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I. INTRODUCTION

We will look at two new facilities; one is in construction phase, the other
about to begin construction. For each of them, we examine the kinds of physics
measurements that motivated their construction, and the implications of these
experiments for computing. Emphasis will be on on-line requirements, driven
by the data rates produced by these experiments.

D. CEBAF
The Facility

CEBAF (Continuous Electron Beam Accelerator Facility) is a 4 GeV elec-
tron accelerator which will provide continuous (100 per cent duty factor) beams
of electrons to three endstations. Currently under construction, it will begin op-
eration in 1994. The facility is located close to Newport News, Virginia, not far
from the Atlantic coast. Funded by the U.S. Department of Energy, it is being
constructed under the auspices of SURA, a consortium of universities from the
southern states.

The beams are accelerated via multiple passes through a racetrack structure,
where they are boosted in energy at each pass by two 0.4 GeV superconducting
linacs. Electron beams with energies between 0.4 to 4 GeV will be accelerated
with intensities from 10 nA to 200 microamperes. Energy spread will be 10~4.

The three ehdstations consist of a High Resolution Spectrometer, a Large
Acceptance Spectrometer, and an Out cf Plane (moderate resolution) Spectrom-
eter. Beams will be available simultaneously in all three endstations.

The Phvsics

The CEBAF energy domain places it squarely between nuclear physics and
particle physics. The spatial resolution corresponding to 4 GeV electrons allows
for scattering from individual quarks. At the lower energies, nuclear structure
will dominate the electron scattering. The physics goals are discussed briefly for
each of the three endstations.
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Hall A will be equipped with a High Resolution Spectrometer, whose primary
goal is to perform coincidence measurements of the type (e,e'x) in the few GeV
range. It will provide sufficient resolution (200-500 keV missing mass) to resolve
individual nuciear levels. Cross section measurements to a precision of 1 per cent
will be possible.

Physics programs will include measurements of elementary form factors
(Gc ,GE»,«.)»

 a n ^ studies of few-nucleon systems such as d and 3>*He. High
momentum structure of nuclei will be studied and correlations will be measured
through (e.e'p), (e,e'd), and (e,e'2N) reactions. High Q2 inelastic scattering will
allow study of bound nucleon response, quark effects, and hadronization. Spin
effects will be measured via («,e'p).

END STATIONS _ C E B A F
Larfc Acceptance Spectrometer

Fig. 1: Artist's sketch of the CEBAF Large Acceptance Spectrometer. The tar-
get is surrounded by drift chambers and scintillation counters. Forward
angle coverage is given to shower counters.

Hall B will house a Large Acceptance Spectrometer (Fig. l) which covers
much of 4ir with drift chambers and scintillation counters, and a portion of
the solid angle with an array of shower counters (Fig. 2). This apparatus will
be used to study electromagnetic transition form factors of N* resonances, hy-
peron production (both elementary and nuclear), deuteron photodisintegration,
total cross section measurements, inclusive electron scattering, and two- and



multi-nucleon emission. In general, it will be used to detect two or more loosely
correlated particles in the final state. Its large acceptance is required to com-
pensate for low luminosity modes such as tagged photon beams and polarized
gas targets.
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Fig. 2: Large Angle Spectrometer detectors. At left is a side view cross sectional
view, at right is a view along the beam axis.

Hall C is to be equipped with a moderate resolution, Out-of-Plane Spec-
trometer, which will be used to study structure of the nudeon, propagation
of nucleons in nuclei, photodisintegration of the deuteron (with and without
polarization), scaling in deep inelastic scattering, hypernuclear spectroscopy,
longitudinal pion production, and tests of the standard model.

Each of the three endstations is being built and instrumented by a large (by
nuclear physics standards) collaboration. It is expected that these endstationa
will continue to be exploited for two to three years, during which time a single
experiment may be scheduled to last one year. Afterward, they will be accessible
to much smaller collaborations for shorter-term scheduling.

The Requirements

Event rates for Halls A and C (High Resolution and Out-of-Plane Spec-
trometers) is expected to be 10000 events/sec initially, and will increase to 20000
events/sec after a detector upgrade. Event sizes will be about 500 bytes initially



and 2 kBytes after the upgrade. These numbers correspond to an initial data
rate of 1-5 MByte/sec initially and 5-40 MByte/sec following the upgrade.

The Large Acceptance Spectrometer will generate 2000 events/sec with event
sizes of 2 kByte; following an upgrade these numbers will change to 10000
events/sec and 10 kByte/event. The upgrade will involve addition of a vertex
detector as well as increasing the shower counter coverage: the number of chan-
nels will double as a result. Initial data rates will range from 1-10 MByte/sec,
increasing to 10-100 MByte/sec after the upgrade.

Initially, online analysis will consist of reformatting and tagging. As beam
currents come up and the detectors are better understood (and as trigger rates
exceed a few hundred Hz), online analysis will include software triggering. This
event selection will be used to keep the recording rate below a few MByte/sec.
For the Large Acceptance Spectrometer, this may eventually require a processor
farm of order 1000 MIPS, and the architecture will allow for several times that in
the 1995 time frame. With 1000 MIPS available, there are still only 0.1 MIPS-
sec available, per event, for decisions based on partial track reconstruction and
particle identification. Preliminary estimates are that this amount of CPU power
will be adequate.

Plans at CEBAF

CEBAF plans to implement a set of tools which will allow experiments to
build online analysis pipelines. The framework for online analysis programs will
be supplied by CEBAF, while detector-specific code will be user-written.

On a more general note, computing at CEBAF will be very much workstation
oriented, with no plans for a mainframe. Farms of RISC processors will be added
when machine turn on is near to handle the analysis load. Theory computation
is expected to take place offsite on supercomputers.

in. RHIC
The Accelerator

RHIC (Relativistic Heavy Ion Collider) is to be located at Brookhaven Na-
tional Laboratory (BNL), situated on eastern Long Island, 100 km from New
York City. RHIC will prcvide colliding beams of ions ranging from protons (250
GeV/u per beam) to Au ions (100 GeV/u per beam). This collider wiill provide
an extension to the existing relativistic heavy ion facility based on the AGS,
which currently provides beams of 16O and 28Si (13.6 GeV/u kinetic energy),
and will provide Au beams with kinetic energy 10.4 GeV/u in 1992.



Funding is expected to start in FY 91 (October, 1990). Proposals for ex-
periments will be submitted by mid-1992. Completion is scheduled for spring
of '97.

The accelerator uses superconducting magnets in a conservative design which
requires fields 30 per cent below demonstrated quench field. The civil construc-
tion (tunnel, halls) and cryogenics already exist (from CBA project). The ring
circumference is 3830 m. The operating field in the dipoles will be 3.45T; ob-
served quenching in full-scale prototype magnets is at 4.5T. The cold bore radius
is 73 mm.

Acceleration of heavy ions will continue to make use of the Tandem Van
de Graaff injector; for the case of Au, this facility provides 200 MeV 14+ ions
which are then injected into a small booster ring, where they are accelerated
to 72 MeV/u , stripped of all but K-shell electrons (77+) and injected into
the AGS. The AGS boosts their energy to 10.4 GeV/u; they are injected fully
stripped into RHIC.

There are 6 interaction regions, 4 of which are to be instrumented initially.
Collaborations involving 200-400 scientists each are expected for each intersec-
tion.

Luminosity will vary from 2xlO26 for Au+Au to 1031 for protons. Interac-
tion rates will range from —106 sec"1 for protons to approximately 5000 sec"1

for Au+Au, with ~10 central collisions see' 1 for Au+Au. The beam will consist
of 114 bunches in each ring, resulting in a 110 nsec interval between crossings.
These numbers have the important implication that multiple interactions in a
single crossing are not significant.

Although the detector technology required for RHIC is similar to that needed
for other hadron colliders, there are important differences which arise largely
from the large charged-particle multiplicities with which one has to contend.
Figure 3 shows a q-$ event from the Aleph experiment at LEP. Some 30 charged-
particle tracks are seen in the tracking chamber. The Aleph TPC has some
50000 channels1 to allow separation of jet particle tracks. RHIC p+p events are
expected to produce ~100 charged particles.



Fig. 3: A q-q event produced in e+-e , from Aleph at LEP. Some 30 charged
particle tracks are seen.

Fig. 4: A streamer chamber photograph from NA35 at the GERN SPS for an
event produced in 32S+Au at E c m —20 GeV/u. There are approximately
400 tracks.



In Figure 4 we see a streamer chamber photograph of a fixed target 32S +
Au central event measured by NA35 at the SPS. The beam energy is 200 GeV/u,
corresponding to a nucleon-nucleon CM energy of 20 GeV/u. The total number
of charged particle tracks is about 400. The forward-peaked distribution is
characteristic of fixed-target experiments.
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Fig. 5: Rapidity distribution predicted2 using HIJET for Au+Au at Ecm = 200
GeV/u. Total number of charged particles is —8000.

Figure 5 shows the expected particle distribution2 for 100 GeV/u + 100
GeV/u Au + Au central collisions. The total number of charged particles pro-
duced is close to 8000 ! The rapidity distribution is much more uniform than
for the fixed-target event. One immediate consequence of such an event is that
the total number of channels required in, for example, a tracking detector, must
be of the order 200,000. The generated data rates will also be enormous; this
will be discussed later.



Why do we choose to study such complicated events? Ion-ion collisions
promise the possibility that the collective energy can produce nuclear matter at
extreme conditions of temperature and density (Fig. 6). At these energies both
high energy density (central region) and high baryon density (fragmentation
regions) are produced (Fig. 7). These are conditions which do not exist in
nature, with the possible exception of the core of neutron stars and the first few
microseconds following the Big Bang.3

Tc

•200 MeV

I Central Regions
Deconfined Quarks

and Gbons
no Hadrons

Nuclear
Fragmentation

Regions

Neutron Stars

—Supernovae

p
Baryon Density

~5-IOp
nm

Fig. 6: Phase diagram of nuclear matter.5 Temperature is plotted against baryon
density for an extended volume of nuclear matter in thermal equilibrium.
Pnm is the density of normal nuclear matter. The dashed lines indicate
two possible approaches to production of QGP; via high energy densities
as produced in the central rapidity region, and via high baryon densities
as produced in the fragmentation region.



INITIAL STATE BEFORE COLLISION

JS/AS5GeV:BARY0NS STOPPED IN OVER-ALL CM

AT HIGHER ENERGY, NUCLEI ARE TRANSPARENT TO EACH OTHER

NUCLEAR FRAGMENTATION
REGIONS

Fig. 7: Schematic illustration of nuclear transparency in high energy central
collisions.

Having access to these extremes of energy and baryon density, we hope to
see evidence for quark deconfinement, or production of a quark-gluon plasma
(QGP). High baryon densities (fragmentation region) can only be produced with
ion-ion collisions.

Interferometry (HBT) provides a means of measuring pion source size. A
sample of —50000 pion pairs is necessary to characterize size. Up to now, this
number of pairs required averaging over many events (50-100 at the SP3,4 for
example). Here we can make a significant measurement of size for a single event;
if evidence for QGP is detected, the size of the QGP can be deduced for that
event.

Signatures5 of a phase transition which are possible:

• J/W... suppression in di-lepton spectra
• Particle flavor ratios (A to p)
• Stable multi-quark states (quarklets)



Direct probes of the plasma include:

• Fluctuations in direct photon production
• Lepton pair production changes for mx >3 GeV

Computing needs/tasks/phases;

• Monte Carlo calculations are needed from the earliest stages of the exper-
iment; detector design depends on event simulation. Testing of analysis
software also requires simulated events. This need never disappears dur-
ing the life cycle of the experiment. Complete simulation of an Au+Au
event is estimated to require 10s MlPS-seconds.2 Techniques such as
shower parameterization and use of standard showers might be expected
to reduce this number by two orders of magnitude, but the Monte Carlo
requirement points clearly to the need for ~1000 MIPS available from
the beginning of the cycle.

» Control and monitoring of hardware is not a negligible task for an ex-
periment with 106 channels and some correspondingly large number of
high voltage channels, plus cooling and gas systems.

• Data Acquisition becomes a need from the time when detector proto-
types are ready for testing. When detectors are assembled in the ex-
perimental halls, commissioning of detectors requires a complete data
acquisition implementation. An estimate for the time scale can be made
from the Aleph experience; some 400 man-years went into the online
development.6 The time to design and implement a data acquisition sys-
tem cannot be shorter than 5 years.

• Offline analysis is a formidable task for complicated events such as those
produced in Au+Au. The enormity of this task will become clear shortly.

Data Acouisition/online computing:

The number of channels in a RHIC experiment will be as large as sev-
eral x 10s. There are many compelling reasons to perform the digitizing, zero
suppression, and many-fold multiplexing of these data at the detector,7 result-
ing in a number of readout crates which is related to data rates rather than the
number of detector channels to be serviced.8

Even so, event sizes for Au-Au central collisions will be large. Looking at the
TPC contribution, and using Aleph numbers as a guide, ~ 2 kByte are generated
for each track.9 An event with 8000 charged particles, therefore, results in 16
MByte of data. This presumes, of course, that suppression of below-threshold



channels has taken place close to the detector. Some additional preprocessing
to create centroids for hit clusters could reduce this size to —3 MByte.

The size of the calorimetry contribution depends in detail on the function
of the calorimeter: in the simplest possible scenario, it performs global event
characterization, requiring the least segmentation. In this case the calorimeter
contribution would be of the order of SO kByte. A calorimeter with higher
segmentation and finer sampling could generate 1 MByte [Ref ]. Other types of
detectors (non-tracking or hadron-blind) will be significantly less demanding.

Assuming that only central collisions sie mea^rsd! tfe? data rats
is of the order 35-40 MByte/sec. Note that, although p+p events will be con-
siderably smaller (~300 kByte), the trigger rate will be high enough to generate
data at a much higher rate: a 1 kHz trigger will create data at 300 MByte/sec!

Data recording technology advances might be expected to provide 3 MBytes/
sec/drive by 1997. Some 12 drives running simultaneously could record all of the
Au+Au data. But this merely postpones the real problem: how do we analyze
these data? The complete analysis of a single Au+Au event is likely to require
several MlPS-hours. It is reasonable to require that data should be analyzed
within one year of acquisition; complete and timely analysis of every event taken
would require 104 MIPS.

The basic problem is common to the range of ion-ion collisions to be studied
at RHIC: input data rates cannot be accommodated by recording medium. To
first order, the computing power required is not very different over this range.
In the case of the lightest ions, the time to analyze an event is short, whereas
the event rate is large; for the heaviest ions, the event rate is small, and the
computing time required is enormous.

How is the data bottleneck to be avoided? Reduction of trigger rates using
hardware triggers specific to the QGP signatures would, of course, be desirable.
For the moment, at least, the signatures are not well enough understood to
translate them into hardware; in addition, we don't yet know how to build a
hardware trigger, for example, to determine strangeness.

Another scenario is to provide enough computing power online to allow suf-
ficient analysis of every event to allow a third-level trigger decision (Fig. 8).
A minimal estimate for the computing power to perform this task would be
100 MlPS-seconds/event, or 1000 MIPS. The cost to purchase this much CPU
power is no longer a big obstacle. But care has to be taken in implementing
the online architecture to ensure that the high input data rates possible for ions
lighter than Au can be accommodated.8
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Fig. 8: A data acquisition architecture for RHIC.8 Readout crates will gather
information digitized and multiplexed at the detectors. A powerful CPU
farm is incorporated to allow third-level trigger decisions necessary to
reduce the data rate to <3 MByte/sec.
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