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ABSTRACT

We have measured the inclusive single muon yield from 200-,
300-, and 400 —GeV/c protons interacting in W, Cu, and Be targets for
muon transverse momentum (PT) between 1.5 and 5.8 GeV/c., The ratio of muon
yield to the pion yield is approximately constant (1.5 x 10_4) in the
region 1.5<PT<4.5 and rises to a value of 3 x lO_A at PT = 5,8 GeV/c.
The rise is consistent with an increasing contribution from continuum
muon pairs. We find the muon yield at PT = 1.5 GeV/c is consistent with
a charm production cross-section of 20-30 ub per nucleon depending on the
production model assumed. The data imply an upper limit for bottom par-

ticle production of approximately 200 nb per nucleon.

We report also on a measurement of the inclusive single electron
yield from 400 GeV/c protons incident on a Be target at Pp = 4.6 GeV/e
and a search for muons produced in coincidence with these electrons.

No electron-muon coincidence signal was observed, which gives a 90% con-

fidence upper limit for the ratio eu/uup < .27.
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CHAPTER 1

INTRODUCTION

Over the last decade "direct leptons" produced in hadronic
collisions have attracted an increasing amount of experimental and
theoretical attention. Tuo of the greatest experimental successes
have been: (1) the discovery of new hadronic degrees of freedom
through production of new vector mesons (¥ and T famiiies) and their
subsequent decays into lepton pairs and (2) the use of lepton pair
production in probing the constituent nature of hadrons. Testing of
theoretical ideas at the basis of quantum chromodynamics has also been
possible ih the l;st feu years as more dilepton data are collected

over a Hide kinematic range.

Direct leptons refer to all leptons which cannot be
accounted for as decay products of well understood sources, such as ,
K, and n. Possible sources of direct leptons can be convenientliy

classified into four categories:



(1} vector meson decays

¢ Py, ¥ T,, - “* .

(2) continuum dileptons produced through Drell-Yan
mechanism.
el
(3) decays of heavy leptons
- _ny¥

(4) semileptonic decays of heavier mesons With neu
quantum numbers(e.g. charm)

D"">K !.V

The above list displays the wealth of physics one can attempt to

A e

investigate by measuring the inclusive production of single leptons

and !epton'pairs.

o

THE EXPERIMENT

T N

In this experiment we extend a previous measurement of the
single muon cross-section by our group (Chicago-Princeton group(s’)
over a larger kinematic range and with increased statistical accuracy.

We measure the inclusive cross-section:

R g N R R TR

P + Nucleus --> ui + X nucleus = Be, Cu, W

1-5( PT<B'16 G&V/C /WLGfG PI’ '-'-Tr;luuffsf. ﬂomgu“ua o‘f 'ﬂ\{ At
5 Ve = 27.4, 24.3, 19.7 GeV th\trc Sz C.M, eneray stunrea

We can use these results to set upper [imits on the production of

various particles which decay into muons and also’get information on
\

the manner in which the parents of the muons are produced. In




Yo

£
3

addition we performed a measurement of the direct electron

cross-section at a single transverse momentum,

P+Be -——->e +X
Py = 4,62 GeV/c
J'§'- 27.4 GeV

which provided an independent check of the muon measurement. At the

"same time ue looked for muons coincident with these direct electrons

us) . our

in the same manner as was done in our measurement of dimuons
apparatus nas such that the ep pair would have needed an invariant
mass of at least 8 GeV/c? in order to have been observed. " Me
obviousiy ahticipated no ey coincidences at such a high mass, as one
would expect from conservation of lepton number, but the prior
existence of the second arm of the spectrometer tempted us to include
this measurment in our program. We draw on our measurement of dimuon

1)

production‘ only as it bears on the analusis of the above reactions.

This topic is treated extensively in the thesis of D. Antreasyan

(University of Chicago) {27,

HISTORICAL BACKGROUND

The first experiments designed to measure direct lepton
ygields in hadron collisions were performeé in 1964 by a
Cotumbia-BNL3? group at Brookhaven National Labor?torg and by a group
at Argonne National Laboratory‘®’. The motivation was to search for

the hypothetical mediator of the ueak interaction, W, by its decay
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mode:

We->p+» .
An enhancement in the muon yield was expected at P; = M,/2, Although
no appreciable signal was seen above the pion and kaon decay

background, the basic technique pointed the way to further

experimentation.

Their detection of direct muons relied on the use of a dense
absorber placed between target and detectors. This absorber acted as
a filter, attenuating hadrons and alloning the muons to pass through;
thus shortening the decay path length of the hadrons.

5}

Yamaguchi pointed out that even if a signal had been seen,

it might have not been due to the W but due to electromagnetic

&) group uent on to

production, therefore the Brookhaven-Cqumbfa‘
study the reaction :

P + Nucleus --> p* g~ + X
This experiment observed a continuum dimuon signal but no clear bumps
were seen.- Evident in the data was a broad shoulder which is now
known to have been due to the production of the J/Y rescnance and its
decay to a pair of muoﬁs. The results of these experiments led the

way to the large amount of fruitful experimental activity in this

field in recent years.



SINGLE LEPTONS

Single leptons, which had been reported by a Serpukhav group

at the Fermilab conference(1972)(7’. were first obgerved at Eermi
Nationa! Accelerator Laboratory(F.N.A.L.) in 1974. This
group (Chicago-Princeton) ‘8! observed single muons, a

-

Columbia-F.N.A.L. %} group observed single electrons,and the CCRS

group at the ISR obéenved single electrons, (1¥)

The gross features of the data were surprising. The rétio
/7 uas observed to remain constant at a value of I/r = 10~% ., over
a range of transverse momenta from 1 GeV/c to 5 GeV/c uhere the
cross-sections fell by almost B orders of magnitude. The initial
Chicago-Princeton results are &isplaged in figure 1-1. These data are

a subset of the data sample analyzed in this thesis.

The origin of these leptons was, and to some extent still is,
a subject of some controversy. Naively,the constancy of the ratio,
I/7, uwould imply that the parents of the muons are produced by the
same mechanism as pions. In this case the muon cross-section reflects
the production dunamics of the hadronic parents. The single lepton

yields appeared to be too large to be accommodated by the Orell-Yan

T

model. ?1? The Drell-Yan mechanism produces a continuum of dimuons by
the annihilation of a point-like constituent in one nucleon with one
in the other nucleon. A diagram of this process is shoun in figure

1—2-

R R O



v Ld
Q \-ll)
- /.
- 0“ o p i VY -
" oIV 4 8
{ ' \ e 3
& ’ - {
., S ] ’ € .
_ [ - ” - — —
e » a - \\ -t [ —-—— .
a &\ e M m L)
. - \\ M < =
B 1\ \\\ B m H Lo
- \\\ m m
= - W — - -uu
11 i P
* 2 3 8 3 5 3 =2
Q e Q Q Q e Q Q
(2-¥A99-3wd) dcprep3



R R R A e I E S PR T S T

The most promising explanations attributed the single muon
spectrum to contributions from various hadronic sources. Bourquin and
Gaillard'!?? devised one of the more successful models and asserted
that a contribution from charmed mesons, in particular D and D decays,
could account for the muon yield betueen 1 and 2 GeV/c transverse

momentum.

More recently Broun et al. at F.N.A.L.‘'3®’ has observed
single muons without a partner in the region around 1 GeY/c transverse
momentum. . The spectrometer has a very large acceptance for observing
a second muoh if one is present. They attribute these single muons to

D meson decay and predict a total cross-section of 13 - BB uB.



DIMUONS

In 1874 an extraordinarily narrou resonance, the JYIY | yas

observed in the reaction:
p + NUCLEUS ——> u* u= + X

at a dimuon invariant mass of S.i GEV. 1ts narrou nidth necessitated
the introduction of a new quantum number, charm, to fit this particle
into the present theories of strong interactions. The particle was
interpreted as a bound state of a guark and antiquark of neu flavor,
charm. Examination of the dimuon invariant mass spectrum proved to be
a very senéitive technique in searching for new hadronic degrees of
freedom through decay of vector mesons into gt #~. This technique
again proved itself valuable in 1977 when another vector meson, the T,

and its radial excitations were discovered.

In addition to the resonances, a continuum of dimuons exists.
The continuum can be explained by the annihilation of the point-like
constituents in the nucleon. The production cross~-section has been

shoun to obey the follouwing scaling relation'1s?:



Furthermore, structure functions derived from this process are in

agreement with results obtained in deep inelastic lepton-nucleon

scattering‘ls’.

o e

R
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CHAPTER 2

APPARATUS

The experiment was performed in the Proton East Area at F.N.A.L..
A proton beam, slouly extracted from the main accelerator, was
delivered to a target viewed by an asymmetric double arm spectrometer
(figure 2-1). The small aperture magnetic arm selects and identifies
particles at 98° in the proton-nucleon center-of-mass, while the
second arm, referred to as the Multi Hole Spectrometer (MHS), provides
large sol}d angle detection of muons for which Py > 3.2 GeV. The MHS

is capable of only rough polar and azimuthal angle measurement.

The apparatus has evolved over a period of four years. The MHS
was an addition to the spectrometer constructed in 1875. The results
presented in this thesis utilize data obtained in the most recent

configuration of the apparatus as well as data taken before the MHS

Wwas added. '
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PRETARGET

The main accelerator cycles approximately every four seconds
supplying the Proton Area With a pulse of beam averaging one second
long. A total of 2 x 18'? protons were accelerated in the main ring
each cycle. The experiment accepted betueen 18'? to 10'? protons per
pulse on target. The main accelerator and external beam |lines are
pictured in figure 2-2. The proton beam is slouly extracted at point
A, split at points B and C, and finally guided through the pretarget
area {figure 2-3) and focused on the target. The beam line and
magnetic arm of the spectrometer were all located in tunnels
approximately 12 feet beloﬁ ground leve!. The beam was focused and
positioned on the target through use of a quadrupole magnet doublet
(Q1, Q2) and 2 pair of dipole magnets (D1, D2), to 2 lmm diameter
circle on the target. The position of the beam was controlled to
approximately .5mm, this being especially important in the electron
measurement. A secondary emission monitor (SEM) was used to monitor
the incident beam intensity. For purposes of absolute normalization
the SEM was calibrated periodically by irradiation of gold foils in
the incident beam line. The calibration was reproducible to
approximately 5% and the absolute calibration is estimated to have ;

precision of *208%.

The incident proton beam possessed a radiofrequencylr. f.)

structure acquired upon acceleration; resulting in a bunched beam
\

with buckets of 2 nsec. wuidth and spaced 18.9 nsec. apart. Early in

12
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the experiment it was determined that the population of these buckets
could Qecome extremely uneven and at times the number of protons ina ,
single bucket uwould be many times the average, which gave rise to uwhat
is referred to as "superbuckets". These superbuckets in turn would
contrfbute to an apparent signal in the tuo arms due to accidental
coincidences. Forcthis reason a simple air Cerenkov counter uas
installed in the incident beam |ine to measure the number of protons

not only in the bucket which triggered the spectrometer, but also in

the three buckets prior to and four buckets after the triggering

bucket.

The spectrometer was triggered by a requirement in the magnetic
arm. The time of any signals originating from the MHS counters within
a gate extending from -78 nsec. to +258 nsec. with respect to the

trigger signal was then recorded.

Data were taken uith three different targets; Beryllium,
Tungsten, ﬁopper. All uwere approximately .4 interaction lengths long.
Stacked vertically on a remoteiy controlled stage, the particular
target in use and its vertical position with respect to the beam could
be easily changed. The relative luminosity was monitored With two
scintillation telescopes at 98° to the incident beam direction. In
order to position the beam on the target properiy, we scanned the
target vertically and horizontally uiih the beam &nd observed the

\
ratio of the 98 degrees monitor rate to the rate in the SEM (incident
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flux). Shouwn in figure 2-4 is a typical. verical target scan.

SPECTROMETER MAGNETIC ARM

Figure 2-5 shous a schematic vien of the magnetic arm of the
spectrometer used to detect particles at 77mrad. uith respect to the
incident beam. The sﬁectrometer possessed vertical and horizontal
aper tures of 13.8 mrad. and ia.s mrad respectively, approximately
defined by the opening of the first quadrupole. The quadrupoles
focused particles from the target onto the last hodoscope, 333 feet

dounstream with a horizontal magnification of approximately 2X and a

. vertical magnification of approximately 28X. The momentum analysis of

the particfes Hwas made via two 1Bmrad. deflections of the central
beam. The momentum acceptance of dp/p = 4% yielded a total
acceptance for the magnetic arm of d@ dp/p = 1.7 x 18°% ster.. The
angular acceptance as a function of momentum is plotted in figure 2-B.
The large flux of incident protons, required to investigate production
at higher Py, rendered it impossible to place any counters upstream of

the first bending magnet and its associated shielding uall.

The first three trigger counters, Al, A2, A3, uere 1/4 inch
thick scintillator, 4J wide and 2" high,and A4 B" uide and 3" high.
The trigger for all runs except those uith an electron trigger
consisted of A2, A3, and A4 in coincidenc;. Al was not included
because of the possibility of inefficlencies due tp extremely high

singles rates in the upstream end of the detector.
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Track reconstruction was essential when operating the
spectrometer at higher momenta in order to eliminate accidental
triggers. This was accomplished through the use of the four
hodoscopes, labeled Hl - H4. Each hodoscope was composed of three
horizontal and nine vertical scintillator elements arranged in an
overlapping fashion (tigure 2-7} to yield five horizontal and
seventeen vertical detection channels. Hl, H2 and H3 were equipped
with .35" wide horizontal channels and .22" wide vertical channels and
H4 with slightly larger horizontal and vertical channeis measuring .B"
and .35" respectively. This translated into a reconstructed momentum
resolution of 1% and an uncertainty in the reconstructed vertical and
horizontal positions at the target of .88" and +.4" respectively.

The main advantages gained in employing scintillation hodoscopes as
opposed to wire chambers were two-fold: 1) an ability te run
at rates approaching 18 MHz in Al 2) the ease in maintaining

trouble free performance of the hodoscopes.

The identification of particles triggering the spectrometer
uas accomplished in part by two Cerenkov counters (Cl, C2), one placed
betuween the Hl and H2, and the other be%ueen H3 and H4. Each counter
consisted of an 88 foot long, 1 foot diameter stainless steel tube on
one end of which was bolted 2 6 foot long tube containing the optics.
A schematic drauing of the optics is shoun in figure 2-8. Cerenkov
light emitted at angles less than Smrad. wuas collected in one
two-inch photomultiplier tube (RCA 318@”]; light emitted betueen

\
9wrad and 38mrad. was directed to a second photomultiplier. A

20
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typical mode of operation entailed adjusting the pressure and gas type

in Cl1 and C2 to count in the follouing way:

8-8 MRAD. B-38 MRAD.
Cl K rRre
c2 rpge  me———

As such, the protons and kaons would possess unique
signatures and pions, muons and electrons identified as a group

needing to be further distinguished.

The gas pressure in each counter could be varied from .1 to
18 atmospheres and was continuously measured to a precision of *.1%.
The entire counter was kept in thermal equilibrium with a water jacket
through which a continuous flow of water was maintained. The
temperatu;e was monitored at five positions along the Iength of the

tube and determined to be constant uwithin +.5% C.

PARTICLE IDENTIFIER

A particle identifier was placed at the downstream end of the

spectirometer to provide further discriminatfon between electrons,

muons and hadrons. It was divided into three distinct units; an



electron shower counter, a hadron calorimeter, and a muon £1lter.

The shower counter uas composed of four identical modules,
the construction of which is detailed in figure 2-3. Eleven layers,
alternating between 3{18“ thick lead sheets and 174" thick sheets of
scintillator provided 5.1 radiation lengths of radiator per module.
There uere 28 radiation lengths in total. The light from each module
uwas guided to a Amperex S8DOVP photomulitplier tube and the pulse

height measured with an LSR - 2248 analog-digital converter (ADC).

An electron shouwer could produce 2 signal corresponding to as
many as 588 minimum jonizing particles. The photomultiplier used
would saturate under these conditions. For this reason the light uas
attenuated by placing a black paper mask over the face of each
photomul tiplier, transmitting oniy 3% of the scintillation light.
Shouer eéergies could be measured with an accuracy of 18% but minimum

jonizing particles were below threshhold.

The shower counter was primarily employed to discriminate
betwueen electrons and pions. A detailed discussion of its use and

effectiveness are deferred to Chapter Three.

24
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The hadron calorimeter was located directly behind the shower
counter. 1t consisted of 18 identical modules. Each module was ,
composed of a B" x 12" x 12" block of iron with a 12" x 12" sheet of
scintillator placed against the dounstream end of the block. Each
scintillator was attached to a RCA B655 photomultiplier tube. The
integrated pulse heights for all tubes were recorded for each event
trigger. The total iength of the calorimeter was approximately 6

feet, corresponding to 8.7 absorption lengths.

The last element in the magnetic arm was the muon filter.
Its construction differed from the hadron calorimeter only in the
amount of iron and the sampling distance, There was a total of 12° of
iron in the muon filter. A scintillation counter was placed after

every 2° block of iron.

In order to measure muon yields from nontrival sources it was
essential to attenuate the hadron flux in the spectrometer beam Iihe.
and hence- the decay muons from pions and kaons. This was accomplished
by placing tuo movable absorbers betueen the target and the
spectrometer (figure 2-18). The first absorber consisted of a tungsten
block, 23" long, inserted into the beam line uith its upstream end
9.5" from the target center. A 42" iron block was used as a second
absorber, With its upstream end 42" from-the target center.
Alternating the insertion of each absorber alloued extrapolation of
the muon signal to zero decay path Ie;gth. In addition, wWith an

\
absorber in place the spectrometer could operate nith an incident
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proton flux 188 times greater than without it.

MULTI HOLE ARM

e p—— — e

The multihol? spectometer arm was installed to look for muons
in coincidence with a particle triggering the magnetic arm. It |
consisted of ten 3.6 x 1.1 x .1 m® tanks of liquid scintillator placed
in holes in the ground. Each tank was equipped with an Amperex S80VP
photomul tiplier tube viewing each end. The holes lay in a line nearly
parallel to, and displaced appproximately 28" from, the primary beam

line (see figure 2-1).

The eoi{ and iron shielding focated between the multi-holes
and the target provided a natural hadron absorber, and altoued only
muons With Py >3.2 GeVY to reach the hole detectors. Figure 2-11 shous
the detector efficiency as a function of transverse momentum for a
muon eritted at the target into the solid angle subtended by the MHS.
This function was calculated with a monte carlo simulation of the muon

energy loss in the material between the target and the MHS.

In the laboratory system the MHS.uas efficient over a range
of -8° & 25° in the azimuth and 2.25° # 7.73° in the polar angle. The
polar angle subtended by the MHS in tﬁé proton-nucieon center of mass

\
was 88° @ 126° (figure 2-12 ) :

28
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DATA ACQUISITION

A set of data recorded during January 1977 has been analyzed
as a test of scaling in muon pair production. The conclusions are
repor ted elseuhere‘17n. For this report the same set of data are
analyzed together with previous data to present a compilation of
results dealing with direct single muon production by proton-nucleus
collisions. Data were taken on Beryl!ium, Tungsten, Copper targets
for various configurations of incident proton momentum, spectrometer

momentum, and polarity.

In addition, a short run was made with a trigger that
increased the fraction of events containing an electron in the
spectrometer. The aim was to search for high mass electron-muon pairs
at 68 GeY spectrometer momentum with 488 GeV protons incident on an 8"
Be target. Data were collected using the sﬁectrometer in three
mutual ly exclusive modes: (1) hadron {(2) muon (3) electron. Exactly
uhat const.ituted each data type and why it was taken is explained

belou.

When measuring hadron yields the spectrometer uas run uith
absorbers removed and an A2:+A3yA4 coincidence trigger. The pion
yields in particular provide a very convenient normalization for the
lepton measurements. The lepton gield; are more reliably expressed in

\
terms of ratios with respect to pions because of the poor absolute
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normalization available, although, in most cases the limited

statistics determined the uncertainty. The hadron (no absorber! runs

were also needed to correct the muon yield measurements. They were
used to remcve the contribution due to hadrons decaying dounstream of

the absorbers (Chapter 3).

Muon data were collected alternating the insertion of the tuo
absorbers into the secondary beam line (detailed description in
Chapter 3 ). The absorbers functioned as hadron attenuators, in
effect shortening the average decay path for the pions and kaons. Tuwo
absorber lengths uwere used to allow extrapolation to zero decay path

length.

Special runs enhancing the fraction of electrons in the
trigger were necessary to avoid the dead time that would have been
involved in recording every pion event along Hith the electron events.
The trigger employed uas

T = A2 % A3 v A4 v (CAl + CA2)

where A2 » A3 % A4 was the usual trigger. CAl and CA2 represent

signals from each of the Cerenkov counters.

For electron runs the Cerenkov counters were operated in the
threshold mode. The pressures in the Cerenkbv counters uwere adjusted

so that pions with momenta P = 1.85 P, ctrometer HEre belou

32



threshald. MWith this constraint the electrons produced a signal in
both Cerenkov counters of 3.5 photoelectrons,on the average yielding a
detection efficiency of 97%. A Cerenkov pulse height spectrum for a
sample of electrons is shoun In figure 2-13. The one and two
photoelectron peaks are clearly visible.

Converted photons from pi-zero decay provide a large
contribution to the observed yield. In order to estimate this
contribution the amount of converter present in the secondary beam
line was varied. This was accomplished by changing the transverse
position of the beam on the target. Data were collected with average
exit path lengths through the target of 3.83 mm., 12.57 mm., and 37.18

mme.

A lTength of 3.83 mm. corresponded to a configuration where
only half the beam was incident on the target. Since we were rate
limited by the spectrometer and not by the incident proton flux
available,. the incident beam wae directed such that it partially
missed the target and proportionally increased in intensity. This
increased the direct component of the ohserved signal uithout Feducing
the data collection rate. The flux incident on the target uas

monitored by observing the ratio of the 98° monitor to the SEM.
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Following each trigger the analog and timing information from
atl counters was collected by a Camac data acquisition system. An ,
online POP - 8 computer read the data from the Camac system. At the
end of each pulse of beam, the event records along with all scalers

and monitoring information {eg. pressures, temperatures) uere written

on magnetic tape.



CHAPTER 3

DATA REDUCTION

In this chapter ue first describe the analusis procedures
applied to the data to extract the rau particle yields. Follouing
this, ue discuss the corrections used to obtain the final particle
ratios and cross-sections. The data are analyzed on a pulse hy pulse
basis. All events uwhich occurred during a specific pulse of incident
beam are either rejected or retained for further analysis subject to
the folloning criterion:

1) The beam is wel! centered on the target. Evidence of this
is provided by requiring that the ratio (number of particles
traversing the 98 degree montor) / (humber of particles
traversing the SEM} remains constant{nithin 5%).

2} The incident beam intensity as a function of time contains
no gross structure (spikes) throughout the beam spil!. This
insures against any significant change in the instantaneous

rate and hence, changes in the efficiency of the counters in
the spectrometer.

36
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In addition to the examination of data on a pulse by pulse basis,
more subtle indicators of problems were checked for each run. For -
example, a small deviation of the incident beam off vertical center
resulted in loss of acceptance because of the large vertical
magnification of the spectrometer. Runs With vertical asymmetries in

the rear hodoscope were rejected.
TRACK RECONSTRUCTION

After a particular pulse of beam ie determined to be
acceptable, each individual event is unpacked from the tape record and
undergoes & series of tests to determine whether its track coordinates
are consistent with a single particle traversing the spectrometer.
Accidental events uere eliminated in this round of analysis. To
describe the reconstruction procedure uwe defined a coordinate system.
The z-axis was defined by the trajectory which passes through the
horizontal and vertical center of the spectrometer elements (bending
magnets, quadropolies, etc.}. A particle uwhich follows this trajectory
is said to have a momentum equal to the central momentum, p; . » Of
the specirometer. The x and y axes uere defined as the horizontal and

vertical rays perpendicular to the z-axis.

Referring to figure 3-1, the x and y coordinates of the particle
track at Hl-H4 were first assumed to be given by the center of the

struck hodoscope element. If more than one hit exists in a hodoscope,

analysis of the event was terminated. The steps in reconstructing the
]

event are given belous
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1. The coordinates in Hl and H2 define line L1, and the coordinates

in H3 and H4 define line L2. : ,
2. The coordinates in H2 and H3 are then moved in equal
amounts (AX,AY) to find lines L1’ and L2® uhich meet in the center

of the second bending magnet, BM2.

3. At this stage the data are required to satisfy the follouing

requirements(see figure 3-2)
1. ax £ .,25°
2. ay £ .3B"
3. dy/dzy - du/dz, < .BBL
4, The angle of bend in BM2 is calculated for L1’ and L.2° and then
used to extrapolate from Hl through BMl and back to the

target. (x,, y,}

S. Lastly, we require the reconstructed interaction position {x,, u,)

to be consistent uith being located inside the target.

-
=

This procedure eliminated the major componeht of accidental triggers

which ranged from 3% to 5% of the total event sample depending on the
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momentum setting of the spectrometer. The accidentals consisted
mainly of a random hit in A2 in coinclidence with a muon passing thru

A3 and A4.

PARTICLE IDENTIFICATION

The Cerenkov counter, as described in Chapter 2, Was used to
identify the particles traversing the spectrometer; they belong to
one of three groups: (1) w, u, e {2} K (3) P. In each running mode
of the spectrometer, the separation of pions from the lepton signal
uas the most formidable problem. The trigger for both the muon and
electron measureméhts discriminated against hadrons by factors of
approximately 158 and 258 respectiveiy. The additionalldiscrimination

was supplied by making use of the particle identifier.

Muons were identified with 17 feet of iron interspersed with
scintillation counters in the hadron calorimeter and muon filter.
Events characterized by pulse heights in 5 out of the & muon
counters(l11-MB) above the pedestal uwere defined to be muons. This
requirement was essentially 180% efficient for identifying muons
passiné through the spectrometer. For example, all events fn which Ml

through M3 were hit were found to have hits in counters M4 through MG.

The separation of the pion and muon signal by the muon filter
was corroborated by the hadron calorimeter. OShown in figure 3-3 is
the separation induced by the muon filter as viewed via the "energy

\
deposition" in the calorimeter. Any additional discrimination through

41
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use of the hadron calorimeter was not helpful. Pions that decayed in
the spectrometer uwere the only significant contamination to the direct ,
muon signal. In comparison, contamination of the muon sample due to

pion punch through or other mechanisms was negligible,

Electron identification uas accomplished through use of the
shawer counter in conjunction uith the hadron calorimeter. The
discrimination against pions by the Cerenkov trigger alone allous the
electron signai to be seen in the raw data over a background of pions.
Figure 3-4(a) displays a histogram of the energy deposited in the
shower counter for all events which passed the geometrical cuts (i.é.
found to originate in the target). The visible electron peak in the

raw data assures us that the electron signal is not induced by the

restrictions applied to the data.

Three characteristics of a shower were used to distinguish an
electron from a pion:
(1) Total energy deposited in the shower counter
{2) Shower shape

{3) Penetration depth into detector

In order to make these cuts uithout loss of electron detection
efficiency, a test group of "pure" electrons was obtained by requiring
at least two photoelectrons in each CerenLov counter. Figure 3-5
displays the response of the various counters to t?is sample along
with the cuts chosen. The shower shape uas{selectad by requiring the

pulee heights in counters El through E3 to be above the values shown,
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and E4 to be below the upper bound given. Requirements on the length
of the shower were controlled by an upper limit on the pulse height in ,
counter F1. Applying all these to the "normal" data sample resul ted

in the total shower energy distribution shoun in figure 3-4(b.)

The contribution of misidentified pions to the electron signal
was calculated by analyzing data for which the absorber was inserted
into the spectrometer beam line. In this sample ue were able to
measure the fraction of pions incident on the shouer counter that were
misidentified as electrons because all real! electrons stopped in the

absorber. The fraction of pions misidentified as electrons was:

fo_pi = 4.3 x 1873

The resulting hadron contamination in the lepton yields after the

above cuts were applied to the data uere:
(1} Pion contribution to observed muon yield 3 x 185 w/r

(2) Pion. contribution to observed electron uield 7 x 1875 e/r



MULTI-HOLE ANALYSIS

Events which survive reconstruction and identification in the
magnetic arm uwere then subjected to analysis of the multi-hole
counters. All hole counters possessed tuwo photomultipliers at each
end of the tank(see page 26). Each was connected to a TDC (time
digitizer). The TDC measures the time of flight of the incident muon
With respect to the trigger. If both TDC’S associated with a single
tank uere stopped in the event, a muon uas assumed to have traversed

the counter.
Tuo quantities were then formed from the corrected TDC'S:
2 = time of flight = ( TOC 1 + TDC 2 ) /7 2
A = vertical position intank =« ( TDC2 -TDC 1) /7 2

This averaged time of flight to the tank eliminated the dependence on
\

the photon transit time inside the tank. The time of flight to

Multi-hole 1 is histogrammed in figure 3-8(a.) for a pion triggering

the magnetic arm.

No analysis is done in terms of- this time of flight.
Instead, all events in each of the individual peaks are assigned to an
R.F. bucket. So in terms of the anglgsis we see figure 3-6{a.) as

'
pictured in 3-6(b.}. Here bucket number 4-is the R.F. bucket in time

47
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HWith the trigger in the magnetic arm. The other buckets measure the
accidental coincidenceﬁ betueen the two arms. Any difference in the
in-time bin over the out-of-time bins constitutes a coincidence signal
after intensity fluctuations in the incident péoton beam are taken
into account (see Chapter 2}. In figure 3-7 are displayed the rau
data for p-p and w—pu Foincidences. The u-p signal is obvious, on the

other hand, we find no apparent ¥-pu coincidences.

CORRECTIONS TO THE DATA

DERIVATION OF CROSS SECTIONS AND particle RATIOS

All analysis of leptons was carried out in terms of ratios
with respect to pions. Fof this reason we discuss pions first. The
invariant cross section per nucleus for pions as measured by the
magnetic arm is given by:

& _ A Y
E:!—f:a p LVNs p ASL (2p/P) F:

A = atomic number of target nuclei

p = density of tafget

L = length of target

N, = Avagadro’s number

Y = observed yield of pions per }ncident proton
dﬂ(dp/pl.- spectrometer acceptance = 1.7 x 19°€

p = central momentum acceptance by'spectrometer

F = correction factors to the yield of pions = (D) (T)(S)

50



The correction factor, denoted in the above formula as F, is composed

of three parts.

1) Decay Correction - loss of pions due to their decays
throughout the spectrometer. This effect ranges from 2.5% at Py .. =

82 GeY / ¢ to 9.5% at P = 28 GeY / c. The length of the decay

path{lLpge) is given by the distance from the- target to the front of

the particle identifier, 183m.
) LDEC/KCT

D=e
Where ¥ = E-w/"‘“

T = 1Y LireTine AT REST
) = 2x{0" % sec.

2) Absorption in the target - In this factor we correct for
the attenuation of the incident proton beam along uith the attenuation
of the pions produced inside the target This correction factor ranged

Y

from 1.868 for the Be target to 1.18 for the Cu target.

T - &7* TARG
= ¥ £ abser Yion len Yhs
Where A <Q a ¢ 3
s 'rp._vgfgga_ in Tﬂ."sé‘- .

51

3) Absorption in the spectrometer - In this factor We correct

for pion absorption by the material in the secondary beam lins. Al!
material, type and amount, located in the secondary beam line is

listed in Appendix I. The correction is given by:

S = et

A = the number of absorption lengths of material
the particle must pass through in the
spectrometer '

A
-
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ON ANALYSIS
Muon data were taken for spectrometer momenta’ betueen 28

GeY/c and 88 GeVY/c. For each data point three types of runs were

necessary for a complete measurement: (1) no sbsorbers in place (2)

the tungsten absorber in place (3) the iron absorber in place.

With one of the absorbers in place the principal sources of

muons Here:

I) muons from pion and kaon decay dounstream of the absorber

L)

-

I1I) muons from pion and kaon decay upstream of the absorber
I11) "direct" muons

The run uwith no absorber in place was utilized in tuwo nays.
Firstly it was used to derive the pion yields with uhich we normalize
the lepton yields. Secondly, the decay muon contribution from hadrons
which punch through the absorber was found by measuring the muon
signal with no absorber inserted. In this configurati;n the number of
hadrons and hence the number of muons from source (l.) is increased by
a factor of 2B8. Subtracting source ({I.) from the raw muon yield we

find the raw muon yield from sources (11.) and (III.)

ui1,2 = “‘1,2,3 _7(%/”‘,)"'

\
The subscript indicates the type of absorber, if any, employed during
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the measurement, and the superscript denotes the sources.

To separate sources numbered {II.) and (IIl.) one needs information
about how each type of absorber and its position in the beam [ine
affects the acceptance of the spectrometer. These effects are of

three general types:

<

1) Loss of muons in the secondary beam due to multiple

scattering in the absorber.

2) Broadening of the acceptance distribution due to multiple

scattering in the absorber,

3) Energy loss of muons upon traversing the spectrometer.

v

{1} and (2) of above are related and dependent on the focation of the
absorbers. The tungsten absorber, which was located very near the
target will widen the acceptance. Single muon production is a very
steep function of transverse momentum. Therefore, muons produced at
angles slightly smaller and outside of the acceptance can be scattered
into the spectrometer and contribute at a significant level.On the
other hand, the iron absorber-is located one meter dounstream; at
this point particles scattered into the spectrometer will have
trajectories that do not point back to the target. Generally
speaking, the iron absorber can scatter out but cannot scatter in.

The tungsten absorber can scatter in as much as out. Figure 3-8 shous
a comparison of the acceptaﬁces of thegFe and ¥ absorbers for 48 GeV/c

\
muons as compared with the acceptance uwith no absorbers inserted.
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The effect of the energy loss of muons traversing the
absorber is to shift the mean momentum accepted by the spectrometer '
upnards by the amount lost in the absorber. [f the production of

muons at the target is described by:

then the correction factor to be applied to the pions to normalize the

muons measured at an increased average momentum is given by:

" AP ‘I"‘lo
NP-P- _ Pz g:-or Psine ~ Pz P
Ne-porap  (peap)t @ 7 (F+aP)sine - (p +pP)°

The correction factor derived in this manner is in good agreement with
results from the Monte Carlo simulation of the energy loss which

incfudes fluctuations.

The overall absorber correction factor calculated by a Monte

Carlo program is defined as:

acceptance with absorber out

Al (p) -
acceptance uith absorber in

Plotted in figure 3-9 are these correction factors as a function of

Pspec for both absorbers.
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In finding these corrections we assumed, a priori, that the
Py distribution for the production of muons was the same as for pions
and checked this a postiori by comparing the calculated muon decay
sfope with that uhich we predict. We parameterized the pion cross

section for use in the Monte Carlo generation of events as

d% —a(R) N
E 4::5 =B e

In summary, the corrected muon yield was calculated with :
2,3 2,3 Mo .) i
M7 "(}‘li ’D',TT‘ A
Then normalized to the pion yield measured at the same momentum:

(;‘_1__) _ M (90°momeor) L | L
T/ To/ (90° Movitor), S D T

The experimental decay slope is then given by:

= [(&)-(8), 15 %

d|~d2.

Aexr
wWhere al = cl\s'\n.nct‘\o w Aluor&tr

A1= Jis"'..n(f—*ﬂ Fe ﬂLS"‘L'-r
and finally we find the direct lepton yield at the target.

(4), (B), — 4 2o

TARGET W

Figure 3-18 displays the decay slopes as calculated from the data
as a function of P;. They are in fair agreement with the predicted
slopes as calculated by the formula above. 'An example of the

extrapolation of u/r to zero decay length is shoun in figure 3-11,
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along With the expected slope fit to the two data points.

-

ELECTRON ANALYSIS

4

Data were taken with the incident proton beam located at
three different transverse positions on the target (see Chapter 2)
This was done in order to eliminate the background electrons by
extrapolation of the yields to a negative conversion length. The

systematic corrections fall into three categories:

~

1) Reconstruction efficiencies
2) Acceptance corrections

3) Subtraction of background from »° and n decays.

The main sources of background electrons are conveniently

divided into tuo groups to be treated differentiy in the analgsié.

1) electrons produced dounstream of the interaction point

{external conversion)
a) #° decay photons

b) n decay photons

60
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2) electrons produced at the interaction point.
a) direct electrons
b) Dalitz pairs
(1) #° Dalitz

{11) n Dalitz

RECONSTRUCTION INEFFICIENCIES

While measuring electron yields the apparatus uas rate
limited by accidentals in the first hodoscope. Each hodoscope could
record only one hit per R.F. bucket. During the run the accidentals
in Hl uwere constantly monitored by observing the accidentals in an Al
A2 coincidence. AlwA2 accidentals were required to be less than 15%.

This resulted in the overal! reconstruction efficiencies shoun belou:

Targeting Position Reconstruction Efficiency
P mm 94.3%
1 mm 9e.6%

3 mm . 89.5%

.

)



ACCEPTANCE CORRECTIONS .

The electrons lose energy through bremsstrahlung when
traversing the terget and material in the spectrometer. A Monte Carlo
brogram Has Written t? correct for the loss of electron acceptance
caused by this effect. Conversion electrons and electrons produced at

the interaction point required different corrections.

Externally converted electrons could bse produced anywhere
along the secondary beam line before the first bend. Birect and
Dalitz decay electrons are all assumed to be produced at the
interaction point.For this reason different acceptance corrections
were needed for these two sources of electrons. Appendix 1 lists the
number of conversion lengths of each type of matérial in the secondary

beam |ine.

The background electrons and the direct electrons uere

assumed to be produced uWith different transverse momentum

distributions. This must also be taken into account when deriving the

acceptance corrections. The direct electrons uwere assumed to have the

transverse momentum distribution:

. - ) @
N:utb.t GC P.r e 0(( T) T A FT'

as were the direct muons. On the other hand, the electrons resulting

from ¥° and n decay were assumed to be produced according to:

A'-Uly o (PT) ET .
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The two major effecte explained above contribute uith
opposite signs. The steeper transverse momentum distribution of the

background electrons allous them to be more easily lost from the

spectrometer given the same energy loss.. The production of all direct-

electrons at the interaction point means that they lose more energy
traversing the spectrometer. The latter effect is the main
contribution at larger conversion lengths. This means the acceptance

for externally converted photons is larger then for direct electrons.

The electron correction factors are plotted in figure 3-12. The
corrections are a function of the amount of converter, %, betuesn the

interaction point and the first bend. They are defined in the

fol louing manner:

electron acceptance(bremsstrahlung turned on)

Alx) =
electron acceptance(bremsstrahlung turned off)

SEPARATION OF THE ELECTRON SIGNAL

In order to apply the corrections discussed in the preceeding
section one needs to know the composition of the measured electron

yield.

.
r
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The corrected electron yield, N'_,, 1s given by:

1 3

'
N'., = AN, BTN, - N D) i=1,3 (3.1)

where:

I = index which identifies amount of converter

N,! = rau electron yield due to direct and Dalitz decay sources
N,! = rau electron yield due to conversion electrons

A' = M,C. correction for direct slectrons

B! = M.C. correction for conversion electrons

The corrected N,' are independent of the conversion length.

A' N,' = Ny, for 1 =1,3 (3.2)
Substituting (3.2} into (3.1) we have :

N'_,, = (1 -8B 7A'} N, +8'N, (3.3)

Nou, uwe impose the requirement that the converted electron uields are

a linear function of the conversion length, x!'.

Y' = N, + (dn/dx)x! (%.4)

Ny, dn/dx, and N'_, are found by determining the Nit and dn/dx which

.

~ s L > [Y.“" Nc:e.jz
X - g .‘O—iz' )

=1 Nee

minimized:
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The final result is shoun in figure 3-13. The straight-line
fit is extrapolated to X ~ - 5.22 x 182 to eliminate the Dalitz o !

background from #° and n decays (Appendix II ).

We have considered the contribution to the direct electron
signal from the semi-leptonic decay of strange particles. These
sources are found to be negligible. As an example, the contribution

due to K,3 decay is calculated to be

Kes __6
e < 540

T
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CHAPTER 4

RESULTS

In this chapter results are presented and the main features
of the data are discussed. Interpretations of the data are given in

terms of models of production for the various parents of the leptons.

SINGLE MUONS

Table 4-1 displays the results obtained for the
measurement of the ratio lepton/w. The ratio is given for the various
targets, lepton type, incident energies and transverse momentum for
wuhich data uwere taken. The inclusive muon cross-sections are given in

table 4-2. ' {

The constancy of the muon cross-section With respect to the
pion cross-section is shoun in figure 4-1, Here we plot the muon
cross-section along With the pion cross-section x 187%. The change in
the u/7 ratio as a function of transve;se momentum”is small in

\
comparison to the change in the absolute cross-sections.
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The p/r ratio as a function of transverse momentum is plotted L

in figure 4-2 for the various conditions for which data were taken, )
All show a noticeable rise at higher py with the possible exception of
the positive data. UWe attribute the difference in behavior of the

/7t at high P; to a change in the #/x ratio and not a difference

in the production rate of oppositely charged muons. When comparing

the muon cross-sections{table 4-3) there is no statistically

significant difference between the A‘ data and the g~ data.

For the point at P;=3.88 GeV data uere taken with 3 different
targets. The A-dependence of the muon cross-section is shown in
figure 4-3. The data are consistent uith linear A dependence. This
was the assumption used in obtaining the muon cross-sections

extrapolated to A=l (table 4-3).

The u/w ratio is plotted as a function of /s in figure 4-4 '

w—_— .

at P;=3.85. A linear fit gives:

w/r = (1.36+.28) + (.821+.81)Js] x 184

»

Our value of the slope is in agreement uith the results of Biisser et

al."13  They find for electrons produced with P; betueen 1.5 and 3.5

GeV :

e/ = [ (L27%£.22) + (.B1456%.8BB4)Js 1 x 1874
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To examine more closely the behavior of u/r as a function of
transverse ﬁumentum, at| 308 GeV muon cross-sections measured at the )
same py Were extrapolated to A=183.85 and normalized by the ¥ yield
measured on tungsten. Tungsten was chosen because the pion spectrum
Hwas best measured on this target. In the extEapolation to tungsten a

linear A dependence uwas assumed. The result is plotted in figure 4-5.

— ——— —— e —

In figure 4-6 are shown contributions of the J/¥ to the

single muon yield for various produc}ion models of the J/¥. The

model s used uerea:

(1.} exponential:

o
E— = A e PP (1-1xI}*
dp®
(2.) gaussian:
d’c
E —— =B expl-bpy?) (1-pp*
dp®
(3.) Bourquin and Gaillard model¢12?

dao. 2 12.585
E =C exp (-5.13/Y-38%)
dp® Ey+2

e Pr, P;<1 Ge¥/c

x L4
e"23(r -1)/VEe-1  p. 5 1Gav/c

where Y = (E"** + P ®**} / (E + P.)

The distibutions are very sensitivé to the slope of the Py

distribution,b. Using distributions (1.),and (2.) to predict J/y¥

P T T
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contributions to the single muon spectrum relies on knowing the py
distributions for the production of J/{ ocut to pr=6 Ge¥/c. Since this ,

A9 ' an extrapolation is

has only been measured out to p;=2.5 GeV/c
necessary. The values found to fit data in the
Columbia-Fermilab-Stony Brook (CFS)} experiment in the range P;=B.8 to

pr=2.5 GeV/c were:

exponential:

do
—," A e ®Pr : b=1.6 +.35 GeV-?!
dp -
gaussiang
dc
E — =B e %Pr { ¢ = 1.1+ .35 GaV-2
dp3

The expected contribution from the exponential model with the CFS fit
is shoun in figure 4;E{a.) along nith the contribution expected

assuming other values of the parameter b. Clearly b=1.B is too large
to accommodate the data at large Py. The gaussian mode! is shoun %n

f i gure 4"8 (bo ) .

If we take another approach and assume all the single muons
in the region pr>3 Ge¥/c arise from J/Y and in addition assume a

exponential model for the p; distribution we find:

o

ol A e bPr sb= 2.2 % .1
)

E

best fits the data. ' . -

T
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The model of Bourquin and Gaillard is especially appealing since
it does fit the production spectrum of other particle types at high
pr. Its parameters uwere fit to a large base of data some of which
included data taken by this group. As an example, figure 4-7 compares
our pion data on a tungsten target with the B-G parameterization. The
agreement is excellent. The J/y contribution to the single muon yield
calculated using the B-G model is shoun uith the data in figure
4-8(b.}. Here we see the J/{¥ contributes at a significant level even
at the highest P;. Using this same mode! the T contribution was

calculated and is shoun in figure 4-9.

Contribution of Dimuons to Sinale Muon Yield

For a subset of the data the fraction of direct muons which were
accompanied by a muon in the second arm was measured. The results are
tabulated in table 4-4. Using these data along with a knouledge of
the production spectrum of the parent dimuon the contribution of the
dimuon continuum to the single muon yield is derived {figure 4-8).

The assuméd production parameters wWere obtained from the results of

Yoh et al.!?®? and Branson et al.'?1?

d’c _
E — = B exp(~2py 7/ pr) (1, - x}*-3
dpa i r.

where ﬁ} Has measured as a function of the dimuon mass.

83
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Pine  200GeV/e 300 GeV/c 400 GeV/c
__Pr(Gev/c)
3.85 1.03 + .20% 1.04 £ .22 7 1.1 £ .20%
4.62 2.95 + .80 7 5.13 + .81 7 5.20 + .477
5.01 6.84 + 1.2 7,
5.39 11.8 £ 2.1%
5.78 17.4 + 3.7 7,
6.01 14.8 + 4.67%

Percentage of single muons which were accompanied by a
muon in the MHS (uncorrected).

TABLE 4-4
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The overall normalization was obtained by requiring that:

9\
Biifonsarved LT - P

B H ¥ lobserved T loredicted
Puw lpradictad

Here the "predicted” values are the Monte Carlo generated values with
the production spectrum, and mass spectrum given above. The observed
values were measured in this experiment. The agreement betueen the
predicted and observed values is remarkable as displaued in
figure(4-12). The sum of all the contributions discussed is shoun in

figure 4-8.

The total contribution from J/Y, T, and continuum dimuon
produgtion is shoun in figure 4-3. Thed/y and T contributions were
both obtained with the B-G parameterization discussed above. The T
production cross-section was obtained by extrapolating the results of
Ueno et al.'??) at/E = 27.4 tof6 = 23.7. The contribution is small
because o; the small amount of C.M. energy available. At higher
energies, such as at ISR, we could expect fhe T 1o contribute at a

much higher level.
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Contribution of Charm and Bottom Mesons to the Single Muon Yields

The contributions of charm meson decay and bottom meson decay differ from
the previous particles discussed in that they contribute at lower transverse
momentum. The procedure is very nearly the same as with the other parents
of the muons in that we have to assume the production spectrum for the parent
particle. In the case of charm though, limits have been established on

(13)

the parameters of the production distribution by Brown et al. since they can

distinguish between single and double muon events. Their data are consistent

with the distribution,
.y 4 Pf

Eds oCri-p)’e B
dp with or=2.0-5.5 (6ev/c) , £73.0
which yield cross-sections between 13-60 uab for DD production.

If we assume this distribution with the best fit parameters from Brown et al.,
A=25and B = 50 , and a semileptonic branching ratio of D's into muons of
10%, our data are consistent with a cross-section for DD production 204b. The
calculated contribution from DD is shown in figure 4-9. By varying the
parameters of the model over the acceptable range the charm cross-section
necessary to account for the muon yield at PT=1.5 Gev/c varies from 20 to 30 wb.
Using the B-G parameterization we obtain the same results.

For B production we assume the same range of production parameters(i.e.or=2.0-
&S(Gevlc)_1,673.0) as used for D production, and a 10% branching ratio for B's
into muons. The contribution from BE to the muon yield peaks at around PT = 2GeV/c¢

as seen in Fig. 4-10. The BB contribution shown in this plot was calculated to

glve an excess of 3 standard deviations over the data point at P,_=2.31 GeV/c

T
vhen added to the other contributions(y and DD in this region). This required

a BE production cross-section of 200 nb/nucleon, which implies an upper limit
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for the production of BB:

0‘1‘33 < 200 nb/nuc\eon

Such a conservative limit was used because the contribution of the tail of the DD
over this region can vary by a factor of 2 depending on the model parameters chosen.
This upper bound is consistent with the 50 nb limit measured by A. Diamant-Berger

(22)

et al. for 400-GeV/c protons incident on a Fe target. Quantum chromodynamics

calculations give estimates of approximately 10 nb for hadronic production of

BB at these energies.

Electron-Mucn Colincidences

The direct electron yield at py=4.62 GeY was measured to be:

Cair

« (2.45 % .45) x 19-¢ i
-

No electron muon coincidence signal was observed above background.
The measured ratio of electron-muon coincidences to single direct

electrons was determined to be:

. By

= 0B84 + 888 : pr® = 4.B2
Cdir

Thie ie to be compared with the ratio ofuu coincidences to single

direct muons:

i
—— = .PB5 * .B@YS ; py* = 4.62

Hair



This yields a 98% confidence level upper limit for the ratio of eu/put

—< .27

-

SUMMARY,

1.

2.

4.

The ratio u/r rises by a factor of 2 from pr=1.5 GeY to py=6 GeV.

The inclusive cross-section for production of single muons

increases linearly uith the atomic number of the target.

Continuum dimuons contribute significantiy to the single muon

yield at pr > 4 GeV.

To account for the large single muon yield in terms of known
particles a significant contribution must arise from decays of the

J7¢ for p; betueen 3 and B8 GeV.
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5.

7.

Assuming the majority of the single muon yield at Py=1.5 GeV is
from charm, the data are consistent with a Dﬁ.productiop

cross-section betueen 20 and 38 ub.

The single muon‘gield at low P; imposes an upper bound of 288 nb

on the production of BB in 388 GeV/c p-N interactions.

The bulk of the dimuon signal ¢ > 68% ) is not from a process

which would produce e-a pairs in the same quantity.
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object

Al+AZ2+A3

H1+H2+H3+H4

CERENKOV

MIRRORS

CERENKOV
WINDOWS

LITTLE
CERENKOV
MIRROR

LITTLE
CERENKOV
WINDOW

total loss in spectrometer

total radiator thickness in beam line

APPENDIX I

amount

3 x .25" =.75"
scintillator

8 x .0625=1.5"
scintillator

2 x .25" = .5"
pyrex glass

4 x .125%= 5"
aluminum

.0625"

aluminum

.03"
aluminum

- —— -

48corPTI0p

LEPCTHS

-031

.061

.031

.036

.005

.002

MATERIAL IN THE SPECTROMETER BEAM LINE

RAPAIION
LEMCTHS

.045

.091

-105

.14

.oz

.01

----------------- .411
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APPENDIX IT

The corrected signal al each conversion length 1s given by the

sum of the zontributions discussed on page CS.

Ne(x) = Nagr + N7°(De® + x) + N} (g +x) ' (WD)
= Nagr + NJ'D 2+ Ng- Dy + (N +Ne™) x

No(x) = corrected yield of electrons measured with x com.ters’ion lengths
of material.

N34y = Direct electron yleld
N 7° o Electron yield fromyr®/conversion length

Nl = Electron yleld from7\/conversion length

D‘IT" = Dalitz pair equivalent conversion length
= 5.83 x 1073

D'l = Dalitz pair equivalent conversion length
= 8.1 x 1073 |

x . = Amount of radiator present, measured in conversion lengths
- -;--%‘6’ where x, = radiation length

C1e)
71 production was measured by Busser et al. with the result

B - ..ss

N’ro-

Since the energy of the parent particle is very high compared with its masis

we approximate

Nl Ny Dmavy) 200 % 038 =4
NITo~ NF Ty

Substituting into (W.1l) above:

N (x) = Ny, + ne'f° (Dﬂo + A D, + (14A) x)  (I.2)
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N can then be obtained by extrapolating to a negative conversion

dir
length given by:
Dot A D, + (1+A) x = 0

x, =-Pr°*ADn 622 %1073
A

The result we obtain is best stated as a ratio of the electron to pion yields.

l_ie(x) - Ndir + Ne-"-ro (D_n.o-i- Dﬂ.) + (1+A4) Ne e x (x.3)

A graphical representation of the extrpolation is shown in figure 3-13

employing the corrected electron yields at each conversion length. The .

predicted slope shown is obtaindd from equation (I.3): .
e - °
s= (+a) Ne” = () 3L Te T° -(1s.3 £ 7.7)x 107
Nyg- T~ Rqo.
arrives
Ng° o~ % (Nr+ +N7) =1.07 % .06

where the 7*and 7- ylelds were measured in this apparatus.
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