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SUMMARY 

We propose an experiment that investigates the properties of particles produced 
in association with the ~(3.l) and ~'(3.7). The physics objectives include a search 
for heavy parent particles which decay into the ~ and multiparticle resonances pro
duced along with the *. The latter possibility includes both a search for particles 
which may be "charmed" (in which case two should be produced along with the ~) as 
well as a search for true associated production, which may occur if the , itself has 
a new quantum number. 

The experiment investigates both pion and proton initiated, production processes. 
The differences observed in inclusive ~ production by pions and by protons are an 
indication that the production mechanisms may depend on the nature of the incident 
particle. For example, processes requiring anti-quarks would be more likely to be 
initiated by pions than by protons. Therefore, it is necessary that beams of both 
particles be used to search for new particles associated with the •• 

The apparatus is a good resolution, large acceptance spectrometer followed by an 
iron muon filter. The spectrometer will be triggered by muon pairs originating from . 
, and ".decay and other processes, and will be used to obtain the effective mass dis
tributions of the charged particles produced in coincidence with the' and t'. A 
large acceptance spectrometer is crucial since both the wand decay products of reso
nances produced along with it must be detected simultaneously. To achieve a large 
multiparticle acceptance with a magnet of conventional size, the thin target 
(1/2" beryllium) is placed inside a BMl09 magnet and the particle trajectories are 
measured only after magnetic deflection. The resulting mass resolution for a cen
trally produced Wis 140 MeV (FWHM), which is more than sufficient to separate the 
, from the muon pairs due to pion decay. At 400 GeV, the acceptance for a two body 
decay of a particle produced at rest in the C.M.S. is about 35%. 

We propose to make the measurement in the M2 line using pion and proton beams 
at an intensity of 107/pul se • We will require about two hundred hours of set up time 
and 1200 hours of data collection time, split evenly between pion and proton beams. 
The expected yield of at least 5,000 proton induced' events and at least 10,000 pion 
induced ~ events is sufficient to i~vestigate phenomena which contribute as little as 
a few tenths of a percent to inclusive ~ production. 

This experiment is similar in purpose to E-400 but differs in two crucial 
respects. First, although both experiments search for new particles produced along 
with the W, this experiment has a much larger acceptance because the apparatus sub
tends about five times more solid angle in the lab. Thus, not only does it have a 
greater sensitivity to rare processes but it can also detect particles in kinematic 
regions inaccessible to E-400. Second, the pion initiated events collected in this 
experiment cannot be obtained by E-400. Consequently, the two experiments are in 
fact complementary. 
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I. INTRODUCTION 

We propose an experiment to search for new particles produced by pions and 

protons in association with the *(3.1) and *'(3.7) mesons. The apparatus consists 

of an effective mass spectrometer with a large aperture and good resolution that is 

placed before an iron muon filter. The normal trigger for the system is two or more 

muons. The spectrometer is used to obtain effective mass distributions of particles 

produced and detected in coincidence with the $ and the ". 

II. PHYSICS 

The study of the processes by which a particle is produced can in some cases 

be as useful for understanding the nature of the particle as an investigation of its 

decay processes. The suppression of the , production cross section~ like the sup

pression of its decay, requires the existence of a new phenomenon in high energy 

physics. Many models of * production suggest that the phenomenon may manifest it

self in new particles. Consequently, an investigation of the process of inclusive 

, production may lead to the discovery of new particles. From a purely phenomeno

logical point of view, a search for new particles produced in association with the 

* appears potentially very fruitful. 

The primary objective of this experiment is to conduct such a search for new 

particles produced in association with the W. The experimentally established dif

1 . 2 
ferences in inclusive , production ~ by pions and by protons first observed by some 

of us are an indication that differing processes may be at work for the two beams. 

If antiquarks·play an important role in new particle productionl' pions offer the 

advantage of having core antiquarks at large X, while protons have only sea anti-

quarks, which are at a smaller X. It is also possible that different particles are 

associated with the ~ when it is produced by a pion than when it is produced by a 

proton. Therefore, it is essential that both pion and proton beams be used in this 

search for new particles. 
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In designing the experiment we chose not to be governed by anyone of the 

current theoretical models of ~ structure. However. we' believe that the experiment 

is sensitive to and capable of distinguishing among the following broad categories: 

1. The i mesons ~ produced ~ association ~ charmed particles. 3 The 

charmonium model of ~ structure has been at least partially vindicated by the recent 

'observation of radiative transitions from the Ijr and ~' to other states. This model. 

together with Zweig's rule, suggests that two charmed particles may accompany each 

~ (See Fig. 1). The charmed particles would be identified by narrow pe~ks in the 

effective mass spectra of final state charged particles produced with the •• 

4
(Preliminary results of 	E-366 may indicate that the mechanism described here does 
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not dominate ~ production , but is probably large enough to be within the detection 

capability of our experiment.) 

If new narrow resonant states are observed, the theoretical relationship 

between them and the Ijr will be experimentally confirmed. Experiments searching only 

for narrow resonances are incapable of making this connection. 

2. The! M!£ the :t. ~ decay products of higher mass parent particles. 

Effective mass spectra of the Ijr and its associated particles should have one or 

more peaks if this conjecture is correct. 'The large branching ratio of the " into 

the Wsuggests that other parents may be likely. The fact that the X dependence of 

the inclusive Ijr production cross section is considerably flatter in the central 

region than that of the inclusive pion cross section may also suggest high mass 

parents. Note that a high mass charmed particle can decay strongly into a ~ and a 

lower mass charmed particle without violating Zweig's rule. 

3. .The 1 and the L have !!. new guantum number and are produced in pairs Q!:. 

with completely new unexpected particles. Even if hadronic decay modes of the W 

rule out a new quantum number, unknown dynamical effects might enhance production 

of pairs of ¢IS or production of other new particles along with the ,. If new 
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particles are produced, peaks would be observed in the effective mass spectra of 

particles produced with the W. 

4. The 1 mesons ~ produced "normally.1I In this case, no new resonances 
\ 

would be observed in the invatiant mass spectra ~f the hadrons produced with the 

W. However, charged particle mUltiplicity and n-~ rapidity correlations might 

yield some clue to the production mechanism, as would an anomalously large K~ yi~ld. 

If a narrow resonance is observed, it may be possible to determine the identity 

of the particles that result from the decay, even though we cannot use Cerenkov. 

counters. In order to make this determination, we use the fact that if an incorrect 

mass assignment is made to a p,article resulting from the decay of the resonance, the 

calculated effective mass will depend on the polar angle of the decay. If a kaon 

is misidentified as a pion, the variation in effective mass will be larger than our 

resolution, and may thus enable us to distingqish. be.tween . the two particles •.. 

Manifestations of new phenomena may occur in our data in more. subtle ways 

than outlined above. Two interesting possibilities are the following: 

1. The transverse .2!. longitudinal momentum of charged particles does ~ 

balance properly. A larger imbalance at a dimuon invariant mass of the, than else

where would indicate a peculiarity in the unobs~rved neutrals. An explanation of the 

peculiarity could be the production and subse~ent leptonic or semileptonic decay of 

a new object associated with the W. The additional momentum imbalance would then be 

due to neutrino production. 

2. ~ third muon is observed more frequently at the dimuon invariant ~ of 

the 1 than ~ other invariant masses. Mu-trident~ might tag Wls produced in associa

tion with charmed particles if one of the latter undergoes a leptonic or semileptonic 

decay. Narrow resonances observed with these events could probably be assumed to 

have weak decays. 

We invoked the same model for both phenomena described above. If, in fact, a 

http:normally.1I
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third 	muon does accompany the ~, the model suggests that an excess transverse 

momentum imbalance should exist and that the average net transverse momentum 

vector should lie along that of the average transverse momentum of the third muon~ 

Although the primary goal of the experiment is to elucidate the nature of the 

i, other interesting data will be collected simultaneously. With these data we 

expect to explore the physics outlined below. 

1. We w~ll obtain normalized inclusive and semi-inclusive cross sections for 

all B particles, where B is n, P, W, ~, ,(3.1), "(3.7), or any other particle which 

decays into two muons. 

2.~We will obtain ~ and P.1. distributions .for all B particles~ 

3. 	 B-TI' rapidity correlations will be studied. 

4. 	 Zweig's rule for ~ production will be tested by looking for KO'a produced
s 

in association with the ~. 

5. BTl' and BTTTT mass spectra and partial waves will be extracted from the data. 

Inclusive cross sections for resonances such as the A2 will be obtained. 

6. In the central region we will study interference effects among the various 

B mesons in the dimuon channel for inclusive and semi-inclusive reactions. 

7. The dependence of the B production cross sections on atomic number will be 

studied. Hopefully. the large ranges of dimuon invariant mass, of Pol' .and of ~ will 

provide sufficiently rich data to determine the physical origin of the unexpected 

A dependence observed in previous experiments. These data will also permit extrapo

lation to hydrogen cross sections. 

Using the same apparatus for both pion and proton beams has the obvious 

advantage of minimizing systematic errors in the comparison of data on pion- and 

proton-induced interactions. 

III. 	APPARATUS 

The distinguishing feature of the apparatus (Fig. 2) is that the target is 
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located just inside the upstream end of the magnet. The Characteristics of this 

geometry are as follows: 

L Particle trajectories'aremeasured during and after magnetic deflection.. 

The slopes and intercepts of the trajectories after deflection and the coordinates 

of the event vertex are alone sufficient to determine produ~tion angles and momenta. 

Using a magnet of conventional size, a much larger acceptance is possible than if 

trajectories are measured before deflection~ as is the case in a standard forward 

spectrometer. 

2. The forward cone of particles produced in the high-energy interaction is 

spread out, which reduces the hit rate and density on the detectors. Delta"rays 

and target fragmentation particles are swept out. 

3. The distance between the target and the hadron absorber is minimized,_ which 

in turn minimizes the probability of in-flight pion decay. 
- , 

The components of the apparatus J in the order in which the beam passes 

through them, are as follows: 

1. A beam-measuring hodoscope~ a trigger-counter, and a hole veto counter. 

'2. A standard BM 109 magnet. 

3. A 1/2-inch thick beryllium target inside the BM 109. 

4. A I-rom sense tV'ire spacing KwPC at the magnet bend plane. The chamber wilt 

have three planes: one tV'ith vertical wires, one with tvires at _60
0 

to the vertical~ 

0and one with wires at +60 to the vertical. 

5. Four }fi-1PC's behind the magnet having planes with the same wire orientation 

as above, but with 1.5-mm sense wire spacing. 

6. Scintillation counter hodoscope elements. 

7. Eight feet of steel with a hole for the beam. 

8. Drift or proportional chambers. 

9. Three feet of steel with a hole for the beam. 

10. Scintillation counter hodoscope elements. 

11. Drift or proportional chambers. 
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The. spectrometer has a momentum resolution, ~, of about .0024 P FWHM, where 
p 

dmP is the momentum of the particle in GeV/c. The mass resolution, --, for a 
m 

2symmetric two-body decay is about .001 P(l + 1/m )1/2 FWHM, where P is the lab 


2
momentum in GeV/c of the particle decaying, and m is its mass in GeV/c. For a 

*(3.1) produced by a 400 GeV beam at X=O, the mass resolution is about 0.14 GeV/c

FWHM. 

Since the expected pion beam energy is 250 to 300 GeV, the target will be 

moved farther downstream for most of the pion beam running in order to maintain a 

large mu1tibody acceptance in the central region. Consequently, the momentum 

resolution will suffer. However, the mass resolution for the particles of interest 

will deteriorate only slightly because the smaller particle momenta almost compensate 

for the poorer momentum resolution. 

7We intend to use a beam intensity of 10 particles per second. To avoid 

ambiguities in the origin of the interaction, we could reject events that have 

more than one particle per R. F. bucket, thus reducing the usable intensity by 20%. 

An alternative method of rejecting these ambiguities is to use x, y, and u hodoscope 

planes to define the beam position. The vertical projection of the· spectrometer 

tracks would locate the y-coordinate of the event origin. The x-coordinate could 

then be found by matching hits in the three beam hodoscope planes. This method 

rejects no beam and, in principle, allows one to use a more intense beam. A third 

alternative is to add a quadrupole magnet to the beam line. The focus at the target 

would be large vertically and sufficiently narrow horizontally to eliminate the need 

for a beam hodoscope. If we chose this alternative, we could use a beam intensity 

8approaching 10 per pulse. 

If the inclusive pion production cross section is the same for events in which 

a * is detected as it is for ordinary events, we expect an average of four pion 

tracks in addition to the two muon tracks. The detector planes in and behind the 
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absorber will be used to make a crude off-line mass cut and 	will select the muon 

tracks in the chambers behind the magnet. .The latter chambers will be used to sort 

out the remaining tracks. Finally, the chamber in the magnet will be used with the 

chambers behind the magnet to calculate production angles and momenta. 

The normal trigger for the apparatus will be two or more muons detected 

behind the eleven-foot thick iron absorber. Hodoscopes before and after the absorber 

will aid in tracking, define muo~s, and, if necessary, reduce the trigger rate. 

IV. 	 RATES 


7
Using the data of reference 2 and assuming a beam of 10 protons per 1 second 

pulse with 350 pulses per hour, we calculate a proton-initiated yield of 16 ,(3.1) 

per hour for X > .05. Our average acceptance is greater than .5, so we expect at
F 

least eight 1jI events per hour of beam. The pion-initiated event rate will be about 

twice as great because the cross section is larger and because the mean ~. of the 

1)1's is larger. 

The measured cross section for pBe ~ W(3.1)X is about two orders_of magnitude 

2 	 6
larger at 150 GeV than at 30 GeV. Therefore, the cross section at 400 GeV, 

which is the proton beam energy that we expect to use, is probably significantly 

larger than at 150 GeV. Since we have used the measured values at 150 GeV in our 

calculations, we have probably underestimated our yield by a substantial factor. 

Our .S-inch beryllium target is 3.5% of an absorption length. Thus, we expect 

3.5 x 105 observed interactions per second for a beam of 107 per pulse. The pro

posed apparatus should operate without difficulty at these background rates. 

The thin target is used primarily because its length affects the resolution. 

Another important reason is that it reduces the problem of secondary target inter

actions of hadrons produced in an event. (For example, in a two-inch beryllium 

target, there is an 8% average probability that a hadron produced in the target will 

interact again. For mu1tipartic1e events, this could be a significant problem.) 
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Using a Monte Carlo program, we have calculated that, without mass selection, 

our trigger rate due to pion decay would be·about 100 per pulse. 

V. 	 ACCEPTANCE 

The calculation of the N-body acceptance of· the apparatus for 2 ;i N ;i5 used .. 

two simplifying assumptions: The first was that the angular and momentum distribu

tions 	of the decay products are given by pure phase space. The second was that the 

parent particle is produced at P~=O. The latter assumption is safe since the accep

tance 	is large for P~~O,and for high-mass objects the transverse momentum of the 

parent is small compared with that of the daughters. The results of these calcu

lations are given in Figures 3a - 3e. 

A further requirement not included in the calculations is that the region of 

the chambers through which the beam passes must be deactivated. A one-inch deac

tivated square in the chambers behind the magnet cuts the expected yield of 

'(3.l)'s by less than a factor of two. Since we expect to use a deactivated area 

smaller than 1/4(inch)2, the resulting reduction in yield is negligible. 

Equally important as the N-body acceptance for a single parent is the accep

tance for two or more resonances associated with the W. In order to calculate this 

acceptance, one needs a model of the production dynamics to relate the kinematic 

variables of the parents. The production of 1isDD is considered as an example. The 

results would be similar if the. itself had a new quantum number and were produced 

only in association with other particles. Consider Figure 1, which schematically 

represents the *DD production mechanism prescribed by Zweig's rule in the multipe

ripheral model, if the, is composed of a pair of charmed quarks and the D's are 

charmed mesons, as yet undiscovered. The model orders the particles so that the 

rapidity of the, lies between that of the D and that of the D. Current theoretical 
. 7 

conjecture suggests that the rapidity correlations between these three particles 

are sufficiently short-range that ..all three should have almost the same rapidity. 
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Therefore, if one observes a ~(3.1) at X~=.4 and if the D mass is 2 GeV/c~, then the 

sum of XD' x,, and X should equal approximately 1. One can conclude that '(3.l)'sD 

observed at X > .4 are probably not produced via the mechanism of Figure 1, and the 

~(3.1)'s at X> .6 cannot be so produced. Since the cross section for both pion-

and proton-induced inclusive' (3.1) ,production is nea.rly the same at X .... 4 as at X=O, 

one,must conclude (1) that inclusive *(3.1) production is not dominated by the mech

anism of Figure 3 and (2) if this mechanism haa any substantial effect, its contri 

bution must be in the region closer to X=O. 

To estimate the acceptance, we assume that the 'DD inclusive production has 

the same X, dependence (where X' is th~ sum of Xi), X" and ~~ and all particles 

2
are produced at the same rapidity) as that of ,(3.1) production • We calculate 

that if a ,(3.1) is detected, the probability of detecting the D or the D ,is nearly 

1 for charged particle decay modes. 

VI. 	 BACKGROUNDS 

We have investigated three potentially serious sources of background. 

The first is the background of two in-flight pion decays in the 2-muon invari

ant 	mass spectrum at the t(3.l) mass. For the purposes of the calculation; we 

dO'
assumed all pions to be produced at X=O. From the -- given in reference 8, we 

dP2 
calculated the probability that two oppositely chargea pions having a p~ > 1 GeV/c 

could decay between the target and the absorber. The yield of such events was found 

to be 	about 2% of the ~ yield. The off-line p cut would reduce the t yield by about 
~ 

30% but probably would not be needed. 

The second is the expected background beneath a multipion resonance associated 

with the~. We assumed that the background would be due to uncorrelated pions and 

that the form of the inclusive pion cross section would not change when a V was pro

duced. To generate the mass spectra, we used a Monte Carlo program, which calculated 

the effective mass of two or more pions generated with the inclusive spectrum 
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.5 GeV/c 

for p~ > .5 GeV/c 

The two pion effective mass distribution thus obtained agreed well with 205 GeV 
. 9 

bubble chamber data. Large uncorrelated multiplon effective masses are produced 

by large differences in the rapidity of the pions rather than by large transverse 

momenta. Therefore, we required the sum of the absolute values of the pion trans~ 

verse momenta to be greater than two-thirds of the effective mass. The cut eliminated 

about 30% of the true resonances. For ten thousand events generated at 400 GeV, the, 

background in all topologies was less than five events per mass resolution bin abov~' 

2 ' 
a mass of 2 GeV/c and below a decaying particle energy of 100 GeV. Consequently, 

any particle production mechanism which leads to the population of a resolution bin 

in any topology at the level of a few tenths of a percent per event should be clearly 

distinguishable from background. Thus, we expect the quality of our data to be dam

inated by statistics, rather than by resolution. 

The third source of background has a purely instrumental origin. Using the 

Monte Carlo pion generation described above, we calculated the probability that a 

track other than one of the muons that triggered the apparatus would project to the 

hit at the back of the absorber. The average probability was less than 1% for 

H3.1) production. The chambers in, and behind the absorber will further reduce the 

background by enabling a cut on track slopes as well as intercepts. 

VII. REQUESTS OF FERMILAB 

We request 600 hours of proton beam at about 400 GeV and 107 per pulse, and 600 

hours of negative pion beam at the highest energy at which an intensity of lo7/pulse 

is possible. This amount of beam time would provide about 5,000 proton-induced $ 

events and 10,000 pion-induced Wevents. The M2 line in the Meson Laboratory is 

probably the only appropriate beam line. An additional 200 hours of beam time would 



-14

be required for testing and debugging; half of this time could be parasitic. 

We also request the BM 109, the iron absorber, the necessary PREP and BISON 

electronics, and 100 hours of CDC 6600 CPU time for off-line data checks. If the 

McGill PDP-ll computer and associated peripherals are not still required for E-177, 

we will use them for this experiment; otherwise, we would request that Fermilab 

supply us with a computer suitable for data acquisition. 

Of the items requested of Fermi1ab, we have estimated the cost of the PREP and 

BISON electronics only and find it to be about $100,000. We estimate the cost of 

the basic apparatus to our collaboration to be about $90,000. Electronics for the 

13,000 wire proportional chamber system will cost about $65,000. The chambers will 

cost about $10,000; hodoscopes will cost about $15,000. 

VIII. COMPARISON WlTH E-400 

Approved Fermilab experiment E-400 will attempt physics·that is similar to that 

of this proposal; therefore, a comparison between it and this proposal is appro

priate. As discussed below, the distinctive advantages of our experiment are its 

use of a pion beam in addition to a proton beam, and its superior sensitivity to 

new particle production in the central region. 

The apparatus used in E-400 is a compressed version of the E-87 forward 

spectrometer which has detectors before and after the magnet. Consequently, this 

apparatus has better momentum resolution than that which we have proposed. However, 

the forward geometry of E-400 accepts only particles of higher momentum, and it 

therefore requires better momentum resolution to achieve a mass resolution which is 

comparable to that of this experiment in the region of good acceptance. 

We consider that the most important difference between the apparatus of E-400 

and that of this proposal is our larger acceptance. For our apparatus, the solid 

angle at the target subtended by the exit aperture of the magnet is .05 steradian. 

. + 
For E-400, the solid angle is .01 steradian. Consequently, in the ~~. decay mode, 
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the acceptance that E-400 has for ~(3.l) production at X=O is only about 2%, 

while our acceptance is about 35~. If a new 2 cev/c2 particle were produced along 

with the $ at X=O and the particle subsequently decayed into three charged particles, 

our experiment would detect 25% of the new particles, and E-400 would detect none. 

As we have explained in section V, we suspect that there may be important 

classes of ~ production processes that can occur only in the central region, and 

therefore require a large acceptance. The expected large mass of particles that 

may be associated with the ~ probably means that their two particle decay branching 

ratios will be only a few percent and that multihadron decay modes dominate.~O. 11 

The detection and measurement of such decays also require a large acceptance~ 

Because both the ~ and the new particles must be detected simultaneously, the 

sensitivity to new particle production varies roughly as the square of the accept

ance. Therefore, even though the number of ~(3.l) events collected in our experi

ment is comparable to that collected in E-400, we believe that large acceptance 


makes our experiment far more sensitive to new particle production in the region 


in which it may be most likely to occur. Because the data sample is small and 


because new processes may constitute only a small fraction of the total ~ ratej. 

this good sensitivity is crucial. 

Another advangage of our geometry is that the distance between the target and 

the hadron absorber is minimized. Since the distance is only a little more than 

. 1/3 that of E-400, the dimuon background due to pion decay is reduced by about a 

factor of eight. 

The experimentally observed differences between pion- and proton-initiated 

1 2inclusive. production' suggest that the processes responsible for W production 

may differ for the two beams. For example, the antiquark content of the pion may 

be crucial for certain classes of production processes. Another possibility is 

that, if *'s can be produced with new particles by diffractive excitation of a beam 

particle, using a proton beam one might observe a leading charmed baryon, and using 



-16

a pion beam observe a leading charmed meson. E-400 is well suited to the former 

type of reaction, but cannot observe the latter. 

Even if the processes responsible for ~ production do not depend on the type 

of beam particle, the pion beam offers a possible advantage over the proton beam. 

,I. . ,I. 1 2Since pion-induced ,'s are produced at a larger mean X than proton-induced ,'s' , 

one would expect that particles produced in association with the • should also be 

produced at a larger mean X, and thus be easier to detect. 

In conclusion, both the large acceptance of this experiment and its use of a 

pion beam independently justify it. Whether or not E-400 is successful in its 

search for new phenomena, our proposed experiment could make a valuable contribution 

because it probes regions of physics inaccessible to E-400. 
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1. 

This supplement describes why and how we will (1) increase our data 

sample from about 15,000 to 60,000 V(3.1)'s and (2) add a 1ead-1ucite sandwich 

v-detector to the P-471 apparatus. 

1. DATA RATE 

We have become further convinced, in part by recent discoveries and 

in part by review of the currently available data on the t, that a large data 

sample is crucial to the success of any experiment designed to search for new 

physics or n~w particles associated with V-like objects. On-the basis of the 

following considerations, we have decided to increase our data sample as much 

as possible. 

A. The acceptance of any forward spectrometer is poorly matched 

to reactions which, as we have explained in the proposal, are expected to take 

place centrally. 

B. New processes may constitute only a small fraction of inclusive 

t produc tion. 

C. New particles associated with the , may have decay processes 

similar to those of the ,. Consequently, the experimental design must be 

prepared to deal with a large mean decay multiplicity and a small branching ratio 

into any particular topology. For example, the largest measured hadronic branching 

ratio of the, is 4% into n+n+n n nO. 

D. The addition of the y detector to the P-47l apparatus permits 

the investigation of the radiative decays of parent states into the ,. Since the 

,'(3.7) inclusive hadronic cross-section is much smaller than the ,(3.1) cross

section, one might expect the cross section of other parent states to be 

Similarly small. 

E. New discoveries are reported almost daily. E-288 has data that 
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indicate the possible existence of narrow dimuon states at 6 Gev/c CJ) and at 

27.3 GeV/c2• E-87 has results that hint at a new narrow state at 4.7 Gev/c , 

which is produced by photons but not by neutrons. We would expect to see about 
. 2 

thirty"'('s and would look for the 4.7 GeV/c bump with pions. In both cases, 

however,'the emphasis would be on a search for other.new particles associated 

with these states. 

F. Some strong interaction models predict that new particles are 

more likely to accompany the , when it isprodu4ed at high p~ than at low p~. 

To adequately test these iJeas, or to purify the data sample. the latter must 

be large enough to permit separation into different kinematic regions. 

G. Finally, and most speculatively, we note that the total hadronic 

crosswsection for inclusive , production is only about 104 times larger than the 

neutrino-nucleon cross-section. It is therefore conceivable that one observe a 

parity violating polarization in some kinematic regions of ,production. Particles 

associated with the V in such a region might have a completely different character 

than those associated with a strongly produced V. 

We expect to increase our data rate by about a factor of four and thus 

increase the data sample from 15,000 to 60,000 V's. To achieve this increase, 

we will use a I"-thick beryllium target (instead of l/Z"-thick) and attempt to 

7 7use a beam of 2 x 10 per pulse (instead of 10 ). With this increase, we would 

probably be forced to use a mass-selective trigger. Since most of the trigger 

rate is due to low-energy pion decay in-flight, most muons will be deflected by 

the magnet to large angles and consequently appear at a large lateral distance 

from the beam. For the trigger, we will require that one of the muons behind 

the hadron absorber be close to the beam. rnis scheme will eliminate little of 

the desired data. 
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II. THE ~ DETECTOR 

We have decided to add a ~ detector to our apparatus. There are 


three principle reasons why this additional capability is highly desirable: 


A. Since one expects the mean decay multiplicity of objects 

associated 	with the V to be high, one must also expect that many if not most 


o
decay topologies will involve one or more n IS. 

B. Strong decays into pions always contain one or more nO,s if the 

parent is a G==-l, Q==O or Ga+l, Q=:t,l state. Since the primary purpose of the 

experiment is to search for states associated with the Vand because the Vitself 

is a G=-l, Q=O state, omission of a y detector would seem unwise. 

c. At least two states between the Vand V' seem to decay radiatively 

into the V. With a y detector, the spin-parity of these states can be studied, 

. and new parent states can be searched for. 

Our tentative y detector design is two 16" X 24" lead-lucite sandwich 

counter assemblies placed to either side of the beam behind the spectrometer. 

Each assembly will contain eight shower sampling cells consisting of layers of 

.25" lead, eight horizontal 2"-wide lucite slats, .25" lead, and 12 vertical· 

2"-wide lucite slats. The eight slats in adjacent cells are viewed by one PMT. 

Thus, the detector will require forty PMT's; it will have a total of 192 bins, 

which after software reconstruction are distinct. Although the position of the 

photon will be determined by requiring it to convert in a 2 radiation length 

thick lead sheet in front of the last MWPC. the large number of detector bins 

is nonetheless important. For example, assume M"charged hadrons and one nO are 

uniformly distributed on the y detector. The probability, P, that the two y' 5 

M 
from the nO are in bins containing no hadrons is P = (N-2) ~ 1 - 2M where N 

N N' 

is the number of detector bins. In fact, particles are not distributed uniformly 

on the y detector; consequently P is reduced and, hence, a large number of 

detector bins is even more important. 
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dE . -~ Our expected energy resolution is :E = .3 E FWHM, where E is the 

photon energy in GeV. The 2 V mass resolution at the nO mass is at fts best 

(9 MeV FWHM) at about 20 GeV; the resolution is proportional to E for larger 

energies and proportional to E-~ for smaller energies. 

The mass resolution for the t-v system is roughly 100 MeV FWHM for 

a centrally produced X(3.5) ~ VV, although cuts can be applied to the data to 

improve the resolution by a factor of two or more. In the central region, the 

tv mass resolution is dominated by the energy resolution of the v-detector; the 

mass of the t is forced to its known value. Note that our resolution is 

sufficient to separate some of the states between the, and V' which decay 

radiatively into the V. 


