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I. Summary 

We propose to use a 1000 GeV proton beam incident on an upgraded 

Fermilab Multiparticle Spectrometer (MPS) Facility to search for new 

. . • 000..,..0 00 00
maSSIve states decaYlng mto q, q, • A A • and K K • andq,\J) final states. The <j) q,s s . 

o 0 
and KsKs systems select quark-antiquark states of C = + 1 which are not 

directly accessible to dilepton experiments. The reactions we wish to study 

are: 

0-0 
pp - 11 A (ntT) + X. 

o 0 

pp - K K (ntT) + X,
s s 

o 0 
pp - q, q, (ntT) + X, and 


pp - 4> 4J (ntT) + X. 


The signa1·to·background will be enhanced by triggering on the unique 

- + - + ­topological and kinematic features of the P1T , tT tT , and K K decays of the 

O
A. K • and 4>0 s, respectively. Final states containing muons will be identified 

s 

by an additional muon detector which we plan to build. 

The MPS aperture is large enough to provide good geometric efficiency 

Zfor masses up to 10 GeVfc in the region near y'l.< = 0 wher.e heavy particle 

production is expected to be concentrated. Hence we wish to exploit the ex-

pee ted dramatic rise in the production cross. section of heavy states provided 

by the available Tevatron energies. We request 1000 hours total Tevatron 

time, which includes both testing and data-taking time. 
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ll. Physic s Motivation 

One of the most effective ways to find and study resonances in hadron 

interactions has been to probe a definite quantum state, such as using e + e ­

or IJ.+ IJ. - to study the JP = 1- mesons p,w, 4>, J /4J, 4J'. and T. The J /4J and T 

were discovered using this technique. However. dilepton resonances are 

. d th P ­restrlcte to e J = 1 system. 

We propose to use dihadrons with restricted spin and parity possibilities 

to examine other quantwn states such as 0+, 0-. and 2+. This proposal will 

expand our search for high-mass states extending beyond the energy limits and 

statistics of E580 and E623 using 1000 GeV protons from the Tevatron and 

the Fermilab MPS in the M6 beam line. 

Some reactions and quantum states to be probed are: 

Category I I 

o 0 
pp- 4> 4> + x a 

0 0 - + ­
-4> 4> (nrr) + X 0, 1,2, ••• 0,0.1.1+•••• 

- + ­-. 4>0 \fi +X a 0,0,1.1+•••• 


- + - +
_4>0 4J (nrr) + x 0, 1.2•••• 0.0.1.1 ..... 

Category II I 

cr.-opp-A A + X 0 

_AoAo 
(nrr) + X 

J c ­
_ :!:"Ao + X 

*­:!:' AO (n 1T) + X 

o 0 
KsKs + X 

0 0 
K K (n1T) + X s s 

0* 0 
KJ<s+ X 

KO~o (n1T) + X 
s s 

O. 1.2 

1 

0, 1,2 

O. 1 

O. 1.2 

O. 1 

O. 1.2 

- + ­0.0.1.1+•••• 

0+ 1+ 1- 2­, , , , ... 
+ - + ­o • 0 • 1 .1. 

+ - + ­
0.0.1.1 •••• 

o • 1 
+ 

• 1 

+ - + ­0.0.1.1 •••• 

------------------ .... --~~~-.. 
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By probing these definite spin..:parity states, new high mass resonances may 

be uncovered which can neither be produced directly in e +e - collisions nor 

detected in fJ.+ fJ.- or e +e - final states. 

Although pio~ beams are being used for E580 and E623, we propose 

to use protons in this experiment in recognition of the probability that the 

early Tevatron pion beams may have too little flux at the highest energies. 

This point will be reconsidered at a later time when more information is 

available on pion flux intensities as a function of pion energy at high energies. 

Our proposed study of Category I reactions is a resubmission of the 

Tevatron (phase II) portion of E623 with the important addition of dimuon 

o ­triggers to search for the B (bs) state. We propose a trigger scheme w~'lich 

utilizes the unusual topological features of 4>0 decay; requiring the presence 

. of a 4>0 in the final state reduces the background by roughly a factor of 75. 

We have measured the trigger cross section for a single 4> 0 with 

o +­p. ~ 0.5 GeV/c to be"" 150 fJ.barns. In view of recent data on the 4> if 

mass spectrum, we will trigger on a single high P..i. 4> o. These triggers will 

be prescaled in order to match data rates with 0 ther triggers. 

The 4>0 if+- system is an OZI forbidden final state for the strong decay 

1 
of any quark-antiquark meson. Thus the existence of a 4> o if+- decay mode 

indicates either an OZ1 violating strong decay, a weak decay, or an allowed 

decay of a multiquark state (e. g. qqqq states). Hence this trigger filter selects 

decays with very interesting physics with greatly improved signal-to-noise ratio. 

h · . f + ­T e expected tngger cross sectIon or two low mass K K pairs is 


about 6 fJ. barns. We will pre~cale this rate by a factor of 3 in order to study 


the low mass 4>04>0 system with adequate sensitivity. Since the 4>04>0 system 


has the smallest inclusive cross section of the decay products of glueballs. 
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e. g. 1T1T, KK, 1TP, KK * , W' K *K * , ••• We expect that the signal-to-noise 

ratio will be largest in this final state. 

The trigger cross section for high P.1.. states of 4>04>0 is expected to be 

2 . b .... 6 I 00 ....about mlcro arns for P.1..> O. GeV c (M (<I> q, » 2.4 GeV Ic). We plan 

not to prescale this trigger and thus emphasize high mass production. This 

will take maximum advantage of the Tevatron energy regime where the 

production cross sections of high mass objects are expected to rise dramatically. 

The decay mode 4>04>0 is a filter for quark-antiquark states of C = +1 

with q = S, c, b, ••• Such states are inaccessible to e +e - experiments directly. 

The sensitivity which can be achieved is comparable to that from the only 

2 2previously published measurement. A previous measurement was made 

at low energy in an exclusive channelj we anticipate that we will be able to 

improve on this data sample by two orders of magnitude in our inclusive 

data at Tevatron energies. 

0The <1>0 
<1> final state yields information about the parity of the parent 

state '\ • Note that the K+ K- decay plane tags the polarization direction 

of the <1>0 , E'. The correlation between the two decay plane normals indicates 

o 0
the parent particle ' s parity. For a 4> <I> state. the spin is 0, 1, or 2 i. e .• 

;-1 • 72, 7i x -;, or (E Ii E 2j + E lj E2i )· The parity is (-1/. Boson statistics 

under exchange requires 1 + s to be even. Hence for positive parity, s is 

even; for negative parity, s must be odd. This means that for positive parity 

the decay planes are preferentially parallel (;; .. ;;, or E Ii E 2j + E Ij E 2i)' 

while for negative parity the decay planes are preferentially perpendicular 
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The proposed study of Category U reactions is essentially an extension 

of E580 to Tevatron energies. However. we propose to enhance high-mass 

objects by utilizing a higher flux and a three-fold coincidence high level 

trigger. Since the Q-value for As is low, the decay protons carry most 

of the momentum of the A and point back to the production target. Thus the 

protons and antiprotons can be used in a fast trigger to estimate the Ai\. 

effective mass. We are also investigating a scheme which will enhance the 

high mass KOKo 
pairs by requiring that the charged particles which originate 

s s 


in the decay volume have a substantial opening angle. 


Since vector mesons such asq,(ss), J/~ (cc), and T(bb) have narrow 

widths. they are not difficult to detect in the laboratory via their dilepton 

decay modes. It is important to note that the charm (c) quark can decay 

weakly to astrangequark (s), the beauty quark (b) can decay weakly to the 

charm quark (c), and the truth or top quark (t) can decay weakly to the 

bottom (b) quark. It is possible to use these decay modes in 

0- 000 - .1 0 
a search for: D (cu) by detecting q, + K ; B (bd) by detectmg J 4; + D ; 


o - . 1'0 0
and T (tu) by detectmg +B • Since the J 14; and'! particles have a 

significant branching ratio for dilepton decays (- 7% and'" 2%, respectively), 

it is important to record dilepton information during our run. We have made 

some estimates of 013 for DO~ the OB for the DO could be as large as 

33 210- cm. 
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The experimental layout for Category I reactions is shown in Figure 1­

There is a general elongation of the E5S0 and E623 layouts due to: increased 

center of mass motion; an increase in the Cerenkov radiator due to the 

increased secondary particle momena; and a major MPS improvement 

envisioned with the addition of muon identification to the MPS apparatus. 

The experimental layout for Category II reactions is shown in Figure Z; 

a decay length region has been added between the target and the magnet 
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III. Theoretical Estimates and Other Experiments 

The search for hadronic production of the TJ c (2.. 97) has proven 

rather difficult. Standard techniques such as short lifetime detection and 

associated prompt muons are not useful. One needs a final state, analogous 

to .p - f.1+f.1 - ~ with reasonable branching ratio and small combinatorial back­

0
ground. We have chosen the <1>0<1> final state which has C =+1. Measurement 

of the x and P.J... dependence of TJ production will determine whether the basicc 

production mechanism is central or diffractive. As opposed to double arm 

spectrometer searches, our open geometry search can study the total event 

including target and projectile breakup. This capability should shed some 

2. 
light on the production dynamics. 

Many estimates have been made for the production cross section~· 

Most appear to favor (f (TJ ):::' 20 microbarns in 1000 GeV/c pp interactions. 
c 

In particular. the Halzen-Matsuda scaling using gluoproduction and eve 

agrees with <I> , .p, and l' production versus s over many decades of cross section. 

We expect that the estimate of (f(TJ ) is within a factor 2. of being correct. c 

Various estimates are shown in Figure 3. 

4 
Several estimates of B (TJc-<I><I> ) have also been made. Most are 

within a factor of 2 of O. 10/0. In addition, new data on B ( X -<1><1> ) have be­

5 
corne available and agree with these estimates. The estimate (f{TJc)B (TJc-<I><I> ) e< 

2.0 nanobarns for 1000 GeV/c pp interactions is used in what follows. Note 

that this estimate is well above the 950/0 confidence limit values of 0.6 nano­

barns for the <1>0 <po trigger. 

The success of Halzen-Matsuda scaling gives us confidence in extra­

polating to Tevatron energies. We assume a branching ratio for TJb -4><1> of O. 10/0. 
6 
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siznilar to that of the X to obtain Cf( 7'J b) B (7'J - G> 4> )= 32 picobarns. We 
b 

estimate we will have approximately 4 events on top of a negligible back­

ground in this mass region. 

New experimental data have been reported. The Columbia/Ferrrlilab/ 

Stoney Brook data for 4>04>0 production have indeed confirmed that this spectrum 

is rather clean at high mass.7 ) In fact for a resolution of 20 MeV. the signal 

is estimated to be equal to the background if Cf (7'J ) = 5. 5 microbarns or Cf (7'J )
c c 

o 0
B( n - <:> 4> ) = 5. 5 nanobarns. 

'c 

The Fermilab/ Johns Hopkins experiment has reported data on the y y 

final state in 400 GeV / c pp collisions 8 • The signal to noise ratio is about 

unity within their mass resolution of 180 MeV for Cf(7'J ) ~ 70 microbarns. A 
c 

95% confidence limit for Cf(7'J ) !Y 9 microbarns has been reported.c 

These results make it clear that the 4>04> 0 final state is more sensitive 

than the y, final state since the mass resolution is better, the branching ratio 

is cornparable, and the backgrounG. is smaller (the 11'071 0 contamination of the 

Y'Y signal raises the background in this experiment). We expect to be able to 

measure G' (,., ) at a sensitivity of roughly one order of magnitude better than 
c 

the present 95% confidence limits. 

9 
Finally CERN's.o. proposal, P-136. was presented in January of 1980, 

It is rather similar to its predeces sor E623 except that the beam energy is 

85 GeV which implie s a factor of 10 reduction in Cf( 1') ). 
c 

To compare experiments, E136 (CERN) requires only four kaons in 

the final state while E623 has the additional trigger requirement of low mass 

K+K- pairs (from 9° decay) and a modest p. cut on the pair (enhancing high 
~-
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xnass objects). We expect that our xnore restrictive trigger coupled with a 

larger production cross section at Tevatron energies will result in an ex­

perixnent xnuch xnore sensitive to the high xnass region. 
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IV. Experimental layout 

One expects that high-mass states are produced in pairs nearly at 

10 
rest in the CIvl system (yA- near 0). Thus it is important to have good geo­

metrical acceptance for the kinematic region near y.'= O. In addition, heavier 

states are produced with larger transverse momentum than pions; the two 

body-decay kinematics of heavy states contributes additional transverse 

momentum components. The large production and subsequent decay angles 

necessitate a large aperture system such as the MPS (see figures 1 and 2). 

Most of the apparatus for this experiment already exists at the Fermilab 

11 
:MPS in the M6 W beam. The addition of drift chamber planes to replace the 

magnetostrictive spark chamber planes would convert the 10,000 PWC plus 

drift chamber system to a system with high data rate capabilities. Two 

finely segmented Cerenkov counters allow for unambiguous identification of 

kaon pairs. 

1. Beam 

We assume that the Tevatron will deliver 1000 GeV protons in a 

20 second beam spill once per minute. The M6W beam will be set for positives 

at 1000 GeV Ic and we will use existing beam line counters and PWC s. Beam 

intensity requirements for protons will be modest: listing a 15% active scintil­

7
lation counter hodoscope as a production target, an intensity of 7 x 10 pro­

tons per spill (a rate of 3.3 MHz) with a (5mm)2 spot size will be adequate; 

With good primary intensities and favorable production cross sections for high 

ene rgy pions, a decision to use a pion beam will be reserved for the future. 
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2. Upstream arm and MPS magnet 

The MPS is described in reference 11. Basically it is a 10, 000' wire 

PWC system giving charged particle tracking for 9 < 60 mrad and 9 < 40 x y 

mrad with a transverse momentum kick of 650 MeV I c provided by a super-

conducting 48D48 magnet. A plan view of the apparatus is shown in Figures 1-2. 

The incident beam is tracked in two PWC modules which are not shown. 

Small angle charged particles are detected first in the upstream arm 

of the MPS consisting of about 5,000 wires. The planes are x, x, u, v, y, y. 

in A; x, x, X, X, Y in B; and X, y, in C. Production angles are measured to 

an accuracy of ± .13 mrad in X and ± • 17 mrad in y. 

3. Downstream arm 

The downstream (after the magnet) arm consists of another 5,000 PWC 

'\.vires x, u, y, v, x, in D. At present these chambers are followed by 8 

spark chamber modules and small PWC planes x, u, v, x (F). An upgrade 

now in 	progress for run E623 would allow higher beam rates and higher 

trigger rates. This upgrade entails the construction of eight planes of drift 

chambers x, u, v, x(EDR)and x, u, v, X (FDR). Outgoing angles will then be 

measured to a precision of • 07 mrad in the bend plane. Momenta can then 

2 0-4 1-1be derived to a precision of 6p = ± p (3. 3 x 1 (GeV c) ). 

4. 	 Cerenkov counters 

Mass identification of forward tracks is provided by two segmented 

~ 	 oJ I I 

Cerenkov counters, one with 44 cells (CA) and one with 30 cells (C
B

). CA 

will be filled with 1 atmosphere of nitrogen and CB with 1 atmosphere of neon. 

The pion thresholds will be 5. 75 GeV Ic and 12.2 GeV/c. respectively, '\.ID ile 
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the kaon thresholds are 20.5 GeV Ic and 43.4: GeV Ic, respectively. These 

thresholds will be sensitive to the kinematic s of central production. 

5. Muon detector 

The detection of muons is done conventinally using four meters of 

steel followed by a hodoscope of proportional tubes. The steel is 24 

nuclear absorption lengths in the beam direction which will reduce the 

punch-through to acceptable levels. This depth of steel will weigh approxi­

mately 150 tons; it will stop muons with less than 5 GeV Ic momenta (cor­

respond.ing roughly to x 0, PI c::O.25 GeV/c). Thus we will detect the .... 

entire forward hemisphere for muons. 

The hodoscope will consist of 160 proportional tubes. Each tube will 

be 0.75 inches in diameter with a corresponding drift tim.e of 200 nsec, which 

is comparable to that in the drift chamber cells. Data readout will be pro­

vided by attaching these to the MPS readout system of the PWC s. Finally, 

groups of five tubes will be IIORfl-ed together to m.ake a 32 element hodo­

scope input to the fast trigger processor. 
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V. Geometric Acceptance 

Inclusive background was generated using the tnodel of ref. 10 

which incorporates the general features of inclusive production; <Pt > in­

creases with secondary tnass, and production is tnore central as the 

secondary mass increases. 

dO'" * _p
E -=... = A F (y)e t 

dp 

* :::: G
", e-D/(Ymax-Y )

where F (y"') :::: 
{Mt + B)C 

A, B, C, D, and G are constants in the model and Y~ax is the tnaxim.um 

rapidity for a given M in the CM frame. 

Background was assumed to be uncorrelated and all particles decayed 

isotropically. The geometric efficiencies for background were found to be: 

EK :::: O. 7 8~ Elf :::: 0.62. and E<j> :::: O. 72. 

http:tnaxim.um
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VI. Description of triggers 

1. Trigger processor 

Previously the MPS has been triggered either externally using a 

calorimeter. or internally using the number of hit multiplicities in the PWC 

planes. We propose to expand the trigger capability of the MPS to encom­

12 
pass modern complex fast logic decisions as embodied in E623. This pro­

cessor will be used in the present proposal. The ingredients are three 

x-planes of PWC whose wires are "ORII-ed into a variable width 32 element 

" " 

fast stand-alone hodoscope and the CB Cerenkov hodoscope segmented into 

30 cells. These cells are of varying size. with small cells in the middle. so 

as to match the density of charged tracks in the inclusive particle angular 

distribution. Initially the hodoscope data is latched in coincidence with a 

v 
fast pretrigger requirement; the requirements 2 j • C',.Bj are then imposed 

! ~ 

on be tracks. The Cerenkov counter C will be filled with 1 atmosphere ofB 

neon in order to match the expected charged kaon mo:mentum spectrum due to 

mas sive objects produced near y':' :::: O. 

The latched data are then used to form triple coincidence Ii • (2j • C:Bj)' 3
k 

+_ v 
combinations corresponding to tracks within the K :momentum. window of C •

B 

Note that the triple coincidence has one level of redundancy, assuming that 

the tracks originate in a small target. The acceptable coincidt:nce s present 

their 1 i and 3 addresses to memory look-up tables. These tables have in­
k 

corporated the n~ass and p..:.. of all tracks from interesting events. 
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Inelastic reactions will be selected by requiring an out-scatter from 

a beam veto counter located downstream of the MPS magnet. This essentially 

comprises the fast pretrigger. For a 3 MHz of proton rate incident on a 15% 

segmented active scintillator target, the inelastic interaction rate is 0.45 MHz. 

A trigger cross section of 5 microbarns corresponds to a trigger rate of 100 

triggers per second. This data logging rate is near the maximum rate which 

the ?viPS system can effectively handle; it will be adjusted at run time to be 

at this maximum possible data taking rate. 

high level trigger has 2 nlicroseconds to decide if the pretriggered 

event is interesting. The processor has been designed to perform all cal­

culations in 250 nanoseconds; it will provide fast aborts in 100 nanoseconds, 

(for example, at least two charged kaons will be required to prevent a fast 

abort). This fast abort feature minimizes the dead time of the high level 

trigger processor. 

2. Category I trigger s 

The test data taken for E623 indicate th at the trigger rate for two 

low mass K K pair s is approximately 6 microbarns. Requiring P.L of 

either ¢ 0 > 0.8 GeV Ie (M (4)04>0 ) ~ 2.6 GeV) reduces this rate to 0.8 micro­

barns. We propose to prescale the low mass 4>04>0 rate by a factor of ten 

to yield a trigger rate of 1. 5 microbarns. We expect to reconstruct 

6720,0004>?S at low mass and 1. I x 10 <pcps at high mass in a 500 hour run. 
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Using E623 test data in the q,q, mass spectrum and a measured ma~s 

resolution scaled to 1000 GeV production yields the 95% confidence limits 

for ()B shown in Figure 3 for ¢ q, and 4> 0 at high PJ..o The theoretical es­

10 

timates are also shown in this figure from the B-Gmodel assuming a 


-3 

branching ratio, B, of lO • The theoretical estimates for" c and X states 

also shown in the figure from the H-M model:' establish that if glueballs 

are produced similarly to other hadrons, and have ¢q, branching ratio com­

parable to that of X states, they will be seen. Note that the decay plane 

co::-::-elatian of the ¢¢ system. will establish the parity of the glueballs. Note 

also that the" and X states which are produced with cross sections com­e 


parable to theoretical estimates and measured branching ratios will also 


be seen. 


3. 	 Category II triggers 


The trigger s for KOK
o 

(mT) and 1\0 AO 
(nIT) will be similar to those 


s s 

used in 80. Added requirements will enhance high mass events which are 

expected to have greatly improved production cross sections at the Tevatron. 

The PWC s at the A-station measure the number of charged particles entering 

the decay region, n(the maximum n-value used in the E580 triggers was five). 

Following the decay region, the PWC s in the B, C, and D stations are re­

quired to have n + 4 charged tracks. The high level trigger will be similar 

. to that described above for the category I case. The threefold coincidences 

will be used to identify protons and antiprotons which will then be used to make 

approximate nl.casurenl.ents of the effective lnass of the I\oxo pair (the K~~\o and 

E.o:\o will be found by l'equidng at least one fast fonvard proton or antiproton).
s 
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The main point is that the decay angle of the proton from }\
0 

decay (and the 

antiproton from}\o decay) is small and it carries off most of the}\o momentum. 

Even with the smearing of the decay points in the decay volume, the proton's 

(and antiproton's) position upstream and angle downstream yields an approxi­

mate measure of the M mass with sufficient precision to remove the bulk of 

the cross section at low effective mass. 

Based on a 500 hour run and on E580 data analysis, the 95% confidence 

limit of erB into KOj\o or ~}\o are shown in Figure 4. Also shown are the 
s s 

expected rates for typical particles of narrow decay width and a 1% branching 

ratio. Clearly we can detect such particles if they are 4 GeV or lighter. 

4. 	 (; 6 triggers 

During the 4>
0 

4>
0 

data taking we plan to include a high mass dimuon 

1 .0 K+K- t .p_us 0 - rlgger. The purpose of this trigger 	is to investigate the 

B Opossible decay of the B O (bs'). b- cW-, W- - cs fo r - IjJ +4>0. 	 We will 

cm
first 	require a low mass K+K- pair with p '> 1 GeV/c. Note that p for 

L 

B 
0 -11;9 is 1. 7 GeV I c, so the P.j... requirement does not 10 se any real events. 

The initial trigger rate is approximately 50 jl.barns based on E623 test 

data. 

The muon hodoscope, Mu, will be wired into the E623 trigger pro­

cessor with Cx and Dx so as to require at least one positive and one negative 

track with momentum;:;: 10 GeV Ic. In an open geometry experim.ent such 
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as the one we propose, the additional trigger requirements are dominated 

by the background of pion decays which will yield a 0.5 fJ.barn trigger rate, 

However the decay mesons preferentially yield low dimuon masses. 

We will use the trigger processor mass calculation to require a dimuon 

mass of;: 1. 5 GeV. This requirement will reduce the trigger rate to its 

final value of J:lt O. 1 fJ.barns which is sufficiently low that including this trigger 

along with the main 4>0q,0 data will add essentially no deadtime. 

Using know-n q,0 production cross sections, dimuon backgrounds, and 

omeasured 4> production data, one can estimate the w<P background to be (f(w<\» 

-aM4 nbarns. Assuming a typical dihadron mass spectrum d(fI dM = e where 

-1 
a = 3 (GeV) ,the background within our mass resolution is approximately 

5 picobarns at the 5.5 GeV mass region. 

Assuming the BO(bs) is produced with a 100 nanobarn cross section 

at the Tevatron, and taking a.1 % two body branching ratio, the effect would 

be (fB - 35 picobarns.· Thus the signal to noise is quite good. Since the raw 

flux is 12 events per picobarn and the detection efficiency is estim.ated to be 

5%, we expect 20 events on a background of 3. Although these statistic 5 are 

limited, the signal to noise is excellant. If initial indications are faborable, 

one would contemplate using a higher beam flux ani pre scaling the $$ data 

triggers in order to further enhance these BO (bs) events. 
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VII. Rates and Sensitivities' 

The experimental layout is shown in Figures 1-2. It is essentially the 

same as that of the original £623 proposal. but elongated to accommodate the 

increased eM motion at 1000 GeVIc. The apparatus has good detection 

efficiency for the central and forward production regions. 

1. 64> Rates and TJ Detectionc 

A detailed Monte Carlo progra:m has been written to find the 

detection efficiency for X states. The probability for all four kaons to be 

detected and fall within the 6erenkov :momentum window is ~ O. 15. This 

detection efficiency is rather flat for p, X 2 GeV Ic. The efficiency peaks 

for.05 ;;;; x ;; 0.2 where the l\J production cross section peaks in n-p in­
X 

teractions. The layout has been designed assu:ming the production is 

10 
central, and similar to that for the l\J 

Allowing for K decays, K interactions, 4> K+J:(" branching ratios, and a 

limitation on the pion breakup charged :multiplicity - 4 (scaling E580 data) 

our data cross section is 240 pb. 

It should be emphasized that the trigger cross sections are based 

on te st data taken during the E-580 run. Indeed, the trigger rates are 

higher than one :might expect on the basis of a naive calculation. 

First. the downstream :multiplicity is required to be. 4'::: N ~ 8. 
f 

This cross section is :measured to be 70% 0 f all non-di£fractive inelastic 

interactions. Thus we are looking inclusively at TJ production. Based c 

on our E-580 inclusive K K data, "" 700/0 of all TJ will be accepted.c 

In addition, we require at least 4 tracks which satisfy hardwired 

s s 
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.,: 

C . ~ D ·"FDR k oO C B . coincidences. The allowed coincidences correspondXl xJ X . J 


to momenta, 12 ~ P ~ 43 GeV/c, and no Cerenkov light. There must be
K 


at least 2 negatives and at least Z positives. The cross section is measured 


tobe~B0fl.b. Note this is larger than one might estimate using <n > I<n> 

K 

"'" O. OB. 


Since this rate is rather large, the trigger logic uses C . and FDR k 

Xl X 

to compute the K+K- effective mass in the bend plane (x, z), using a table lookup. 

The requirement of two low mass K+K- pairs reduces the trigger rate to 6.2 

fl.b. Again, this rate is based on off-line analysis of P-623 test data. The 

+ + _ 13 
reduction factor is rather less than [<<\> -. K K- > /< K K > ""'. 09J due 


to the loss of (y, z) plane information, and the finite resolution of M (K+K-) 

X 

due to the granularity of the trigger PWC hodoscopes. 

Finally, a modest P..L cut in the (x, z) plane is imposed. This cut is not 

biasing at the '\c. mass. We observe a P.J.. falloff similar to other data. 
10 

Note that the final trigger rate is reduced to 1.0 microbarns. This trigger 

rate is small enough so that a flux of 3 x lOb/sec yields a moderate system 

dead time. The raw sensitivity is 12 events /pb for a SOO-hour Category I run. 

We expect to detect approximately 2000 decays which is sufficient to study the 

production characteristics using the background inferred from E60B. We 

expect a 95% confidence limit of (J( '\<:. ) B ('Ii<..""" cj>¢) of 0.6 nb as against the 

expected value of 2 nb. 

Based on a 500 hour run, Monte Carlo runs for efficiency, and the 


mass spectrum in the E623 test data, the 95% confidence limits for this 
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experiment. (TB (4) 4», are shown in Figure 3. Also shown are the ex­

pected rates of typical narrow particles 3 with a O. 1%4> $ branching ratio. 

Clearly glueballs with these typical productio n and decay characteristics 

would be detected. In addition, we show the prediction of a gluo production 

10 . 5 
model for "c and X usmg measured branching ratios. Clearly these 

states will be observed in this experiment. 

2. 

The E580 2-yO trigger rate at 200 GeY Ic is 20 microbarns. By 

imposing the fast trigger processor requirements on the proton Or antiproton, 

this trigger rate will be reduced to 9 microbarns. Further require:m.ents on 

p...:... for the proton or antiproton will remove some of the low mass events 

which dominate the E580 data and will bring the trigger cross section to 5 

microbarns. This requirement will thus enhance the high mass sensitivity 

and take maxhnum advantage of the increased production cross section for 

high mass states at Tevatron energies. 

The total trigger rate for Category II triggers is expected to be .5 

:m.icrobarns. This is comparable to the trigger rate for Category I triggers 

so the same comments on sensitivity apply here as well. Since E.580 ob­

serves a mass spectrum falling as d(T IdM =Ae -aM with a =3 Gey- l , one 

can easily estimate sensitivities at a given znass knowing that;: 3% of the 

triggers in E580 are reconstructable Y
o 

Y
0 

events. 

We expect that in a 500 hour run we will obtain 560,000 KOA 0 or KOI\.
0 

o~ hevents and 340. 000 .N. A events. The (T B 95% confidence limits for t is 

experiment are shown in Figure 4; they are based on our E580 data trigger 

rates. trigger purity, dihadron mass spectrum and mass resolution scaled 

to 1000 GeY production energies. 

------------------.~~~~-



23 


References 

1. 	 J. J. Lipkin, "Theoretical Review of Strange and Non-Strange Mesons", 
Experimental Meson Spectroscopy. Boston (1979) 

2. S. 	D. Ellis, M. B. Einhorn, C. Quigg, Phys. Rev. Lett. ~ 1263 (1976) 

3. M. 	Bourquin, J. M. Gailliard, NUC. Phys. 114B 334 (1976) 

F. Halzen, S. Matsuda, Phys. Rev. 17D 1344 (197B) 

H. Fritzsch. K. Streng, Phys. Lett. 7BB 447 (197B) 

J. G. Branson et. al., Phys. Rev. Lett. ~ 1334 (1977) 

4. H. 	 J. Lipkin, Fermilab-Conf - 77/65 -THY (197 7 ) 

C. Carlson, William and Mary Preprint (1979) 

5. T. 	M. Himel, SLAC report 223 (1979) 

6. C. 	 Carlson, William and Mary Preprint (1979) 

7. T. 	yamanouchi et. al., Fern"lilab-Conf - BO/57 -expo 

B. R. 	M. Baltrusaitis et. a1•• Ferrnilab-Pub - 79 !39-exp. 

9. P. 	S. L. Bocth et. a1., CERN/SPSC79-1Z5P 136, Nov. 1979 

10. M. Bourquin and J. -M. Gailliarcl, Nuc. Phys. I14B, 334 (1976) 

11. 	 "Mu1tiparticle Spectron"leter at Ferrnilab ll prepared for MPS Workshop, 
March 4, 1977 

12. Addendum to E623 

13. A. Etkin, et. al•• Phys. Rev. Lett. 40422 (197B) 

--------------------_._--_._._­ . 



24 

Figure Captions 

Fig. 1 Experimental plan view for Category I reactions. T is an active 

segmented target of 20 scintillation counters which enables the z-

value of the interaction to be measured. The PWC's are labelled: 

A which has measuring planes in views x. x. u. v. y, and y; B 

has views x. x. x~ x, and Yi C has views x and y; D has views 

x, u. y, v, and x; and F has views x, y, u, and v. Drift chambers 

EDR and FDR each has planes x, u, v, and x. Cerenkov counters 

~ 
C A is a 4 x 

/
11 element hodoscope and C B is a 30 element hodoscope. 

Hadrons are filtered out in front of the ITmon hodoscope, Mu HOD, 

by 4 meter s of iron~ Fe. A "typical'l event is superimposed on the 

drawing; the parent mass is 10 GeV which decays to <p<p and each 

<p + -subsequently decays to K K 0 

Fig. 2 Experinv.mtal plan view for Category II reactions. The elements 

are labelled as in Figure 3. The spacing in the upstream arm is 

altered so as to provide a 4 meter decay volume for the neutral vees; 

this region is filled with a bag of helium so as to minimize neutral 

particle interactions in air. A "typical" event is superimposed on 

the drawing; the parent mass is 10 GeV which decays to a AOKo and 
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Fig. 3 (fB values versus effective mass. M (GeV). where (fis the pro­

duction cross section and B is the decay branching ratio to cp * 
states. The solid and dashed lines are the 95% confidence limits 

for ¢ ¢ (all) and ¢ <j> (at high p.),- respectively, which can be measured 

by this experiment. The dot-dashed line is the predicted (fB from 

10 
the B-G model. The circles are the preducted values of (fB for 

"i(c: (- 3 GeV) and for the three\ states (3.42. 3.51, and 3.55 GeV) 

3 
from the H-M model. B is assumed to be 0.001. 

Fig. 4 (fB values versus effective mass, M (GeV), where (f is the production 

cross section and B is the decay branching ratio. The solid and 

dashed lines are the 95% confidence limits for (KoAo + K'A0) and 
. 5 S 

A°'Ao , respectively, which can be reached by this experilnent. The 

10 
dot dashed line is the prediction of the B-G model B is assumed 

to be 0.01. 
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