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ABSTRACT

A new measurement of prompt lepton production at small transverse momenta in
pp collisions at the ISR, for Vs = 53 GeV, is presented. The e/m ratio, which is
about 107" for Py > 1 GeV/c, rises rapidly as Py goes to smaller values, confirming
our original results. The data are consistent with equality between the numbers
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of e and e produced in each transverse momentum interval.
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Over the last few years prompt lepton production in proton-proton (or proton-

nucleus) collisions has been extensively studied at various centre-of-mass energies

from 4.5 to 53 GeV l). In the central region (x ~ 0) and at large (> 1 GeV/c)

values of the lepton transverse momentum Pps measurements at FNAL and at the CERN

ISR are in agreement on the lepton/pion ratio:

+

~
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+
£ ~ 107" .
T
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Also it appears that most of the effect (and possibly all of it above Py ¥ 2 GeV/c)
2)

can be ascribed to vector-meson (p,w,y/J) production ’.

Four experiments have produced electron data in the central region and at

smaller values of the lepton transverse momentum (pT < 1 GeV/e). An experiment

)

shows a strong rise of the e/m ratio as

*)

done at the ISR by this collaboration’

P decreases below 1 GeV/c. Another ISR experiment °, at slightly higher Pr

values might suggest a decrease in the ratio, although both experiments agree for

)

. . . 5
Pr 2 1 GeV/c. At lower energies, an experiment at BNL ’, down to P, = 0.5 GeV/e,

finds an increase similar to the one observed in Ref. 3, while an early measure-

)

ment at the CERN PS6 found no evidence for electron production at P = 0.5 GeV/c.

In view of the importance of this low Py region, where some new dynamical

mechanism, such as charmed particle production or low-mass lepton pairs, must be

invoked to explain a copious yield of prompt leptons, we have performed a new ex-
periment with an improved detector in order to verify the results of our previous

)

. 3 . . . .
experiment /. This experiment is part of a comprehensive search for charm produc-

758
tion at the ISR, other results of which have already been published ? ).

The set-up (Fig. 1), like the previous one, consists of a magnetic spectro-
meter (Fig. la) of 0.6 T*m bending power, located at 32°vfrom one of the ISR beams
and covering a 0.02 sr solid angle. The energy was Vs = 53 GeV. Electrons are
distinguished from hadrons by requiring a pulse in a 1.1 m long threshold Cerenkov
counter filled with CO, at atmospheric pressure, and by checking that the measured
momentum is equal to the energy deposited in a 3 X 5 matrix of lead-glass Cerenkov

counters 15 radiation lengths deep.

For reconstructing trajectories of particles and measuring their momenta, we
have replaced the drift chambers of Ref. 3 by proportional chambers of 2 mm wire
spacing. These chambers, previously used in another ISR experimentg), have ex-
cellent efficiency and multitrack capability, and allow a high data-taking rate
(about 250 events/sec written on video tape). Four modules, each consisting of
four planes with wires at 0°, *45°, and 90° from the vertical direction, placed
two in front and two behind the magnet, yield a more than adequate momentum accuracy

(Ap/p = 1.2% at 1 GeV/c, whereas AE/E = 14% in the lead-glass at the same momentum).
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Three layers of dE/dx scintillation counters, two in front and one behind
the magnet, are used for triggering purposes; at the analysis stage their recorded
pulse heights provide rejection of small-angle electron pairs. Approximately 997
of the larger angle pairs are tagged by the presence of a pulse in an array of
guard counters around the front trigger counters. Figure 2a shows the geometrical
layout of these counters (which is somewhat different from that used in the ex-

periment of Ref. 3).

The present vacuuﬁ chamber (Fig. 2b) in Intersection I-6 of the ISR differs
considerably from the one used in the previous experiment. The current chamber
is a cylinder with a uniformly thick 0.3 mm stainless steel wall, while the bicone
used previously had wall thicknesses of 0.2 and 0.7 mm in its central and forward
parts, réspectively. This, together with the different shape of the wall corruga-
tions, results in an average thickness of 0.7 mm along the direction of the spec-
trometer axis, in contrast with thicknesses of 0.45 and 1.5 mm for the thin and

thick parts of the previous bicone.

The change in vacuum chamber geometry strongly influences the amount of
Compton and conversion-pair electrons entering the spectrometer, while the modi-
fication of the geometry of the guard counters results in a different probability
for Dalitz and conversion electroms to be recorded as Sinéle electrons. Thus the
total electron signal should be different from that found in Ref. 3, but the signal
remaining after subtraction of all backgrounds should be the same in both experi-
ments. ‘

The experimental procedure is the following. We measure, in various Do in-
tervals and for both signs of charge, the total number Ne of electrons and Nh of
hadrons detected in the same (small) solid angle around the c.m. angle 6 = 32°.

We then compute the ratio ne/nﬂ, where n is the pion content of‘nh, and n, and

n, are rates obtgined by normalizing Ne and Nh to a fixed number of counts in a
monitor whose counting rate is proportional to the rate of pp interactions. In
this way, absolute evaluation of integrated luminosities is not necessary, and
‘the ratio is independent of geometrical accepténce. To correct.for detection
efficiencies €rCp for electrons and pions, we need know only the relative effi-
ciency € = Ee/aﬂ' By imposing the same trigger requirements and analysis criteria
in the detectors common to both the electrons and the pions (scintillation coun-
ters and proﬁortional chambers), we reduce £ to the detection efficiency for elec-

trons in the specialized electron detectors (gas Cerenkov counter and lead-glass
matrix).
Separate triggers were used to record Ne and N, - Both triggers required a

threefold coincidence between the two counters before the magnet and the one be-

v : ; v
hind it. In addition, the electron trigger required a pulse in the gas Cerenkov
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counter and a total energy deposition greater than 0.2 GeV in the lead-glass
matrix. This is well below the energy corresponding to the lowest Py value (pT =

0.2 GeV/c, hence E = 0.4 GeV) in the final sample.

In the analysis stage, the following conditions are imposed on particles in

both trigger modes:
i) pulse heights in the coincidence counters compatible with minimum ionization;
ii) no hit in the guard counters;

iii) one track only in the proportional chambers, which extrapolates back to the

interaction region of the ISR;

iv) only one cluster in the lead-glass matrix, whose centre is compatible with

the extrapolation of the track.

These requirements, applied to the hadron trigger, define the hadron sample. From
the electron trigger mode, we extract the electron sample by further requiring
that:

v) the Cerenkov pulse be greater than a threshold corresponding to about

1.5 photoelectrons;

vi) the energy measured in the lead-glass be equal within errors to the momentum

measured in the spectrometer.

Quantitatively, these last two requirements imposed on the electron sample trans-
late into a measured 807 relative electron/pion detection efficiency, €. Conversely,
the probability for a hadron to survive these cuts, and thus be wrongly identified
as an electron, is found to decrease from 0.9 x 107" for 0.2 < Pp < 0.3 GeV/c to
0.03 x 107* for Py ¥ 1 GeV/c. These numbers have been evaluated from the spectra

of Cerenkov and lead~glass pulses obtained with the hadron trigger mode.
For each Pr interval the e/m ratio is arrived at in the following way:

a) For both electron and hadron trigger modes, the direction of the magnetic
field was periodically reversed. Consequently, the rate for a given particle,
+ . :
h for example, is given by
4 ¥
N+ N+

=t —
O N

where N£+,N;+ are the numbers of positive hadrons accepted in the periods cor-
responding to the total numbers of monitor counts M',MY, for each direction
of the magnetic field in the spectrometer. This procedure ensures equality

of acceptances for e and e , and for h' and h , provided their angular dis-
tributions are approximately the same over the angular opening of the tele-

scope, as they were found to be.
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b) To get the pion rate, the hadron rate is multiplied by the pion/(pion + kaon +
proton) ratio. Each component in this expression has been determined experi-

s11)

mentally10 and is weighted by its relative detection efficiency as deduced
from the minimum ionization requirement in the trigger counters. This favours
pions over kaons and protons, especially in the low P region. Thus the
pion/hadron ratio, r , is found to decrease from 0.99 at Pr = 0.2 GeV/e to
about 0.75 (0.65) at P = 1 GeV/e for negative (p051t1ve) particles. The
measured rates of pions are then given by n o+ = (nh+)r and since we find

n L. ¥n . e define = + - x .
o+ = ¥ no=(n++n )/2 n o

c) With this definition of the pion rate, the e/T ratio in each Pr interval is

given by

1+

n_+
e _ e
m n,

eng

b

where € = 0.80 is the correction factor for relative electron/pion detection

efficiency discussed earlier.

+

The values of the total measured e /7 ratio are listed in Table 1 and the
numbers obtained for e /ﬂ are dlsplayed in Fig. 3a. As anticipated, these results
are substantially different from those of the previous experiment ). To interpret
these new results, we must first evaluate the background contribution from well-
understood sources of electrons. ‘

i) FElectrons and positrons
"pair-produced by real photons
in the vacuum chamber wall

At the time of production, the pairs have an opening angle which is essentially
zero, and thus they should be eliminated by the single-particle requirement. How-
ever, the low energy member of a very energy-asymmetrical pair may be multiple-
scattered by the vacuum chamber wall through an angle large enough to miss even
the guard counters, so that the high energy member is recorded as a single elec-
tron. The resulting contribution to e/m has been calculated by a Monte Carlo
program, which we describe in some detail here, since its main features are used

for the other background sources.

The initial pions are generated according to the experimental 0,11) distri-
bution d3o/dedyd¢ S pTe_pr, with b = 5.4 (GeV/c)™!; and their points of origin
in the ISR diamond are given the known density distribution of the interactions.
Among the charged pions so generated, those accepted through the magnetic spec-
trometer (according to the same criteria used in the analysis of real events) re-
produce our measured spectra very well. The neutral pions generated with the same
distribution and intensity are allowed to decay isotropically into two photons.

Each photon produces a pair at a random point along its path in the vacuum chamber
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wall, whose mathematical description reproduces the corrugations. The pair is
given a weight proportional to the potential thickness traversed by the photon.
The energies of the two electrons are generated according to the Bethe-Heitler

)

formula'?’ and their multiple scattering inside the wall is followed through a
random-walk process, correlated in both displacement and angle, until they leave
the wall. An electron is accepted if it goes through the whole spectrometer, while
its companion misses the trigger and guard counters. The results of the Monte
Carlo program agree very well with the relation ei/ﬂ = A/p;, which results from a

simple analytical calculation shown in Appendix A.

However, since the constant A depends quite sensitively on the scattering law
and on the actual geometry of the‘chamber wall, we designed an ancillary experiment
to measure directly the e/m ratio due to conversion electrons. This experiment
employs a dummy wall, identical to the vacuum chamber wall, from which it is separ-—
ated by an array of thin anticoincidence counters (Fig. 2b). The same triggers
and the same analysis criteria were used as in the main experiment, but single
electrons so detected were retained only if there was no hit in the anticoincidence
counter crossed by the (extended) electron track, emsuring that the electron ori-
ginated from a neutrél primary, presumably a y-ray from meson decay. This procedure
permits the direct measurement of the rates of e+ and e produced by Yy interactions
in the vacuum chamber wall*); the experimental e+/ﬂ ratio is found to follow the
predicted 1/p% law. Incidentally, this is a check of the constancy of electron de-

tection efficiency versus Pre

The results of the Monte Carlo pair-production program, corrected for the
average energy loss due to radiation (see Appendix B), and the results from the

%)

dummy wall experiment* for positrons (Table 1) agreed both in shape and magnitude,
each exhibiting a l/p% behaviour. The absolute agreement in the low Prp region was
within 3%, a result which gives us confidence that the Monte Carlo conditions im—
posed faithfully reflected the true experimental conditions, Figure 3a shows, as

a function of Pr> the e+/ﬂ ratios for (a) the total detected signal and (b) the

signal from the dummy wall experiment (conversion positroms) along with its 1/p¥

*) In the experiment with anticounters and dummy wall, some of the pair and
Compton electrons created in the last mm or so of the counter thickness give
‘no pulse in the counter and are thus wrongly counted .as wall-produced et
To correct for this effect, the same experiment was run with the dummy wall
removed, and the corresponding e*/m values subtracted from the et/m values
found with the wall in place.

*%) The dummy wall results have undergone a small geometric correction, which is
discussed in Appendix A. ‘
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fit. The best value of n was found to be 2.05, compatible with a 1/p% law. These

)

fitted values, except for the interval® 0.2 < Pp < 0.3 GeV/c, were used for back-

ground subtraction.

ii) Electrons from Compton effect

Their contribution is evaluated by the same Monte Carlo program, using the
Klein-Nishina formulala) to generate the angle and energy of the electron. The
calculated e /T values also follow an approximate l/p% law, which again can be
deduced from a simple analytical calculation. The dummy wall experiment measures
for e the sum of both Compton and conversion electrons. Indeed, it is seen from
Table 1 that the dummy wall e /T ratios are larger than the corresponding e+/ﬂ
ratios. The differences of the two measurements are compatible with the Monte
Carlo values calculated for the Compton effect. The 1/pP fit to the measured e /7

T
. %
values from the dummy wall was used for background subtraction ).

iii) Electrons originating
from 1° and n° Dalitz decays
and from kaon decays

Electrons from Dalitz pairs and from emv decays of charged and neutral kaons
can be evaluated only by means of Monte Carlo programs. The good agreement between
the Monte Carlo predictions and the measured values of the et rates due to photon
interactions, plus the fact that scattering in the wall plays a smaller role in
these cases than for other sources of background**) are reasons to believe in the

validity of the Monte Carlo results for Dalitz and Ke3 decays. 1In the programs

the primary hadrons were generated according to the law dac/dedyd¢ c« ApTe_pr,
where A =1, 0.11, 0.067 (0.047) and b = 5.4, 4.5, 4.8 (GeV/e)™ ! for m, m, K+(K—),
respectively, as indicated by available experimental datalo’ll’lq). The Kg pro-—

duction cross—section is assumed to be equal to '/Z(OK+ + GK-). Dalitz pairs are

*) The acceptance of the first interval 0.2 < pp < 0.3 GeV/c is markedly non-
uniform over the interval, owing to the large bending of 0.4 GeV/c particles
in our magnet. Thus, we treat it separately, subtracting the actual experi-
mental value given by the dummy wall.

%*%) Background due to Dalitz pairs, like background due to Y conversion, arises
whenever one of the pair, emerging at a large angle, escapes detection by the
counter system. However, in the Dalitz case, the initial pair-producing pro-
cess results in a wide angular distribution with a slowly falling tail at large
angles, and scattering in the wall only slightly broadens this distribution.
Furthermore, the variation due to the wall corrugations in the thickness t of
iron traversed by the electrons induces a much less pronounced modulation in
the Dalitz-pair back§round contribution than in the y-conversion case, since
the effect goes as t /2 for Dalitz and as t*/? for Y conversion. In fact, the
Monte Carlo. results indicate that the Dalitz-pair contribution to the back-
ground decreases by about 20% when scattering in the wall is turned off.
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5)

generated according to the Kroll-Wada formula1 and Ke3 decays from a V-A matrix
element. Results for the e+/ﬂ ratio from these sources, corrected for radiation
losses (see Appendix B), are displayed in Fig. 3b, together with the measured e+/ﬂ
residual signal (obtained by subtracting from the total measured e+/ﬂ ratio the
value of e+/ﬂ obtained from the dummy wall experiment). It is apparent that the
backgrounds decrease with Pr faster than the residual signal, and that even at

the lowest Pr values, their sum is smaller than the signal.

Table 1 summarizes all experimental data and the Monte Carlo results (Dalitz
and kaon) used for background subtraction., Table 2 gives the et/ﬂ values after
subtraction of all backgrounds from the measured e/m signal. The values of the
difference (e - e+)/2ﬂ, also tabulated, fluctuate around zero and are compatible -
with it, as illustrated in Fig. 4a. Assuming the equality of the e+/ﬂ, e /T ratios
we calculate their weighted average, e/m. Table 2 and Fig. 4b display these final
values of e/m, where the quoted errors are purely statistical and the results are

not corrected for radiation losses (see Appendix B).

We note at this point that these measured values of e/m are not truly the
ratios of inclusive yields of electrons and pions. 1In order to suppress electroms
from pairs, we necessarily rejected not only those electrons, but also all single
electrons which were accompanied by a second particle in the solid angle defined
by the guard and trigger counters. For consistency, the same restrictions were
applied to the pions. Clearly the true inclusive yields are larger than those we
measured, by factors which could easily be different for electrons and pions, since
they presumably arise from different classes of interactioms. 1In order to estimate
this effect, we reanalysed the data, suppressing part of the guard counter informa-
tion from the anticoincidence requirement, thus experimentally reducing the solid
angle for detection of a second particle. Both the electron and the pion signal
increased, but after a larger electron background subtraction, the final e/m values
were found to be equal, within errors, to those obtained in the original analysis*).

Thus we find that losses from this source affect both electrons and pions in approxi-

mately the same way.

It is seen from Table 2 and Fig. 4b that the e/m values for direct electron
production show a marked increase when Pp decreases from 1 GeV/c to ~ 0.3 GeV/e,
consistent with an approximate 1/pT behaviour in this transverse momentum interval,

in agreement with the original findings of Ref. 3.

There has been considerable speculation concerning the origin of direct lep-

tons. The possibility that leptonic decay of the charmed D(1.87) meson contributes

»16)

. . . . 42 .
to direct lepton production has been extensively studied , and theoretical

*) More precisely, dividing the data in two py intervals (0.2< py < 0.5 GeV/c
and 0.5 < pp < 1 GeV/c) we find in each of those intervals an e/m value equal
to the original one, with a statistical error of *14Z.
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attempts to reproduce our data with decay schemes D+ e + Vv + K + ... have led to
cross—section X branching ratio estimates from 30 to 150 ub. If we take a branch-
ing rati08’17) of 10%, these estimates imply total cross-sections of 0.3-1.5 mb,

a result barely consistent with our measured upper limit of 8 ub for o*B(D" - K;ﬂi)
at Vs = 53 GeV 7), when we take into account the experimental estimate of the

. . F o+l
branching ratio for D° - K'm 8).

The possibility of an electromagnetic origin for the direct electrons is
suggested by the observed equality of e+ and e_, in each momentum interval. A
mechanism for single photon production, and hence, production of massive electrom
pairs from virtual photons, has been suggestedlg), which could explain the obser-
vation of direct electrons below the charm threshold. The pair would have to be
sufficiently massive so that, on the average, the opening angle would be large
enough for one of the pairs to miss the guard counters (the pairs would need to
be > 100 MeV in mass). For the direct electrons reported in the same py range,
but at low Vs values, from 4.5 to 6.9 GeV 20), the authors tend to rule out pairs
of small invariant masses, whereas they might be expected to be more copious than

those of higher mass. Thus, the origin of the mechanism for direct electron pro-

duction at low P is not yet established.

We wish to thank the ISR Division for their efficient cooperation in in-
stalling the experiment and Professor L. Van Hove for encouraging discussions.
One of us (M.N.) expresses his gratitude to the EP Division and Dr. E. Picasso

for enabling him to participate.
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Experimental layout.

. a) Disposition of the trigger and guard counters.

b) Details of the dummy wall experiment for measuring the background

due to electrons from Yy interactions.

a) Total e+/ﬂ signal and background signal measured in the dummy wall
experiment.

b) Residual signal (total signal minus background measured in the
dummy wall) compafed with Monte Carlo calculated values for other

background sources.

+
e /7 values for the prompt electrons.
a) Values of the differences (e+ - e—)/2ﬂ.

b) Values of e/m, the weighted average of e+/ﬂ and e /7.
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Scintillation counter system - a)

Interaction point

T = trigger counters I

g9 _ ;~45\J |

A = guard- counters ™ > |
Oc,

Dummy wall experiment b)

oAU NV 0.3mm Tron wall

interaction diamond

; Dummy wall

JOcm, N N ~

acceptance limit N \\ - telescope axis
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APPENDIX A

AN ANALYTICAL ESTIMATE OF PAIR-PRODUCTION BACKGROUND

In order to have the low-energy member (taken to be e_) escape the guard counters,
we assume that the electron must scatter through a spatial angle greater than emin
(2 0.2 rad), the average angle subtended by the edge of the guard counters. It is
simple to show that the probability H(emin) for the electron to scatter through

an angle 2 emin is given by

1 6 . 2
min
= - = — .1
H[emin] exp | = 5 (6 .J , (A.1)
proj]
where
k
8proi =3 Ve, (A.2)

t being the distance the electron travels through the vacuum chamber (0 < t £ %)
measgred in radiation lengths, P, the electron momentum in GeV/c, eproj the pro-
jected angle in radians, and k is the scattering comstant, k = 0.015 GeV/c. For
our vacuum chamber ({£) = 0.04 radiation lengths), the average distance traversed
is ~ 0.02 radiation lengths and thus, from Eq. (A.1), Po- S 0.02 GeV/c for 997 of
all events in which the e escapes the guard counters. Sincg the positron momentum

registered as a '"single" particle must exceed 0.4 GeV/c, we see that

- + +
pY =p +p =p . (A.3)

Thus, the positron essentially carries off the y-ray energy.

Experimentally, the normalized m° momentum spectrum. is given by the law
dN o = b2N , e PPT p_ dp (A.4)
0 w0 T ET 2
where b = 5.4 (GeV/e)™!. This in turn gives rise to a y-ray spectrum
dN. = 2N _¢b e'bp% dp! ’ (A.5)
Y ™ T

where p% is the transverse momentum of the y-ray. We re—express Eq. (A.5) in
terms of the y-ray momentum [which is p+, because of Eq. (A.3)] at a fixed angle

6 (x 32° for our experiment), and obtain
an, = 2N b e PP gt (A.6)

where b’ = b sin 6.

For analytical convenience, we approximate by a flat distribution the Bethe-
Heitler formula for dG(p ,t), the probablllty for a vy to produce, by materializing

in a thickness dt, an electron of momentum p :




- 18 -

éF‘:. . L (A.7)

“ Thus," theé total number of p051trons reglstered in -oiif “appatratus ‘as Msingles"

,;1s glven by -

P+ g - -
an¢e”) y / f e H[ean ;
p =0 t=0 j
1.8 ‘ _
e T 0L Y
+ _ 14 b'e L 1 “min
dN(e ) = 7;-Nﬁo ———;;;——— dp J[ j. exp E—( 7= PeJ dpe dt . (ATS)

Since all of the scattering occurs for p~ << p*, we can set the upper limit

of the p  integral to « with negligible error, and we obtain from elementary in-

Chy g T

L . o SURT — g i B
2 ance) _u \/ [ J @ sz/%J e P'P (b ap’ ) Nowo o (A:9)
- * mln - L o o )

tegration

v ARyt g o
-We. rewrite Eq. (A 9) in terms of the transverse momentum PpiT ~:.8in:0; and;

.Ud1V1de by. the, ﬂ spectrum ,Eq..(A 4)] in order.to.get thebeéﬂcgeg;oﬁes,eﬁﬁgncgign

Of Ppo Le@r v el e Taiunies boae natadhlye
- ;}‘ = % /omee L2IRD Sem 2 “bl ) 2/ , (A.10)
pes © " Pp¥nin Py

where £'? is the average (thickness) '? of our vacuum'tanki" “Wé abstrdct from:&' i

Eq. (A.10) the dependence .

'%m-ek. x Lo (A.11) 4
min P

We use the 1/ééingaépeﬁ&ence to eerfectlﬁhe“expefimeﬁEél data?dnﬁgeif'predﬁcgidﬁh
from.the dummy wall for the fact that-the dummy wall is several centimetres closer
to the veto counters than theltrue vacuum tank wail, and hence, the nuwmber of
pairsito ‘be ‘subtracted from the exper1menta1 total: 51gna1 must-be Sllghtly (v 97)
larger than-thevmeasured backgtround: »-The experlmental ‘backgrounds dué ‘to y-rdys -
converting in the vacuum tank that are given‘in Table ‘1 ‘have ‘beeén icorrécted: for

thlS effect using formula (A. 11)

The 1/pT behaviour, suggested by formula (A. 11) for the idealized situation
of a point source and a simplified Bethe-Heitler approximation, is well-= —conf #rmed
by .our Monte. Carlo calculatlon, where we., utlllze the exact BetherHeltler law, the
ltrue vacuum_ chamber, a_source of . W slemerglngﬁfrqm th%;ISRYd;Qand;W;ththeisxa@

proper spatial distribution, exact locatioms .of guard counters, etc...The . .
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approximate formula (A.10) agrees with the Monte Carlo results to an absolute pre-
cision of v 35%, and thus Eq. (A.10) furnishes us with a reasonable analytic in-

sight into the problem of pair-production background.

It should be noted that the use of the integral Gaussian law (A.l) to derive
Eq. (A.11) is not essential and was made for the sake of simplicity. The same re-
sult can be arrived at in the same way, starting from any differential scattering
law of the form £(06)d6 = g(ez/eﬁ) de8/6,, where g is a normalized probability law,
and 8y = k/p.
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APPENDIX B

CORRECTIONS FOR ELECTRON ENERGY LOSS DUE TO RADTATION

In the passage through the vacuum chamber and through the experimental appara-
tus, the electrons lose energy more rapidly than pions, because of bremsstrahlung.
In order to correct the energy scale for the larger energy loss of electrons, we
consider that electrons pass through a thickness of t radiation lengths (t = 0.083
up to the middle of the magnet). Electrons created with transverse momentum Pp
will lose on the average a fraction t of their energy and their measured transverse

momentum will be

pp = pp(l - t) . (8.1)

If their initial spectrum was n(pT) de their measured spectrum will be

n(p;)

1,1 1 _ ’
n (pT) de = de . (B.2)
We use formulae (B.1) and (B.2) to correct our Monte Carlo calculated back-

grounds (Dalitz pairs, Ke ) since the Monte Carlo program did not include energy
3 —
loss due to radiation. If we fit the Monte Carlo results by e/m « an and insert
P "pr . 7 I 1
the pion spectrum Nﬂ(pT) de “pp e de, the corrected e/m ratio, n (pT)/Nﬂ(pT),

is easily shown to be given by:
e ( In _ € ’ ~bppt . n-2
T corrected,pT) = (uncorrected,pT) e (1 -1t . (B.3)

To use this formula for estimating the corrections to the final data, we
must correct upward, i.e. substitute -t for t in Eqs. (B.l) to (B.3). Using n =1
as an approximate fit to our data in the small Pr region, we estimate that the
corrections range from about 77 in the interval 0.2 < Pr < 0.3 GeV/c to about
+337 for the interval 0.8 < P < 0.9 GeV/c. The e/m final data shown in Table 2
have not been corrected for this effect, and thus are slightly smaller than the

true values.
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