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ABSTRACT

We present results on the measurement of the shape and absolute
normalization of the nucleon structure functlion by the analysis 9f mass—
ive dimuon events produced by antiprotons and protons at 150 GeV. Agree-
ment is found with the results of the neutrino DIS experiménts but for

the normalization which comes out to be higher by a factor of 2.3 % 0.4.
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(1)

In a previous paper we have given the results of a series of
measurements of the absolute cross section for hadronie production of
dimuons

h+ N-p' w1 +x (1)

using different hadronic beam particles h in the energy range 200-280 GeV

and two target elements : platinpum and hydrogen. All these measurements

have shown that the values of the cross sections consistently exceed the
rredictions of the simple Drell-Yan model when the nucleon structure func-

tion is taken to be identical to the one determined in deep inelastic scattering

)(2)

experiments (DIS . This discrepancy is expressed by the ratio X be-
tween the experimental and thecretical cross section; its average exper-
imental value was found to be K = 2,3 # .5, where the error is dominated
by systematic effects. As pointed out in ref.(l) the most significant
measurement of K can be achieved by using in reaction (1) antiprotons as
incident hadrons. In fact, in such a case, the dominant mechanism for
producing massive dimuons is the annihilation of a valence anti-quark in
the antiproton with a valence quark in a nucleon of the target, thué
providing the most direct and simple comparison between the Drell-Yan
mechanism and the DIS, Our antiproton data available in the previous
analysis consisted of a total of 44 dimuon events with a mass MUU24.O GeV
at a beam energy of 200 GeV, yielding a value of K = 2.4 + 0.5. We have
repeated this measurement with antiprotons of 150 GeV using our spectro-
meter in essentially the same configuration as for the 200 CeV run with

a higher forward acceptance due to the lower beam energy and an improved
geometrical configuration of the detector in the forward direction. This
measurement provides an independent check on K and at the same time

improves on the event statistics.

We have also collected proton data at 150 GeV in order to subtract
from the antiproton data the contribution due to the sea quark and the

gluons, thus improving the clarity of our analysis.

The antiprotons used in the present experiment represented approxi-
mately 1.37 of the total flux of a negative beam derived from the secon—
dary target T4, in the hall EHNl of the CERN-SPS, operated by the slow

extracted proton beam at 400 GeV. The total beam flux at the experiment



was 5 x 107 particles/burst for an effective spill time of 800 msec on
the average. The beam intensity was monitored on-line by two argon ioni-
zation chambers at a distance of 10 m in front of the experiment. They
had been calibrated at lower intensity (.10% particle/burst) by counting
the beam flux using a scintillation counter hodoscope. The incident anti-
protons were identified by a differential Cerenkov counter of the CEDAR

(3,4)

type » placed approximately 60 m upstream of the spectrometer. Be-
cause of the high rejection power of the CEDAR counter against 1 and K
particles (NlO_u),the only 7 background in the antiproton events is due
to random coincidences. For each trigger, the CEDAR time informations
were digitized by TDC's, thus providing identification of antiprotons
together with a measurement of the accidental coincidence rate., In a

4 nsec time window we accept 95% of the antiproton events and there is

a 257% random coincidence which is subtracted in the analysis.

The experimental luminosity is calculated from the calibration of
the CEDAR counter at ~10° particle/burst and the measured efficiency
variation with beam flux (this variation is less than 10% up to the

maximum beam intensity).

Monitering of the luminosity during data taking was achieved by the
measured yield of J/¢'s. The integrated luminosity could then be deter-
mined by the measured value of the J/¥ cross section at 150 GeV(S). The
overall uncertainty on the antiproton luminosity is estimated to be 157.
The dimuon events were produced in a 6 cm long platinum target placed
40 cm upstream of the 1.5 m iron-uranium hadron absorber at the entrance
of the CERN-NA3 spectrometer magnet. The trigger requirements were

(1,4)

identical to those of our previous experiment In particular, no
trigger selection was imposed by the type of incident particle, so that

events produced by ﬂ", K, 5 were recorded simultaneously.

In the present paper we present the analysis of 275 dimuons produced
by incident antiprotons at 150 GeV. The data sample is obtained by selec-
ting dimuon events with mass larger than 4.1 GeV, after subtraction
of the accidental event background. The data sample of dimuons, produced
by 150 GeV protons,consists of 35 events obtained for the same mass cut
as for the antiproton events and for an integrated luminosity comparable

to the antiproton one.



In order to determine the value of K,we first extract from the data
the antiproton structure function, following an analysis procedure similar

to the one discussed in ref.(1).

From the expression of the Drell-Yan cross section we can deduce

the difference :

d’g - d%o |

dxdx, EN dx;dx, pN

between the antiproton and proton differential cross section on the
platinum-target nucleon N, (Z/4 = 0.4). It contains terms arising from
the valence quark-antiquark annihilation only, as all contributions from
the sea quark are cancelled in the subtraction, independent of the assump-

tion of their SU, symmetry properties

2 2 Up
e T -l I ([Au(xl>+d(x;l)] « [4utea)+.6d(x2)]
dxidxs pN dxidx; pN 3X12X22 9
+ +2d(x) [U(Xz)-d(X:z)]) (2)
where : 2
Gy = 4o
3s

u(x) and d(x) are the nucleon valence structure functions of the up and

down quarks respectively,

It can easily be seen that the term -2d(x1)[u(xZ)—d(xz)]in.expression
{2),can be neglected (it contributes less than 2% of the main term) what-
ever reasonable assumption is made for the up and down valence quark re-
lationship : either the naive model assumption u(x)=2d(x) or the Field-
Feymann relation d(x)=0.56u(x)*(1-x). The equation (1) can therefore be

written as

42 oo 1
-9 = — 7 £ (x2) (3)
dxydx, pN-pN 3x1%%,°2




where f(x;)=4ul(x;)+d(x;) and g{x:)=0.4u(x,)+0.6d(x») are the valence
structure functions of the antiproton and the target nucleon respectively.
Each of the two functions f(x1) and g{x2) can be determined in turn from
expression (2) after integration over the variable %2 and x; respectively,

For f(x:1) we have :

2 2
lde B dxz_lde | e
L- N L N
P P P P

dxidx, dxid=xs
4
f(x,) = : (4
Ty ~g(x2) A(x1, x2)
f dXz
3X12 . 9 Xzz
where
a’n dg
dx1dxs Lra(xy, x2) dxidxs

is the measured event distribution in x;, %23 L is the integrated lumi-

nosity and A(x1, X2} 1s the spectrometer acceptance.

In order to evaluate the integral of g(x;) in expression (3) we use

for the quark structure functions a Buras—Gaemers type of parametrization :

u (x)
u () = A“ug «(1-x) B, f P dx =2
(5}
d (%)
_ ,d O B+l. :
dp(x) = AQB x {(1-%) 3 J( —R§~— dx 1

we have taken o = 0,51 £ 0.02, 8 = 2.8 + 0,1 as obtained from the CDHS
results at Q2 = 20 GeVZ(Z).

The two structure functioms f£(x;) and g(x,;) thus obtained are shown
in fig.la and b,where the experimental points are compared to the Drell-
Yan model predictions based on the CDHS(Z) determination of the valence nucleon
structure function. We note a very good agreement of the shape of £(x)
and g(x;) data points to the model in the intervals : 0.25 € x; £ 1.0
and 0.15 € %, € 0.45. The measured yield requires a normalization factor
K = 2.3 + 0.40,also in good agreement with our previous experimental

(1)

determination . We should also remark that we do not find any evidence



in our data of a significant variation of the value of the K factor, as can
be seen by comparing to the model predicticns : a) the shapes of f(x;) and
g{x2) (see fig.1) and b) the behaviour of M3 edc/aM plotted versus V7T (see

fig.2) for our antiproton data of 150 GeV and our proton data of 200 GevV.

We can now determine the shape of the nucleon valence structure
function by fitting our antiproton data after subtraction of the proton
data at 150 GeV with a Buras—Caemers type of parametrization of the va-
lence structure function identical to the one shown in equation (5).

We find ¢ = 0.8 £ 0.3, 8 = 3.3 + 0.5, If we assume up(x) = 2d (%), we

find @ = 0.7 *0.3,B = 3.3 *0.5 showing that the determinatizn of the
valence structure function from antiproton data is rather insensitive to
the assumed parametrization. We can further improve the accuracy of B by
fixing o = 0.5lin agreement with the results of the CDHS DIS experiment(z);
we then find B = 3.0  0.3.

Having demonstrated the ability of the Drell-Yan mechanism to repro-
duce adequately the shape of the valence quark structure function simi-
lar to the deep inelastic scattering,we can compare the valence structure
function of antiprotons with the overall valence + sea structure functiom
previously obtained by our experiment with 200 GeV/c protons, both being
determined using the Drell-Yan mechanism. This is shown in fig.3. As it
can be seen the two structure functions superimpose for % > 0.4, At
lower values of x; they separate, clearly showing the sea contribution
which is present in the proton data. More specifically we can extract
from the 200 GeV proton data the shape of the sea structure function.
This can be done by fitting the data with the differential cross section
d?0/dx,dx, containing valence-sea as well as sea-sea contributions.

The results of the fit are

BS = 8.5 % 0.5

. . . u d s 8
for a SU; symmetric parametrization of the sea, s = s = 25° - (l—x)B 3

and BS = 7.1 0.5

. . d
for a sea parametrization of the type s = sd(l—x)3 > and s° = 1/4(su+s ).
The wvalues of BS thus determined agree well with the CFS results(6) ob-

tained with 400 GeV protons.



CONCLUSTONS

The nucleon structure function, as determined by the Drell-Yan
mechanism using an antiproton beam exhibits a x-dependence which is in
good agreement with the result of deep inelastic scattering experiments,
The absolute normalization however requires a scaling factor K = 2.3%0.4,
most probably due to QCD first order mon leading log corrections(7). This
confirmg the results of our previous analysis based on protom data at
200 GeV. Finally we can determine the shape of the nucleon overall sea

structure function by comparing the antiproton data to our proton data

of 200 GeV. Our results agree with the nucleon sea determination by CFS.



REFERNCES

(1)

(2)

(3)
(4)

(5)

(6)

(7>

J. Badier et al., Phys. Lett. 89B (1979) 145; G. Matthiae, Proceed-
ings EPS International Conference on High Energy Physics,
Geneva 1979, wvol II p. 751,

R. Turlay, Proceedings EPS International Conferenmce on High Energy
Physics, Geneva 1979, vol. I p. 50,

C. Bovet et al., IEEE Trans. Nucl. Sci. NS 25 (1978) 572.

J. Badier et al., A large acceptance spectrometer to study high mass
muon pairs, Submitted to Nucl. Instr. and Methods (1980);
CERN/EP Preprint 80-36, (1980).

We have performed a measurement of the J/Y production cross section
at 150 GeV by selecting sets of data corresponding to optimal
running conditions i.e. small systematic corrections due to
accidentals and dead time losses. This gave the following values
for the J/{ cross sections

I+

UX>O(W_ + platinum nucleus - J/§+x) = 770 * 90 nb/nucleus

Ok>o(§ + platinum nucleus + J/Y + x)= 670 * 90 nb/nucleus

A.5. Ito et al., Fermilab-Pub-80/19 Exp. 7180.288; Submitted to
Phys. Rev. D., Feb, 1980.
J. Kubar-André and F.E. Paige, Phys. Rev. D19 (1979) 221;
G. Altareili, R.K. Ellis and G. Martinelli, Nucl, Phys. B157 (1979) 461;
J. Abad and B. Humpert, Phys. Lett. 80B (1979) 286;

B. Humpert and W.L. Van Neerven, Phys. Lett. 84B (1979) 327
85B (1979) 293; 89B (1979) 69;

K. Harada, T. Kaneko and N. Sakai, Nucl. Phys. B155 (1979) 169;

G. Altarelli, Lepton-pair production in hadronic collisions, EPS
Inter. Conf. on High Energy Physics (Geneva, 1979);

J. Ellis, Status of perturbative QCD, CERN TH~2744, and Proc. Intern.
Lepton-photon Symp. (FNAL, 1979).



FIGURE CAPTIONS

Fig. la) Valence structure function f(x;)} of the nucleon as determined

Fig., 2

Fig, 3

b)

by the antiproton data after subtraction of the corresponding
proton data at 150 GeV. Data points are compared to the predic-
tion of the Drell-Yan model based on the CDHS determination of

the valence nucleon structure function,

Same as fig.la for the structure functiom g(x;).

M
M3 ég 1 versus /T - B
dM ‘x>0
Vs

Data points from antiproton of 150 GeV and protons of 200 GeV -

are compared to the Drell-Yan model predictions.

The valence structure function f(x;) of fig.la is compared to

the overall (valence + sea) nucleon structure function determined
by the proton data at 200 GeV. J{(x )/1{(x ) is defined for our

(1

platinum target as

(1.6u(xy) + 2.4d(x;) + 58y)
2
J(x1) . .Y

I(x;) j‘ (2.2u(xz2) + 2.8d(x2) + 115;)
2

A(xy1, xp)dx;

A(x1, x2)dx2
X2



f(x|)= 4y (kx|)+d(x,)
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