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CHARMONIUM PP EXPERIMENTS

Ezio A. Menichetti

INFN -~ Torino, Ttalv

Abstract: we discuss some aspects of a new experimental technicue
for the study of charmonium states. After a ceneral introduction
to the main physics motivations for such experiments, ‘different
experimental options are compared, showing that intermal beam
crossing a dense jet of hvdrogen is able to provide the required
intensity and energy resolution.Results from the pioneering R704
experiment at the CERN ISR, and prospects for the recently
approved E760 effort at the Fermilab Accumulator are presented.
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1. Introduction: pp vs. e e

The bulk of experimental information on the charmonium states
(fig. 1 and 2) comes from e'e” colliders. The fact that only states
allowed through one-photon intermediate state (fig. 3), i.e. states
with C = 17, have reasonable production rates, is clearly
reflected in the accuracy of the available data from such machines.
While the mass determination of J/odeas performed withi£100 KeVv
uncertaintyl, the same measurement for the ‘X lresulted in an error
of #400 KeV (statistical), with a systematics of 24 MeV, coming
mainly from the detector energy resolution and absolute scale, and
background subtractionz. In pp annihilation into 2 or 3 gluons
(fig. 4), all JC combirations allowed for a fermion-antifermion
system are available to form a resonant state: this is therefore
an appealing approach for the study of cMnbﬂm states with JP% 1.
Such an experiment features excellent resolution for both mass and
total Width determination, since accelerator techniques can be
exploited to measure the beam momentum, and to cet very small
momentum bite. On the other hand, large, non-resonant hadronic
background has to be expected, indicating that electromagnetic
decays of the resonances under study have to be selected to obtain
a clean sample of the signal.

2. The initial state: machines

- The resonant cross-section for a given charmonium state can be

easily calculated from elementary scattering theory:
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1,2 are the spin of the beam and target particles, J is ttre
resonance spin,f} ~ and Ff are the decay partial widths of the
resonance to the initial and final states, anc [ . iS the total
width of the state. For charmonium, apart from 1~ levels,
existing data and theory indicate:

'roeak~ 10pb + 1Inb

&

MR ~ 324 Gev

Ty ~ 1+ 10 Mev

The required nomentum range is then 4+ 7 GeV/c for a fixed target
experiment, while is 1.5: 2 GeV/c for a collider. To obtain a
reasonable event rate, a high luminosity annihilation source has to
be designed, with L ~ 1050 %7t Very good beam momentum
resolution (10_4) is required to measure with cood accuracy the
total width of narrow states.It should be pointed out that the
measured event rate as a function of the c.m. energy is not a direct
measurement of the resonance line width for narrow levels, unless

the beam momentum bite is exceedingly small. In a realistic case,

the rate always results from the overlap between the resonant

=, cross-section and the beam momentum profile (fig.5). One has then

to reconstruct the resonant line shape using standard statistical
metho;ds, as likelihood maximization. The last (but not least) main
requirement from the machine is a very good reproduc ibility of anv
given momentum setting, to ensure accurate absolute enerqcalibratiorw
of the experiment. It is worthwhile to briefly discuss tﬁree
different experimental environments where a charmonium experiment
could be performed:



98

1) Collider
The main advantace of this solution lies on the fact that a large
acceptance detector, as required to get acceptable event rates and
ktackground rejection, can be made less complicated and expensive
than for a fixed target experiment. The most serious drawback,
anart from the fact that a dedicated machine has to be built, comes
from the need of very high B beam current (and cooling power) to
obtain the required luminosity.

2) Extracted beam

At first this looks like the most natural solution. It is certainlv
conceivable to construct and succesfully operate a P facility of
the required momentum range; a 25 am long liquid hydrogen target
viould provide lO3l luminosity with lO7 pps incident beam intensity,
not too much more than the actual LEAR intensity. The most serious
nroblem stems from the need of measuring beam momentum and vertex
cohordinate to ensure good energy resolution: for the given P flux,

this does not seems to be an easy task.’

3) Intermal beam + jet-target
This idea, first suggested in 19793, takes advantage of standard
accelerator techniques to get a very precise measurement of the
beam momentum in a storage ring: 1 MeV/c accuracy was routinely
achieved at the ISR, and is now being obtained at the Fermilab
P Accumulator. It has been proven feasible to construct a hydrogen
gas jet-target of the required density, with no effect on the
machine vacuum4: the stored beam lifetime can be kept very long
by full exploitation of the nowvel stochastic cooling techniqu&ss.
The obtainable luminosity can be expressed as:

I"o - Np l‘ljet tjet frev

Tal'e for ever—le the ISP case:



n, ~ 1004 a3
jet
tjet'-' 1 an

~10°
rev

11

N ~ 10
B

The momentum resolution of an internal P beam can be pushed very far
with appropriate cooling, so the main requirements of the experiment
are fulfilled. Small source size (~ 1x1x1 cm3), total absence of
secondary interactions in the target, and full utilization of the
stored P beam (as compared to a traditional, extracted beam
experiment) are among the extra bonuses obtained with this solution.

3. The final state: detectors

The efficient detection of electromagnetic final states from
charmonium decay provides a powerful tool for the accurate measure-
ments of the fundamental parameters of the cC system, ‘as well as a
sensitive probe for finding the missing states. On the other hand,
the small value of the effective cross section requires a large
acceptance detector. The high level of hadronic backaround demands
that the detector possess accurate tracking for both charged
particles and y rays, good energy resolution for electrons and Y,
and finally very good e/h discrimination. It should be mentioned
that #/y separation, a crucial requirement for many of the physics
topics to be investigated, can only be achieved by designing a
detector which has excellent spatial resolution and two-shower
identification, and good detection efficiency for y¥'s with energy
as low as 50 MeV. A further requirement is the ability to handle
an interaction rate as large as 1 MHz, since the luminosity will
be limited by this feature of the detector rather than by beam

current or jet density. The need of 'a -larce acceotance makes it
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difficult to design a magnetic spectrometer, given the presence of
the jet-target system and of the additional high vacuum ecuipement
needed to counteract any gas diffusion in the beam pipe. On the
other hand, by concentrating on e/y final states one is naturally
lead into choosing a non-magnetic, high granularity calorimeter for
the detector. It should be stressed that the cuasi- pointlike
interaction volume inherent to the jet-target/p beam complex greatlv
facilitates the design of a compact apparatus.Electron tagging can
be obtained by the use of threshold, atmospheric pressure gas
Cerenkov counters6; standard tracking devices will serve as elements
of a charged particles telescope. To get a rather precise measurement
of the instantaneous luminosity of the experiment, one can measure

the elastic rate at very small t, in the Coulomb-nuclear interference
region, through the use of a telescope of silicon detectors operatinc

directly in the machine vacuum.

4.The first generation: R704 at the CERN ISR

The experiment, performed in 1983-84, was pioneering this new
technique with a limited acceptance detector: significant physics
results were obtained in a relatively short data-taking period of
about 8 weeks.In fig. 6 we have sketched a simplified view of the
detector, also showing part of the jet-target system:; a detailed
description of the apparatus and of the machine opveration can be

’

found elsewhere '~. Since most of the e+e' physics results have

been publishedg’ lO,ll’ I would like to concentrate on same
preliminary data on y-Y final state at the w c.m. eneray, aiming to
show that the extraction of a Y-Ysignal from the large background
of a hadronic experiment was indeed posgible, if not easy. At the
same time it will be stressed that to obtain a clean measurement

of the most important v barameters (total width and branchino ratio
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o Y-Y)some improvements have to be implemented.

a) YY trigger and event selection
The first level neutral trigger required no charged track in the
two detector arms or in the guard counter array, and a positive
shower signal from both the calorimeter scintillator hodoscopes:
a loose requirement on multiplicity was also required. A seocond
level trigger was then asking for at least 70% of the total enercv
to be measured in the calorimeter, rejecting in this way most of
the low energy and neutral hadronic background. Subsequent, off-line
shower reconstruction was implemented by requiring a tight
correspondence between the response of the three longitudinal
sections of the calorimeter to detect a good,Y-induced shower. Since
a major source of triggering events was suspected to come from 1138
(or ffequivalent, from the detector point of view) final states, we
made a careful event selection, keeping track of all events with 1
or 2 showers per arm to get some measuremet of this background. In
fig.7, lthe-xx mass distribution is plotted for these events: a nice
"’ peak is found. ‘

b) Analysis
After having reconstructed the showers in the calorimeter, one is
left with a sample of events containing 0,1 or 2 i”'s.The c.m.
angular distributions for these events are plotted in fig.8: the
trree distributions are indeed similar, oconfirming that the dominating
background to the '"true" Yy signal comes from the same source producing
the other two distributions, namely f¥®. The "[-¥" event sample
contains "true" Y¥ events togethér with some fraction of W¥events
vhere two of the four Y 's were missed. There are two reasons for
~ailing to identify the #:

bl) symmetric w’decays, where the two showers are not separated.
'@ do not expect a large background from this source, just because
“he granularity of the calorimeter was estimated to be sufficient

D semarate out two nearby showers from a Y within our acceptance.
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This is shown in fig. 9, where we have plotted the measured
opening angle distribution for revents, together with a Monte-
Carlo prediction; starting from the w%anqular distribution, we
simulated I isotropic decay: taking into account the fact that the
program was not simulating the finite detector anqular resolution,
one would conclude that no obvious loss at small opening is apparent.
b2) strongly asymmetric decays, where the lower energy Y is misse-.
This background can be reduced by improving either the detection of
the low energy Y, or the measurement of the deviation of the
energetic Y from the expected direction. In general, cne may say th~t
for a low energy W’the angular resolution is more efficient, while
for higher ° energy the detection of the soft) is more effective.
“hile it is relatively easy to build up a x"cut on the two
directions, to test the hypothesis of "true"YY ,it is not straightforvard
to set a cut on what could be called the "extra activity'" in the
apparatus. As done before to check our two-shower separation
capability, we made a Monte-Carlo calculation to get a feeling of
our detection efficiency for soft Y's, just taking reconstructed Wr°
avents and letting the TS to decay isotromically. Results are shovmn
in fig. 10, indicating serious losses below 80 MeV. This is partl—
due to the fact that some threshold has to be fixed in the shower
reconstruction algorithm;one is led to try a different approach to
the problem of discriminating acainst n”background. One vossible
way of doing that is to append a sort of additive "background ircex"
to each event, according to whether the x‘was high, or there was
some activity in the calorimeter or in the guard counters array, and
so on. It is then possible té cut progressively on this index,
always keeping track of efficiency reduction by comparison with
reconstructed J/'4:-> e e events. In fig. 11 we have shown angular
distributions for " YY " events with different cuts on the backoround

index: cormarinc with I'rmovm efficicncr recuctior, ore can estimate




the effectiveness of the cut. Inspection of fig. 11 also suggests

*
to restrict the analysis to the region cos6 < 0.3, where the

vackground is lower. We report here the main result of this work,

by collecting the number left at three different c.m. energies

(below, on and above resonance) :

Vs [ L &t no. of evts
J
(MeV) (nb‘l)
2965 100 1
2980 448 15
3020 98 2

By assuming a branching ratio to pp of 1.1 10—3 and a total

width of 11 MeV, the following upper limit is found:

5.

[ < 7 KeV (84 % C.L.)
YY

The second generation: E760 at the Fermilab Accumulator

E760 will be a second generation experiment, intended to cover

the same physics topics pioneered by R704. Among the main coals of

the experiment I will quote:

n

it

- find final evidence for the singlet P-wave level:

- find flinal evidence for the decay Tt:YY , and measure B.R.:

- find1lc

- look for D-wave states

an attenpt to extend the succesful experience of R704 at the ISR,
was soon realized that the P Accumulator Ring at FNAL was ideally

suited to perform this task, providing an intense, coole? n »eam in
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the appropriate momentum range, and agiving a possibilitv
»f running in parallel to fixed target Tevatron operationg
“etails on the proposed beam handlinag procedures can be
“ound elsewhere12’13.The detector, sketched in simplifien
form in fig. 12, will consist of a barrel assembly aﬁd

a forward end-cap. 'Hermetic' e.m. calorimetry between 14°
and 70° will be provided by a large, fine-grained lead-
glass barrel detector (see fig. 13), consisting of about
2000 tapered blocks pointing to the small interaction
volume. From preliminary test results, we are confident
that this calorimeter will be detecting low energy Y-ravs
down to about 30 MeV. A multi-cell gas Cerenkov counter
will be used to tag electrons over the full acceptance of
the barrel detector. Trackinq will be provided by a set of
devices: a double ring of straw tubes just outside the kaam
nipe, a cylindrical, radial-drift projection chamber (also
useful as a dE/dx detector, a very important feature to
reject early convertedﬁr—rays firinag the Cerenkov counter),
and an external cylinder of limited streamer tubes with
strip read-out. The forward end-cap will contain a plana+
"WPC and a calorimeter made from radiation resistant (Cerium
Jdoped) lead-glass blocks. We plan to have one additional
{annular) MWPC to cover the angular range 14°- 22° to
improve tracking.

While featuring an acceptance increased by a factor 42°%
-rith respect to R704, this detector will also improve the
ﬂ’rejection, reducing the background to¥¥final states by
~ factor~3. A sphisticated trigger, including calorimeter
information at an early stage, is now being finalized.

With a luminosity increased by a factor~3, we expect

signal rates at least tenfold the rates of R704, with
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reduced background: while enabling us to obtain a final
answer on several specific questions (-y‘zw,qi?n,lpl,X—states
angular distributions), this experiment could be opening

a way to explore new physics (D-wave levels, ?).
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T_Y- mass spectrum
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C.M. angular distributions for neutral events
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Opening angle distribution forn%roevents
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Lower end of4y*-ray energy spectrum vs. Monte-Carlo
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