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ABSTRACT 

+ - YfWe propose to study the reaction P + Be + t t + + x. 

The forward going hadrons, Yf , and the lepton pair will be 

detected. The range of dilepton mass will extend from .5 Gev/c 2 

to 6 GeV/c2 . Particular emphasis will be placed on searching 

for new particles when the dilepton pair is due to the decay of 

a W (3.1). The detector will be the E-B7/3sB apparatus with 

small additions. The feasibility of the technique of detecting 

the W (3.1) has'been established in E-B7 and E-3sB. 
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I. INTRODUCTION 


The discoveries of the W(3.1) and the W (3.7) have yet to 

be followed by a satisfactory explanation of the narrow width of these 

particles. The fact that the W(3.1) is photoproduced and the fact 

that its production in nucleon-nucleon collisions, once an allowance 

2is made for its large mass, is characterized by P~ and P distribll 

utions which are similar to the other vector mesons, are part of the 

evidence that established the W(3.1) as a hadron. These observations 
~2 

were made in two experiments which were done by the members of this 

proposal in a detector with which we propose to undertake a further 

investigation of these new particles. 

Since the W(3.1) is a hadron it is natural to ask the question, 

is it made up of a new kind of quark and anti-quark? If it is, there 

is a reasonable chance that other particles containing the new kind 

of quark would accompany the production of the W(3.1) in nucleon-

nucleon collisions. The fact that the production of the W(3.1) 

increases by a factor of 100 between BNL and Ferrnilab suggests that 
3 

a new production mechanism becomes important in this energy range. 

If the production of the new W (3.1) obeys Zweig's rule then 

two additional particles, one which contains a new quark and the other 

which contains the corresponding anti-quark, would be produced when

ever a W(3.1) is produced. If these particles have masses between 

22.5 and 3.5 GeV/c , then the threshold for the process is above 50 GeV. 

Since the energy of the BNL AGS is 28.5 GeV, the production of the 

~ (3.1) at the AGS could proceed only by a mechanism which did not 

obey Zweig's rule. A production process which obeys this rule was 

possible in E-358, since it was carried out with mean neutron energies 

of 240 and 350 GeV. Because the allowed process should be much more 
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copious, the large increase in the cross section has a natural ex

planation. 

We propose to look at the forward going particles which are 

produced in association with the production of a $ (3.1) in the 

central region. The reaction which we wish to measure is; 

P + Be + ~ + Y (A, •••• ) + X ( 1)
f

1- 1,+1,

are the detected particles which are produced in the forwardYf 

hemisphere of the center of mass system, while X are the undetected 

particles. The ~ (3.1), which will be detected by its decay .into two 

leptons, will be produced near x = o! The production cross section 

is a maximum at this x value. The new particles, A, contained in the 

group of particles Yf , will be detected by searching for narrow baryon 

and meson resonances among the detected particles. Narrow is taken to 

correspond to a width of 150 MeV or less. If the new particles have 

significant leptonic decay modes they will be detected by the presence 

of a third lepton. 

A diagram which illustrates the aforementioned production 

process is shown in Figure 1. 

-
c. C 

p l 
Figure 1 - A possible production mechanism 

for the ~ (3.1) in nucleon-nucleon collisions 

*x is the ratio of the parallel momentum in the c.m. frame to the 
maximum value of the parallel momentum. 
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Independent of a particular model, it seems to us that one of 

the best places to look for new particles at the Fermi Lab is in 

collisions which produce, 1jJ (3.1) or other massive dileptons. For 

example, another possible source of dileptons is the simultaneous 

leptonic decay of pairs of short lived hadrons. In this case, it is 

important to search for an excess of strange particles which accompany 

the dilepton. Moreover I when the two muons have the same sign, the' 

probability that new particles accompany the dilepton is increased. 

The first physics objective of this proposal is to make a 

thorough study of the multiparticle final states produced in con

junction with a dilepton. We expect this to be an especially sensitive 

search for new particles when the dilepton is a l/J (3.1). The dilepton 

continuum may 'also be an important signature. Moreover, as a test 

of the applicability of Zweig's rule, we will look for an increase in 

KO production when a ~o (1020) is produced. 

The second physics objective is to measure the yield and 

production dynamics of the po (770), ~o (1020), l/Jo (3.1), 1jJo (3.7) 

2and the continuum of masses between 0.5 - 6.0 GeV/c. A unique feature 

of these measurements is that they would provide p~ 2 and x dependence 

of lepton pairs. With the exception of the 1jJo (3.7), all these 

features were observed in E-358. The interpretation of the results 

is difficult because the neutrons were not monochromatic. 

II. EXPERIMENTAL TECHNIQUE 

The detector which we will use is essentially the same as we 

used for E-87 and E-358. In those experiments we demonstrated the 

ability to detect lepton pairs and to reconstruct complicated multi-

body final states. These capabilities are required to carry out the 
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experiment. The improvements to the detector which we plan to make 

will both increase the acceptance of the detector substanti~lly and 

reduce the number of triggers due to unwanted events. 

The detector which we used to observe the ljJ (3.1) is shown in 

Figure 2. We will briefly summarize its features here. The details 

of the apparatus can be forind in reference 1. It consists of a 

multiwire proportional chamber spectrometer. There are five chambers 

labeled PO' PI' P 2 , and P 4 • Each chamber has three planes ofP 3 

wires. Downstream of the spectrometer there is a particle identifier. 

It consists of an electron calorimeter, which has a resolution of 

± 4-/l00/E %, a hadron calorimeter which has a resolution- of ± l4/l00/E %, 

and a muon identifier. The properties of the electron calorimeter are 

described in more detail in our measurement of the decay of the ~ (3.1) 

. + 1nto e e pairs, reference 5. 

The features of our apparatus which we find so powerful are: 

It can take up to 200 very complex events per spill, while the average 

6
number of interactions in the target is 3 x 10 per spill. It can 

distinguish leptons from hadrons in the trigger at the same interaction 

intensity. We have been able to reconstruct tracks from this type of 

data efficiently and rapidly. The first results for the ljJ (3.1) photo-

production from 300 GeV protons were submitted for publica~ion well 

before the E-87A data runs were finished. These features make our 

detector unique among the multiparticle detectors at Fermilab. 

We have routinely reconstructed 4, 6, and 8 prong events in 

the photoproduction of hadrons. A paper7 is in preparation on the 

+ - + - + production of pI ~ TI TI TI TI and p' ~ TI TI by 50 to 200 GeV photons. 
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This paper will also present evidence for diffractive photoproduction 

of six and eight body charged final states. 

We have been able to routinely identify KOS and AO decays which 

occur before the second multiwire proportional chamber. A paper is 

oin preparation on the production of the Q by K L and the photo-
A 

production of AOXO + pions and KOSKoS + pions. 8 

We propose the following changes: 

I} To use a beam of 400 GeV protons; 

2) To increase the acceptance by a factor of four; 

3} To improve the momentum resolution of the detected secondaries; 

4) To improve the electron and muon identification. 

We choose to use the protons because they will provide the 

highest possible energy thereby making it more likely to detect both 

the leptons and the forward going hadrons. In addition the definition 

of x is clear since the energy of the protons is known~Finally the 

small spot size of the proton beam compared to the neutron beam is 

an advantage. 

The arrangement of the new detector is shown in Figure 3. 

The increase in acceptance was obtained by decreasing the length of 

the detector. The target will be located 180" in front of the 24" x 

16" X 72" analysis magnet, rather than 300" in our previous. experiments. 

In this arrangement a ~ (3.1) produced at x = 0 by a 400 GeV proton 

will be detected. A plot of both the yield of the ~ (3.1) and the 

efficiency as a function of x is shown in Figure 4. 

The momentum 
op

resolution will be !) 
_ 
- .02 

p
(100) for a field of 

18 kG in the magnet. The mass resolution for the ~ (3.1) when averaged 

2 • 4over the full range of momenta will be ± 60 MeV/c We have used 
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2
the data of Reference 2 to estimate the expected P~ and P distrib

ll 

utions for the ~ (3.1) production. The mass resolution of the new 

particles, A, would be similar if they were produced with the same 

2
dependence on Pi and P

ll
. 

The improvement in the electron detector consists of adding 

two horizontal scintillation counter hodoscopes e and YH· The YH H 

hodoscope is preceded by two radiation lengths of lead. Electrons 

will be identified as a coincidence between an e and a YH counter,H 

while photons, if they convert, will be identified by a count only 

in a counter. Pulse height analysis will be done on all counters.YH 

This technique has provided satisfactory identification of electrons 

in other Fermilab experiments. 6 

In addition, a fifth proportional chamber, PS ' will be placed 

downstream of YHo A measurement of the conversion point of a photon 

in PS.leads in turn. to a measurement of its direction. The energy 

of the yls and e'a will be measured in the electron calorimeter. 

With this improvement it will be possible to both detecty rays from 

a ~o or nO with reasonable efficiency and to measure their momentum 

with an accuracy comparable to our measurement of charged particles. 

We have in a similar, but poorer, arrangement detected the photo~ 

+ - 0production of the w (rr rr rr ). 

The muon identification is improved relative to E-87 by the 

reduction in the overall length of the spectrometer by nearly a factor 

of two, thereby reducing the probability of pion decay. In order to 

eliminate the false triggers due to the punch through of energetic 

hadrons additional steel will be added in the hole in HC and betweenl 

HC and the muon identifier. Finally we plan to exclude low mass 

pairs from the trigger, by improvements to the muon identifier electronics. 

l 
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We believe, on the basis of our experience, that we can routinely 

identify a baryonic or a me sonic state which decays according to the 

reactions 

B
A 

M
A 

-+

-+

AO + + -nn mn 

L pn 

KOS + nn+ +
L +n n 

+ qnO 

0 mn + qn 

n,m 

q = 

= 

0 

1,2,3 

or.l 

(2) 

( 3) 

The experiment will also be very sensitive to decays which 

include the semileptonic decays of hadrons. Thus process (4) can be 

observed 

+ hadrons (4) 

by the presence of a third energetic lepton. 

In order to establish the level of the three muon signal, part 

of the data will be taken with steel placed between the target and Pl. 

By adding the steel the decay length can be reduced from 280 inches 

to 70 inches or less. This arrangement of equipment, which is shown 

in Figure 2, was used successfully in E-358. In that experiment as 

in this proposal the added steel was a calorimeter. The "steel in" 

data would serve two purposes: First, it would allow us to determine 

the background levels due to pi decay in the same charge two muon 

events, the opposite charge two muon events, and the three or more 

muon events. Second it would allow us to look at the single muon 

events. 

Because of the large data collection capability we can look 

for new baryons and new mesons simultaneously. Moreover we can look 

for these particles without a prior prejudice about their decay modes. 
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In other experiments it has been necessary to focus on a single simple 

decay mode, such as RTI. 

III. 	RATE CALCULATIONS AND EVENT COLLECTION 

7We have used a flux of 10 protons per pulse incident on a 

2" Be target in order to calculate the number of interactions per 

spill. We have used the "White Book" parameters for a 400 GeV spill, 

which are a 2 second flattop with an 8 second repetition rate in 

order to arrive at the total number of interactions for a 750 hour 

-32 2experiment. Finally we have used a value of 2 x 10 cm /Be nucleus 

for the product of the branching ratio of the ~ (3.1) into muon pairs 

times its production cross section for x > Or in order to estimate 

the yield of events per proton interaction. 2 

The geometric acceptance of the apparatus as a function of x 

has been calculated. The results of that calculation are shown in 

Figure 4. In addition the relative yield of events as a function of 

x is shown in the same figure. The dependence of the production cross 

section on x was approximated by (1-x)7 for these calculations. The 

average detection efficiency for positive x was calculated to be 14%. 

The average x of the accepted ~ (3.1) was .2. On· the basis of 

these assumptions the yield of ~ (3.1) for 600 hours of steel out 

running is 4000 events. The total number of dimuon triggers for the 

same period will exceed 2 x 107 events. We estimate that such a 
50 +- . 	 4, 0

sample will contain 4 x 10 p (770) -+ 1J 1J events, 4 x 10 <p (1020) 

-+ 1J+1J- events I and 2 x 10 4 events in the continuum between the <po (1020) 

and the 1jJ (3.1). 

The instantaneous flux of particles through the chambers 

corresponds to a flux which has actually been sustained. If the 

flattop is only one second long the number of spills which will be 
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+ needed to accumulate 4000 events of W (3.1) + ~ ~ will increase 

by nearly a factor of 2. 

The efficiency to detect a three body final state with x = .25 

which is produced in association with a dilepton varies from 35% at 

4 GeV mass to 70% at 2 GeV mass. As the momentum of the final state 

increases the efficiency for detection increases. If new particles 

were produced in association with the W(3.1) half of the time, there 

would be a sample of more than 1000 events which would contain new 

particles. 

The only contribution of unwanted triggers will arise from 

the decay of uncorrelated low momentum pions. Since the decay length 

for hadrons is 280", the decay probability of a 14 GeV pion is 1.2%. 

14 GeV is the minimum momentum pion that can be contained in the 

spectrometer if it is produced with a p~ of O. Since the average 

number of charged pions with this momenta or greater is between 2 and 

3, the probability that two pions decay is 4 x 10-4 per 400 GeV proton 

interation. This trigger rate without further improvements would be 

400 events/pulse. 

By imposing additional requirements such as a minimum opening 

angle, the separation of the muons at the ~ plane, and the correla
v 

tion of the opening angle and the momenta, correlations among the e H 

and ~H counters, another factor of 10 to 20 can be achieved. As long 

as the trigger rate is less than or equal to 100 events per pulse, 

data can be taken with less than 5% dead time. While our goal would 

be to reduce the 2~ trigger to a minimum, we would plan to take 100 

to 150 events per pulse by simultaneously recording ee and ~e events. 
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A similar yield of high mass dileptons without the associated 

hadrons can' be obtained with the II steel inti data for 100 hours, of 

running. The "steel in" data would be taken with a 6" target and a 

63" target. The beam intensity would be 10 protons/spill when the 

pulse height information from the upstream calorimeter was used. This 

would be used for only a small part of the data, during .most of the 

steel in running the beam intensity would be 108 protons/spill. The 

trigger rate with the "steel in" will be reduced since the contribution 

due to 1T decay will be reduced by a factor of sixteen or more. The 

acceptance for the "steel in" is less since the target needs to be 

placed further upstream. The reduction is more than compensated by 

the fact that the interaction rate is increased by a factor- of thirty. 

IV. BACKGROUND IN RECONSTRUCTED EVENTS 

On the basis of the results of E-358, we can estimate the 

ratio of the pi decay background to the direct dimuon signal after 

reconstruction. When the dilepton momentum exceeded 20 GeV/c the 
(). o'/:,

+ ratio of the sum of 1.1 1.1 1.1 events 1.1 . events 

2 2 

+ + and 1.1 to 1.1 was@ in the 

mass range of .65 GeV/c to .9 Gev/c (the p region). When the 

dilepton mass was greater than 2 Gev/c 2 , no events with the same 

charge were observed, while 120 events were observed with opposite 

charge. Fifty of the latter were ~ (3.1) decays. Since th~ effective 

decay length in that experiment was 80", we would expect that the signal-

to-noise ratio would deteriorate by a factor of ten. For a dimuon mass 

of .77 Gev/c 2 , and a dimuon momenta of 45 GeV/c, we expect background 

at the level of 10%. In the region of the W (3.l) we expect less 

than 1% background due to 1T decay. The steel in data will provide 

an experimental evaluation of these backgrounds. 
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V. BEAM P.NDEQUIPMENT 

We propose to bring a proton beam with an intensity of 10 6 

to 108 protons/spill through the present 0 mr neutral beam line. It 

would not be necessary to remove the D2 filter as this beam will fit 

through the cryostat tubes without difficulty. The magnets which 

are in the beam line can be used for steering. The method of getting 

a low intensity proton beam to our B3 target in EE4 is as follows: 

The beam will be collimated to a spot size of 12 rom x 12 rom 

in enclosure H as has been done in P-Center. It would be desirable. 

to have this collimation ahead of MH323 so that the 8 mr bend of 

MH323 can sweep away off momentum particles. After MH323 the beam 

drifts a distance of 2000 feet to the P-East target hall. 

We propose to collimate the beam a second time to a spot of 

3 rom x 3 rom with a fixed collimator placed in the space between 

QV400 and QH401. These quadrupoles form the doublet which is used 

to focus the beam on the target in the P-East target box 140 feet 

further downstream. We propose instead to focus the beam on our 

target in EE4, 600 feet downstream of the quadrupoles. This will 

produce a beam, which is slightly convergent, with a spot size which 

is roughly 1.5 rom x 1.5 rom at the target. Following the quadrupoles 

there is a 6 mr horizontal bend, BH403, which will sweep the off 

momentum particles away_ The E-87 target drawers form a channel 

which is 12 rom x 12 rom, eighty feet downstream of the magnet bend 

point. It would remove most of the secondary halo and make the beam 

plus halo smaller than the bore of the D2 filter. 

The collimator in P-East will reduce the beam intensity by a 

factor of fifty, while the collimation in enclosure H will provide 

----------------------.~-~-~-
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another factor of five. Consequently a beam of 3 x 109 can be reduced 

7to 10. The method presented here is one of several possible schemes. 

Since the "steel in" data requires a greater beam intensity the 

collimators would be changed. 

We propose to add two additional coils to the present 24" x 

16" x 72~ magnet in order to raise the field to 18 kG. The present 

500 kW power supply will be adequate, although the water supply in· 

EE4 will need to be improved. 

The additions. to the y ray detector will require additional 

PREP equipment. We estimate that an additional fifty discriminators 

and a number of matrix coincidence units are needed besides the PREP 

equipment now being used by E-87/E-3S8. 

We proposed to fill the hole of HC l with a steel and tungsten 

dump. By doing this, HCl would become a well shielded reentrant beam 

dump for the protons. We propose to add a steel shield between HCl 

and the muon identifier which is 5' x 5' x 4' (25 tons). We also 

propose to add an additional 50 tons of steel behind the muon identifier 

to further increase the minimum range required of the muons.. The 

steel does not need to be machined. 

VI. RUNNING TIME REQUESTS 

We propose a test of fifty hours in order to identify technical 

problems which affect the beam quality, to assess some of the methods 

of collimation, and to obtain a preliminary measurement of the trigger 

rates and the background after reconstruction. This could be done by 

turning the target box magnets off at the conclusion of Experiment 358. 

We propose that a 5 rom x 5 rom channel be incorporated into the 

beam dump of E-300, so that the option of transmitting protons to 
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EE4 exists when that experiment runs. This would permit two things; 

first, parasitic operation during the low intensity phase of E-300 

would allow our detector to be fully tested before the data taking 

began and second, it would not be necessary to change target box 

components or move the E-300 spectrometer when a transition is made 

from E-300 to this experiment. 

If the experiment is not interleaved with E-300 it can readily 

be interleaved with E-87 or its successor; since the E-87 target 

system is compatible with this proposal. If the first test were done 

by September we would be ready to start by November 1975 or .whenever 

the two additional coils are installed in the magnet. 

We will need 100 hours of test time to establish th~ beam 

and check out our detector. In addition we will need 600 hours of 

beam time to take data with the steel out and an additional 120 hours 

with the "steel in". In more precise terms we need 300,000 beam 

spills of 2 seconds duration of an average intensity of 109 to 5 x 10 9 

protons/spill for the data taking phase of the experiment. Six days 

are a more appropriate measure for the test time. 
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