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One of the most effective ways to search for resonances in hadron 

. . i b d f· . i + - + ­1nteract10ns s to pro e a e 1n1t ve quantum state such as e e or ~ ~ 

(p, w, ¢;, J/"I, 1"). Due to the nature of dilepton resonances, these are 

restricted to the JP = 1 system. Unexpected states such as J/"I and "I' have 

been discovered using this technique. 

We propose to expand the search to other quantum states such as 0+, 

0-, and 2+ with at least an order of magnitude greater sensitivity than 

all other previous measurements. The reactions we plan to study are: 

TT- P M + X (1)-t 

(2) 


These reactions (1) and (2) are for high-mass meson states searches. It is 

worth noting that the KOKo system can only be in JP = 0+, 2+ ••• states with s s 

an isospin of 0 or 1 whereas the M system can only be in I = 0 state. We 

believe new, high-mass, narrow resonances in these quantum states may be un­

covered which cannot be produced directly in e+ ~ collisions. The 

-long sought after pseudoscalar cc meson, n , can decay into M. A roughc 

estimate of the production cross section of such states gives the order of 

2-4 ~b (or cr • B 40-80 nb) at - 200 GeV/c which is about the right estimate 

of our sensitivity (see Appendix I and Fig. 1). 

Our aim is to reach masses of up to 15 GeV with high sensitivity in 

cross section (20 visible events per nb) and good mass resolution (cr - 50-70 

MeV or less). This represents a measurement at least one order of magnitude 

l more sensitive than all the other previous measurements. Since the MPS has 

demonstrated its performance and productivity in carrying out the jet experi­

ment, we shall be brief in describing our request. 
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a. ~: 600 hours with 250 pulses per hour and 2xl06 ~ per pulse at 200 

GeV/c, 11i.e. 3x10 -­~ for the experiment. 

b. Target: A 30-cm liquid hydrogen target will be used. Cylindrical MWPC's 

will surround the target as discussed below in section d. 

oc. Setup: In order to detect K and A with adequate efficiency, a decays 

region of the order of the particle's decay length is required. We have 

chosen 4 meters. 

The LH2 target will be immediately followed by a rectangular MPWC. 

This chamber defines the upstream boundary of the 4-meter decay region (which 

will be filled by Helium) and also serves as a veto for events where the num­

ber of prompt charged tracks is too large. MWPC's before and after the magnet 

will serve to reconstruct the V's. These chambers also will be used in the 

trigger to identify the appearance of four charged tracks after the decay re­

gion. Cylindrical MPWC's a,S surround the target and record other outgoing 

particles to aid in vertex location. Spark chambers follow the magnet to 

complete the measurement of the event. The proposed configuration is shown 

in Fig. 2. 

d. Sensitivity: In 600 hours of running, we expect to produce 160 events/nb 

for the KOKo and AA decays into charged particles. The charged decay mode 
s s 

correction factor of 4/9 has already been applied. The geometrical acceptance 

of the spectrometer corrected for a 4-meter decay volume is shown in Fig. 3, 

and varies smoothly between 10 and 1% as the 2-V mass goes from threshold to 

10 GeV. Figure 4 shows the acceptance of the system as a function of 

Jackson angle. 

USing an average acceptance of 10%, our net sensitivity is reduced 

o 0 dto ~ 20 detected events per nb for KslB an AA· 
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e. Yield: TQe cross section for inclusive AA and KOKo production as a 
s s 


function of the number of accompanying charged tracks has been measured in 


2S0-GeV/c w-p interactions. 2 The total inclusive AA and KOKo cross sections 
s s 

are O.lS mb and 0.60 mb respectively. Requiring that the accompanying 

charged track multiplicity be ~ 4, these cross sections reduce to 0.02 mb 

and 0.04S mb respectively. At 20 events/nb then, we expect ~ 4xlOS AA 
5 0 0 5events and axlO K K events. The event rate is expected to be 2 in 10 ,s s 

giving roughly 12 events/pulse. Backgrounds are discussed in the next section. 

f. Trigger: Telescope counters SA' SB' SC' and MWPC module BB identify an 

incoming beam pion. MNPC module A, immediately followed by a dE/dx counter, 

restricts the trigger to events with a limited number of particles entering 

the decay region. Cylindrical MPWC's a and e which surround the target aid 

in vertex location by detecting low-momentum, large-angle recoils. They may 

also be used to insure that an interaction has taken place in the target. 

Following the decay region, MWPC modules B', B, C, and D detect the additional 

tracks produced by the decays of the two V's. These chambers, together with 

the spectrometer magnet and spark chamber modules E and F, analyze the momenta 

of the decay tracks. 

g. Event Rate and Background: Preliminary results obtained from the Chicago 

Circle (EllO) group indicate a substantial hadronic background. A trigger 

consisting of 1 charged:track entering a "decay region" and the subsequent 

appearance of two V's was dominated by beam interactions in chambers and air. 

The signal-to-noise ratio was 1:30. Demanding that an interaction take place 

in the target by requiring a hit in chambers a and e only reduced this to 1:10. 

(The singles rates in these chambers were very high, so accidental coincidences 

formed a substantial part of this trigger.) 
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EllO ran with 0.3 g/cm2 of material in their "decay region." By 

installing a helium bag and by placing the dE/dx counter after MWPC module A, 

2 we would expect to have 0.1 g/cm in our 4-meter decay region. Thus we might 

expect a signal-to-noise ratio of about 1:3 for events with a single charged 

particle entering the decay region. Events with 2 or more particles entering 

the region are almost certainly sure to arise from real interactions in the 

target and, as EllO found, are significantly cleaner. Overall, then, we 

might expect our noise to be about 2.5 times the real event rate for the fol­

lowing triggers: 

Number of Charged Number of Charged 
Hit in Particles Particles 

a,S Entering Region Leaving Region 

No 0 4 
Yes 1 5 
No 2 6 
No 3 7 

With a true event rate of l2/pUlse we would thus expect 42 triggers 

per pulse. The 30 ms dead time of the spark chambers limits the actual rate 

to about 26/pulse. We therefore require 600 hours of running, at 250 

pulses/hour, to acquire our data. 
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Search for n at the MPS c 

Assuming that the J is a cc bound state, we suggest searching 

for the nc ' its pseudosca1ar partner, in ~-p interactions at 200 GeV!c. 

We consider in particular 

~ p'" n X c 
(1)I... M. 

Using the MPS as a detector, one could reach a sensitivity of In events! 

nb for t'his reaction. The cross-section for production of the n is 
c 

not known, nor can it be reliably calculated. However, a reasonable esti ­

mate (see below) gives a o·B of the order of 40-80 nb. This value is about the 

level at which we would expect to begin to see a significant signal above 

background. 

+­The reaction pp + JX + e e X has, of course, been observed at the Fermi 

Lab. Using the experimental cross section and the branching ratio1 for 

+­
J + e e of 7%, one finds 

a(pp + JX) =200nb at 200 GeV/c. (2) 

To estimate the n cross section we can clearly write 
c 

cr(~- p ... ncX) cr(~- p + JX) 

a(pp + JX) (3) 
- a(~-p ... JX) a(pp + JX) 

We expect that both the nc and the J will be formed by the annihilation 

of an ordinary qq quark pair through gluons to form a cc pair. See Fig. l. 

The main difference is that the J must be formed through three gluons be­

cause its spin-parity is 1-, while the n can be formed through two gluons.
c 

. 2 2thus the cross section for the J 1S smaller by O(c )' where as = qs!4~ is s 

the effective gluon coupling constant. Exactly this difference has been 
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used by several authors to find the relative hadronic widths of the nc 

2and the J 	 by calculating their couplings to qq. Schnitzer finds 

r(n .... had.)
c-....;;;.----= 70, 	 (4) 

r(J .... had.) 


3
while Appelquist in a review of several calculations gives 

r(n .... had.)
_....:c=--___ ~ 100. (S) 

. r(J .... had.} 

4
As a check we can use the estimate of as by Barnett, Georgi, and Palitzer 

to compute 

r(n .... had.) 
• 	 c = 50. 	 (6) 

r(J .... had.) 

Thus let us take 

r(n .... had.) 
,...> c :::::: 50 - 100 	 (7) 

r(J .... had.) 

We can estimate the second factor in Eq. 4 from experi~ent. We know 

that at FNAL energies5 

0(11'-0 .... JX) :::::: 2. (8)
o(pp .... JX) 

-------------_. ­
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Then 


a(w-p + n X) = (50-100) x 2 x 200 nb 
c 

= 20-40 pb. (9) 

The branching ratio for n + AA is of course not known, but there is no reason 
c 

to suppose that it is less than that for J + AX: 

B(n + AA) - B(J + AX) =0.2%1 giving a-B 40-80 nb and c 

B(n + AA) could be as high as 1.0%, giving deB ~ 200 to 400 nb. c 
+­It is important to note that n cannot be produced by e e annihilation processc 

odirectly. We also understand that the detection efficiency of the SPEAR for two V fS 

is less than a few percent. 
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Figure 1: Production mechanisms for n and J. c 



APPENDIX II 


A simple estimate of yield for two (of many) particles of current interest. 

i. Then c 

As discussed in Appendix I, the product of cross section times branching 

ratio into AA is of the order of 40-80 nb. Since our sensitivity is 20 

5events/nb, we could see as many as 400-800 of these particles. However, our 

trigger excludes events with large numbers of forward charged particles, so 

the actual number of n 's is likely to be somewhat less. c 

2. A recent report from a Fermilab group (B. Cox et al.) suggests the pres­

ence of another new particle in yy final states at 3.9 GeV. For brevity, we 

will refer to this object as the C. Cox reports that o'B = 60 nb. If we 
yy 

assume that o'B _ is of the same order, then we expect as many as 600 such 
AA 

events, but the multiplicity requirement in the trigger will reduce this 

number too. 

If C is 0- can go only AA600 events; 

If C is 0+ can go either AA or KOKo 
s s 


expect ~ 2x600 =1200 events. 
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FERMILAB MPS CONFIGURED FOR 
·2Vo. EXPERIMENT 
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