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Abstrac~ 

We have measured the reaction p+W ~ ~++M-+X using a high 
intensity 400 GeV/c proton beam, a magnetized iron beam dump, 
and a wide acceptance detector. The ~-pair invariant. mass 
spectrum contains 225,000 events above 6 GeV. Assuming the data 
near x~ = 0 is dominated by the Drell-Yan mechanism, we have 
extracted the nucleon sea quark distribution and find it to be a 
factor 1.6 ± 0.3 larger than that obtained by inelastic charged 
current neutrino scattering. ~Ie then compare the Drell-Van 
prediction with our data over the full positive xF region and 
find excellent agreement for a wide range of mass. 
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I Hadronic production of dimuons with large invariant mass 
has contributed both to the discovery of quarkonium states and, 
via the Drell-Van mechanism, to the elaboration of the 
quark-parton model.. ~e report here results From continuum 
~-pair production by 400 GeV/c protons at Fermilab. The 
experiment was characterized by high intensity and a very large 
acceptance which allow us to extract sea quark distributions 
which we use to test the Drell-Van model in new kinematic 
regjmes. 

The appara~us has been described previously1; here we 
inc1ude only features particularly relevant to this measurement. 
A 400 GeV/c proton beam (-2x10 1 1 protons per one second pulse) 
impinged on a 32 em tungsten (~D target. Muons produced in the 
target penetrated 5.5 m of magnetized iron with a field of 2.15 
T before reaching the detector. The detector consisted of two 
identical arrays of large solid angle placed symmetrically on 
the left and right sides of the beam direction. The position of 
these arrays with respect to the beam line direction could be 
varied.· Each array contained two planes of crossed x-y 
hodoscope counters plus another smaller plane of "wedge" 
counters to reject low transvers~ momentum muons. Matrix logic 
circuits selected muons which projected back to the target in 
the non-bend (horizontal) plane and whose momenta, projected 
into the bend (vertical) plane, were above a predetermined 
threshold. In each array nine.multiwire proportional chambers 
(~WP~)s) with 2 mm wire spacing determined each muon straight 
line trajectory in the detector. 

Data were recorded under three sets of conditions. Our 
lowest ~-pair invariant mass events were recorded with the two 
detector arrays as close to the beam line direction as possible 
and with no momentum cut in the matrix logic. The intermediate 
and high mass events were taken simultaneously with the detector 
arrays moved away from the beam line direction so that each 
array accepted muons whose laboratory angle was LIS mrad. The 
high mass events differed from the intermediate mass events in 
that the muons were required to pass the matrix logic momentum 
threshold and to trigger the optional "wedge" counter planes. 
The acceptances are exhibited in Fig. 1. For each set of 
conditions we recorded events in which the two arra~s were 
triggered in time coincidence and also for events in which one 
array was out of time coincidence with the other. The various 
event types were prescaled at the trigger level, usually with 
high mass, in-time triggers given the greatest weight. 

The small sample of like-charge pairs (M+M+ and M-M-) was 
used to make a background subtraction. We determined these to 
be dominated by accidentals by ~l) comparing them to like-charge 
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I out-of-time yields, (2) observing that their ~ield rose linearly
t """ 

with intensity, and (3) direct calculation of in-time and 
out-oE-time sources of such events. At no kinematic point was 
this correction greater than 10% Or the signal. 

Because the target was many hadronic absorption lengths 
thick, some of the secondary hadrons produced in the target also 
gave rise to ~-pairs. for most of the M-pair invariant mass 
range of interest, this source was calculated to be -30% of the 
continuum cross section at x~ = 0,2 and- to approach zero rapidly 
as x~ increased. Uncertainties in th~s correction are included 
in our quoted errors. 

A Monte Carlo program was used to correct the data for 
acceptance. Such corrections are most uncertain where 
acceptance is changing rapidly. These critical regions have 
been checked by comparing results from the three trigger 
conditions in their two regions of overlap. We round agreement 
to better than 5%. Variations in detector efficiency were 
studied by comparing our results obtained at high intensity 
(where efficiency tended to be lower) with data obtained at low 

~ intensity. Again agreement was better than 5%. 

The same Monte Carlo program was used to correct the M-pair" 
continuum for detector resolution effects including; (1) 
multiple "Coulomb scattering of muons in the iron; (2) 
fluctuations in the energy loss of muons in the iron due to 
knock-ons, bremsstrahlung, and pair production; (3) finite 
target size and depth, and (4) MWPC position resolution. 
Radiative corrections3 were made at the same time. The mass 
resolution function is G~iussian-like near its central value wi th 
an r.m.s. width of about 7.5% for masses from 5 to 15 GeV. The 
high mass side falls steeply while the low mass side has a long 
tail which, because of the steeply falling mass spectrum, proves 
to be of little consequence. Several checks of our calculated 
resolution contributions were made: (1) MHPC track fitting 
res~duals, particularl~ the tails of the distributions, were 
carefully studied. (2) The track projection back to the target 
in the non-bend plane tested resolution contributions 1, 3, and 
4. (3) The mass resolution function was compared with the shape 
of the peaks due to the ~ and T families. Remaining 
uncertainties due to imperfect knowledge of the resolution 
effects are taken into account in the errors quoted on our 
resul ts. 

Fig. 1 shows our full~ corrected cross section plotted 
versus ~-pair invariant mass, q, for x~ between 0. and 0.2. 
The peak below 2.0 GeV is an unresolved mixture of contributions 
From ~-pair deca~s of p0, w, and ~.and from the secondary gamma 
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production of ~-pairs. The peak at 3. 1 GeV is due to the t and 
the broad enhancement from 9 to 11 GeV is due to the T 
family.~, 5 There is no evidence for structure above 11 GeV. In 
extracting the cross section per nucleon from our measurements 
we assumed a nucleon number dependence for tungsten of the form 

(1) 

where ~ = I.e for q>3.0 GeV6,7 and ~ = 0.7+q/10 GeV for e<q<3.0 
Geve. We have also made a small correction for Fermi motion 
effects. An overall systematic error of 11% must be added to 
the data shown. 

In the Drell-Yan mode1 9 the cross section for the hadronic 
production of massive lepton pair states is proportional to the 
weighted sum of products of the colliding hadrons' structure 
functions: 

(2) 

GexA,xB, q 2 ) = Ie!{xAf~ (xA,q2)xBr, (xB,q~)+xAr~ (xA,~)xBf! (Xs,q2)}
1 

where the sum on i extends.over all quark flavors and e 1 is the 
fractional quark charge. The structure functions, f 1 (X,q2), are 
the 'same scale breaking structure functions used in deep 
inelastic lepton scattering1 0 • In the case of a proton beam 
(hadron A) on a tungsten target (hadran B is 40% proton and 60% 
neutron) the structure functions are constrained by the deep 
inelastic lepton scattering. data. Nt (=3) is the number of quark 
colors and K is a factor which is unity in the naive Drell-Yan 
model. It is included to account for the QeD corrections to Eq. 
(2) which, to lowest order, are responsible for roughly a factor 
of 2 in the cross section, nearly independent of the 
kinematics. It 

Following the work of"others6 , 12-15 we have extracted the 
nucleon sea quark distribution under the assumption that the 
Drell-Yan model is correct by using 

F2 (x, q2) = Ie! {xf l (x, q2) +xr1 (x, q2)} (3) 
1 

from charged lepton scattering data1 6 and our ~-pair cross 
section of Fig. 1 above 5 GeV but exclUding the T region. 
Because these data are near x F = 0 the quark momentum fractions 
are constrained so that x A ~ xa s x and therefore qe ~ x2s. 
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Thus� any scale breaking q2 deDendence of the sea is absorbed 
into� the x dependence in this method. 

Two differe~t parameterizations for the nucleon sea-quark 
distriblJtion have been employed1 2 , 13. In the first, referred to 
as the symmetric sea, x~u (~) = xf~ (x) = aCl-x)h where a and b 
are fitting parameters. In the second, referred to as the 
asymmetr ic sea, 1"7 xf oi (x) = a ( I-x) hand f (x) = (I-x) 2. 5 Fdo (x) . 
In both cases f (x) = f (x) = c±\ (x)+fd 

u 
(x)]/4 and llJe neglects s 

all higher mass quarks. For F2 (X,q2) we use the 
parameterization of T. Kirk 1 6 , 1 8 where for qe we use the square 
of the M-pair invariant mass (as our notation implies) ignoring 
the sign change in going from the space-like to the time-like 
domain 1 e , 1 5 . We assume t~at f~(x)/f~(x) is q2 independent and 
is given by 0.807 - 0.53~x.1~, 19 For the s~mmetric sea we find a 
= 0.46 ± 0.03 ± 0.06, b = 8.2 ± 0.2 ± 0.3 while for the 
asymmetric sea a = 0.50 ± 0.03 ± 0.06, b = 7.4 ± 0.2 ± 0.3 where 
the first error is statistical and the second is systematic. We 
note' that if we had allowed our sea quark distributions to have 
a qi dependence as predicted by Qcoe e , e1 then in both fits the 
exponent, b, would be smaller. 

We compared our nucleon sea with that obtained in 
neutrino-nucleon deep inelastic charged current scattering by 

~	 the CDHS collaboration2 2 who obtained1 s , 2 1 xfu (x)+xfd (x) = 
0.36(1-x)6. s for 0<x<0.3. Our sea parameterizations cover the 
range 0. 18<x<0.58 and so there is only a narrow region of 
overlap. In this region we Find that our sea is substantially 
larger than theirs suggesting that the factor in Eq. (2) should 
be K = 1.6 t 0.3 consistent with the calculation of Ref. 11. 
The difference in exponents may be dU~ to scaling violations2 1 • 

To test the Drell-Yan model we have compared the 
predictions of Eq. (2) with our data which covers a much wider 
combined range of x; and q. fig. 2 shows our data at several 
different values of q graphed versus x;. The curves are the 
predictions of the asymmetric sea fit. The agreement is quite 
good over several orders .of magnitude in cross section. The 
small deviations may be due to the scale violations in the sea 
which we have ignored here. This excellent agreement with the 
model suggests that tre continuum is dominated by the Drell-Yan 
mechanism over the full range of kinematics explored here. 
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Figure Captions 

1.� ~-pair production cross section at x~ = 0. 1 as a 
function of M-pair invariant mass, q. The curve 
through the data is the result of the as~mmetric sea 
fit described in the text. The thickness of the 
curve indicates systematic errors in the data 
which are mass dependent. An overall s~stematic 

error of 11% is not shown. The acceptance functions 
use the scale at the right. The le~ters indicate 
(a) low, (b) intermediate, and (c) r,igh mass trigger 
acceptances. The inset shows our continuum~sub
tracted data in the region of the T famil~ 

on a linear scale. 

2.� ~-pair production cross sections as a function of c.m. 
longitudinal momentum fraction, x~. The curves are 
predictions using the asymmetric sea described 
in the text. The fine lines indicate the range of 
systematic errors in the data which vary 
with the kinematics. 

, 

\� 



} 
I 

I 
/

I 
l 

. . 

4XIO 

• 
• 0 

6· 

I '-.,~-, I I [ 

8 10 12 14 

"'&1. 
~ 
c:r 
~ 
b 
~ 

-6 
10 

10- 7 

10- 8 

10- 9 

IO-IO'-_L.....-----IL.....-----II...------L_----L_----L__ 
o 2 4 6 8 10 12 

.q (GeV) 



10- 4 

10- 5 

-

. 

c: 10- 60 
Q,)-0 
:;) 

10- 7c: 
<, 

~ 
10- 8 C) 

'" .0 

:L- 10- 9 

11.5 

--b. 
)( 

-g 10-10 

~ 
b' 

"'C 10~II 

10-12 
-0.2 0 0.2 0.4 0.6 

-
0.8 1.0 

x{: 




