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Abstract 

We are proposing to make a systematic study of parton-parton 

scattering in hadron~hadron reactions initiated by 500 GeV/c mesons 

and protons and 1 TeV/c proton~. Parton-parton subprocesses which 

yield high-pt jets and/or high mass dimuons will be studied o The Pt 

dependence of those subprocesses yielding high-pt jets will be measured 

as a function of incident particle species. The Pt, xF and mass 

dependence of high-mass dimuons will also be measured in an "open-geometryft 

configuration. A systematic study of hadrons (with particular attention 

to the details of the beam jet) produced in association with dimuons 

or high-pt jets will be made. We propose to add a forward calorimeter and 

Cerenkov counter to the existing Mu1tipartic1e Spectrometer (MPS) in 

the M6W beam1ine in order to make detailed measurements of the forward 

going beam jet in these processes. A dimuon trigger will also be added. 

The existing calorimeter will be used to detect and to trigger on 

high-p jets. We are requesting 2000 hours of beam time for data 
. t 

taking in addition to 500 hours for setup and testing. 



CONTENTS 

I Physics Motivation 

II Description of Experiment 

III Trigger 

IV Rate Calculations and Yield~ 

V Analysis 

VI Comparison With Other Experiments 

VII Requests for Resources from Fermilab 

Appendices 

A. Beam Identification at 500 GeV/c 

B. Secondary Charged Particle Identification 

C. Spectrometer Resolution 

D. Trigger Calorimeter: Electronics, Calibration and Monitoring 

E. Dimuon Trigger and Processor 

F. Forward Calorimeter 

G. Chamber System for Particle Tracking 

H. Monte Carlo Simulation 

References 



I-I 


I. Physics Goals 

Introduction 

Over the last few years most of the hadron-hadron experiments studying 

parton-parton interactions have fallen into two categories: those studying 

reactions yielding high-mass dilepton pairs and those studying reactions 

yielding high-pt "jets" of hadrons Within the context of quantum chromoo 

dynamics (QeD) the former class of reactions are thought, at least to first 

order, to be described by the diagram of Figure I-I. This is the so-called 
1.2 

"classical" Drell-Yan diagram. The latter class of reactions are described 
3,4 

by the diagram of Figure 1-2. These reactions are expected to show the 4-jet 

structure displayed in Figure 1-3. Two of the jets result from the fragmenta

tion of the beam and target remnants while the other two jets result from the 

fragmentation of the scattered partons. The Drell-Yan events are expected to 

show a 2-jet plus 2 high-pt lepton structure, the two jets being the beam and 

target jets. 

The two processes described above are closely related. The structure 

functions, which are a measure of the probability of finding a parton of a 

particular flavor and momentum in the beam and target hadrons, are the same 

for both processes. The parton-parton scattering subprocesses of Figure 1-2 

include quark-quark (qq), quark-gluon (qg), quark-antiquark (qq) 

scattering while in Figure I-I the subprocess is q q annihilation o As we 

will see from what follows, other more complicated diagrams also contribute to 

dimuon production giving rise to final state dimuons and jets. To date 

experimental techniques employed to study the Drell-Yan mechanism and jets 

have been, to some extent, mutually exclusive. An experiment which provides 

.. 




beam jet 
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} target jet 

Figure 1-1: 	 Diagram describing the Drell-Yan 
production of high mass dimuons. 

beam jet 
} high-pt jet 

} high-pt jettarget jet 

Figure 1-2: 	 Diagram describing the production of jets 
in hadron-hadron collisions. The subprocess 
involves the parton-parton scattering process 
ab + cd. Partons c and d fragment into 
high-pt jets. 
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Figure 1-3: 	 Monte-Carlo simulated high-p jet 
event at Pi = 800 GeV/c. 
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The momenta of the particles are shown 
in the hadron-hadron Center of mass. 
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a trigger on high-mass dilepton pairs along with the ability to detect and/or 

trigger on jets will allow for a systematic study of parton-parton scattering 

and provide various tests of QeD. 

In this section we discuss the physics questions which can be studied at 

Tevatron energies with regard to answering detailed questions about the sub

processes which give rise to high mass dimuons and high-pt jets or both. In 

a few years the detailed theoretical framework within which we understand, 

or think we understand, hadron-hadron physics at the constituent parton level 

will undoubtedly change. Independent of theoretical details, what we are 

proposing is a systematic study, in a single experiment, of two phenomena in 

hadron-hadron interactions which surely are manifestations of parton-parton 

interactions. The goal of this experiment is to use the highest Tevatron 

energies available to study: 

a. 	 jet and dimuon production at the highest available 

incident hadron momenta (1 TeV/c protons and 

500 GeV/c ~'s) in order to probe the regions of high Pt 

or large dimuon m~sses (the 500 GeV/c runs will 

also provide significant statistics with incident 

K's and p's); 

b. 	 structure of hadrons accompanying high mass 

dimuons (e.g. how many jets and what kind of 

jets accompany dimuons); 

c. 	 jet production and dimuon production in both 

resonance and continuum regions as a function of 

incident hadron species and different nuclear targets. 

In what follows we first discuss the physics of high-pt jets and then the 

physics of dimuon production at Tevatron energies. We also discuss the 

relationships between the two phenomena. 
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High-pt Jets 

The development of QeD and the observation and study of high-pt hadron 
3-13 

jets in hadron-hadron collisions has opened the field of study of parton

parton interactions. With the arrival of the Tevatron, transverse momenta 

will be reached for which first-order QeD calculations for hadron-hadron 
14,15 

interactions can be made with some confidence. This occurs at Pt NIO GeV/c 

2where the running coupling constant, a(Q ) becomes less than 0.2. For trans

verse momenta less than 10 GeV/c an empirical parameterization has been 
16 

relatively successful. However, within the framework of QeD there are two 

problems: multiple gluon emission and the applicability of perturbative QeD. 

These problems have already been overcome at PETRA where center-of-mass (c.m.) 

energies have been achieved that are high enough for QeD predictions of hard 
17 

gluon emission to be checked. 

At Tevatron energies we expect to reach transverse momenta of N14 GeV/c 

(equivalent to 28 GeV at PETRA4 where we hope to make a variety of new QeD 

tests. For example, we will study the various 'Born' terms. We will also be 

be able to study the fragmentation of direct gluons (i.e. final state 

gluons which result from the subprocesses gq ~ gq and gg ~ gg) as well as 

bremsstrahlung gluons. At PETRA the study of direct gluons is not possible. 

An analysis of forward going systems initiated by ~ and K beams (not possible 

at the ISR) as well as protons will also be made. (Beam particle identifica

tion is discussed in Appendix A). 

The fundamental processes cannot be studied directly. 

Instead, the 'jets' of particles that originate from the scattered partons 

will be observed in our jet triggered calorimeter experiment (see Appendix D) 

Based on recent results from PETRA, it has been seen that scattered jets will 
17 

become narrower as the energy of the scattered parton increases. This is 
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especially important for hadron-hadron collisions where four jets (or five 

if one includes hard gluon bremsstrahlung) are expected in the final stateG 

In the following paragraphs we shall discuss what we can learn about the 

subprocesses, the fragmentation of the jets, and the associated forward jet. 

Subprocesses 

The subprocesses that dominate high Pt hadron-hadron scattering are qq + qq 

qg + qg and gg + gg. Gluons in a hadron have, on average, less momentum than 

quarks. Consequently, the qq scattering will dominate at high x ( = 2pt/~)
t 

and qg scattering will dominate at low The cross-over point occurs atxtG 
18 

90
0 

X t ~ 0 0 3. For example, when jets are produced at in the parton-partonc.m. 

frame with x N0 0 6, more than 90% of them will have originated from qq
t 

scattering whereas for x = 0 0 15 (Pt ~ 3 GeV/c for p. = 1 TeV/c) aboutt 1nc 

75% will have originated from qg scattering. 

The lower gluon momentum tends to produce jets that are not at 900 in 

the parton-parton e.m. frame; the gluon jet tends to be more forward going 

(or backward going) in the laboratory. Therefore, by applying an angular cut 

further separation of qg scattering can be achieved, even in the kinematical 

region where qq scattering is of comparable magnitude (x ;Y0.3). For example,t 

qg scattering will be five times more probable than qq scattering 

for producing one parton at 60o and the other at 450 (both with x = 0 0 3) in
t 

the parton-parton cm frame. 

In the forward direction there is a kinematical overlap between 

particles in the beam jet which carry a small fraction of the beam jet 

momentum and particles in the scattered jets which carry a small fraction 

of the scattered jet momentum. Monte-Carlo studies show that we will 

be able to determine the direction of a jet with 10 GeV/c transverse 
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momentum to within 50 when a polar angle cut of~15° is imposed about the 

incident hadron direction o Jets from PETRA have secondaries with average 
17 

opening angles of 170 The separation of beam jet and scattered jets0 

11 
observed in E260 is shown in Figure 1-4. 

Besides separating qq and qg processes, it would be interesting to 

separate uu from ud scattering. This will require identifying the original 

partons. The leading hadron in a jet reflects the identity of the parton 
19 

only 50% of the time. A technique has been suggested which would allow one 

to identify the parton which gives rise to any particular jet. This technique 

improves as the number of particles in the jet increases. 

In principle, it should be possible to measure the structure functions 

of the colliding hadrons by reconstructing the entire event. The results 

could then be compared to those obtained from lepton-hadron scattering 

experiments. In practice, the geometrical overlap between jets will cause 

large errors in the reconstruction of the original momentum of the parton. 

Monte-Carlo simulation has shown that,on the average,for every track included 

incorrectly in a jet. a 6% error occurs in reconstructing the parton's momentum. 

Therefore we expect to reconstruct the fragmenting parton's original momentum (or 

alternatively. the value of Feynman x) with an accuracy in the range 10 to 20%. 

Fragmentation 
17 

Experiments at PETRA have accumulated a great deal of information about 

the non-perturbative fragmentation of quarks. It is imperative that similar 

information be obtained for jets produced in hadron-hadron interactions since 

the nature of the quarks that separate in the final state are very different 

f rom t hose i nee ann1. at10n. For the latter, one has a quark-antiquark+ - °hi1' 

(Ull, ce, etc.) system while in hadron-hadron collisions (pp, Kp, ~p, etc.) 

one has either a quark-quark (uu, ud, dd, etco), a quark-diquark (u-ud, d-uu, 
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Figure 1-4: 	 Angular distribution of charged 
particles Which are accepted by the 
E260 spectrometer and have energy 
greater than 0.5 GeV in the c;m. 
(From Reference 11) • 
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etc.) or a quark-antiquark (ud, ds, etc.) system. Various theoretical models 

have predicted that the fragmentation of such systems should be independent 

of their color. We will be able to compare some of these systems. 

Similar measurements for fragmenting gluons provide an important 

test of QCD. These measurements are difficult at PETRA as the gluon 

is produced by a hard bremsstrahlung and is therefore spatially accompanied by 

a quark. In hard hadron-hadron collisions, an incident gluon can be knocked out 

of a hadron without a quark accompanying it. Gluons produced in such a process 

may have reasonably high Pt at Tevatron energies, even though they 

are produced at relatively low xe Therefore, perturbative QCD will be appli 

cable. Gluon jets will be tagged by using the technique of Reference 19.

Without going into details of specific theoretical models, there are a 

number of properties of quark and gluon fragmentation that should 
20 , 21 

be measured. For example, is the average multipl icity in a gluon jet larger 
22 

than in a quark jet? Near z = 1, does the gluon jet have a softer momentum 
23 

spectrum than a quark jet? In the situation where zl + z2 approaches 1, are 

the two fastest hadrons in a quark jet faster than the corresponding pair in 

a gluon jet? Is the opening angle of a gluon jet larger than that of a quark jet? 

Is ~ production greater in a gluon jet? What is the height of the rapidity 

plateau for a gluon jet? What are the quantum numbers of gluon and quark jets? 

The proposed experiment will use two Cerenkov counters (see Section II 

and Appendix B) to determine the identity of hadrons in the scattered jets. 

The range of z covered by these counters is discussed in Appendix B. 

High-Mass Dimuon Events 

The Dimuon Continuum: Drell-Yan Mechanism 

Most of the experiments which have provided data on the Drell-Yan 

mechanism have triggered on high-mass dimuon pairs.24 In order to obtain 
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sufficiently high detection rates these experiments have run in the so-called 

"closed geome try" wherein an iron absorber is placed close to the target and only 
25,26 

the outgoing muons are detected. An exception has been the open-geometry 
27 

technique employed by Barate et a1. One of the results which has emerged is the 

discrepancy among experiments and between experiment and theory regarding 

the Dre11-Yan cross section. References (25) and (27) report a cross-section 

which is twice as large as expected from the diagram of Figure 1-1. Higher-

order QeD diagrams for subprocesses such as those shown in Figure 1-5 are 
28 29 

thought to contribute. 'Events described by subprocesses (a), (b) and (c) 

should give rise to a high-p t dimuon pair and a parton (either quark or gluon) 

jet. Events described by subprocesses (e) and (f) will yield a high mass 

dimuon as well as two quark jets. Our excellent Pt acceptance for the dimuon 

.(see ~ig, IV-21~s well as our ability to identify particles in the high-pt 

parton jets will allow us to make a systematic determination of the relative 

importance of the above subprocesses. The method proposed for triggering on 

events yielding high mass dimuons is described in Appendix E. 

Production pf the 1/; 

The dimuon mass spectrum shows not only the continuum, (which is the 

subject of above studies) but also significant resonance production ($ and ~ • 

In the quark model the 1/; and Tare cc and bb states respectively. The 

mechanism of how such mesons are produced in collisions of hadrons which 

have very little c or b content is very interesting. The production of 

hadrons produced in association with the ~ will be studied in this experiment. 

For example we will study the difference (if any) in the character of jets 

accompanying dimuons in the continuum compared to the character of jets 

accompanying the $. 



(0) 

(c) 

(b) 

(d) 

(f ) 

Figure 1-5: 	 (a) through (f) are second
order processes giving rise to 
high mass dimuons. (From 
Reference 29) 
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The production of ~ is observed to be about five times larger in pp 
30 

collisions compared to pp collisions at 39.5 GeV/c incident momentum. This 

suggests that qq fusion may be important in ~ production. However at higher 

incident momenta (150.200 GeV/c) the ratio of ~ production in pp compared to 

29 


pp is roughly 1.4. This suggests that at higher energies the ~ might a~so be 


produced from an initial gg ( gluon amalgamation) with the emission of a 

third gluon to conserve color. Thus the detection of a gluon jet in 

association with a ~ could provide a clue to the ~ production mechanism~ 

.::F.,;::o;,:::rw.;:,:a:.::r..::d:...,.::J:.,::e;,.;::t;,.;;;s:.....::i;,:;n:.....;.;H;.;;;i;,;;;gz:,;h--.,,:-p t Jet and Dimuon Events 

One of the unique aspects of the proposed experiment is the instrumenta

. ~ion to study, in detail, the parameters of. the forward jet associated with 

the beam "spectator" partons. The details are presented in Section II and 

Appendices Band FQ Particle type correlations between the forward jet and 

scattered jets and between forward jet and high-mass dimuons are especially 

31-33 


interesting. In order to make a thorough study of the forward jet correla

tions in these processes it is necessary to vary the incident beam 

type. In addition to proton beams we will also use ~±, K± and p beams. 

!b the extent that the diagram of Figure I-I describes high-mass dimuon 

production, the existence of a high-mass dimuon tags the flavor of the forward
34 

going jet. For example consider what happens if valence quarks are involved. 

+ For the incident ~ , the d annihilates to produce the high-mass dilepton pair 

leaving the spectator u to fragment as a forward-going low-pt jet. For an 

incident ~-.the forward jet is initiated by a d quark while an incident K-

results in a forward s-quark jet. By studying. the charge and other quantum 

numbers of the particles in the forward jet we will have a unique opportunity 

to test the various hypotheses for how low-pt quarks fragmentQ 
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Tracking the characteristics of the beam jet as we move from sea-sea 

to sea-valence to valence-valence quark annihilation will be one of. the 

major goals of this experiment. Appendix H lists the expected fraction 

of sea-sea, sea-valence and valence-valence quark annihilation for Pi 
nc 

500 GeVIc and Pi = 1 TeVI c. nc 

Physics from Nuclear Targets. 

The interest in using nuclear targets stems from the idea that nucleons 

within the nucleus will interfere with the evolution of partons into hadrons. 
6,7,11,35 36-38 

Attempts have been made, both experimental and theoretica~ to study. this 

phenomenon. At the moment there is no general consensus on the mechanism. 

More data is needed. 
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II. Description of Experiment 

The proposed experimental layout is shown in Figure II-I. A large 

fraction of the apparatus already exists as the Multiparticle Spectrometer 

39 


(MPS) facility currently being used for E557, E580 and E623. Most of the 


additional items needed to carry out this experiment are associated with 

the dimuon trigger and a measurement of the characteristics of the 

forward jet. 

Existing MPS and Minor Modifications 

Much of the equipment shown in Figure 11-1 already exists. An 18" long 

liquid hydrogen target is being used for E557 as well as a "nuclear" target 

consisting of 6 thin nuclear foils (different A) spread out over 18 inches 

(see Section III). PWC stations (see Appendix G),A, B, C, D and F already 

exist or are being built for presently approved experiments. The spectrometer 
v v 

magnet exists and will remain in place. Cerenkov counters C and CB (seeA 
v 

Appendix B) already exist. The box of C will have to be lengthened. TheB 

calorimeter (CALI and CAL2 in Figure II-I) used to trigger on and measure 

high-pt jets is being used in E557. This calorimeter will be moved down

stream of the magnet by an additional 6 meters. The electronics associated 

with the calorimeter trigger, calibration system and monitoring system is 

being used for E557. Integral parts of this calorimeter system include a 

movable, computer-controlled table, a laser system and a dedicated LSI-II for 

monitoring. More details on this system are given in Appendix D. A modification 

needed to carry out this experiment will be the addition of a top row and bottom 

row of modules necessitated by moving the calorimeter downstream. The additional 

modules are discussed in Appendix D. Measuring station E shown in Figure 11-1 

will be a drift chamber system, currently under construction for E623, which will 
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replace the spark chambers presently used in the MPS o Two stations, each 


with x, y and u planes are being built. In order to cover the necessary 


aperture for the proposed experiment the two stations will be staggered 


vertically. To regain the all important redundancy needed for pattern 


recognition we are requesting that 
 Fermilab build two more stations 


identical to those currently being built. 


Major Modifications to the MPS 

In order to implement the dimuon trigger we will need to add 7 meters Vv500 tons) 

of iron as an absorber. A scintillator hodoscope at ~3 and PWC stations at 

Ul and ~2 will also be added. The stations ~l' ~2' U along with a trigger
3 


processor which uses data from these stations to form the dimuon trigger 


are discussed in more detail in Appendix E. 

In order to measure the characteristics of the forw~rd jet a long 


v 

cerenkov counter, C will be added. This counter is discussed in detail in 

c 


Appendix B. Momentum measurement of charged 'and neutral particles in the 


forward jet will be carried out using a forward calorimeter (discussed in 


Appendix F). In order to track charged particles in the forward calorimeter 


~ 
and the C mirror plane a PWC station G will be added. This station is alsoc 


discussed in Appendix F. 

v 

The addition of C and the forward calorimeter will require an extenston 
c 


to the existing MPS building. This extension consists of a 75 foot-long 

v 

narrow building at g~ound level, wide eno~gh to house the C counter with a 
c 

slightly wider downstream end to allow sufficient room to work on the forward 

calorimeter. A small excavation may be needed at the end of the present building. 

We are studying several designs for an improved vertex detector. However, 

we have not yet decided whether it will be worthwhile to augment the current 

vertex detector,which consists only of a cylindrical PWC and cylindrical shower 

counter around the target. 
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Geometry for 500 GeV/c and 1000 GeV/c Runni~ 

This proposed experiment has been designed to run at two 

beam momenta: 500 GeV/c and 1000 GeV/c. The geometry is optimized for 

1000 GeV/c running. For 500 GeV/c running the only part of the apparatus 

which moves is the target (which moves downstream by 2 m) with an associated 

accordion compression of the chambers in front of the analyzing magnet. 
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III. 	 Triggers 

We will have the following types of triggers: 

A. 	 Interacting Beam (1 trigger) 

B. 	 High-pt Jet: (see Appendix D) 

1. 	 Single High-pt Particle (2 triggers: LO and HI thresholds) 

2. 	 Di-jet (4 triggers: LO and HI for both TOP/BOTTOM, 

LEFT/RIGHT) 

3. 	 Global (2 triggers: LO and HI) 

C. 	 Dimuon (2 triggers: 2 values of e . ) (see Appendix E)m1n 

In addition we may have 2 additional triggers in which the Global and 

Dimuon triggers also require a kaon requirement from the beam identification 

system (see Appendix A). Thus we will run with 13 triggers. Triggers with 

higher rates will be scaled down. 
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IV. Rate Calculations and Yields 

In calculating estimated numbers of events the following assumptions are 

made: 

1. Accelerator. E = 1000 GeV. A 20 sec long spill is delivered once 

per minute. Various inefficiencies reduce the 60 spills/hour to 50 spills/ 

hour so a 1000 hour run has 50,000 spills. 

2. Target. Calculations are made for two different targets, both 

0.1 nuclear collision lengths in total thickness. 

(a) An 18" long liquid H2 target (.075 collisions lengths) 

plus entrance and exit windows plus one or two thin nuclear 

foils. (see Figure IV-l(a» 

(b) Nuclear foil target: 6 foils spaced roughly 3.5" apart. 

(see Figure IV-l(b» 

The foil thicknesses are chosen to give equal numbers of high Pt jet events. 

Aafor each foil. For this calculation it is assumed that cr a where a = 1.5. 
7 


Recent experimental evidence indicated a may become larger than 1.5. If a = 


1.5 then the total number of high 	Pt events will be 7.5 times ~reater from target 

(b) than target (a) for the same integrated beam flux. 

3. Beam momentum and intensity. Calculations are made for two different 

beam momenta: 	 500 and 1000 GeV/c. For 1000 GeV/c diffracted protons we propose 

7 6to run at an intensity of 6.6 x 10 per spill or 3.3 x 10 /sec. The incident 

beam from the energy doubler would be about 1010/spill and the desired reduction 

obtained by adjusting the targetting angle on the MW target. 

For 500 GeV/ c ~ - we would run at 1.0 x 108 or ~.O x 106/sec. The reason 

the intensity is raised by t is because the interaction probability is i 
of that for protons. This keeps the interaction rate the same for positive beam 

and negative beam runs. 



A E H2 j 	 .. Beam Direction 

I I ... 

Be W Mo Ti AI Be 


A= 9 184 96 48 27 9 


Figure IV-l (a) Hydrogen Target (18 inches long) 
(b) 	 Corresponding Nuclear target 

showing foils of different A 
spaced out over 18 inches. 
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A 500 GeV/c positive run is of interest because it makes possible the 

comparison of ~- and ~+ induced jets as well as the determination of the 

s-dependence of proton induced jets. 

1012For the 500 GeV/c negative runs we will 	require 3.3 x incident 

protons per spill. This will yield 1.0 x 108 ~ - per spill. The K - content 

of the negative beam is 1.1 percent while the p content is 0.13 percent. For the 
11 

500 GeV/c positive runs we will require 	1.25 x 10 incident protons per spill. 

The K+ content is 1.7 percent. In calculating these numbers we assumed 
40,41 

that the acceptance of the M6W beam is 2~sr and the primary target angle is 0 mrad. 

The choice of 500 GeV/c is a reasonable 	compromise between getting the 

highest possible energy on the one hand 	and proton economics on the other hand. 

+
The K- content of the beam is almost a factor of 2 higher at 500 GeV/c than 

600 GeV/c so by tagging the incident K's (see Appendix A) reasonable statistics 

for studying s-quark jet production will be obtained. Finally at 500 GeV/c 

+ 	 +the ~ /p ratio is still high enough so the ~ -~ comparison can be made. 

4. 	 Interaction rate and accidentals. With the above assumptions the 

5interaction rate for all runs will be 3.3 x 10 /sec. Multiple interactions 
42 

can cause fake high Pt events. The way this is dealt with was outlined in 

Section III. 

The total integrated flux in a 1000 hour run will be: 

F = 3.3 x 105 inter/sec x (50.000 x 20) spill-sec 11000 ev/nb. (IV-I) 
30 mb (inelastic) 

43 
5. Jet cross sections. Using results from E260, E395, and NA5 for 

single jet production in pp collisions a formula for the invariant cross 

section is obtained that can be used for Tevatron rate estimates: 

(IV-2) 
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At high Pt incident (qq) systems become considerably more effective at 
11 

This effect has been measured in E260 and canrnaking jets t han 3q systems. 

be approximated as: 

cr (;r-K)p 2 for < 0.3x tcr - 3(p-p)p 

forO.25 < x < 0.75 (IV-3)
t 

large but for x > 0.75t
unknown 

6. Minimum Pt. To prepare tables of expected numbers of events in a 

1000 hour run, one must also consider the magnitude of the off-line computing o 

For purposes of this proposal we have assumed that 3 x 106 events collected 

in a 1000 hour run is a reasonable amount. This translates to 60 events 

recorded in each 20 second spill. The other consequence of this total event 

limit is to impose a minimum threshold. Triggers may be used below this minimum 

but then prescaling will be used. 

7. Acceptance and Resolution 

F (IV-4) 

2 
We assume 6y ~ 1.1 6~ 1. 0 X 2;r and dN ce-KPt where K is 

dPt 

approximately 3/(Gev/c)2. 
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1012Th N( > ) 1 8 -5.79(1_x )9.52 f(x )us Pt Pt min = • x t t events wherePt 

f(x ) depends on particle type and ratio in beam. For protons f(x ) = 1.t t 

Finite resolution of the calorimeter will increase the number of triggers 

at p by a factor of 2 to 5. These additional triggers due to upwardt min 


fluctuations will end up, after final analysis, in lower Pt bins. 


8. Event Tables - High-pt Jet Triggers 

The expected yields for high-p jet triggers are given in Tables IV-l and 
t 

IV-2 (see next pag~. In these tables the column 'P .' refers to the transt m1n 


verse momentum of a single jet. It, therefore, includes transverse momentum 


from soft gluon emission. In order to calculate the modulus of the transverse 

momentum of the diMjet system ('p di j ') we have doubled P i and sub-t - et t m n 


tracted 1 GeV/c (this assumes that gluon emission contributes .5 GeV/c to 


each parton). 
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Table IV-1 

= 1 TeV/e Yields for High-p t Jets for Pine 

N(p N(p > P> min) t t min)t Pt 

1000 hours 1000 hours 

= 1 TeV/e = 1 TeV/e PinePine 

P min P (di-jet) target Multi-foil nuclear targetH2t t 
(GeV/ c) GeV/e 

6
6 11 2.5 x 10


6

7 13 5.6 x 105 4.2 x 10 


8 15 103 x 105 90 8 x 105 


9 17 3.2 x 104 2.4 x 105 


4
10 19 8000 6 0 0 x 10


11 21 1900 1.4 x 104 


12 23 470 3500 


13 25 100 780 


14 27 20 160 


Table IV-2 

Yields for High-p Jets for Pine = 500 GeV/e t 

N(P. 
t > P N(p > Pt min) t t min) 

1000 hrs 1000 hrs 

Pine = 500 GeV/ e (positives) p. = 500 GeV/e (negatives)lne 
HZ target H2 target 

Pt min 
(GeV/e) 

5 

6 

7 

8 

Pt; (dijet) proton 

(GeV/ c) events 

9 3.1x105 

11 4.1x105 

13 5.8x104 

15 7900 

+ ... 
events 

4.7x105 

7.2xlO4 

1.2x104 

2000 

K+ 
events 

4.9x104 

7600 

1300 

220 

'IT 

events 

4.3x10
6 

6.7x105 

1.lx105 

1.9x104 

K 
events 

4.8x104 

7400 

1200 

200 

P events 

7300 

1000 

130 

20 

9 17 1000 340 40 3100 40 

10 19 100 50 480 

11 21 70 
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9. Dimuon Trigger. Running simultaneously with the various jet 

triggers will be the dimuon trigger discussed in Appendix E. 

To determine the acceptance, the dimuon x and Pt were generated according 
27 

to the 150 and 175 GeV/c results of Barate et ale 

-
do 

a: [1 - (xF - .14)] 2 for -0.72 < ~ < 1. CIv-7)
dx 


0 for ~< -0.72 


and 


do (1+ (Pt )2)-3.2
<X (IV-8)
107dPt 

The dimuon decay was taken to be isotropic in the dimuon center of mass. The 

geometrical acceptance is shown in Figure E-3 (upper curves) as a function of 

dimuon mass o Figure IV-2 shows the ~ and Pt acceptances as a function of 

dimuon mass and beam momentum. 

To calculate the 500 GeV/c n yield we used the Drell-Yan cross section, 

which is given explicitly in the above reference; no sea quarks were used. 

+For n p, the cross section (without sea quarks) is down by a factor of 
M 

two (neutron target) or eight (proton target). However, since ~~ ~ .1 

even for ~~ masses of 10 GeV, clearly we will be probing the pion and nucleon 


+ 
seas. Thus ,for both n Nand pN interactions we expect a cross section at 

500 GeV/c only a little smaller than for ~-p. The 1000 GeV/c yield estimates 

are also based on the initial state being ~-p but we feel they are reasonable 

considering sea-sea interactions become even more important as s increases. 

The table of yields is given below. Note that none of the yields contains 

the factor of 2 by which the Drell-Yan cross section is too low; this effect, 

due to higher order processes, was first pointed out by a subgroup of this 
27 


collaboration. For the ~ and T a cross section times ~~ branching ratio of 

. 1.0 


7nb and 7pb respectively were assumed. For the nuclear target 0 a A 

was assumed. 



M popo =8GeV 

ACCEPTANCE 


60--------------------------------------~ 

~ 40 
LaJ 
U 
a:: 
~ 20 

500 GeV/c 

Mpopo=8 GeV 

~,.,.,.,.=3 GeV 

O~----------~----~------------------~ 
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Figure IV-2: X and p acceptance for M = F t ~~ 

3 GeV and M = 8 GeV shown for 
~~ 

p. = 500 GeV/c and p. = 1000 GeV/c 
~nc ~nc 
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Table IV-3 

Dimuon Yield 

Pinc = 500 GeV Ie (iT) p.l.nc = 1 TeV/c (p) 

Yield/lOOO hours Yield/lOOO hours 

Target Target 

Mass H2 Nuclear H2 Nuclear 

1/1 5500 8200 3500 5000 

3-5 GeV 1000 1500 700 1000 

5-7 GeV 400 600 300 400 

7-9 GeV 130 200 120 180 

T 20 30 10 15 

10. Run Plan. The above tables show the numbers of jets events and 

dimuon events for 1000 hour data runs under 6 possible running conditions: 

beam energies/polarities and two different target arrangements. 

We request initial approval at 2000 hours plus 500 hours of tuneup. The 

2000 hours would be apportioned by us among the various possibilities mentioned o 

3 
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V. 	 Analysis 


We are requesting 2000 hours of beam time. We expect to collect 


about 	~5 x 106 jet triggers and 4.0 x 106 dimuon triggers for a total 


7

of 10 triggers. 

A software package already exists for reducing raw data from the 

MPS 	 including track finding. This software package (TEARS) has evolved 

since its initial use in E260 and EllO. TEARS has been updated for use 

in E557 and in E580 and it now contains routines to analyze data from 

the 	E557 calorimeter. We expect the modifications necessary to analyze 

data 	from the proposed experiment to be straightforward. Based on our 

experience we would expect that each trigger will require about 4 sec of 

analysis time using a VAX-II computer. Various groups in the collabora

tion 	already have or will soon have a VAX-II dedicated for analysis about 

half-time. Thus we expect to be able to reduce the data using the 

collaboration's computer resources in about 1-2 years. Since the data 

are likely to be collected in at least 2 data runs separated by several 

7
months to a year the analysis of 10 triggers is certainly manageable. 
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VI. 	 Comparison with other Experiments 

Other experiments measuring high-pt jets and high-mass dimuon production 

are currently in progress or being planned at Fermilab, PETRA, PEP and CERN. 

We discuss several of these briefly and point out how this proposed experi

ment compares to these experiments. 

1. 	 E557 (FNAL), E609 (FNAL), NA5 (CERN) 

These experiments measure high-pt jet production in reactions initiated 

by 300 GeV/c mesons and 400 GeV/c protons. Jets with p < 8 GeV/c are 
t 

measured. 

Proposed Experiment: We will study jets in reactions initiated by 

500 GeV/c mesons and 1000 GeV/c protons. In the latter jets with Pt < 14 GeV/c 

will be measured. A much more detailed measurement of the forward jet will 

be made. The dimuon trigger allows one to tag the flavor of the quark 

initiating the beam jet. 

2. 	 PETRA, PEP 

Experiments at PETRA and PEP will study jets in the momentum range 

~15 	GeV/c. 

Proposed Experiment: We will study jets with comparable p • 
t 

However this experiment allows one to look at jets initiated by hadrons with 

different species. Also the jets produced in hadron-hadron collisions are 

due to a very different class of subprocesses which can only be studied 

+ in hadron-hadron collisions. Comparison of e e produced jets and hadron

hadron produced jets is important. 
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3. 	 E605 (FNAL), NA-lO (CERN) 

These experiments measure dimuon production in a closed (NA-lO) or 

semi-closed geometry using very intense beamso 

Proposed experiment: We cannot compete with these experiments in terms 

of rate. However since we detect the hadrons associated with dimuons we can 

study the details of dimuon. production (see Section I). 

4. 	 NA-14 (CERN) 

This is an open geometry dimuon experiment using a 150-200 GeV/c photon 

beam. 

Proposed experiment: We will complement this experiment by using 

incident ~, K and p beams. Also the proposed experiment will run with 

higher incident momenta. 

Summary 

In summary the proposed experiment has the unique feature of doing a 

detailed study of the beam jet produced in association with dimuons or high-p
t 

jets. For this reason an open geometry experiment is necessary. Since 

the correlations between incident beam hadron and the forward going jet 

are important we need to do a fixed-target experiment in a beam with 

+ + sufficient ~-, K- and pflux in addition to protons. Finally the nature 

of the hard scattering processes we wish to study dictates that we use the 

highest energy meson beams and proton beams available. For all these 

reasons the proposed experiment complements and extends the range of 

parton-parton physics being studied by current experiments or experiments 

soon 	to run at FNAL, CERN, the ISR, PETRA or PEP. 
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VII. Requests for Resources from Fermilab 

A. The major requests from Fermilab include: 

1. 	 500 GeV/c positive and negative beams and a 1 TeV/c diffracted proton beam, 

all of sufficient intensity (see Section IV); 

2. 	 Two sets of drift chambers in addition to those being constructed for 

E623 (see Section II and Appendix G); 

3. 	 Aid in locating, moving and rigging of the iron absorber (~500 tons, see 

Section II and Appendix E); 

v 


4. Extension to the MPS building wide enough to house C and the forward 
c 

calorimeter (see Section II). This extension will be above ground. Some 

excavation at the rear of the present 	building might be necessary; 

5. 	 Sufficient computer time on the Fermilab computer system to completely 

analyze NlO% of the triggers. We estimate that this will require between 

1.0 	and 1.5 seconds of Cyber time per trigger. We hope to analyze about 

106 triggers at Fermilab. 

6. Electronics from PREP in addition to the current E557 and E623 allocation 

from PREP. 	 This includes readout system for the drift chambers, and 200 

v
additional ADC channels to instrument 	C , the forward calorimeter and 

c 


the expanded trigger calorimeter; 


7. 	 Delay cables and shift register electronics associated with instrumenting 

~4500. additional PWC wires (see Appendix G). 

B. Minor requests from Fermi1ab include: 

1. 	 Liquid H2 target; 


Superconducting spectrometer magnet cooldown; 

v 

3. 	 Extension to the C box (see Appendix B);B 
v

4. 	 Box for C • 
c 
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c. Experimenters will provide: 

1. 	 Additional PWC's (see Appendix G); 

2. 	 Vertex detector (as yet unspecified); 


v 

3. 	 C (threshold or ring-imaging counter; see Appendix B);c 

4. 	 PWC stations (~1 and ~2)' scintillator hodoscope (~3) and electronics 

associated with the dimuon trigger processor (see Appendix E). 

5. Forward calorimeter (see Appendix F). 



---
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The task of particle identification is different for positive and negative 

beams because the particle ratios are different for the two cases. Hence we 

discuss them separately. 

The negative beam composition is ""99% 'IT , "'1% K and ..... 0.1% p. The 

TRD will be used to distinguish 'IT- from K- and p since 'IT's will usually 

produce a signal above a relatively high threshold (see Figure A-I). 

Information from the TRD will be used in conjunction with information 

from the Cerenkov counters to distinguish K- from p. The expected results 

are shown in Table A-3. 

The positive beam composition is N79. % p, 19% 'IT+ and 1.7% K+. A 

different set of 

and Figure A-2. 

thresholds is chosen and 

Table A-3 

the results given in Table A-3 

-
Purit~ of tagged beam 

+ -K+'IT 'ITP 

all 19% 1.7% 80% 99% 

labeled 'IT 100% --- -- 100% 

labeled K <.01% 62% 38% 0.3% 

labeled p --- 2% 98% 

- -K P 

1.1% 0.13% 

-- --

99% 0.5% 

0.3% 99.7% 

--------~~ ~ ~--~~~----------------------
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Appendix A 


Beam Identification at 500 GeV 


We discuss here the beam type identification at 500 GeV Ic o The 
44 

existing transition radiation detector (TRD) and Cerenkov counters used 

in E557 will be used without any major changes. The parameters of the 

TRD are given in Table A-I while the parameters of the Cerenkov counters 

(all helium-filled) are given in Table A-2. 

Table A-I 

Transition Radiation Detector Parameters 

1600 Li foils 1.5 mil. in each of 2 radiators 

Pilot B Scintillator -- all in vacuum 

threshold for 'IT 
+ 

signal 20 Ke in either radiator 

threshold for 'IT signal 15 Ke in either radiator 

+threshold for K++ 'IT 5 Ke require both radiators 

threshold for K + 'IT 7 Ke in either radiator 

Table A-2 

Beam Cerenkov Counters 

Counter 

v 
C 

0 

~l 

Length (m) 

18. 

31.5 

Refractive Index 
(He) 

1 + 1.76 x 10-6 

Npe (1<) 

1.05 

1.84 

Efficiency 

.65 

.84 

Pruss 30.0 1.75 .83 

Total 79.5 .99 



E=500 GeV (-) Beam 

2 radiators, 1600 Li foils each (1.5 mils) 
(corrected for yield reduction observed 

at 300 GeV) 
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Figure A-I: Performance of the TRD for particle identification for a negative 
beam. 
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Figure A-~: Performance of the TRD for particle identification for a positive 
beam. 
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Appen.dix B 

Secondary Charged Particle Identification 

Identification of secondary charged particles produced in high-pt jet and 

dimuon events will be accomplished using three segmented threshold Cerenkov 

,F V V 
counters: C , C and C (see Figure II-I). Each of these counters will operate

A B c 
v v
C and C will be used in conjunction to identifyat atmospheric pressure. A B 

particles associated with jets emitted at large angles in thee.m. while Cc will 

be used to identify particles in the beam jet. 

v 
C _c_ 

We are considering the possibility of using a ring imaging Cerenkov 

counter for 
V
C ' Whether we do or not will depend on developments in this area. 

c
 

We currently plan to use a conventional segmented Cerenkov counter, C • 
c 
V 

The purpose of C will be to identify charged
c 

particles in the beam jet. The latter is characterized by high momentum 

hadrons in the laboratory contained in a forward cone of half-angle ~20 mrad. 

v 
C will be 26 meters long and filled with helium at atmospheric pressure.c 

The relevant parameters for He as a radiator are given in Table B-1. 

Table B-1 

Parameter 

Parameters for He, 

He 

Ne and N2 

Ne N2 

n 1. 000035 1. 000067 1.000300 

P h (rr)(GeV/c)t res 

P h (K)(GeV/c)t res 

Pth (p){GeV/c)res 

eS=l (mr) 

16.7 

59.4 

112.6 

8.4 

12.0 

42.8 

81.0 

11.6 

5.7 

20.2 

38.3 

24.5 
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.• 

v 

The mirror plane for C will be located 42 meters from the target and will be 
c 

divided into 32 cells as shown in Figure B-1. The numbers given in the cells 

of Figure B-1 are the mean momenta of charged particles entering the cell and 

the fraction of times a charged particle is unaccompanied by another charged 

particle in the same cell ("singe occupancy fraction") regardless of momentum. 

The radius of the circle of the Cerenkov light cone intercepted at the mirror 

plane for a S = 1 particle is 22 cm. Thus finer segmentation of the mirror 

plane would be inappropriate. Pulse height analysis will be used to separate 

w's, K's and protons. For Q 1 t' 1 20a ~ = par lC e we expect photoelectrons 

(n ) if we assume: pe 


n 
 (B-1)
pe 

where L is the radiator length in cm and e is the half-angle of the Cerenkov 

light cone. The expected laboratory momentum range for performing TI, K, P 

separation using only " C is given in Table B-2. 
c 

Table B-2 

Momentum and z-Range Over Which Particles are 
v 

Identified Using C c 

QUANTIlf TI K p 

Plaboratory (GeV Ic) 20-120 60-120 60-240 

P .(GeV Ic)
c.m. OQ5-3 1.5-3 1.5-6 

z(= pip JET' PJET = 10 GeV/c) 0.05-0.3 0.15-0.3 0.15-0.6 

In Table B-2 we also show the correspondingc.m. momentum range as well as 

the z(z5p/pJET) range for a 10 GeV c.m. jet. Thec.m. ranges are calculated 

assuming an incident momentum of 800 GeV/~which is approximately half

way between the two proposed operating momenta of 500 GeV/c and 1000 GeV/c. 
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Figure B-1: 	 Segmentation of one quandrant of 
the ~ mirror plane.
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In the four-jet picture a typical jet has energy i~ = 10 GeV in this case. 


As was pointed out in Section I the primary interest is in the higher-z particles 


of the jet. 


v 
We now discuss the TI/K separation using C • The K threshold momentum 

c 


is 60 GeV/c. However the range of momenta over which TI/K separation can be 


accomplished will be extended to 120 GeV/c using pulse height analysis. The 


actual fraction of K's in the final samnle of data identified as K's will 


depend on where one chooses to make the photoelectron cut (on the K require

ment) and on the actual ratio of TI to K. To illustrate the problem, in 


Figure B-2 we plot the distribution of number of photoelectrons, n ,for

pe 

<n > = 20 and for <n > = 10. For a momentum of 80 GeV/c a TI would yield
pe pe 

<n > 20 and a K would yield <n > = 10. We assume, in our example, that 
pe pe 


the actual TI/K ratio is 5/1. We consider as a possible criterion for making 


a cut on the number of photoelectrons the value of n where the Poisson 
pe 

curves intersect (see Figure B-2). The results are shown in Figure B-3 

where we assume three different ratios of TI/K (independent of momentum). 

What is plotted is the fraction of K's correctly identified in the final data sample. 

Since the proton threshold is twice the kaon threshold, we can extend 


the range of momenta of identified protons out to 240 GeV, assuming a 


favorable TIK/p ratio. This is especially important since the distribution 


of leading protons in jets is not well understood. 


v 
The mirrors in the mirror plane of C will have a focal length of 

c 

2 meters,which will give us an image size of 5 cm diameter. Thus 2 inch 

phototubes with Winston cones will be adequate for light collection. 

\r' 
The CB counter will be used to identify the higher momentum secondaries 

in the high-pt jets, in the angular range 20 to 110 mrad (35 0 to 1220 in the 
o 0

hadron-hadron c.m.for Pinc = 500 GeV/c, 50 to 138 for 1000 GeV/c). 



0.5 


0.4 

PROS 

0.3 

0.2 

0.1 

o 5 10 15 20 25 30 35 40 

"pe 

Figure B-2: 	 Photoelectron yield for counter ~c for ~ and K assuming p 80 
GeV/c and a ratio of K/~ ~ 1/5. 
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v 

Because the counter is limited to a length of 5.6 meters, C will require
B 

a Ne fill in order to obtain a TI/K separation that is comparable to the one 
v 

obtained in C. Using Ne (see Table B-1) a S = 1 hadron traversing the 
c 

full 5.5 meters of the counter will produce on the average 7.7 photoelectrons. 

Using the pulse height technique described previously we will (see Figure 

B-4) be able to separate K's from TI'S up to 60 GeV/c in the laboratory (p = 3 GeV/c, 
t 

z = 0.3 for a 10 GeV jet at 90o (e.m.)at Tevatron energies.) Similarly, protons 

will be identified up to 120 GeV (Pt = 6 GeV/c, z = 0.6). 

v 
The granularity of the present MPS C counter will be adequate for par-

B 

ticles in the range 40 to 110 mrad. The Cerenkov light cone will be 8 em 

in diameter on the mirror plane. In Fig. B-5 we show the probability of 

single occupancy for each mirror, that is that a charged particle crossing a 

mirror is unaccompanied by another charged particle in the same mirror. 

The probability rises from 80% at 40 mrad to 100% at 110 mrad. The average 

momentum for each eel1 is also given. 
~ 
CA v v 


The purpose of C is to complement C and to identify the low z end of

A B 

v v 
the hadron spectrum fragmenting from the scattered partons. C and CB areA 

matche~ so that we can cover the momentum range shown in Table B-3" The 

equivalent p 's are for Tevatron energies.
t 

Table B-3 

~ 

Momentum range covered by C
~ 

A 
& CB 

TI K P 

20 - 8020 - 60 

1 - 4 

6 - 60P(GeV/c) 

0.3 - 3 1 - 3P (GeV/c)
t 

01 - .4.1 - .30.03 - 0.3= 10 GeV/c)z (p/P jet , Pjet 
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The extension to lower z is achieved by a N2 fill (see Table B-1) in the 

existing MPS 1.8 meter counter that is presently in place in the spectrometer 

magnet. For n = 110 Le 2 we will obtain an average of 12 photoelectronspe 

for a S 1 particleo The Cerenkov light cone will be5.S cm in diameter 

on the mirror plane. 

The percentage of single occupancy using the current mirrors but evaluated 

at Tevatron energies is shown in Fig. B-6. Other than for the mirrors on 

the beam line, the resolution is quite good. The average momentum for each cell 
is also given. 
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Appendix C 

Spectrometer Resolution 

The resolution of the spectrometer with respect to magnetic momentum 


analysis of charged particles is discussed in this appendix. 
 The resolu

tion is discussed separately for the 500 GeV/c and 1000 GeV/c running 


conditions and for both narrow angle and wide angle tracks. Most of the particles in 

the beam jet will be emitted within a small cone (half-angle~20 mr) and with 

large momf'nta. For momenta greater than some critical momentum p (~130 GeV Ic)
c 

the momentum measurement obtained using the forward calorimeter will be more 

accurate than that obtained using magnetic momentum analysis. This assumes 

tlE/E = 0.7 /JFf.GeV) for the forward calorimeter. Above p we will determine c 

the sign of the charge of the particles in the beam jet from their magnetic 

deflection. 

Downstream Spectrometer 

The geometry of the portion of the spectrometer downstream of the 

spectrometer magnet will remain fixed for 500 GeV/c and 1000 GeV/c running 

(refer to Figure II-I). Several PWC's will be added to the MPS as currently 

configured for E557. See Appendix G for the full list of existing and proposed 

measuring stations, including those which already exist, are bein~ built or are 

being proposed. A PWC with 1 mm wire-spacing (part of the D-station) will be 

placed 1.4 m downstream of the magnet midplane. This chamber will have 320 

vertical wires supported on a frame which is larger than the magnet aperture. 

A set (x, y, u planes) of PWC's (F-station) with 2 mm wire-spacing will be 

located 15.5 m downstream of the magnet midplane. These chambers will be 

used to locate the very forward tracks in the beam jet, as the drift chambers 

will not be able to resolve mUltiple hits in a cell. The angular resolution of 

this system of PWC's will be 0.11 mr and the spatial resolution of ectories 
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projected to the magnet midplane will be '{' O. 8mmo This latter number is 

pertinent because matching to points in the magnet midplane is the tightest 

constraint on the upstream trajectory. 

The wide-angle tracks in the downstream spectrometer will be defined 

by the drift chambers and the D station (see Figure II-I) which is a set 

of 2mm wire-spacing PWC's located 1.5m downstream of the magnet midplane. 

If we assume a spatial resolution of 200~ for the drift chambers, the 

angular resolution of these wide angle tracks will be determined by the 

distance from the D station to the drift chambers (about 7.0 m) and spatial resolu

tion of the D station PWC's. Thus the angular resolution for wide angle 

tracks in the downstream section of the spectrometer is expected to be O.2mr. 

The angular resolution, cr, for downstream trajectories for narrow

angle and wide angle tracks are summarized in Table C-l. 

The angular resolution of the upstream portion of the spectrometer is 

defined by the fit to the vertex and the match at the magnet 

center and, of course the lever arm. Results from E557 indicate that the 

vertex can be fit, in the transverse directions, to about O.2mm. The 

precision in the beam direction is not as good (about 3mm) but enters the 

angular precision in proportion to the sine of the production angle of 

secondary particles. This varies from negligible for the forward jet to 

about .3mr for the widest angles. The planned lever arms are 2.75m at 

~OO GeV/c and 4.75 at 1000 GeV/c. All these combine to yield the upstream 

angular resolutions given in Table C-l. 
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Table C-l 

Angular Resolution, a, of Charged Particle Trajectories 

0'(500 GeV/c) (mr) 0'(1000 GeV/c) (mr) 

Narrow-Angle, Downstream 0.11 0.11 

Wide-Angle, Downstream 0.20 0.20 

Narrow-Angle, Upstream 0.26 0.15 

Wide-Angle, Upstream 0.52 0 0 30 

The spectrometer magnet current will be set . to impart a p t kick of 

0.2 GeV/c and 004 GeV/c for the 500 GeV/c and 1000 GeV/c runs respectively. 

Thus we expect to obtain the following resolution in momentum measurement: 

500 GeV /c 1000 GeV /c 

!:'p/p (narrow angle 1.4 x 10-3 p .46 x -310 p 
tracks) 

!:,p/p (wide angle 2.8 x 10-3 p .90 x -310 p 
tracks) 

where p is in GeV/c. 

These momentum determinations are not very good for very high momentum 

particles. However, the forward jet calorimeter will measure the energy of 

these particles to acceptable precision. Thus the critical task of the 

spectrometer in the forward region is to give an unambiguous determination 

of the sign of the particle's charge. Setting a limit for "unambiguous" 

of 2 standard deviations, we see that this is accomplished for particles up 

to 360 GeV/c with the 500 GeV/c run parameters, and over 1000 GeV/c for the 

1000 GeV/c run parameters. 
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Aeeendix D 

Trigger Calorimeter: Construction, Electronics, Calibration and Monitoring 

The trigger calorimeter 


is the device 
 used to trigger on events yielding high-pt jets (CALI and 


CI\L2 of F'igllrc IT-I) 
 The forward calorimeter (CAL3). loented d()Wll~;trc';)il1 

of the trigger calorimeter and discussed in Appendix F, will be used to 

measure the energy of particles in the beam jet and will not be used in the 

trigger. 

Calorimeter 

The calorimeter is divided into three sections: a front electron 

section con.feting of lead-scintillator sandwiches) a front hadron section 

constructed using steel-scintillator sandwiches, and a back hadron steel

scintillator section. The front electron and hadron sections are shown as 

CALI in Figure II-l while the back hadron section is shown as CAL2 in the same 

figure. Each of the three sections is constructed of many small modules, each 

functioning as an independent calorimeter. The modularity of the front sections, 

as viewed by the beam, is shown in Figure D-l. The transverse dimensions of the 

smaller square modules are 8" by 8". The construction of one of the modules 

of the front hadron section is shown in Figure D-2. The scintillator light is 

collected by a wavelength shifter bar (plexiglass doped with a wavelength 

shifter (BBQ) and an ultraviolet ahsorber) running along one edge of the 

module. The longitudinal dimensions of the calorimeter are summarized in 

Table D-l. Each wavelength shifter bar is read out by its own phototube o 

Thus the front electron section provides 158 signals referred to as E • n = 1 
n 

to 158. Similarly we have 158 signals from the front hadron section which 

we call F , n = 1, 158. The back hadron section provides 42 signals:
n 
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Figure D-l: 	 Modular division of the front section 
of the trigger calorimeter (CALI of 
Figure II-I). The circles are circles of 
constant polar angle, 8*, as measured in 
the hadron-hadron eMS for S = 1 particles. 
Two sets of circles corresponding to p. 
= 1000 GeV/c and 500 GeV/c are shown. lnc 
The center "module" is a beam hole. 
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Table D-l 


Longitudinal Dimensions of the Trigger Calorimeter 


Section Material Radiation Absorption 
Lengths Lengths 

Front 14: 1/4" Pb 15.9 0.48 
Electron 

15: 1/2" Sc 0.6 0.29 

Front 40: 1/2" Fe 28.9 2.97 
Hadron 

40: 1/2" Sc 1.5 0.78 

Back 22: 1" Fe 31. 8 3.27 
Hadron 

22: 1/2" Sc 0.8 0.43 

79.3 8.22Total 

~~~ -~----
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Figure D-2: 	 Construction of a "typical" module 
of the trigger calorimeter. A 8" X 8" 
module of the front hadron section is 
shown. 
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Bn' n = 1,42. The segmentation of the back hadron section is shown in 

Figure D-3. Thus the calorimeter provides a total of 358 signals. 

The calorimeter as shown in Figures D-l and D-3 is a modified version 

of the calorimeter used in E557. The modification consists of adding 32 

modules to each of the front sections and 14 modules to the back section. 

In the three sections corner modules will be added as well as a top and 

bottom row. 

The resolution of the E557 calorimeter was measured to be 0.20/~E(GeV) 

for electrons and photons and 0.70/~ E(GeV) for hadrons. 
46 

data taken in a test run shows good uniformity. 

A study of high-pt 

Calorimeter Acceptance 

In Figure D-l circles of constant polar angle e*, as measured in the 

hadron-hadron c.m.for B = I particles, are shown superimposed on the calori

meter. Two sets of circles corresponding to incident beam momenta of 

500 GeV/c and 1000 GeV/c are shown. The circles show that good acceptance 

will be achieved over the range 600 
< e* < 1200 for both incident momenta. 

The performance of the calorimeter as a triggering device is governed 

by how much of the deposited energy (or transverse momentum) originated from 

the scattered jets. Most of the secondaries associated with the beam remnant 

jet go through the calorimeter hole in 

the vicinity of the beam line. Secondaries originating from the target remnant 

jet are typically at large angles. The majority of them hit the upstream face 

of the magnet. Consequently, it is expected that the majority of the energy 

deposited in the calorimeter will have originated from the scattered jets. 

This has been confirmed by using the Monte-Carlo simulation which shows 

that 85% of the deposited transverse momentum originates from the scattered 

jets. This fraction increases with larger transverse momentum as shown in 

Figure D-4. 



BACK CALORIMETER SECTION 


Figure B-3: 	 Modular division of the back 
section of the trigger calori
meter (CAL2 of Figure II~l). 
The center "module" is a 
beam hole. 
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Figure D-4: 	 Fraction of energy deposited in 
the trigger calorimeter contributed 
by the 2 scattered high-pt jets as 
a function of jgt: Pt. Th~s.;ts based on 
a 4-jet Monte-Carlo model with p. = 
800 GeV/c. 	 1nc 



In Figure 0-5 we show the acceptance of the trigger calorimeter for di-jet 

systems where a di-jet refers to the 2 high-p scattered jets. The acceptance
t 

is shown as a function of x ' the fractional longitudinal momentum of the di-jet
F
 

for 14 < M < 18 where M is the di-jet mass and for E1ptl > 14 where the sum 


is taken over all the particles in the di-jet. (Units are GeV.) This curve 


is a Monte-Carlo prediction for p = 800 GeV/c.

inc 

Trigger Electronics 


Each of the 358 calorimeter signals will be pulse-height analyzed and 


onto tape for off-line analysis. In addition these signals will be 


used to form the high-pt jet trigger. As in E557 there will be several 


triggers which use either all of or a portion of the calorimeter. Details 


of how the various triggers are formed are given below. 


Since we wish to trigger on Pt rather than energy the calorimeter 

signal from a given module must be weighted by sine where e is the angle 

between a line from the target to calorimeter center and a line from target 

to module. The pt-weighting by appropriately adjusting the high voltage on 

each phototube. 

fhe modules of the front section of the calorimeter will be divided 

into 16 groups as shown in Figure D-6. The grouping will be done separately 

for the front electron and front hadron sections. The signals of the modules 

in a group will be summed to yield 16 analog sum signals (SPEl through SPE16) 

for the front-electron unit and 16 signals (SPFl through SPF16) for tllP 

front- hadron unit. This summing will be accomplished using analog summing 

modules (First-Level-Summers) built for and used in E557. These summing 

modules can sum up to 10 inputs and have a fanout of 6. Subsequent 

summations of the outputs of the first-level-summers are 

performed using either Lecroy 428's or second-level-summers (electronically 

similar to the first-level summers but packaged in single-width NIM modules) 0 
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Figure D-6: 	 Division of tle f)Cont calorimeter into 16 
azimuthal ~ groups. The numbers in the 
modules are module numbers. 
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The grouping shown in Figure ~6 is such that we can more or less 

characterize each group by an a azimuthal angle ¢. The first trigger 

formed is the "overlapped ¢" trigger. We form the following 16 sums: 

SPOVl = SPEI + SPFl + SPE2 + SPF2 + SB 

SPOV2 SPE2 + SPF2 + SPE3 + SPF3 + SB 

SPOV16 = SPE16 + SPFI + SPEI + SPF16 + SB 


where SB is the analog sum of the back-hadron section modules. We also 


form the following analog sums: 


4 16 
LEFT r (SPE + SPF.) + ~ (SPE! + SPFi )ii=l 1- i=13 

12 

RIGHT ~ (SPE + SPFi) + SB
i

i= 5 

8 
TOP ~ (SPE. + SPF. ) 

1- 1-
+ SB 

i=l 

16 
BOTTOM = ~ (SPE. + SPF. ) + SB 

i=9 1-
1

16 
GLOBAL 1: (SPE. + SPF ) + SB 

1- ii=l 

Each of the above analog sums is input into an integrate-and-hold module 

which will integrate the output over about lOO'ns to allow for time -jitter 

in signal arrival time due to wavebar, lightguide. light path and cable 

differences. Finally, the outputs of the integrate-and-hold are fed into 

discriminators. Each of the above 21 analog sums will be compared 

to a low (LO) and high (HI) threshold. We finally end P ",iLh 
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SPOVLO OR of SPOVI through SPOV16 (low threshold) 


SPOVHI OR of SPOVI through SPOV16 (high threshold) 


LRLO LEFT • RIGHT (low threshold) 


LRHI LEFT • RIGHT (high threshold) 


TBLO = TOP • BOTTOM (low threshold) 


TBHI TOP • BOTTOM (high threshold) 


GLOBLO = (low threshold) 

GLOBHI (high threshold) 

The abeve triggers will be run simultaneously with those triggers with 

higher rates scaled down so as not to saturate the overall trigger. The 

SPOV triggers will select events with single high-pt particles. The LR 

and TB triggers will select on di-jet events while the GLOBAL trigger will 

simply require some minimum Pt in the calorimeter. 

Monitoring System 

The system used to monitor the calorimeter will be that used in E557. 

A UV laser will illuminate a BBQ wavelength shifted lucite sheet which 

will then illuminate a fiber bundle which will fan out to bulkhead connectors 

on a patch panel. These separate fibers will transmit the wavelength 

shifted light to the calorimeter. From there the light is transmitted by 

other fibers to the light-guide-wavebar interface and directed to the far 

end (away from the phototube) of the wavebar. Reflective coating at the far 

end of the wavebar will cause the light to be reflected back into the wave

bar, across the wavebar-light guide interface and onto the phototube. 

Thus the phototube operation and glue joint transmission are monitored. 

The outputs of the phototubes as well as the intermediate sums (second

level and integrate-and-hold) outputs will be read into ADC's which can be 

read by the PDPII/45 or an LSI-II. The latter will pulse the laser and 

monitor phototube signals and summed signals in interspill time. Thus both 

meter and trigger electronics will be monitored. 
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Calibration 

Each of the modules of the calorimeter will be calibrated by moving 

the appropriate calorimeter module into a monoenergetic hadron and tagged 

electron beam. A computer-controlled, motorized calorimeter table which 

moves the calorimeter horizontally and vertically already existso A 

special PDPll/45 version of MULTI (the online data acquisition software 

package) properly positions the calorimeter and adjusts the computer

controlled high-voltage of the appropriate phototubes so that the output 

spectra peak at some predetermined ADC channel number. The laser output 

is then read and recorded as a reference. 

Software 

Extensive diagnostic software utilizing a Tektronix terminal and a 

color TV display to display results of event data or laser output already 

exists. 
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Appendix E 

Dimuon Trigger 

In 	this section we describe: 

1. a dimuon trigger and associated electronics; and 

2. 	 background triggers. 

The Trigger 


Referring to Figure 11-1, the dimuon trigger 


that there be at least two charged particles which: 


a. 	 penetrate the trigger calorimeter (CALl and CAL2) 

and iron absorber; 

b. 	 point back to the vertex; and 

c. have an effective mass greater than some minimum. 

Requirement (a) requires that the particles be muons. Requirement (b) will 

be used to eliminate beam halo muons. Beam counters will also be used to 

discriminate against beam halo. A main source of background for a dimuon 

trigger in an "open geometry" experiment is pion decay. Dimuons arising from 

this source have a low effective-mass (M~~ ~ 3 GeV). More details regarding 

this background will be given below. Thus requirement (c) is imposed. 

Requirement (c) is &fected by requiring that both muons of a candidate pair 

penetrate the total length of absorber (and thus have some minimum momentum) 

and that the opening angle be greater than some minimum. The absorber 

2thickness 1s 6600 gm/cm which corresponds to a ~ momentum 

requirement, p > 12 GeV/c. A typical minimum opening angle, e ,will
min 

be about 70 mr. 
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The hardware which imposes the above requirements consists of: 

1. two PWC stations, each with an x-plane and a y-plane 

(~l and ~2 in Figure II-I); 

2. a scintillator hodoscope (~3) placed downstream of 

the total iron absorber; and 

3. a trigger processor which uses information from ~l' ~2 and ~3' 

The ~l and ~2 PWC stations will be separated by 2.5 meters. These PWC's 

will have a 4-mm wire spacing with 5 wires grouped together into a single 

amplifier to yield 2-cm logical elements. 'lihus the angular accuracy of this 

system will be ± 4 mr. The resulting spatial resolution of the vertex 

expected for a 4 GeV mass dimuon pair at 1000 GeV/c incident momentum is 

shown in Figure E-l. 

The scintillator hodoscope (~3) will consist of 25 vertical counters 

to cover the top half of the iron absorber and 25 vertical counters to cover 

the bottom half. Each counter will be about 2.5 meters long and 0.2 meters 

wide. Counters will not cover the central region through which particles 

in the beam jet will pass. An initial requirement will be that ~ 2 charged 

particles pass through this hodoscope. Based on background studies we 

expect that about 100 events per 106 interactions will satisfy this require

6ment. Since we expect 10 interactions/second our rate for candidate triggers 

to be processed by further trigger logic will be about 100/second. Thus a 

trigger processor which can perform the calculations associated with require

ments (b) and (c) in ~ 1 ~sec will introduce negligible dead time in the 

overall experiment. 

There will be approximately 200 logical elements associated 

with the x-plane of ~1 (call this plane xl); and a similar number of 
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Figure E-l: 	 Monte Carlo preduetion for the vertex 
location of the dimuon using only measuring 
elements from PWC stations u and U • Thel 2Monte-Carlo program assumed a dimuon mass 
(M,) of 4 GeV and p. = 1000 GeV/e.
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elements associated with each of x2 ' Y1 and Y2" The requirement that a 

track pOints back to the vertex implies that for a given struck x 2 element, 

a corresponding xl element should have been struck~ similarly for Y2 and Y1• 

A possible scheme for imposing the vertex and minimum opening angle 

requirements is shown schematically in Figure E-2. We first consider 

the x-view. The xl elements (we assume they number 256) are latched in 

a register while the x elements are stored in a shift register The
2 

e 

outputs of these registers are ANDed together pairwise (a x element and
2 

the corresponding xl element pointing to the vertex). The OR of the AND 

outputs determines whether at least one match was found e 

The x shift register is then shifted 1 bit right and 1 bit left to see if
2 

a match is found. This allows for jitter in the hit pattern. This 

shifting process can be repeated up to N times (specified by a computer 

loaded control word). Ifa match is found the outputs of the AND 

gates are latched in a register (x in Figure E-2) and then passed on to 
v 

two priority encoders which encode x i and x • The difference of x m n max max 

and x.mln is computed and squared. Thus the result is (~x)2 where 

2 2 
(~x) = (x - x . )max mln 

If there are only two tracks which point back to the vertex then I~xl is 

their separation in the x-view, If there are more than 2 tracks then I~xl 

is the maximum separation. Similar electronics will find (~y)2. The 

condition that at least one pair of tracks has a minimum opening angle 

will be equivalent to requiring: 

2 
> C 

where c is adjustab1eQ 
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Figure E-2: Schematic of a possible dimuon trigger processor to require that 
tracks point to vertex and have a minimum opening angle. 
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Finally, we will count the number of muon candidates to anticipate 

situations where a large number of hits in plane U would have a large
2 

probability of satisfying the e. and vertex requirements. We will have
m1n 

the option of rejecting triggers when U has too many hits.
2 

The processor described above should be able to perform the logic in 

about 1 to 2 ]Jsec. 

'Background and Acceptance 

The background from ~ decay was estimated in the following manner. The 

mUltiplicity of charged pions was assumed to be that measured in Fermi1ab 

47 
bubble chamber experiments. Each pion was then given an x and Pt accord

ing to inclusive distributions in these variables reported in the same 

reference. No attempt was made to conserve energy or momentum. No 

particle correlations were made. 

The lower curves in figure E-3 shows the reSUlting background trigger 

rate due to these ]J's at 500 GeV/c. A 8. of 70 mr, for example, would
m1n 

6give 1 trigger per 10 interactions. The same figure shows the yield 

of real (prompt) dimuons as a function of e. for a dimuon mass of 6 GeV.
m1n 

The upper curves of Figure E-3 show the acceptance as a function of dimuon 

mass [or e.lU1n '" 70 mr at the two beam momenta. We are continuing these 

background studies but feel that the background rates quoted above are 

correct to within an order of magnitude. Our trigger rate prediction 

6(see page V-I) corresponds to 6 triggers/l0 interactions. 
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( a) Dimuon acceptance as a function of dimuon mass 
for Pi = 500 GeV/c and 1000 GeV/c assuming a nc 
minimum opening angle (for the dimuon) of equal 
to 70 mr. 

(b) 	 Background dimuon trigger rate dueto ~ decays as 
a function of e. (the dimuon minimum opening 

m~n 

angle). Also shown is the unnormalized yield 
for promp t dimuons (mass = 6 GeV) for p. = 
500 GeV/c. 	 mc 
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Appendix F 


Forward Calorimeter 


We discuss here the calorimeter at the far downstream end of the experi

ment consisting of an electromagnetic calorimeter with 144 segments and a 

hadronic calorimeter of 96 segments. The calorimeter is the main instrument 

used to analyze the forward jet. 

The calorimeter dimensions, determined by the size of the hole in the 

existing calorimeter, and the need to separate close together particles in 

the forward jet, are 54" high by 80" wide overall (1. 37m by 2. 03m). The 

segmentation has been determined by Monte Carlo simulation of the forward 

jet in ~+~- triggers to bring the probability of two particles into one 

calorimeter segment down to acceptable levels. The beam jet in dimuon events 

tends to be more collimated than the beam jet produced in association with 

high-pt jets. The resulting layout is shown in Fig. F-l, a view of the 

calorimeter looking downstream. 

The calorimeter we describe below is of a conservative design; its 

workability has been demonstrated in E557 testing. There are, however, 

several possible new design approaches which may lead to improved perfor

mance. We intend to study these options. One possibility arises from the 

shrinkage of the lateral distribution of hadron showers with increasing 

energy. For example, for a 100 GeV proton incident on iron, 50% of the 
48 2 

particles are within a radius of 1 cm at a depth of 336 gm/cm (about 3 

interaction lengths) Because the lateral distribution is so sharply peaked, 

mUltiple incident hadrons with overlapping cascades may be separated if 

there is sufficient spatial resolution in the sampling detectors. For 

~-..- ..- .. -~- .~- - .. ~-.-~.-...-~.-----------------
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this reason, we will study the possible use of PWC's in the proportional mode 

rather than scintillators. These have already been successfully used by 
49 

Aubert et al. in an electromagnetic calorimeter. 

A Forward Calorimeter Design Based on the E557 Calorimeter 

The calorimeter is constructed of 24 "trays" each 27" wide, 6 3/4" high 

and 106" deep along the beam direction, containing an electromagnetic section 

of eighteen 1/4" lead sheets followed by sixty 1" steel sheets interspersed 

with 1/2" "Altustipe" acrylic based scintillator pieces. These pieces are 

6 1/2" x 6 1/2" around the outside and 3 1/4" x 3 1/4" in the central 32" x 32" 

region in the electromagnetic section where the·particle density is higher. 

The hadronic section has 6 1/2" x 6 1/2" pieces throughout. The probability 

of two particles into an electromagnetic segment is at worst 12% of the single 

particle probability with 1000 GeV/c incident beam. This confusion is four 

times worse in the hadronic sections in the center region only if we count 

all particles; counting only hadrons (about 50% of the total) there is less 

confusion. Of course, the situation is much better at 500 GeV/c. The 

above discussion shows why the calorimeter must be so far downstream and so 

large. 

The readout is by wavebars in a manner similar to the present E557 calori

meter. The electromagnetic section light comes out in an upstream direction. 

It then follows light pipes to photomultipliers above and below the calorimeter. 

The wavebars for the hadronic section, coming out the rear, are quite long 

(90") but our measured attenuation length of 12 meters (E557 wavebars) allows 

compensation by masking. We may read each hadronic section with 2 photo

multipliers giving better lateral resolution. In the 3 1/4" x 3 1/4" region 

additional wavebars are inserted in central slots in the electromagnetic 

calorimeter. The wavebars are put on the side away from the beam, which 
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passes through a 4" high by 6 1/2" wide hole. This hole, barely large enough 

to clear the beam size 43 meters downstream of the target and to accommodate 

analysis magnet reversals, must be kept as small as possible. These dimen

sions result in the loss of a jet fragment in about 1/3 of the events at 

1000 GeV/c. 

Monitoring of gains between calibrations is to be done using ~'s between 

events. 

We have discussed segmentation; the resolution of this calorimeter will 

be about as good as that measured in E557 i.e. cr = 0.7/ ~E(GeV) hadronic and 

better than 0.2/ JlE electromagnetic. 



G-l 

Appendix G 

Chamber System for Particle Tracking 

The system of proportional and drift chambers to be used for deter

mining charged particle trajectories is summarized in Table G-l. In this 


table we indicate which items already exist for E557, which items are 


planned in the near future for current experiments and which items must be 


added for the proposed experiment. 


The beam chamber system (BA, BB) will approach space charge saturation 

at an incident beam flux of 5 x l06/sec. To overcome such rate limits 

50 
we wish to consider improvements such as a multistep chamber or a scintillator 

hodoscope. Although event vertices are generally reconstructed without 

beam information, such information is useful in eliminating the overlapping 

event background discussed earlier in Section III. 

The cylindrical proportional chamber S iR to be used for determining the 

azimuth and multiplicity of large angle tracks. The A station will be used 

as is We expect some inefficiency due to multiple hits on one wire 

{especially for events originating at the downstream end of the target} and 

some saturation in the beam area. The vertex reconstruction relies mainly 

on the largest angle tracks, which are least affected by these problems. The 

Band C stations are as used in several experiments; C is far enough into the 

magnet fringe field that deflections of charged particles are generally 

negligible. 

Station D, just after the magnet, will be supplemented by a 320-wire 

I mm wire spacing PWC (D~) covering the beam region in order to improve the 

momentum 



Table G-l 

Chamber System 

Station Wire 
Spacing 

(mm) 

Planes 
Number: Orientation Type 

Number 
of Wires 

Transverse 
Dimensions 

(m) , 
Status 

BA, BB 2 2:x, 2:y, 1:u(450) PWC 280 0.11 x 0.11 Exists 

BB 1 l:x, l:y, 1:u(450) PWC 96 0.03 x 0.03 Exist 

S 2 1: cylindrical 
ing 21T azimuth 

cover- PWC 192 0.085 (radius) Exist 

A 1 02:x, 2:y, 1:u(45 ), 
1:v(-450) 

PWC 1536 0.26 x 0.26 Exist 

B 2 °3:x, l:y, 1.u (45 ) PWC 2368 0.64 x 1.02 Exist 

C 2 l:x, l:y PWC 832 0.64 x 1.02 Exist 

D 2 °2:x, 2:y, 1:u(-15), 
3(for y) 1:v(150) 

PWC 4416 1.00 x 
1.14 x 

1. 61 
1. 94 

to Exist 
2:y being built 

D' 

E 

1 

19 

x 

° 08:x, 4:u(15 ),4:v(-15 ) 

PWC 

Drift 

320 

3200 

0.32 x 

L68 x 

0.22 

3.05 

New 

t being built 

1'2 new 

E' 2 2:x, l:y, 1:u(450), 
1:v(-450) 

PWC 1600 0.64 x 0.64 Exist 
l:x New 

F 2 °2:x, l:y, 1:u(45 ). 
1:v(-450) 

PWC 1856 0.90 x 0.90 New 

G 4.6 2:x, 2:y PWC 1280 1.48 x 1.48 Exist Q 

(staggered) N 
I 
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resol"tion on the fastest tracks as discussed in Appendix C. This will be 

constructed in such a way as not to introduce appreciable scattering 

material in the spectrometer aperture. The new 3 rom Dy chambers will have 

been built for the second E557 run and for E623. 

The drift chamber system currently under construction for the MPS has 

a vertical aperture (168 cm), which is less than the E557 calori 

meter (223 cm), let alone the vertically expanded calorimeter needed for this 

proposed experiment (279 cm). The vertical limit was dictated both by 

existing construction facilities and the sharply escalating difficulties 

generally encountered in larger chambers. Thus the two modules (each 

x, u, v, x') will have to be staggered vertically to cover the calorimeter. 

This generates two problems: frame material in front of the calorimeter 

(which we feel is acceptable) and an overlap of only 57 cm. The latter problem 

means that 222 cm. of the vertical aperture is covered by only one xuvx ' set 

which is insufficient for forming tracks in high multiplicity events. In 

order to overcome this pattern recognition problem we will need an additional 

set of modules identical to those currently being constructed. OurMonte 

Carlo studies indicate that the wire spacing (19 rom; 9.5 rom maximum drift) 

of the drift chambers is small enough to handle the expected multiplicities 

despite readout of only one hit per wire. Particle positions in 

the central region will also be measured by 64 cm x 64 cm PWCs (E ' ). 

Station F, consisting of five 2 rom PWCs, is intended to improve track 

finding of the close-together forward going particles. These tracks will be 

confirmed by a set of PWCs (Station G) just before the forward calorimeter. 

These 4.6 rom wire spacing chambers now exist, having been used in E260 and 

now in storage. Since each has a 148 cm. x 148 cm. aperture, they will have 
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to be staggered horizontally to cover the 137 cm. x 203 cm. calorimeter. 

Thus the central region will have two x and two y coordinate measurements. 

The total number of PWC wires will be 14,816; the present count is 

10,336. Thus we need 4480 additional channels (current electronics and 

cabling cost about $lS/channel). The drift chamber readout system must 

be doubled from 1600 to 3200 channels. These numbers do not include any 

improvements to the target region beyond the existing Schamber. 
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Appendix H 

Monte Carlo Simulation 

In this appendix we discuss the Monte Carlo of Dimuon and High-pt 

Jet Triggers. 

51 
1. 	 Monte Carlo Simulation of the Drell-Yan Process (Dimuon Triggers) 

In order to simulate events described by the diagram of Figure H-l. we 

follow the procedure outlined below: 

+(a) 	 hl is chosen to be either a ~ or ~- and h2 to be a proton; 

(b) 	 The annihilating quarks Q and Q are chosen as either sea or
1 2 

valence quarks according to a prescription outlined below. 

So Q
l 

= Q and Q
2 

= Q. 

(c) 	 The quark initiating the beam jet (QB) is correlated with Ql , 

In some cases the forward going system will consist of a 

leading hadron h~ where h~ = hl along with QB which fragments 

into the beam jet. 

(d) 	 The quark initiating the target jet (QT) is chosen to be a u 

quark. For acceptance studies the important jet for our purposes 

is the beam jet. The target jet provides a background of low 

momentum particles and the details of the quark initiating this 

jet are not important for our studies. The fractional longi

tudinal momentum of Q is l-x
2

,T 

(e) For a given momentum. Pb • the dimuon mass (M) along with earn 

the 	Feynman x (xF) and transverse momentum (Pt) of the dimuon 

pair are chosen to follow the measured distributions in the 
27 

variables as reported by Barate ~ al, 

(f) The fractional longitudinal momenta for Q and Q (Xl and xl 2 2 

respectively) are determined from s (~..J 2MpPbea~)' M and ~ 
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(g) 	 The assumption is that Q (Q2) with xl (x2) less than 0.1l 


are "seat! quarks whereas Q (Q2) with xl (x2) greater than
l 

0.1 	are valence quarks. We consider the possible forward 

going system for the four regions of xl' x in Table H-l.2 

Table H-l 

Xl x
2 Forward-going system 

<0.1 <0.1 hQ. plus QB -+ jet 

<0.1 >0.1 h£. plus QB -+ jet 

>0.1 <0.1 QB -+ jet 

>0.1 >0.1 QB -+ jet 

Notice that the forward going system includes a leading hadron 

(h£. = hI) when xl < 0.1. Since in this case the valence quarks 

of hI are not annihilated we assume that the leading particle 

comes off intact with reduced momentum. In fact the fractional 

momentum of h~ is chosen to be y(l - xl) where y is uniformly 

distributed between 0 and 1. The fractional momentum of the 

accompanying QB is then (1 

(h) 	 The flavor of QB is chosen according to the following assumptions. 

(1) 	 If Q is picked from the "sea", quark andl 

antiquark appear with equal likelihood with the 

probabilities of finding u. d. s taken as 0.45. 

0.45 and 0.10 respectively. 

(2) 	 The probability of quark annihilation will be 

weighted by the quark charge. 

So we have: QB probabilies as indicated in Table H-2. 
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xl xl h£ 

Probabilities 

u -u d d s -s 

<0.1 <0.1 -'If .38 .38 .10 .10 .02 .02 

<0.1 >0.1 'If 
- .89 O. •11 O. O. O • 

>0.1 <0.1 - O. • 20 .80 O. O • O. 

>0.1 >0.1 - O. O. 1.0 O. O. O. 

Xl x2 

<0.1 <0.1 

<0.1 >0.1 

>0.1 <0.1 

>0.1 >0.1 

uh£ 

+
IT .38 

+
IT •89 

• 20-

1.0-

-u 

.38 

O. 

O. 

o. 

Probabilities 

-d d ss 

.10 .10 .02• 

.11 O. O. O • 

O • •80 O. o • 

O. O. o. O. 

.02 



}beam 	jet 

fL 

} target jet 

Figure H-l: 	 Diagram assumed for dimuon 
production. 
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(j) 	 QB and QT equally share the Pt required to balance the P
t 

of 

the dimuon. 

(k) 	 The LUND jetmaker (Kef: "A Monte Carlo Program for Quark and 

Gluon Jet Generation: by Sjostrand, University of Lund preprint 

LU TP 80-3) is used to fragment QB and QT' 

(1) 	 The muons are emitted isotropically in the dimuon rest frame. 

The fraction of events in various xl' x2 regions for 500 GeV/c and 

1000 GeV/c are given in Table H-3: 

Pbeam =. 500 GeV/c 

xl f 
x2 guark TXEes % of Events 

<.1 <.1 Sea-Sea 0% . 

<.1 >.1 Sea-Valence 17% 

>.1 <.1 Valence-Sea 68% 

>.1 >.1 Valence-Valence 15% 

= 1000 GeV/c Pbeam 
~ 

xl % of Events 

<.1 

x2 Quark TY:Qes 

4% 

<.1 

<.1 Sea-Sea 

20% 

>.1 

>.1 Sea-Valence 

73% 

3% 

Valence-Sea<.1 

Valence-Valence>.1>.1 
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Monte Carlo Simulation of the High-pt Jet Production 

The simulation of jets falls into three main stages: 

1) Choosing the original partons and their momenta. 

2) Scattering the partons. 

3) Fragmenting the partons. 

In detail: 

1) Partons within the hadron were chosen according to the structure 

functions given in Ref. 16 • The momenta of the partons were chosen 

using the same structure functions. Only momenta large enough to produce 

a transverse momentum above a minimum value were used. This avoided 

generating a large number of low Pt events. 

2) The partons were then scattered according to the 1st order QCD amplitudes 

3) The partons were fragmented according to the Lund group's scheme. 

G1uons were fragmented assuming that they coupled to a qq pair. Diquarks 

were fragmented in the same manner as u quarks. 

No scale breaking effects were included in the structure functions or 

the fragmentation functions. Hard gluon bremsstrahlung was not included 

in the program. Consequently, the 3-jet structure seen at PETRA was not 

apparent in our simulated events. 
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