the approximate scale of the required
magnet and would be the starting point for optimization and field shape calculations.

The issues of lepton-pair acceptance and momentum resolution pose conflicting require-
ments on the strength of the magnetic field. For the purpose of ease of triggering and max-
imum acceptance, minimum bending of the charged particles is preferred—a field strength
of 0.3 T, and effective length 1.0 m, for an integral Bdl of 0.3Tm (0.090 GeV/c). For the
purpose of best momentum resolution, the field can be increased to 1.0 T for a bending
strength of 1 Tm or 0.300 GeV/c.

The TPC, with its 3-dimensional pattern recognition, serves to define the tracking. Eleven
equally spaced stations with a =1 mm resolution cover the 1 meter tracking length of the
TPC in N=10 intervals of 10 cm each. Two or three drift chambers with better spatial
(a- =0.2 mm) and two track resolution are placed externally to the magnet to improve the
momentum measurement.

In the initial configuration of the experiment—the bending is vertical, in the azimuthol
direction—so that the small size of the beam (<r =0.5 mm) is used to constrain the tracking
resolution without need for a microvertex detector. 1

For most charged particles entering the spectrometer, multiple scattering is the dominant
factor which determines the momentum resolution. This is estimated to be equivalent to 1
% of a radiation length of material: <rp/p = 1.7% (0.5%) for the low (high) field settings.

Vertex determination
The precise determination of vertex position is important to achieve good momentum res-
olution, and to associate the electron track seen in the RICH with a charged particle track
measured by the TPC-DC tracker. In the bending plane (r), the small size of the beam
is used to constrain the tracking. In the non-bending direction (z-direction, i.e., along the
beam), it should be possible to determine reaction vertex on an event by event bases from re-
constructed charged-particle tracks. Time-of-flight difference between forward and backward
counters should also provide precise information on the *-vertex position.

4.2 Electron-pair reconstruction and Dalitz-decay rejection
Electrons are identified by a gas RICH counter which fills the volume between the diamond
and the magnet. Electron track candidates found by the RICH counters are matched to the
tracks reconstructed in the TPC, and are further verified by the electromagnetic calorimeter
placed at R = 3.6 m. An overall e/ir separation of 10~B to 10"* should be achievable with
this scheme.

'For lubsequent ruin where high rate is at a premium, it might be desirable to add low 0 quadruples
and also to rotate the magnets so as to bend in the polar plane. This would increase the IJ acceptance and
decrease the aiimuthnl acceptance, but would result in a net increase of a factor of ~ 2 in the e+e" pair
acceptance. A mierovertex detector would be required.



It will be shown in the following that Dalitz decay background events from ir° and TJ
decays can be effectively rejected if we throw away an electron track associated with an
adjacent positron track.

4.2.1 RICH Counter

The RICH counter consists of a mirror system and a photon readout system. They will be
installed in a container, filled with suitable radiator gas at 1 atm. The gas should have a
relatively large refractive index to obtain enough number of photons, but it should have a
long radiation length to minimize 7 conversion. A possible choice is an ethane-isobutane
mixture. The RICH counter is installed in front of the magnet placed at R=1.5m. The
radiator length is ~ 1 m. The expected (and also required) number of detected photons per
track is 10 ~ 15.

The current design parameters are summarized below in Table I. A hybrid mirror sys-
tem, consisted of two spherical mirrors with radius of 1700 mm, is placed at 1.3m from
the diamond. The two mirrors are tilted ±16 degrees, respectively, so that the image of
the Cerenkov rings are focused onto the photon-counters placed outside the spectrometer
acceptance.

Table I. Summary of the RICH Counter Decign Parameter!

number of mirrors: 2 modules / arm (plane symmetry at z=0)
mirror curvature: 1700mm
mirror position: 1300mm from the beam axis.
coverage angle: Afl = 20 degrees / module, and

A<t> = 65 degrees.
tilt angle: 16 degrees.
number of detectors: 2 modules / arm (plane symmetry at 2=0)
detector size: 400mm x 500mm / module
detector position: 550mm from the beam axis

A simple simulation was performed to see the dependence of the pixel size of the photon
counter on the resolution of ring center determination. For a typical ring size of 5 cm at the
counter, resolution of less than 2 mm (rms) was achieved for 10 detected photons with the
pixel size of 1 cm x 1 cm. With a mirror curvature of 1700 mm, the angular resolution is less
than 7.0 mili-radian (3 rms), and the resultant solid-angle resolution is 50 micro-steradian.
We expect dNc/dil ~ 200/sr at the central rapidity in central Au + Au collisions. The
solid-angle occupied by each track is ~ 5 msr. The above result indicates that the loss of
tracks due to track association between the RICH counter and the particle tracking system
can be kept as low as a few %, assuming a better or comparable resolution in the particle
tracking system.

Optics
The optics of the Cerenkov photons is one of the main issues in the design work. Fig. 2

shows a result of the simulation study of Cerenkov optics with'the currently adopted design
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parameters. In this (two-dimensional) calculation, the three tracks with directional angles
70, 80 and 90 degrees from the beam axis, are generated from the three different collision
points -10, 0 and + 10 cm, relative to the center of the collision points. One can see that the
Cerenkov images from the tracks with a same direction, are well focused on a same position
in a focal plane, independent of where the tracks originate.

Readout
Readout of the Cerenkov ring-image is our-high priority R&D project for RHIC. Although

readout by UV-photon sensitive chambers is currently widely adopted, we are trying to
pursue alternative ways; readout by (1) array of photomultiplier tubes (PMT), (2) multi-
anode PMT's, or (3) SSD array. The method (1) will be costly but is straight-forward, and we
can take this as our fall-back position. The method (2) is very promising, since UV-sensitive
multi-anode tubes with fine-mesh dynodes (100 mm square, 2.5mm anode spacing) should
shortly become available. The method (3) is to use an array of photo-avalanche diodes. Some
diodes with one-photon sensitivity are available but they have tiny active area, and have to
be cooled. Nevertheless, the method is very attractive, since it will provide us with great
flexibility in designing the system. We notice that R&D's to achieve one photon sensitivity
at room temperature are in progress.

4.2.2 Electron-pair reconstruction and Daiitz-decay rejection - expected per-
formance

An extensive Monte Carlo study on the electron-pair reconstruction efficiency and Daiitz-
decay rejection efficiency was done. We assumed a Au+Au central collision, and included
both ir° and T\ Oalitz decays (the •q/v" yield ratio was assumed to be 20%). Decays of p, w
and 4) were also included in the simulated events.

The distribution of the opening angles of the Daiitz-decay e+e" pairs is peaked at small
angles. We found that if we discard an electron/positron if there is a Cerenkov hit within a
cone angle of 15°, we can improve the signal-to-noise ratio of the e+e~ pair measurement by
a factor 35 (at 1 GeV/c3) with only 30% loss in the true-pair reconstruction efficiency.

In Fig.3, we show the e+e~ pair invariant mass spectrum without Dalitz decay rejecti* i
(dashed histogram), and with rejection (solid histogram), plotted in 10 MeV bins. The
statistics corresponds to about 2 x 107 Au+Au central collisions. The discrete peaks of w
and 4> decays are clearly visible.

Overlaid, we show in Fig.3 two curves; the solid curve is the estimated pair continuum
from the QGP (Kajantie et al.[9]), and the dashed curve is the magnitude of the anomalous
continuum enhancement observed so far in various measurements[19).

The Afe+.- acceptance of the detector system is shown in Fig.4 (we assumed that d<r/dydMT <x
MTexp(~MT/T) with T = 160 MeV).

4.3 EM Calorimeter
A highly-segmented electromagnetic calorimeter will be placed at R = 3.6 m; the area
covered is about 8 m'/arm, each segmented into about 5000 blocks of crystals such as
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PbFj. In Fig.5, we show a result of a Monte Carlo simulation which demonstrates the n°
reconstruction capability of the EM calorimeter. The choice of the calorimeter crystal is an
important R&D subject.

The highly segmented EM calorimeter is the ideal device to measure JT° and 7}° production
via the 2-7 decay and to search for direct photon production. The two most severe detector
limitations on n0 and direct-7 production concern: (i) the minimum separation at which two
photons can be resolved; and (ii) the minimum energy photon that can be paired to form a
7T° or T)° above noise and combinatorics. For this discussion, the minimum energy photon is
taken to be 1.0 GeV. Also, it is assumed that photons will be resolved if they are separated
by 3 block widths in the EM calorimeter, or 120 mm. In this case, JT° can be reconstructed
between 2 and 8 GeV/c in pn and 770 up to 24 GeV/c. If the two-7 resolution can be
improved to 50 mm, then ir° can be measured up to 20 GeV/c in pr- It is also possible to
measure K° and direct-7 production statistically, by the conversion probability method[20],
using a converter just in front of the EM calorimeter. This has different systematics to
combinatorics than the reconstruction method. It also involves an additional scintillator in
front of each EM calorimeter cell. Considerable further study is warranted on many of these

4.4 Global event characterization
A coarse-segmentation electromagnetic barrel calorimeter covering 0 < \T)\ < 2, and a coarse-
segmentation electromagnetic eudcap calorimeter covering 2 < \T/\ < 6 will be used as our
global event characterization device (ETCAL). Conventional lead-scintillator or spaghetti
type construction appear to be suitable. The purpose of this device is to characterize the
collision by providing an estimator of dEr/drj over nearly the full phase space |J;| < 6. Also,
it will be used as one of the primary triggers of the experiment.

Strong Impact of RHIC machine on the design of ETCAL

The design of the very forward ETCAL is very strongly influenced by the parameters of
the RHIC machine, in particular the 9 meter limitation due to BCl, (the ~ 60 cm diameter
of the BCl cryostat), the minimum beam pipe diameter of 4 to 8 cm and the thickness of
the beam pipe. The detector ia assumed to be a lead-scintillator shower counter, roughly
20 radiation lengths thick, conventional or of the spaghetti type used in NA38. A shower
containment of the order of a few centimeters in diameter is assumed, making 5 by 5 cm a
reasonable segmentation. With this spatial resolution and segmentation, a minimum distance
of 5 cm from the beam line seems appropriate, and consistent with the RHIC parameters.

A nice solution is found for an endcap calorimeter composed of 2 walls, one placed at 8.0
meters from the target, and the other at 2.0 meters. Two such endcap calorimeters are placed
symmetrically on either side of the interaction region. The segmentation in polar angle is
determined by the 5 cm limit. In azimuth, the full aperture is divided into 16 segments. At
8.0 meters, the detector starts at an inner radius of 50 mm from the beam axis and has five
rings, spaced at 50 mm intervals, with the outer radius being 300mm. The coverage in 17 is
3.98 < 17 < 5.77 in five intervals. The 2.0 meter wall starts at a radius of 75 mm, with nine
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50 mm rings, and an outer radius of 525 mm. The 77 coverage is 2.05 < 17 < 3.98 in nine
intervals. The total number of elements in the endcap calorimeter is 14 x 16 x 2 = 448. The
ETCAL will be constructed so that segments can be removed to allow for an aperture for a
forward spectrometer.

These walls are relatively compact detectors. The forward (8 m) ETCAL walls will also
serve two additional purposes: (i) as beam-becm counters to indicate an interaction; (ii) for
TOF measurement, to measure the interaction vertex. A time resolution of 100 psec would
imply a measurement of the vertex to 1.5 cm. Scintillation or cerenkov leaves could be placed
in front of the ETCAL to improve the TOF resolution. At the smallest angle, 8 = 0.36°, the
effective thickness of a simple cylindrical beam pipe is increased by a factor esc 9= 160, so
that a radial thickness of ~0.5 % of a radiation length is required so as to present less than
1 radiation length of material in front of the ETCAL. This is roughly the same constraint on
beam pipe thickness as given by the central electron spectrometer, so should be achievable.
Alternatively, more complicated shaped beam pipes may be envisaged.

4.5 Optional forward spectrometer
Since there is an open space in the forward (1 < |tj| < 4) region, addition of a forward
spectrometer to measure charged particle single spectra is being considered.

4.6 Performance summary

The following table shows a summary of the expected performance of the proposed detector:

Pseudo rapidity range
<j> coverage
Single-particle momentum resolution
Single-particle acceptance
Charged particle multiplicity / arm
e+e~ pair acceptance*
e+e~ pair masi resolution
Dalitz-pair suppression
e+e" pair S/N at 1 GeV

J/-9 yield
<j> yield

- 0 . 2 < T) < 0.2

-30° < <f> < 30", two arms
Sp/p = 0.5% at 1 GeV/c

17 % 1 n
~ 80 (Au+Au central)

1.3 % at J / * , 0.6 % at ^(1020)
7 MeV at 1 GeV/c3

1/35 at McU- = 1.0 GeV/c3

0.01 (Anomalous pair, without Dalitz rejection)
0.5 (Anomalous pair, with Dalitz rejection)

0.3 (QGP a la Kajantie, without Dalitz rejection)
15 (QGP a la Kajantie, with Dalitz rejection)

~ 40/ day (Au+Au, i = 5x 10™)
~ 90 / day (Au+Au, L = 5 x 1038)

+ ) Event rate = L x Bj- x Acceptance
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5 R&D Items

The following are the major R&D items in order to realize the proposed detector:

1. Overall detector geometry
Optimization of the overall geometry in terms of RICH optica, TPC field uniformity, detector
acceptance and cost.

2. Cerenkov detector
Cerenkov optics (mirror, image she), and photon detector development.

3. EM Calorimeter
Study of crystals (Csl and PbFj) and readout - PMT and diode. Improve timing character-
istics of the calorimeter modules.

4. Magnet
Magnetic field design and optimization.

5. TPC
Read-out plane fabrication and readout electronics cost reduction. Study the possibility of
operating a TPC in a non-uniform magnetic field (in order to increase the 17 acceptance of
the detector system).

6. Data acquisition
Trigger and data-acquisition system to correlate a cluster in the EM calorimeter with an
electron track identified with the RICH.

7. Prototyping
In the short term, we need engineering, cost estimating and simulation studies of the detector.
In the long term, if the proposal is approved, we will want to «et up a prototype of a section
of the entire central detector approximately 0.5 by 0.5 m to 1.0 by 1.0 m in area including
the RICH, tracking, magnet, EM calorimeter, DAQ, etc, in a test beam. This would be a
fully working system but only a segment of the full detector. Its purpose would be to spend
extensive time to develop, calibrate and optimize the detector; to develop the DAQ, the
triggering, the various algorithms, etc, and to learn how to use the detector under controlled
circumstances before we put it into RHIC.

- 1 2 -



6 Estimated Cost—Very Preliminary
Item
Magnet
TPC

EM cal

Coarse-groin cal.

RICH

Data Acquisition

component

Cham ber-f Cage
Readout
crystal
PMT + readout
material
PMT + readout
Chamber + Engineering
Heavy-metal shield
Photon detector + readout
Trigger
Computer

unit cost (MS)

1.0
4.0
6.0
6.0
1.0
0.5
1.0
1.0
5.0
0.5
1.0

total (M$)
1.0

5.0

12.0

1.5

7.0

1.5
Total 28.0
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Appendix

A A note on the "two-photon" e+e~ pairs
It was shown at the recent RHIC workshop by M.RhoadeB-Brown that a large number of e+e"
pairs should emerge from relativistic heavy-ion collisions. It is our great concern whether
or not the "two-photon" pairs can become an important background to our lepton-pair
measurement.

A rough estimate of the number of single electrons with pr > 10 MeV (lower-energy
electrons can be safely neglected because they are below the gas Cerenkov threshold) which
appear in our detector acceptance, is about 500/sec. If this occurs randomly, this is no threat
to our e+e" measurement. If, on the other hand, central collisions always lead to multiple-
pair production, and more than 1 electrons/positrons with pr » 10 MeV are ejected into
our detector acceptance, overkilling of true events should result. This problem still needs
much study.
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Evidently, the magnetic field and Cerenkov threshold in our detector can be varied so
that the Coulomb produced pairs can be detected and measured, if necessary.

B 7T° 77 and direct photon production
The cross section for inclusive single charged hadron production [ (h+ + h~)/2\ has been
measured at ^/a=200 GeV by UA1 at the Cern Collider [21]. This should be well represen-
tative of ir° production in nucleon-nucleon collisions at RHIC. The cross section is described
by the form:

E<P<r _ A
dp3 ~ (I+PT/PO)" '

which has the nice feature that it can be integrated analytically so that

Measurements of direct photon production (UA2[2OJ) indicate a 7/ff0 ratio of 10 to 25 % in
the pr range 10 to 20 GeV/c.

The T° events expected in 1 year (107 sec) of running Au + Au at C = 5 x 1016 cm"* sec"1

are tabulated below, assuming that the cross section is A3 times the p-p cross section to set
the scale of the expected number of events. Note that the A2 assumes averaging over impact
parameter. The dependence of high pr particle production on impact parameter has never
been studied. There may be complicated effects such as the Cronin effect, or dependences
on centrality. These will be investigated. Also tabulated are the minimum distance between
the two photons from JT° —» 7 + 7 at the detector (3.6 m from axia), the maximum distance
between the two photons if both energies are required to be 1 GeV or greater, and the
probability that both photons will be in this interval. Note that for this detector, a 7/V0

ratio of 10 to 20 % would be difficult to see due to combinatoric losses at roughly the same
level, inadequate rate above pr=12 Gev/c and possible inadequate 2-7 resolution. On the
other hand, ir° and 17° measurements out to 12 or 16 GeV/c seem to be within reason.

Pr(GeV/c)
2.000000
4.000000
6.000000
8.000000
10.00000
12.00000
14.00000
16.00000
18.00000
20.00000

Events/1 GeV
1.15E+09
1.36E+07

559398
46687
6123
1098
247
67
21
7

dmin(mm)
484.8966
242.8617
161.9590
121.4827
97.19115
80.99488
69.42535
60.74784
53.99849
48.59890

d(lGeV)
484.8979
280.5392
217.3569
183.7094
162.0181
146.5506
134.8061
125.4969
117.8830
111.5056

Prob[dmin < d<d(lGeV)]
0.0002275
0.5005693
0.6669198
0.7501423
0.8000911
0.8333966
0.8571894
0.8750357
0.8889170
0.9000228

- 1 3 -



Figure Captions

Fig.l (a) Top view of the two-arm electron pair spectrometer, (b) End view.

Fig.2 A result of the simulation study of Cerenkov optics with the design parameters in Table
I. In this (two-dimensional) calculation, three tracks with directional angles 70, SO and
90 degrees from the beam axis, are generated from the three different collision points
-10, 0 and + 10 cm, relative to the center of the collision points.

Fig.3 The e+e~ pair invariant mass spectrum without Dalitz decay rejection (dashed his-
togram), and with rejection (solid histogram), plotted in 10 MeV bins. The statistics
corresponds to about 2 x 10r Au+Au central collisions. The discrete peaks are u> and
<j> decays. The production cross sections of p, w and <f> were assumed to be 20%, 20%
and 2% respectively of the TT° yield. The dn/dy of ir° was assumed to be 400. The pT

spectra are proportional to MTexp(-MT/T), where T = 160 MeV for ir° and T = 180
for vector mesons. The solid curve is the estimated pair continuum from the QGP (Ka-
jantie et al.(9j), and the dashed curve is the magnitude of the anomalous continuum
enhancement observed so far in various measurements[19].

Fig.4 e+e~ pair acceptance of the central detector system for a magnetic field of 0.75 T-m,
under the assumption that d<r/dydMT oc MTexp(-MT/T) with T= 160 MeV; solid
curve for the normal configuration (vertical bending), and dotted curve for the magnet
rotated 90 degrees (horizontal bending).

Fig.5 A Monte-Carlo result of the two-photon invariant-mass spectrum (Au+Au, central
collision), when only the photons with energy more than 1 GeV are (elected.
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