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Abstract: we discuss sane aspects of a new experimental tecmicrue

for the study of chanronium states. After a oeneral introduction

to the rrain physics rrotivations for such experiments, different

experimental options are carpared, showing that internal team

crossing a dense jet of hydrogen is able to provide the required

intensity and energy resolution. Results from the pioneering R704

experirrEnt at the CERN ISR, and l;)rospects for the recently

approved E760 effort at the Fermilab Accunulator are presented.
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+ 1. Introduction: g5 va. e e

The bulk of experi.rTental infornation on the chanroni\.DT\ states
+ -(fig. 1 and 2) corres from e e colliders. The fact that only states

allowed through one-photon intermediate state (fig. 3), i.e. states

with JFC = 1--, have reasonable production rates, is clearly

reflected in the accuracy of the available data fran such ma.chines.

While the nass detennination of J/Vwas perfonred with'1".lOO KeV

uncertaintyl, the same rreasurerrent for the·X2. resulted in an error

of ~ 400 KeV (statistical), with a systerratics of.t 4 MeV, coming

rrainly from the detector energy resolution and absolute scale, and

b:\ckground subtraction2. In pP annihilation into 2 or 3 qloons

(fig. 4), all JFC combinations allowed for a fermion-anti fermion

system are available to form a resonant state: this is therefore

an appealing approach for the study of cha~ni\.DT\ states with n 1.

Such an experi.rTent features excellent resolution for both rrass and

total width determination, since accelerator techniques can be

exploited to measure the beam norrent\.DT\, and to get very snaIl

rrorrentum bite. On the other hand, large, non-resonant hadronic

b:\ckground has to be expected, indicating that electrorraqnetic

decays of the resonances under study have to re selected to obtain

a clean sample of the signal.

2. The initial state: nachines

The resonant cross-section for a giveIl charrroniun state can be

easily calculated from elerrentary scattering theory:
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where 5
1
,2 are the spin of the beam and target particles, J is

resonance spin,tl. and r
f

are the decay partial widths of the

resonance to the initial and final states, anc r t is the total

width of the state. For chanronium, apart from 1-- levels,

existing data and theory indicate:
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The required rrorrentum range is then 4.;. 7 GeV/c for a fixed target

experiment, while is 1.5.;. 2 GeVIc for a collider. To obtain a

reasonable event rate, a high luminosity annihilation source has to
31 -2 -1be designed, with L 'V 10 em s . Very good beam rrorrenturn

o
resolution (10-4) is required to rreasure with gocx:l 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

rneasurerrent of the resonance line width for narrow levels, unless

the beam rrorrentum bite is exceedingly snaIl. In a realistic case,

the rate always results from the overlap between the resonant

cross-section and the beam rrorrenturn profile (fig. 5). One has then

to reconstruct the resonant line shape using standard statistical

methOds, as likelih::::>od rraximization. The last (but not least) rrain

requirement from the rrachine is a very good reproduc ibility of anv

given rrornentum setting, to ensure accurate al:solute enerQfcalibratio!"'

of the experirrent. It is worth:vhile to briefly discuss three

different experimental environments where a charmoniurn experiment

could be perforned:
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1) Collider

The min advantage of this solution lies on the fact that a large

acceptance detector, as required to get acceptable event rates and

cackgrolU'ld rejection, can be nade less cooplicated and expensive

than ,for a fixed target experiment. The IrOst serious drawback,

anart fran the fact that a dedicated nachine has to be built, comes

from the need of very high 15 ream current (and cooling power) to

obtain the required 1uminosity.

2) Extracted beam

At first this looks like the nost natural solution. It is certain1'"

conceivable to construct and succesfully operate a p facility of

the ra:::tuired rromentun range; a 25 an long liquid hydrogen target

',rould provide 10
31

luminosity with 10
7

pps incident beam intensity,

not too much m::>re than the actual LEAR intensity. The rrost serious

lJroblem stems fran the need of measuring beam l'l'Ollaltum and vertex

cohordinate to ensure <pod energy resolution: for the given p flux,

this <bes not seans to be an easy task.

3) Internal beam + jet-target

This idea, first suggested in 1979
3

, takes advantage of standard

accelerator techniques to get a very precise measurement of the

beam rrorrentun in a storage ring: 1 ~eV/c accuracy was routinely

achieved at the ISR, and is now being obtained at the Fermilab

, Accunulator. It has been proven feasible to construct a hydrogen

gas jet-target of the required density, with no effect on the

rrachine vacuum
4

: the stored l:eam lifetime can be kept very long

by full exploitation of the novel stochastic cooling techniques5 .

The obtainable Itmri.nosity can be expressed as:

L = N n. t t. t fo P Je Je rev
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The rranentum 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 (N 1-1-1 an
3

), total al:Eence of

secondary- interactions in the target, and full utilization of the

stored p beam (as C01'Tp3red to a traditional, extracted beam

experiment) are arrong the extra oonuses obtained with this solution.

3. The final state: detectors

The efficient detection of electromagnetic final states from

charnonium decay provides a powerful tool for the accurate measure

rrents of the fundarrental pararceters 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 sectioo requires a large

acceptance detector. The high level of hadronic background darands

that the detector possess accurate tracking for 1x>th charged

particles and y rays, good energy resolution for electrons and Y ,

and finally very good e/h discrimination. It srould be mentioned

that n--/r separation, a crucial requirement for many of the physics

topics to be investigated, can only be ad'lieved by designing a

detector which has excellent spatial resolutiCl'l and t\\O-srower

identification, and good detection efficiency for y I s with energy

as lOIN 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 jOet density. The need of' a 'larce accegtance I'!E.kes it
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difficult to design a rragnetic spectrorreter, given the presence of

the jet-target system and of the additional high vacuum ecrui.panent

needed to counteract any gas diffusion in the beam pipe. On the

other hand, by concentrating on ely final states one is naturally

lead into choosing a non-rragnetic, high granularity calorirreter for

the detector. It should be stressed that the quasi- pointlike

interaction volume inherent to the jet-targetlp beam cOIT!'lex greatlv

facilitates the design of a COIl'lp:lct apparatus . Electron tagging can

be obtained by the use of threshold, atrrosoheric pressure gas

Cerenkov counters 6; standard tracking devices will serve as elanents

of a charged particles telescope. 'Ib get a rather precise measurenent

of the instenr.aneous 1urni.nosity of the experiment, one can measure

the elastic rate at very small t, in the CouloITb-nuclear interference

region, through the use of a telescope of silicon detectors operatin0

directly in the machine vacuum.

4.The first generation: R704 at the CERN ISR

The experirrent, performed in 19B3-84, was pioneering this new

technique with, a li~ted acceptance detector: significant physics

results were obtained in a relatively short data-taking period of

al:out 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 o:r;:>eration can be

d 7,8. + - phy . ul hafom elsewhere • Smce ITDst of the e e s ~cs res ts ve

been publiShed9, 10,11, I would like to concentrate on sane

,,?relirninary data on "-1 final state at the '\.. c.rn. energy, aiming to

sl'xJw that the extraction of a y-y signal from the large background

of a hadronic experiment was indeed possible, if not easy. At the

same time it will be stressed that to obtain a clean measurement

of the rrost irrp:>rtant.,~parameters (total width and branchino ratio
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'co l-y)sorre inprovenents have to be implarented.

a) ry trigger and event selection

The first level neutral trigger required no charged track in the

t\\lO detector anns or in the guard comter array, and a positive

shower signal from b:>th the calorirreter scintillator hodoscopes:

a loose requirement on multiplicity was also required. A second

level trigger was then asking for at least 70% of the total enerQ.Y

to be rreasured in the calorimeter, rejecting in this way Il'Ost of

the low energy and neutral hadronic background. Subsequent, off-line

sho\tler reconstruction was implerrented by requiring a tight

correspondence between the resIX>nse of the three longitudinal

sections of the calori.neter to detect a good,Y-induced shJwer. Since

a rrajor source of triggering events was suspected to come fran Tf~

(orrf(equivalent, from the detector p::>int of view) final states, we

nade a careful event selection, keeping track of all events with 1

or 2 showers per arm to get sane Ireasuranet of this backgrotmd. In

fig. 7, the· Jr rrass distribution is plotted for these events: a nice

nP peak is found.

b) Analysis

2\fter having reconstructed the showers in the calorimeter, one is

left with a sample of events containing 0, I or 2 If's.The c.rn.

angular distributions for these events are plotted in fig. 8: the

trree distributions are indeed similar, confinning that the dominatinq

1::¥lckground to the "true" Yt signal canes fran the sarre source producing

the other two distributions, namely If.-. The 'I r-T" event sample

contains "true" 1r events together with some fraction of If·...events

t;rhere boJo of the four Y's were missed. There are two reasons for

'-ailing to identify the tf:
bl) synnetric 'IT. decays, where the two showers are not separated.

--Te do not expect a large background from this source, just because

the granularity of the calorineter was estirrated to be sufficient

to se~3.rate out two nearby shcMers from a y within our acceptance.
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This is sh:>wn in fig. 9, where we have plotted the measured

op=ning angle distribution for rfr('events, together with a funte

Carlo prediction; starting from the r(tf'angular distribution, we

simulated rf isotropic decay: taking into aco:nmt the fact that the

program was not simulating the finite detector angular resolution,

one would conclude that no obvious loss at small opening is app3.rent.

b2) strongly asyrnrretric decays, where the lower energyl is misser .

This background can be reduced by improving either the detection of

the low energy \', or the measllrP-l'l'lent of the deviation of the

energetic y from the expected direction. In general, one ma.y say tl-r-i-.

for a low energy Tfthe angular resolution is rrore efficient, while

for higher tr" energy the detection of the soft ¥ is rrore effective.

'\1hile it is relatively easy to build up a X.1.cut on the two

directions, to test the hypothesis of "true" Y'l ' it is not straightfon·;ard

to set a cut on what could be called the "extra activity" in the

app3.ratus. As done before to check our two-srower separation

capability, we trade a rvbnte-Carlo calculation to get a feeling of

our detection efficiency for soft y 's, just taking reconstructed tf rf

events and letting the rr~ s to decay isotro1?ically. Results are src"'n

in fig. 10, indicating serious losses relow 80 MeV. This is partlH

due to the fact that~ threshold has to be fixed in the shower

reconstruction algorithm;one is led to try a different approach to
•the problem of discriminating against 11' background. One possible

way of doing that is to append a sort of additive I'background ir.CJex"

to each event, according to whether the X\as high, or there was

SCIre activity in the calorirreter or in the guard counters array, and

so on. It is then p:>ssible to cut progressively on this index,

always keeping track of efficiency reduction by comparison with
4t +-reconstructed J)y+ e e events. In fig. 11 we have shown angular

distributions for "yy II events with eli fferent cuts on the ba.ckgro1..T.c"
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the effectiveness of the cut. Inspection of fig. 11 also suggests

*to restrict the analysis to the region cos e < O. 3, where the

'::::ackground is lower. We report here the main result of this \\Ork,

by collecting the number left at three different c .m. energies
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.(below, on and above resonance) :

Is r L dt no. of evts
j

(nb-l )(MeV)- 2965 100 1

2980 448 15

3020 98 2

_ -3
By asslIDling a brancl"ing ratio to pp of 1.1 10 and a total

width of 11 MeV, the following ~r limit is found:

r < 7 KeVyy (84 % e.L.)

5. 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 goals of

the experiment I will quote:

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

- find final evidence for the decay Tf;YY , and rreasure B.R.;

- find"'\'c

- look for D-wave states

In an atterrpt to extend the succesful experience of R704 at the ISR,

it was soon realized that the p Accumulator Ring at mAL was ideally

suited to perfonn this task, providing an intense, cool~ ~ heam in



104

the appropriate momentum range, and aivinq a possibilitv

0f running in parallel to fixed target Tevatron operation:

~etails on the proposed beam handling procedures can be

round elsewherel2,l3.The detector, sketched in simplifie~

~orm in fig. 12, will consist of a barrel assembly and

~ forward end-cap. 'Hermetic' e.m. calorimetry between 14°

and 700 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 detectinq low enerqy~-rayp

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. Tracking will be provided by a set of

cevices: a double ring of straw tubes just outside the t~~m

nipe, a cylindrical, radial-drift projection chamber (also

useful as a dE/dx detector, a very important feature to

reject early converted y-rays firing the Cerenkov counter) ,

and an external cylinder of limited streamer tubes with

strip read-out. The forward end-cap will contain a plana

~~PC and a calorimeter made from radiation resistant (Cerium

doped) lead-glass blocks. We plan to have one additional
o 0(annular) MWPC to cover the angular range 14 - 22 to

i~prove tracking.

While featuring an acceptance increased by a factor 4~5

'rith respect to R704, this detector will also improve the

~rejection, reducing the background to1Yfinal states by

~ factor-3. A sphisticated trigger, including calorimeter

information at an early stage, is now being finalized.

Wi th a I uminosi ty increased by a factor ~ 3, we expect

,ignal 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 ~"''''c.~n' IPl,X -states

angular distributions), this experiment could be opening

a way to explore new physics (D-wave levels,?).
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