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ABSTRACT

D1fferent1a1 cross sections are presented for p-pairs pioduced in

’ co]1is1ons of 225 GeV 1 and p beams with carbon, copper and tungsben

targets. For pair masses >4 GeV, the data are compared with the Drell-
- Yan model of quark-antiquark anninilation. Excellent agreement is found.
Finally, the 7 -induced data ave analyzed to give the first measurement

of the quark structure function of the pion.

(Paper submitted to the XIX International Conference on High Energy Physics
Tokyo, Japan, 1978.)



I. Description of the Experiment

We report the first results from a recent experiment at Fermilab in
vihich p-pair production by hadrons was measured with a large-acceptance
spectrometer. This work significantly extends our earlier measurements,1
through the use of higher intensity beams as well as improved detector
acceptance and rate-handling capability.

The spectrometer is shown in Fig, 1. An unseparated positive or nedative
beam of 225 GeV hadrons (ﬁi, pi) was focussed to a spot 2 cm x 3 cm at the
experimental target. The beam was defined by scintillation counters placed
upstream and downstream of the Jast set of beam-transport dipole magnets as
well as by a counter just upstream of the target. Anti-coincidence counters
placed around the beam at several points protected against interactidns |
upstream of the target and Targely eliminated triggers invoiving halo muqns,

A 3 m thick 1r6n absorber was positioned 1.7 m downstream of the target to
shield the spectrometer from hadrons. The muons emerging from the iron
traversed a triggering scintillation counter hodoscope J, a set.of multfwire

proportional chambers (MMPC's) and then entered the cylindrical field of

the University of Chicago cyclotron magnet which is 4.2 m in diameter and

~1.27 m in gap height. The magnet was set to produce a transverse momentum

kick of‘].]-GéV/c. Dowms tream of the magnet the muons traversed a series
of spark chambers, a triggering hodoscope array F, and finally an additional

2.5 m of steel followed by hodoscope array P,



the particle type. For negative running, all counters were set just below p
threshold. For positive heams, the two longest counters were set just below K
thresho?d, the othér two juét betow proton threshold. The negative beam was
dominantly % mesons, with a p component of ~0.5%. The positive beam was
composed of proions and pions in a ratio of 5 to 1. The pion component was
enhanced, at the expense of total transmission, by placing a polyethylene
absorber in the beam about 300 meters upstream of the target. The positive
beam flux was kept at 5107/pu]se to allow good m-p separation. MNegative
fluxes up to 2 X 10?/pu1se were obtained.

Carbbn, copper, and tungsten targets, each one-absorption-length thick
and 10-cm~wide by 6-cm-high, were used in the experiﬁent. To improve vertex
resotution and to monitor possible effects of secondary interactions, the‘
carbon target was divided into three segments of equal thickness, interspersed
with scintillation counters. The scintiliator pulse heights were used to
Jocalize the point of interaction. The only thick target effect which could
be of any Consequence, the production of p-pairs by secondary particles
produced in the tafget, is suppressed by the steep energy dependence of the
production cross section. Such an effect would appear as an excess of counts
at Tow Feymman-x (XFZPE/ngx? for the events originating in the downstream
target segment. A comparison of the Xg distributions for 10,000 J/¢ events
originating in the upstream and downstream target segments reveals no evidence
~ of secondary interactions. |

Upstream éf %hé ﬁagnet the pariic]e trajectories were measured by eight
IMPC planes, approximately 2-m-wide by T-m-high. Three measuremenis were

made of each of the X and Y coordinates; in addition, single measurements



were made of U and V coordinates rotated 45° with respect to XY. Downstream
of the magnet twelve capacitor-readout spark chamber planes, 2-m-high by
4-m-wride, determined the trajectories.

The trigger requirements demanded the following: (1) A valid bean
particle defined by the scintillation counters in the beam and the anti-
coincidence counters around the beam. (2) 2Two particles leaving the target as
indicated by the pulse height in a small scintillation counter placed just
downstream of the target. (3) An indication from the horizontal and
vertical elements of the J hodoscope array of at least one particle on each
side of the beawm and one above and below the beam. (4) At least one particle
above the beam and one pdarticle below the heam in hodoscope plane F. (5) At
least two particles emerging from the final 2.5 m steel shield and striking
non-adjacent counters of tﬁe P hodoscope. These requiréments Ted tb a sample
of triggers which consisted almost exclusively of muon pairs produced in the
target. _
| fhe ﬁfigger rate was'dom?naied by Tow-mass pairs (5] GeV). Such pairs
were suppressgd'by é specially built digital logic system which used thé
pulses from ihe J and F hodoscopes (and the assumption that the péirs
originated in the target) to estimate the pair mass in =100 ns. Figure 2
sketches the principle of operation. First, we required that the muons occcupy
opposite quadrants of fhe J hodoscope (UP-LEFT and DOWN-RIGHT, or DOWN-LEFT
and UP-RIGHT), so that hits in the F bank could be correlated with those in
the J. The pair mass for each gombination of hits was éa]culated by'Monte
Caf]o stﬁd%es, and-the‘iogic was wired so that oh]y coﬁﬁinatﬁons with hasses
above a selectable threshold would trigger the detector. For the highest

threshold used in the experiment, the trigger rate was suppressed by a factor



2.7 GeV. The system was closely monitored throughout the run and it
performed without incident.

The event reconstruction, which is very similar to that of our previous
experiment, is described in detail e]sewhere.2 Aside from the usuaj track-
fitting procedures, we required that all tracks point to struck hodoscope
counters, and that ;@ggg_counters satisfy the logic requirements., The muon
tracks were required to form a vertex in the target, within resolution. The
reconstruction efficiency was estimatéd by visual scanning of the evenls to
be 0.92:0.04. |

Before describing the results in detail, Tet us summarize the data.

For reasons described be?bw, a carbon.target was used with positive and
negative beams to measure, among other things, the ratio of p-pair cross
sections from ﬂ+ and % beams incident on an jsoscalar térget. Following
this phase of the running, we used the heavier targets Cu and W to obtain
as large a sample of w -induced pairs as possiﬁ?e witnin the brief running

time allotted to the experiment.

11, Properties of the p-Pair Cross Section

(a) tMass Spectrum

ngure 3 shows the mass spectrum measured for a ¢ beam {ncident on
Vnuc]ear targets. For masses well above the J/y, the shapz of the continuum
is reasonably represented by the form do/diM « exp[-{.99£.03)M]. No conclusive
‘evidence is seen for an enhancement at 9.5 GeV, giving an upper limit for T
1producti6n relative to the J/w of 1.4 x jO"S with 95 per cent confidence.
The ratio of (‘+¢')} to continuum is less than 1.1, over a 2 GeV mass range.
This is to be compared with the Cofumbia~Fermilab Stony Brook (CFS) resu]t3
for 200 GeV protons: (T+7')/continuum = 0.75:0.75. In Fig., 4 the region

M S 6 GeV is shown in more detail.



In particular the ¥'(3.7) is seen above the continuum, Our results for

v'(3.7) production are:

Bean Bo(w')/Bo(d/v)
x .017£.009
T B21£.006
b .016%,009

Although this paper emphasizes the continuum, we now mention our measurement

of the cross section Tor p+J/y+X. On the basis of 46 events we find

U(HC > J/H‘X N . .
o(pC +-37$¥Y%' = 1.2:0.6, where

the error is dominated by uncertainty in normalization. No events were
observed with masses above the J/U, providing a weak Timit on the magnitude

of the p-induced continuum.

(b) Dependence on X

The relative cross section do/dx - for.w"Qinduced pairs is showﬁ in
Fig. 5a, for several mass Tntervals extending from the Jd/y up to >8.5 GOV
The striking effect is seen that as the pair mass increases, the X spectrum
becomes progressively f]atter He note that the definition of Xp used in
Fig. & takes into account the creqtion of the massive pair. At Mu“= 8.5
GeV, for example, P* e 0.83v5/2. Although the proton-induced data are much
sparser, the X d?StT?bUL]OHS of Fig. bb show s1m11ar behav10ur At the J/¢
mass , the fit to (1~ x ) g1ves a = 4, 30*0 10 whereas in the mass range' _
3,5<M<h.5 GeV, we flnd a huch f}atterrspectrum, with a = 2.78&0.28.

The xF~distribution for p-induced J/y events is shown in Fig. 6, where
the data from proton and 7~ beams are also shown for comparison. We conclude
that the p-induced spectrum closely resembles that of protons, and 1Is
inconsistent with that of % ~induced events.

Parametrizations of do/dxi are given in Table 1.



{c)Dspendsnces on Py

A typical relative cross section %—%%;—is shown in Fig. 7. {The
acceptance of the spectromater extends well beyond the highest pT's observed., )
Mithin the precision of the experiment the data ére consistent with an
exponential falloff except in the region of Pr < 1 GeV/c.  In Figi 8, the
mean transverse momenta for w ~induced events with x>0 are plotted versus
pair mass, correction having been made for the efficiency. Data at lower
masses from our previous work1 are shown for comparison. The mean Py increases
with mass up to M¥4 GeV, where it reaches a plateau value of approximately
1.2 GeV/c. Also shown in the figure are the CFS resu1t53 for x¢=0 pairs
produced witn a 200 GeV/g proton beam. A similar plateau is seen, but at
a value 200 MeV/c lower. Proton-induced data from our experiment also exhibit
a lower <pp> at M~4 GeV. These results are summarized in Table 11, along with
reasurements of <pT2> for the various particle types and mass intervals.

To test i1f the difference in <p> between protons and pions is due to a
variation in <py> with xp, in Fig. 9 ve have plotted <p;> versus xg for
several intervals of pair mass. Within uncertainties of =100 MeV/c, no

variation of <py> with Xp: is observed.

(d) Dependence on Helicity Angle

Careful measurements of the cross section do/d{cos0*) were made to search
for alignment of the dimuon spin. Because the choice of polar axis is strongly
motivated by the Drell-Yan model, we defer discussion of this aspect of the

data to a later section.



(e) Dependence on Atomic Mass Number of the Target

Previous measurementsl’h have shovm that the cross sections for u-pair
production are consistent with é power law o(A) = UOAG (1) where d, is the
free nucleon cross section and A the atomic mass number of the target
nucleus. The power o increases %rom approximately 2/3 at the lowest masses,
to a value close to unity as M increases above =2 GeV, For proton-induced
pairs, the datas,%re consistent with a=1 througﬁout the mass range 4-12 GeV.
This experiment gives the first measurements of o in « events above the
4 GeV pair mass.

Results on A depandence have already been repovted by other groups7 for
singie hadron production as a function of Py at xF=O. They find an exponent
o which increases with pr to a plateau value of 1.15 to 1.3 depending on the
particlie mass. Thé plateau va]ue_is reached at pT~5 GeV/c. These observations
have prompted'considerableAtheoretica1 discussion.8 [t is then interesting
to inquire whether the w-pair cont1nuum shows a similar A dependence versus
Py and how this compares with J4/y product1on |

Figure 10 shows the pT variation of « for three different intervals of
Mvu' One interval is the continuum below the J/v (2. 0<m <2 7 GeV/c?). One
shows the J/v itself, (2.7<Muu<3:5 GeY/c*), and one is for the continuum
above the J/¥ (Muu>4 GeV/c?). A systematic increase of o with P is seen in the
J/Y interval. Since these data are integrated over all Xp it is important
to investigate whether_certain regions ofer produce a rise in o.

Figure 11 shows the xF'depéhdénce of o for thé éame maSs'jhtervé1s. No
- significént increase in a is seen in any xp interval,

The mass dependence of o is shown in Fig. 12. The powér of ¢ rises to
1.19%0,10 at a mass of 7.2 GaV/c?. The statistical error associated with each
cross section has been combined in quadrature with a 12% systematic ervor. In

. . . . (84 .
each mass interval the least squares fit to the form 0=GOA gives a good x*.



111, Quark-Antiquark Annihilation and ﬂ+/p, ﬂ}/ﬂ“_CPOSS Section Ratios

It is useful to have a theoretical framework to describe several features
of the data. The general formalism of lepton pair production by hadrons has
been discussed in detail by Lam and Tung.9 An important special case is the
description in terms of gquark-antiquark amnihilation to produce a lepton
pair fhrough an intermediate virtual photon. This so-~called Drell-Yan
mechanism has been extensively discussed in the ]iterature.l0 The p-pair

11

production cross section for interacting hadrons A and B, neglecting Pys is:

2

do . Bwa® & 4 A B A v B :
i OO i () Dofi Calxefy (k) afyOalxe T Oe) ] (1)

where X3 = %-(ixF + xF2+ 4M2;§7) are the momentum fractions (Feynman-x)
of the annihilating quarks 1in the projectile and target hadrons,
xfiA(x) is the momentum spectrum for quarks of flavor i in hadron A.

Thus, the observed mass and Feynman-x spactra for the data ref]ect the

distributions of the annihilating quarks.

Consider firétrthe predictions of this mechaniém for ?eptdn ﬁair
production in nucieon-nucieon and pion nucleon scattering. In the case of
nucleon-nucleon scattering the intefacting particles contain no valence
antiquarks and only antiquarks from the gq sea can contribute. Since the
probability density functions for the sea quarks fall steeply with x, and
¥, the observed mass spéctrum should fall rapidly with mass for fixed Xz
"~ Incident pions, oh-the other-hand, contain a valence antiquark which has
-a significant probability of being found at large x,. Thus the mass spectrumn

for pion induced pairs should fall more slowly with mass tﬁan for incident

protons.



Figure 13 shows the cross section ratio of pion production to proton
production as a function of mass. Cross sections at y=0 (xF=O) are used
to permit, Tor the highest mass points, comparison of our pion measurements
with proton induced data from other experiments? the pion to proton ratio
rises to 270 at W/V/s of 0.52 in dramatic agreement with the expected trend.
Consider next the comparison of the 5 and 7" -induced pu-pair production
cross sections. In this case, valence quarks and antiquarks from the
interacting particles should dominate productionAfor large values of x; and
¥Xo. In this egperiment-d carbon target was used so that the target is exactly
symmetric in u and d quark distributions (upxdn,dpmun . In the case of an
incident =~ the valence antiqﬁark is a u with charge 2/3 while for an
incident w+ it is a d with charge 1/3. Since the pair production varies
Tike the square of the quark charge, one expEcts'c(n+C+u%u"...)/o(ﬁ"Cfu+p“...)
to bev]/4. If x; and x, are not both large, sea antiquarks”can.contrfbute
and the cross section ratio approaches 1 as X, Xa apprbach:O. Figure 14
shows the measured ﬂ+/ﬂ" cross section ratio as a function of pair mass.
It is éeen to be unity for the J)@ as might be expected . for strong production
from charge symmetric initial states. The data correspond to xF>O. As the

pair mass fincreases above 3.1 GeY/c¢® the ratio Talls toward 1/4 as expected.
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Vo-Heletty-Angular-Distributions

Two variables, in addition to M,.xF, Py, are required to Specify
the p-pair final state. A natural choice are the polar and azimuthal
angles of one of the rmuons in the p-pair rest frame. The polar, or helicity
angle, can be specified with respect to several available directions.

Figure 15 shows the four reference directions we have investigated. The
s~channe1 system uses the vector of the recoil system. The t-channal uses
the beam ditggtjon. The u-channel uses the target particle direcfion and
the'Co1Tins~S§;;; systeu?%ses a vector which bisects the angle between the
beam and the reverse of the target vectér. Ié should be noted that if the
pr of the final state p—Pair 1s zeyro all four of these directions are
equivalent.

The annihitation of two spin-1/2 fermions to a 17 intermediate state leads
to a T+cos®0* distribution for the final state lepton pair. This is the case of
the simple Drelil-Yan mechanism. Since the observed p-pairs do have transverse
momenta the qq direction in the'p—pafr cm system cannot be uniquelty determinad.
The Collins-Soper vector is the best estimate of that direction in the context
of the quark-parton model.

We have examined the distribution of these four helicity angles for
three different mass regions, below the J/y (2.0<M<2.7 GaV), the J/
(2.7<M<3.5), and above the J/w (M>3.5), These distributions are shown in
Fig, 16 with their best fits to the form l+ocos?6%. Results of the fits
aré given in Tab}e IIiurlt should be noted that variation of acceptance
with angle is ndt_the same for all four ang1es..'Resu1tsrfor the angular
distribution at the J/y are consistent with a flat distribution except for

the t-channel angle which shows a coefficient of cos28* of 0.33+0.06.
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Strong evidence for a ces?0* term s seen in the continuum both apove and
below the d/¢. The detector efficiency as a function of angle is not
strongly mass dependent so that the change of these distributions with
mass reflects a clear change in the underlying production mechanism.

A number of attempts have been made to expiain the broad Py spactra
for the p-pairs in terms of QCD corrections to the Drell-Yan mechanism.13
The corrections are expected to be most significant at nigher Pore e have
investigated these helicity angular distributions for transverse momenta

above and be1oy 1 GeV/c. Results are shown in Figl 17. Evidence for

spin alignment is seen in both Py intervals,

-V. Factorization and the Pion Structure Functioh
A further test of the gq anninilation mechanism is possible for large
vaiuves of x,. Ifx, is large enough so that sea-quarks contribute negligibly
to the pair production then, using the relation xﬁﬂ"(x)=xd“-(x)_and setting
tevms involving the pioﬁ sea distributions to zevo, equation (1) becomes

1

2 o \ ~ . -
do_ . 8o X" (xy) [ g_xzuﬂ(xz) + §‘deﬂ(xz) I (for w'H)

ditdx - EETHEORTS)

(2)

we . do fnds

- 4
dx,dx, 9 Xl {x) + [ g X2U

or

‘Since M*/s = x;x, the cross section as a function of x, and x2 is predicted
to factor into a function of x; times a function of X,. The form of equation (2)
is used fo tast the factoriiatioﬁ hypothesis and to deduce the funptiohs of
Xy and X, which are the pion siructure function and a !inéar'combination of two

nucleon quark distribution- functions,
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To use equation (2), data with x,>0.2, M4 GeV/c?, x%>0 are binned in a
rectangular grid of x; and X,. Events are corrected for efficiency and
weighted by H*. The range of %, in this sample is 0.2 to 1 and x, is 0.05 to
0.27. The distribution of events in the x,, x, plane is shown in Fig. 18
together with the kinematic relations Xp # Xi-Xz and M?/s = 3;Xs.

To test the factorization hypothesis a grid of 141 populated bins in the
X1, X» plane, representing M”dé/dxldxz is fit by 16 values representing the
pion function versus X, and 12 values vrepresenting the nucleon function
versus Xp. We find a yx* of 133 for the 113 degrees of freedom indicating
a reasonable agreement with the factorizétion hypothesis especially since
no allowance tor systematic uncertainty has been made in the error estimates
entering the y*. Thus, 6nce'aga1n, the data are in good agreement with an
expected feature of the quark annihi?afion mechanism,

To deduce the pion structure function the shape determined in the
factorization test musi be suitably normalized. Only the normalization of
the product of thé pion and-nucleon functions is measured directly. To set
‘the normalization, the nucieon function is compared with"expectétions based
on deep inelastic lepton scattéring data and Fits to these data which include

|18 .
In this comparison we use ¢* = M2,

the g% dependence expected from QCD.l
The nucleon function deduced from this experiment is normalized to the
expected function over the interval 0.05<x2<0.27.

The resulting pion structure function s shown in Fig. 19 and the nuc]ebn
functjon is given.%anig. 20 together with the éxpec{ed shape., The agreemenﬁ
of the Tatter is not good. It should be noted that very little lepton

scattering data are available to constrain the QCD Tits in the range

q*>16 GaV?. Moreover, the nucleon function is rather sensitive to such
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effects as Pr and mass of the annihilating quarks and to Fermi motion. The
poor agreement shown in Fig. 20 indicates that the normalization of the pion
function should be used with caution. This normalization question will be
a problem for all lepton pair experiments until the deep inelastic lepton
scatteriné data improves and until there is a more complete theoretical
undarstanding of how to iﬁc]ude quark mass and Py effects.

The shapa of the pion function has been fit to the form (1—x)a'and the
 value a = 1.05:0.06 is obtained, where the error is purely statistical. The
'quark counting rules of Brodsky and Farrarls predict the form (T—x)1 for the

pion valence quarks, in excellent agreement with our measurement.

Since the definition of x; and X, used to determine the structure
functions given above nég]ects the Pt of the p-pair, we have triéd to
estimate the influence of non-zero pT; There is no unique way to incbrpofate
the observed Py since its origin is unknown. If it arises from the intrinsic
Pr of the annihilating quarks then only the vector sum of the two quark

transverse inomenta is measured and the true x1 and X, values cannot be
determined,

Two prescriptions for 1nc1ﬁding pp effects have been tried. in the
first, the quarks are assumed to have a fixed Pt of 1 GeV/c¢ and the angle
betwean their py vectors is chosen to produce the observed transverse |
moientum Tor pairs with pT<2 GeV/c. This treatment leads to a negligible
changa in the pion structure function but the nucleon functfon is flattened
rather strong1y. A fit to thn nuciﬁon funct1on with the form (1 x)a y1e1ds
a =5.7 with no Py compensation and 2. 2 with cowpﬂnsat1on.

An alternate treatment is to assume that the Py vectors of the quark
and antiquark are always aligned and equal, This prescription leads to
somevthat larger changes in the pion function. The power of the (1-x)? fit

changes upward by about 0.2.
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o (x)dx = 0.75

xi" (x)dx = 0.11
0,25

Since both valence quarks in the pion have the same distribution function,
the first integral indicates that the probability of finding a valence quark
in the pion with x greater than 0.25 is 50%. The second {ntegraT indicates
that only 227 of the pion momentum is carried by valence qﬁarks in this
interval. | |

In conclusion, this experiment has observed several rather striking
predictions of the qg annihilation model sucﬁ as the mass dependence of the
% /p and a /17 cross section ratios, evidence for spin alignment of the
p-pair system and factorization of the cross section. The pibn structure

function has been determined in the context of this annihilation mechanism.
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TABLE I

Xp Depandence

e g doo b
Fits to HEE' (1"XF)
- N
a Mo up X
Mass Interval b
(GeV/c?)
3/ 1.99+.05
3.5% 4,5 1.32:,05
4.5- 6.5 0.97%.06
6.5- 8,5 0.68+,10
8.5~12.0 0.40+ .17
PN - X _
Iy 3.90%.40
e u'!‘u“X
I/ 2.20%.,06
3.5- 4.5 1.37+.13
| o
pC > pu X
3/ 4.30%.10
3.5~ 4.5 2.78%.28




TABLE 11
Mean Transverse Momentum and Mean Transverse Momentum Squared

Versus Muon Pair Mass and Beam Particle Type

<pT> (GeV/c)

- BEAPARTICLE TYPE . -
{GaV/c) p p T T
2.0- 2.7 L79+.10 1.17+.34 82,10 .82+.10

3/ .97%.01 .88%.13 1.01£.10 1.05,10
3.5~ 4.5 1.00£.13 1.26%.49 1,05%.12 1.10£.10
4.5- 6.5 .87+.21 -- 1.16%,25 1.25%.10
6.5- 8.5 - -- 1.08+.45 117412
8.5-12.0 - - - 1.17+.16

<pT2$ (GeV2/c2)
2.0- 2.7 .81%.10 1.80%,50 L87£.10 .89%.10

3/ 1.25,10 1.02%.14 1,33£,10 1.47£.10
3.6 4.5 1.42%.15 1.70.70 1.472.14 1.64%.10
4.5- 6.5 .91%,20 - 1.63£.34 | 2.06%.1]
6.5- 8.5 - - 1.56.65 1.79+.15
8.5-12.0 - - — 1.57£,20




Helicity Angular Distribution Fits

TABLE

2.0 <M <2.6 GeV/c?
Ui

! 1. 2 .' K 2 *
Angle Flat 1120s G 1+ocos™6
x%/DF X*/DF o x> /DF

s channal 77.5/9 15.7/9 JA0ET 15.3/8

t channel 67.4/9 15.7/9 J1EN 8.8/8

u channel 102.5/9 34,219 L72%,22 22.4/8

Collins-Soper 79.7/9 25.6/9 A4%.17 25.0/8

d/y

s channel 19.0/9 240.0/9 03%.04 18.7/8

t channel 36.7/9 101.0/9 .33%,06 2.2/8

u channel 12.3/9 131.0/9 .09+,06 10.7/8

Collins-Soper 7.0/9 - 212.0/9 L10%.05 4.7/8

Huﬂ > 3.5 GeV/c E All Pr

s channel 32.3/9 104.0/9 L0509 32.0/8

t channel 49.7/9 11.1/9 .82%. 15 9.8/8

u channel 47.8/9 17.7/9 31,26 16.2/8

Coltins-Soper 44.6/9 6.6/9 L30%,23 4,9/8

M]m > 3.5 GeV/c? pr > 1.0 GeV/c

s channel _ 11.7/7 7 25.4/7 L16%.19 11.0/6 _
_t channel - . -30.4/9 15.8/9 65%,17 - 12.4/8

- channel. - .29.4/7 - 13.7/7 42E,39 12.5/6
Collins-Soper - 36.4/9 11.2/9 475,39 8.8/8
: 2 ;

Muu > 3.5 GeV/c Py < 1.0 GeVY/c

s channel 13.1/7 11.9/7 50x.22 7.4/6

t channel 26.0/9 3.3/9 L054,24 3.3/8

u channel 28.2/9 12.6/9 .11, 31 12.5/8
- Collins-Soper 31.6/9 12.6/9 72,29 - 12.2/8




FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

o

Plan view of the spectromater,
Use of hodoscope information to calculate the mass of the muon pair.

Differential cross section versus mass, for 7 -induced events.

Data from €, Cu, and ¥ targets have been combined.

Differential cross section do/di for the mass range 2<M<5 GeY.
The solid line is a fit to J/¥ and ¥' gaussians with widths

140 HeV/c? and an exponentially decreasing continuum.

Relative cross section dc/dxF versus X for different mass intervals.
The abscissa is defined in the text.
7 -induced events on nuclear targets.

Proton-induced events on a carbon target.

Relative cross section do/dx for p-induced J/9 events on a carbon
target. Curves for proton and 7 ~induced events are shown for .

comparison,

Differential cross section 1/pT_dd/de for 7 -induced events at

the Jd/¢¥ mass and in the region 4.5<4<6.5 GeV.

The mean transverse momentum (corrected for spectrometer

- acceptance) versus pair mass M.

The mean transverse momenta of w -induced events are plotted versus

Xg for several intervals of pair mass.



Fig. 190 The A depandence of % ={nduced 1=paiv prodiction 1§ studiad 4s
a function of Py The power o (see text) is plotted, Tor three
mass intervals, versus Py of the pairs.

Fig. 11 The power o is plotted versus xp for three mass intervals,
for 7 ~induced events.

Fig. 12 The power o is shown as a function of pair mass M, for % -induced
events. )

Fig. 13 The ratio of w-induced to proton-induced p-pair cross section
at y=0 as a function of M/vs.

Fig. 14 The ratio of 7 -induced to 7 -induced p-pair cross section for.
xF>O as a function of mass,

Fig. 15 Reference directions for measuring the helicity angle of the
ﬁnpair in the pair rest frame.

Fig. 16 Heticity angular distributions fof the four reference directions
in three different mass intervals. The data are 7 ~induced events
W1th x>0 and all Py

Fig. 17 Helicity anqular distributions for data with M>3.5 GeV in two
intervals of P

18" The kinematic relations between X1, xs and xi;, M. The points

Fig.

show the distribution of events used for the structure function

analysis.



. 19

The pion structure function xu{x) measured with incident m~

mesons on copper and tungsten targets.

1

" The nucleon function g-xuN(x) + g-xd"N(x) averaged over protons

and neutrons in the target. The comparison curve is based on
deep inelastic lepton scattering data and QCD scale breaking

predictions of Ref. 14,
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