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ABSTRACT

We have studied high statistics samples of dimuon events (~ 35 000)

+ . .
produced from 77 on platinum target in the mass interval 4.2 < Muu £ 8.5 GeV

at 150, 200 and 280 GeV/c. The 7 structure function is obtained by a fit of

d?o/dx,dx, to m*¥ and 7 data. At 200 GeV, the simultaneous use of 7% and
n° data allows a separate determination of the valence and sea structure
functions of the m. Futhermore, the 150 and 280 GeV data allow an accurate
determination of the shape of the valence structure function and give an

estimate of its evolution between Q2% = 25 and 50 GeV?2,
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This paper presents the final analysis of the pion structure investi-
gated by measuring W pair production by wi at 200 GeV/c and 7 at 150
and 280 GeV/c on a platinum target. An important feature of the Drell- Yan
mechanism [1] in the quark parton model is the possibility to extract quark
structure functions and specially those of unstable particles, as w and
K, which cannot be studied by deep inelastic scattering (DIS) of leptons.
In the framework of QCD, when the gluon corrections responsible for scaling
violation are computed [2], it is found that, in the leading log
approximation, the usual Drell-Yan cross section formula still remains
valid, except for the replacement of the scaling structure functions by
Q? dependent structure functions according to the Altarelli-Parisi
equations. These functions are the same in Drell-Yan and DIS processes.
However, deviations from the standard Drell-Yan formula arise when one
computes the first order QCD corrections, including next to leading log
terms [3]. In this framework the predicted dimuon production cross section
is found larger than the usual Drell-Yan prediction by a factor K which is
nearly independent of the rapidity and of the mass in the limited range
covered by experiments. Computations at the second order or attempts of
exponentiation give the same prediction with a higher value of the K
factor. In summary, at least at the 1%% order of QCD corrections, the
factorization property is preserved, (the cross section being just
proportional to the parton-model Drell-Yan cross section). Recently,
several theoretical groups studied the problem of initial state
interactions [4] and some of them pointed out that this effeect could
destroy the factorization in the Drell-Yan formula or give different
structure functions in Drell-Yan and DIS processes, but this is still

controversial.

Experimentally, it is then crucial to test the factorization and to
compare the nucleon structure function obtained in Drell-Yan and in DIS
experiments. In previous papers [5], we have given the results of
measurements of the Drell-Yan absclute cross section and of the shape of
the nucleon structure functions by the analysis of massive dimuons events
produced by antiprotons at 15 GeV and by protoms at 150 and 200 GeV/c.
Good agreement was found wich the results obtained in DIS experiments for
the shape of the valence structure function, the measured cross sections

exceeding the predictions of the simple Drell-Yan model by an overall



normalization factor K = 2.3 * 0.4, We are then confident that we can use
the Drell-Yan formula, assuming factorization and comstant K factor, to

extract the shape of the 7 structure functions from our 7w data.

1) EXPERIMENTAL DATA

Our experimental set up at the CERN SPS has been described previously
[6]. The muon pairs are produced in a 6 cm platinum target placed 40 c¢m
upstream of the 1.5 m hadron absorber. The muons are analysed by our
multiwire proportional chamber magnet spectrometer. The K and p in the
negative beam are identified by differential Cerenkov counters (Cedar).
For the positive beam, the ﬂ+, P, K gseparation is performed by Cedar and
threshold Cerenkov counters. The relative ﬂ+/n_ luminosity is monitored
by the J/¥ events collected simultaneously with the dimuon continuum. The
J/ ¥ productien cross section by T and 7 beams on a platinum target were
measured to be equal within * 1%. The ﬂ+/ﬂ_ relative luminosity is thus

known to % 2%.

2) SELECTION QF EVENTS

The resolution on the dimuon mass being about 4%, we select events
with mass in the range 4.2 to 8.5 GeV/c? to exclude the resonances region
(J/¥, ¥', T). 1In order to eliminate events produced by secondary
interactions in the platinum target and since this background is small at
x_ > 0 but rapidly increasing at negative Xps We perform a second selection

F
%x_ » =0.1. Another source of background is due to J/¥ events produced in

tE; hydrogen target and wrongly reconstructed in the platinum target with a
mass larger than & GeV/c?., This contamination comes essentially from
asymetrical dimuons which can be eliminated by a cut on cosd” 1COSS*I £ 0.5.
This selection eliminates a small fraction of events since the acceptance for

%
lcos® | > 0.5 is rather small.

Finally, we eliminate the (x,, x,) regions where the

acceptance is smaller than 3%. Having applied all these cuts, the number

of dimuon events at different energies and for different incident particles

are given in table 1.



3) METHOD OF ANALYSIS

3.1 The quark annihilation model

The muon pair momentum p* and the invariant mass Myy determine

the kinematical variables of the annihilating qq pair :

*
2p
M:u=X1XZS X=X1_XZ=_/'§-

where x, and X, are the fractional momenta of the quark in the beam

and target particle respectively, neglecting the transverse momenta of the
quarks. This approximation introduces an error on x, and x, of the

order of 1%, which is much smaller than experimental errors. 1In the
Drell-Yan model, the differential cross—-section is given by :

dzu 00 Q'Z

i h! h? h! h?
Frar ol v L [fi (x,) fi (x,) + fi (x,) fi (x,)] (1)

where the sum is over different quark flavours; fih(x), f;h(x) are the quark
and antiquark structure functions of flavor i in the hadrom h; Qi is the

quark charge, and o, = (4na?)/3s.

-t . .
The 7 (n ) structure function contains a valence part :

- - + +
v“(x;) = Gv“ (x,) = dv1T (x,) = uvﬂ (x,) = &V“ (x,)

T . . + - .
and a sea part S (x,) identical for # and © and assumed SU3 symetric

o

s"(x) = a "(x) = u M(x) = ES“<X) =d_"(x) = s_'(x) = 5, (%),
P = 0 P n
The nucleon has also a valence part u (x,)(2d (x,)), d (x,)(= u (x,)) and

a sea part SP(x,)(z Sn(xz)) taken SU2 symetric with the assumption [9]

5 P(x) = -21— 3P0 =

N =

asp(x).

It is easily seen that by isospin invariance, the valence-sea, sea-valence

+ - . .
and sea-sea terms are the same for ™ and ® nucleon interactions. On the



other hand, the valence valence terms are different (roughly in the ratio
(2/3)% to (1/3)% for  and x respectively). A global fit to n and
7 data thus allows a determination of both the valence and sea structure

functions.

We use for the quark structure functions the following parametrization

i

T B
Vﬂ(x) Aﬂxa {1 - x)

H

s"(x) = A "1 - oY
WPlx) = Aup xaup(l - x)Bup
dP(x) = a° - x)sdp
sPx) = a1 - "

We make the assumption GE = “E and BE = BE + 1 which is the result of
theoretical prejudices and supported by d{(x)/u(x) measurement in DIS experi-
ments which is well described by the parametrization d(x)/u(x) = 0.57 (1 - x)
[13]. The parameters A“, Aﬁ and Ag are fixed in terms of o and B by the

normalization condition to the number of valence quarks

1,“_ lp lp
fV(x)dx:l fu(x)dx,_:z fd(x)dx___l
0 X 0 X 0 X

The average fractional momentum carried by gluons in the proton (< gP>) and in

m .
the (< g > are deduced from momentum conservation :

Jl (oP(x) + aP(x) + 55P(x))dx

o

1 - < gP>

1 - < g“> fl (2v"(x) + 65" (x)) dx
0

The K factor is defined by the ratio [14]

2
‘- [d G/dxldleexp

[dzo/dxldXZ]D.Y.



In the following analysis, we will assume that K does not vary with

¥, and X;.

3.2 The Monte Carlo program

The simulation of the experiment is done using a Monte Carlo program.
Dimuons are generated according to the Drell-Yan Model, starting from a
given set of structure functions. The physical variables are : (x,, x,),

the transverse momentum P_, the angular variables (8, ¢). The

T’
transverse momentum is generated according to a parametrization of our data
[71; the acceptance being approximately independent of P, it does not
critically depend on the specific form of the assumed PT distribution.

For the azimuthal angle, we assume a (1 + coszﬂ*) distribution which is
compatible with the one observed in our experiment [8]. The experimental

set up is simulated including Fermi motion in the target nucleus, beam
resolution, multiple scattering in the dump and measured inefficiencies of
all detectors and trigger. The simulated events are processed through the
same chain of analysis as data and the two dimensional (x,, x,) distri-
bution of simulated events can be compared to the similar distribution of the
data. The Drell-Yan cross section being rapidly decreasing with x, (or

X z), we have choosen a binning &x,(4x;) proportional to x,{(x:) : &x,; = 0.05x,

and &x,; = 0.1x;.

We use a likelihood estimator to compare the (x,, x,) distribution of
data with the similar distribution of simulated events. As it is
technically impossible to restart the full Monte Carlo simulation for each

L .
, Y +ss) we have to determine, we

variation of the coefficients (o', B
introduce a parametrization of this simulation which also take into account
the smearing effects of the measurement errors. We then search for the
maximum of the likelihood estimator. We have checked by injecting the new
set of parameters in a new Monte Carlo simulation that the method is
rapidly convergent and gives the best estimate of the parameters of the

structure functions after a couple of iterations.

3.3 Projection method

From the Drell-Yan formula, we can express the cross section for =
as follows :
d?c Oy

= [Vﬂ(xl) G(Xz) + S“(xl) H(xz)]
dx,dx, 3x3ix3




where G(x,) and H(x,) take the following form, for platinum target (Z/A = 0.4)

Glx,) = 1/9[1.6uP(x,) + 2.4dP(x,) + 58P (x,)] for incident ®
G(x2) = 1/910.6uP(x,) + 0.4dP(x,) + 55P(x,)]  for incident m

+
H(x,) = 1/9(2.2uP(x,) + 2.8dP(x,) + 118P(x,)] for incident =~

To visualize the shape of the structure functions, we project the
content of the (x;, x,) array on the two axes to get the distribution
dN/dx, and dN/dx;. If L is the integrated luminosity calculated from the
integrated beam intensity and from the useful number of nucleons assuming
the measured linear A dependence [11l] of the cross section, we can get an

expression where only the variable x, appears :

dN/dx , . I x ) i
F“(xl) = L = K{v'(x,) + I—p(—x:)—s ()] (23

— P
3 ;{"%‘I (x.l.)

in this equation IP(xl) and Jp(xl) are integrals involving nucleon structure
functions G(x,) and H(x.) and the calculated acceptance of the apparatus

Alx,, x,) ¢

! G(Xz) : ! H(Xz)
Ip(xl) = f - Alx,, x,) dx, JP(x ) = [ - Alx ,x,) dx,
X2 X2

The nucleon structure function can be expressed as a function of dN/dx, in

a similar form :

dN/dx, I"(x,)
FN(xz) = 0—0—1':——“ = R[G(x,) + H(x,) “——] (3)
_'3'_“;;?1 (x,) T (x,)
where
. P vT(x,y) . P8 (xy)
I {x;) = / ——Aa(x,, x2) dx, J (x,) = [ — A(x,, x,) dx,
0o X1 _ [ Xy

This method does not allow to introduce any smearing due to uncertainties.



4) RESULTS

4,1 w, 7, p data simultaneous fit

We first perform a simultaneous fit of the ﬂ+, n and proton
data at 200 GeV/c and extract the structure functions of the pion and the
proton. We assume the same value of the K factor for the two pion induced
reactions. This global fit allows a determination of the structure
function totally independent of previous DIS measurements. The results are
shown in table 2 with the corresponding error matrix. As in pN and pN data
[5] the nucleon structure functions obtained are in good agreement with the
results of neutrino D.I1.S experiment [9], and this strongly enforces our
assumption that the dimuon cross section does factorise as expected in the
Drell-Yan model. '

4.2 1w, w data fit

To improve the accuracy on the pion structure function, we fix the
parameters of the nucleon structure functions at the values determined in
D.I.S experiments including scaling violatioms [9]. A global fit to T
and 7* data thus allows a determination of both the valence and sea
structure functions. The obtained values of the parameters are given in

table 3.

This fit provides the parameters of the pion sea structure function we

shall use in the rest of the analysis.

We must combine the statistical errors quoted in table 3 with the
systematical errors. The effect on the parameters of the different sources

of systematical errors are the following

- Nucleon sea structure function : CFS collaboration [12] determined a non
SU2 symetric nucleon sea structure function (u # d). Using this result,

we observe a variation on Y only. A4y" = -0.3.

. . .. - + A
- Error on relative luminosities ™ and 7™ : a variation of 122

on the luminosities ratio give the following variation on the parameters :



80" = #0.03 A" = 10.02 AyT = 10,7 A< g > = 30.04

Fig. la and b show the distribution Fﬂ(xl) (eq.2) and

Fy(xz) (eq.3) which visualise the pion and nucleon structure function

respectively.

We obtain K = 2,3 % 0.5. ‘The gquoted error includes a relative error of
20% corresponding to the uncertainty of the 7 valence structure function
(specially on a™; uncertainty of 12% on the luminosity; and an error

of 4% on the acceptance.

4.3 150 GeV and 280 GeV data

A more detailed analysis of the valence structure function of the pion

can be done using our high statistics data at 150 and 280 GeV/c. Since we
+ . . .
have no W data at these energies, we cannot determine the pion sea and

we use the value obtained at 200 GeV.

In order to compare the two samples of data at the same average mass
squared : < Mzuu> = 25 GeV?, we applied a mass cut 4.2 < Muu < 6.2 GeV on the
150 GeV data and a mass cut 4.2 < Mpu < 5.8 GeV on the 280 GeV data. 1In
this analysis, we also used Q? dependant nucleon structure functions. The
result of the fit is given in Table 4. The main sources of systematical
errors are : the error on the pilion sea structure function, the error on the
proton sea structure function and the error on the acceptance of. the
apparatus. This last error is more important at 280 GeV/c than at

150 GeV/c.

Fig.(2a and b) and Fig.(3a and b) show the values of F_(x1)
and FN(xz) at 150 GeV and 280 GeV respectively. We obtain also the

two values of the K factor :

I+

2.49
2.22

0.37
0.33

K(150 GeV)
(280 GeV)

It

1+

the indicated errors take into account the error on the pion valence
structure function (% 7.5%), on the luminosity (* 12%) and on the

acceptance (% 4%).
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Combining these two measurements, we obtain the best estimate of the

valence structure function of the pion at < Muu2 > = 25 GeV?

a" = 0.41 * 0.04 8" = 0.95 * 0.05

2

4.4 Evolution of the structure function with MlJ
By a similar analysis with the two samples of data at < Muuz > = 50 GeV?,

. N T T
we can estimate the variation of the parameters ¢ ans B between

< 2>= < 2>= 2:
Muu 25 and Muu 50 GeV

w ﬂ n

ba’ = a (<ME > = -a(<M2 >= = 0.0 * 0.

o a (<M uu 50) - o (<M o 25) = 0.0 * 0.08
m L 2 m 2 _

AR = B (<M >=50) - B (<M >=25) = 0.15 £ 0.08

MU 3"

Following the method proposed by Buras and Gaemers [10], we can determine

the Q% evolution of the non singlet structure function, parametrizing

a“(Qz) and B“(Qz) as aﬂ(Qz) = a“(Qoz) + k,s and B“(Qz) = B“(Q°2)+ k .8

with s = log ((logQ?/4%)/(logQ3/A%)). For a given value of A, and from
evolution equations, one can compute k, and k, and deduce the expected values

of 8aT and 4B™ between M?, = 25 and 50 GeV?2 :

for A = 0.2 GeV Aa™ = -0.01 ABT = 0.07
A= 0.5 GeV 8" = -0.01 88" = 0.10.
Despite the large error bars which make the result rather insensitive to the
value of A, the experimental estimations of 40" and 48" between M“uu = 25

and 50 GeV, indicate that our data are compatible with a scaling violation

of the structure function.

5) CONCLUSION

We extracted the pion structure function assuming that the dimuon
production cross section does factorize as predicted by the Drell-Yan model
the distinction between the valence and the sea of the pion is done at 200
GeV/c? where we used incident 7° and n*; a precise determination of the
valence of the pion is performed at 150 GeV/c? and 280 GeV/c? where we accu-
mulated large statistics with incident 7°. The K factor measured at these

energies lies in the range 2.2 - 2.5,
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Finally, our data are compatible with scaling violation of the valence
distribution inside the pion. The next generation of experiments with
higher statistics should give a more precise measurement of this evolution

over a wider mass range.
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TABLE 1

Number of dimuon- events collected at 150, 200 and 280 GeV

on the 6 cm Pt target in the mass interval 4.2 to 8.5 GeV/c?

Pinc Particle No. Events | Luminosity (cm~2)
- Cse
150 GeV/c w 15 768 5.0 £ 0.7 10
- 37
m 4 961 11.4 £ 1.3 10
+ 37
200 GeV/e w 1 767 §.8 £ 1.0 10
37
p 1 048 11.9 £ 1.5 10
- 38
280 GeV/c T 11 559 2.8 £0.3 10
TABLE 2
Result of a global fit of the w*, ©°, protons 200 GeV data.

NA3 : 4,2 < Mw < 8,5 GeV C.D.H.S. Q% = 20 GeV
Correlation coefficients
P p T m L
g uﬁ %1 ¥ <gp> o B Y
of  =0.57 | 0,12 @ =0.51 F 0.02
Valence u ‘ v
87 = 3,28 | 0.27 .81 8 = 2.83 T 0.09
Proton v ) v !
Sea ¥ =9.33 ] 0.53 | .29 .57 ¥ =80 Fo0.7
@, > = 043 | 012 | -.96  ~61 -1l <,> = 0.52
Valence " =0.33 | 0.14 | -.80 ~.62 -.18 .80
Pion " =1.17|0.10 | -66 -.35 -.08 .37 .35
' Ses Y =929 | 2.6 002 -,03 -.11 -.04 —.43 .27
g > = 0.19 | .70 .53 .20 -.66  -.33  -.16 -.47

0.55
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TABLE 3

Improved fit of the pion structure functions

at 200 GeV using 7 and 7 data.

Correlation coefficients
G u"l'l' BT[ 'YT[
m
Valence u“ = 0.45) 0.12
= 1.17| 0.09]| .37
Sea v' o= 8.4 2.5 | -.22 .12
€ g >=0.47| 0.15] .02 .60 -.16
TABLE &

Result of the fit of the pion valence structure function with the 150 GeV

and 280 GeV m data at < Muuz > =

25 GeV2:., The © sea and

aucleon valence and sea structure functions are imposed.

Correlation Systematical errors
coefficients
g pion sea proton sea acceptance
1 - 150 GeV/c o = 0.41 | .05 T .03 7 .01 -
4.2 <M <6.2 GeV g" = 0.92 .04 .90 7 .01 - .01 + .02
1 - 280 GeV a" = 0.41 | .05 + .02 + .01 + .01
4.2 M & 5.8 GeV g" = 1.01].08 .87 £ .03 - .02 + .07
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FIGURE CAPTIONS

Fig. la

Fig. 1b

Fig., 2a

Fig. 2b

Fig. 3a

T 200 GeV data. The data points represent F (x1 )as

defined by eq. (2) using nucleon structure functions from CDHS
fit.

— dashed curve represents the valence structure function of the
pion obtained from ocur fit.

- solid curve represent the (valence + sea) pion structure

function as defined by eq. (2).

The data points represent F (x;) as defined by eq. (3).

— dashed curve represent the valence part of the nucleon
structure function 1.6ulx;) + 2,4d(x,) for = .

- solid curve represent the (valence + sea) nucleon structure
function as defined by eq. (3).

The curves have been scaled up by a factor K = 2.3.

™" 150 GeV data. The data points represent Fﬁ(x,) as

defined by eq. (2) using nucleon structure functions from CDHS
fit.

- dashed curve represents the valence structure function of the
pion obtained from ocur fit.

- solid curve represent the (valence + sea) pion structure

function as defined by eq. (2).

The data points represent Fﬂ(xa) as defined by eq. (3).

- dashed curve represent the valence part of the nucleon
structure function 1.6ulx,) + 2,4d(x.) for w .

- solid curve represent the (valence + sea) nucleon structure
function as defined by eq. (3).

The curves have been scaled up by a factor K = 2.49.

7™ 280 GeV data. The data points represent F"(x,) as

defined by eq. (2) using nucleon structure functions from CDHS
fit.

- dashed curve represents the valence structure function of the

pion obtained from our fit.
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- solid curve represent the (valence + sea) pion structure

function as defined by eq. (2).

Fig. 3b The data points represent.F“(xz) as defined by eq. (3}.
- dashed curve represent the valence part of the nucleon
structure function 1l.6ulx,) + 2.4d(x,) for T .
- solid curve represent the (valence + sea) nucleon structure
function as defined by eq. (3).

The curves have been scaled up by a factor K = 2.22.
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