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ABSTRACT

We have performed a high statistics amalysis of muon pair production.
Our sample of events of mass between 4.1 — 8,5GeV/c® consists of 2.2x10"
events at 150 GeV/c, 5x10°% events at 200 GeV/c and 5x10° events at 280 GeV /c,
Part of our 150 GeV/c data (1.3 x 10" events) were taken with an impro-
ved forward acceptance.

We present results on scaling, Pr distribution and an analysis of

our hydrogen data.
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selected in the mass range MUU > 4.1 GeV/c? and without any x

In the present paper we present results obtained from analysis of
massive dimuons produced by T at 150, 200 and 280 GeV/c on a platinum _
target and by T at 150 GeV/c on a hydrogen target. The data were collec~
ted by the CERN-NA3 experiment between September 1978 and December 1979,
The experimental apparatus has been described in previous papers(l’z). It
consists of a multiwire proportional chamber magnet spectrometer and a
trigger system based on the Pr selection of one or both muons. We recall
here that the incident beam is absorbed in a 1.5 m iron~uranium dump
mounted at the entrance of the wide acceptance spectrometer magnet. Two
targets (6 cm platinum and 30 em hydrogen) are mounted on the beam line

in front of the beam dump at positions chosen to allow clean separation

~of events produced on each of the targets and on the absorber. The high

statistics of the event sample (see Table 1) and the large acceptance of
the apparatus (see fig.1) allow a detailed study of the following features
a) Test of scaling; b) Study of dimuon production on free protons;

c¢) Transverse momentum distribution

Further results from the same data on the production of J/Y's, on the
extraction of meson and nucleon structure functions as well as the deter-
mination of the absolute cross section are presented at this conference

(3)

in separate papers .

SCALING

The scaling property predicted by the basic Drell-Yan model :
M?do/aM = £(M/Vs) has been verified by our 200 and 280 GeV/c T data(a),
F_CUt’ and
using a T beam at

(5)

further confirmed by the results of Barate et al.
150 and 175 GeV/c. Only the CIP 225 GeV/ie data(6) seems to deviate from
scaling when compared to the above results, but this discrepancy is pro-
bably due to a non~linear A dependence used in the computation of do/dM

by the CIP group.

In the present paper we present the data coming from our more refined
analysis at 200 and 280 GeV/c together with the new high statistics data at
150 GeV/c. All data are selected in the range Mﬁu > 4.1 GeV/c? and Xp z 0.
The results are shown in fig.2. The scaling behaviour of M¥do/dM as a
function of T is well verified within the experimental accuracy estimated

to be #15%. Scaling violation observed in deep inelastic scattering(7) and



predicted by QCD first order leading log calculations is of the order of
few percent, too small an effect to be observed by our present data. The
same conclusions were reached by the CFS collaboration for their high

(8)

statistics proton data

PRODUCTICN OF DIMUCNS ON HYDROGEN

Our new high statistics data on dimuon produced on hydrogen by
150 GeV/c m allow the test of two important physics points : A) Measure-
ment of the absolute Drell-Yan cross section on free proton and check of
the corresponding value of the K factor (K = (do/dM)exp/(da/dM)D.Y. model).
B) Test of possible nuclear effects in dimuon production. This is obtained
by direct comparison of dimuon events produced simultaneously by the same
beam traversing two successive targets (ome platinum and one hydrogen).

Such a test is almost fréee of absolute mormalization errors.

A) A direct measurement of the K factor on hydrogen has been performed
at 200 GeV/c 7 wusing 138 events in the mass range M > 4.1 GeV/c? and
vielded the value : K = 2.4 & 0.4(1), for masses betisen 4.1 and 8.5 GeV/c?,

Qur present 541 events are produced by 150 GeV/c T on the same target
and using the same apparatus as for the 200 GeV/c experiment with improved
acceptance in the forward direction. This provides an independent and more
stringent test on the K factor, statistical accuracy being improved and

the mass range extending further, up to the T mass. The result is shown
in fig.3 where the experimental cross section do/dM is plotted as a func-
tion of M and is compared to the model predictions thus détermining a

HH
value of K = 2.4 £ 0.4,

B) The question of possible nuclear effects in dimuon production was

(6)

raised by the results of Anderson et al. indicating an A-dependent
behaviour of the cross section which could be parametrized as A% with

o =1.,12 £ 0,05 for 225 CeV/c pions. As stated above,we have collected
simultaneously.data on platinum and hydrogen targets, and we are able to
compare the corresponding rates which are independent of the absolute
normalisation, Using our 150 GeV/c data (541 events on hydrogen, 22290 on
platinum in the mass interval 4.1 - 8.5 GeV/c?), we can analyse the ratio

of events per nucleon in the framework of the Drell-Yan model. If we



neglect the meson sea contribution, we can write :

do To 1
. =Tt T ST =T
= K- - [4u (x1) ™ (x2) + d (x;) d (Xz)]
dxdxs xlzxzz 9 :
where : .
2 _ - .
Og = 4g§ , a" = uﬂ, and uT(dT) are the up (anti down) quark

structure function in the target.

Comparing hydrogen and platinum data, we take into account the

different quérk content of the target :

H, : uI = uP + sp, ET = sp ;

T =T P

0.4u” + 0.6dP + sp, d” = s" 3

Platinum : u

P

where u , d? and &P are the valence and sea structure functions of the

proton. The ratio of the x, distribution can be expressed as :

do
dxs [Hz KHZ 4UP(X2) + SSP(Xz)
i~ X
do Kp, 1.6uP(x2) + 2.4dP(x,) + 55 (x,)

dx2 Pt

Thé data are shown in fig.4, and we note an increase of (dc/dxz)Hz/(dO/dxz)Pt
as function of %p,with a mean value of about 1.4. This behaviour agrees
with tﬁe_prediction of the Drell-Yan model (solid curve in fig.4), using
the CDHS structure function for the proton(7). Note that we are also sen-
sitive to the difference in shape between u and d, as can be seen in fig.4.
Our data favour a parametrization of the nucleon structure function of
the form d(x) « u(x)(1-x) rather than u(x) = 2d(x), although the latter
cannot be completely excluded. The ratio between data and the model pre—
diction is 1.03 * 0.09. This can be expressed as KHZ/KPt = 1.03 £ 0.09
using linear A dependance (predicted by the Drell-Yan model) or, using

an A dependance parametrization A% and the assumption that KHZ = KPt’ as

& = 0.994 * 0.015. Note that the quoted error includes systematic errors

estimated to be 5%.



. TRANSVERSE MOMENTUM DISTRIBUTIONS

Qur experiment is particularly well suited for studies of transverse
momentum, since the acceptance of the apparatus varies very smoothly with
Pr between 0 and 6 GeV/c (see fig.l). The high—pT events may be due to

(9) induced by quark-

QCD first order corrections to the Drell-Yan model
antiquark annihilation into & photon—gluon pair or by the Compton scatter—
ing of quark and gluons. The data are corrected for acceptance in bimns
of rapidity Y, mass M and transverse momentum P of the muon pair. The
only assumption was an angular distribution equal to 1 + cos’8 in the
Gottfried=Jackson frame*). We do not see any significant dependence of
the Pr distribution with Y, so the data presented here are integrated

over the rapidity interval of our apparatus (-0.6<¥<1.2).

Fig.5 shows the Pp distribution of the 150 GeV/c data, for different
mass bins. As the data do not exhibit any strong dependence in shape
with respect to the mass, we can integrate between 4.1 and 8.5 GeV/& ex—
cluding the resonnance region. Fig.6 gives comparison of these distribution
obtained for our three beam energies. In fig.7 and 8 are plotted the moments
<pT> and <pT2> as a function of the dimensionless variable T. We observed
" an increase of these quantities with vs and a flat or slowly rising de-
pendence with T. On simple dimensional arguments, QCD predicts a linear

s dependence.

<p 2> = < 25 . .
where kT is the intrinsic transverse momentum of the partons.
We find for vT = 0.275

<pT2> = (0.74 * 0.10)(GeV/e)* + (0.0029 * 0.0003)s
and
<pp> = (0.49 + 0.08)(GeV/c) + (0.034 £ 0.004)vs

*) The exchange of the Gottfried-Jackson frame with the Collins-Soper
frame induces an increase of 27 for the <Py and <pT2> moments.,
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CONCLUSIONS

The dimuons produced in the continuum region at masses above
4.1 GeV/c? by 150, 200 and 280 GeV/c piomns on a platinum target in the
Same apparatus show a scaling behaviour . This property is in agreement

with the basic Drell-Yan model and with proton beam experiments (8) .

The K factor (K = ¢ exp/o D.Y. model) measured on hydrogen target
is found equal to 2.4 * 0.4 . When comparing to the platinum data we
observe that the ratioc of nucleon structure functions reproduces the
different quark compositions of the targets . The ratio KH2/KPt is
equal to 1.03 * 0.09, assuming a linear A dependance . If we take
KH2= KPt’ we find ¢ =0.994 £0.015 .

The transverse momentum distributions show a very weak dependance
with the mass, and a regular increase with the center of mass energy .
Using our three energies, we find a parametrization for the transverse

momentum squared, at vT = 0.275 :

<PT2> = 0.74 {GeV/c)? + 0.0029 S
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TABLE |

Data (Sept. 78 - Dec. 79)

P, TARGET | H,  TARGET
I/ M > 4,1 I/ M > 4,1
NI N R . PSR —
| " A |
P =280 GeV/c T 130 000 4 700
i B TL ATy S — = hand i ]
; 1 ) ) !
. T 145 000 4 970 3 000 I 138
i e L, o o l R
1200 Gev/e| K 2 800 90 * 56
| P i 000 32 17
- T 108 000 1 750 2 200 40
! .
{‘ +
1200 GeV/e{ K 16 000 170 340
P 101 000 1 070 2 200 ‘
- o 703 000 21 600 18 800 54]
150 GeV/e{ K~ 24 000 688 550
P 9 000 275 250
L - .
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Fig.

Fig., 2

Fig. 3

Fig. 4

Fig. 5

Fig. 7

Fig. 8

Fig. 9

*
Acceptance of the apparatus, as function of X = 2 pL//g, of the

transverse momentum p. and of the dimuon mass M .

Plot of M*do/dM, as a function of VT = M/Vs for m at 280, 200

and 150 GeV/c . Points in the upsilon region are not plotted
Plot of do/dM on hydrogen target at 150 GeV/c (541 events)

Ratio of the do/dx., distributions, per nucleon, on hydrogen and

2
platinum targets, function of X, .
Differential cross section l/pT'dU/pT of 150 GeV/c pions for

different mass bins

Comparison of I/pT dO/de for different energies, and mass

between 4.1 and 8.5 GeV/c?

Average value <p >, function of VT, for 280, 200 and 150 GeV/c

pions
Average wvalue <pT2>,_function of ¥T for all energies

Variation of <pT2> with s, for vT = .275 . The straigh line is

a linear fit from our three points



(%)

X acceptance

acceptance (%)

40

30

20

ACCEPTANCE

IN X, Py » M## at 200 GeV/c

M=9.5 GeV/c?
_ 2L §
© M =9.5Gev/c?
(&
|
=]
L a — -
[(}]
o
[ & ]
°© M=4.5 GeV/c?
- D_'- _+
M=4.5 GeV/c?
1 I 1 1 I | 1 |
-0.4 0 0.4 0.8 [ 2 3 4 5 6
X P, (Gevre)
30+ ~6
20+ Mass Resolution 4
Ot =42
O I 1 ] T | S S T 0
0 5 10
2
M#P- GeV/¢c

FIG. |

(%)

o{M) /M



_______ I ; _______ |

O
~.
= -
L = = o—»
© P S
O OO o _
NNl — —— 3
4 e © S i
IAI..IIOI
o O
&
% O _
&
.9 O
8‘@%
AoA
q
TR | IR T I A Lo oo
O _ -

0 <¥X (uosjonu/o/ A9 qu) WP/ oP W

04 06 08

0.2



1000 LT ' [ l I ] ]
- TP = " e X ]
:\. ® NA 3 experimental points
00 = M (D.Y. model predictions)
— N\ »
- [~ - - ( " 1 ] .
. s . )x 2.4:
o~ i .
' 3
~ - -
D i
2 -
o I0p —
ol a 3
b= "
olo
| —~
Ol - |
4,]

Tig. 3



40)
d Xo /Pt nucleon

)H2/(

do
dX%o

N

NA3 Experimental points e

Model  4u+Ss | ——2d=1125(1-Xp)u
Predictions’| ¢, 0444+5s | ——_2d=u




T T T I !

T T TTT

x 41 <M< 5 Gev/c?
" 150 GeVio 5 <« M< 6

st %y _ e 6 <M< 85
10" L~ %
C x
J x
© x
e O
S °F
@ 10” s x
© f.‘o %
o ¢ x
N i * o
q;) | ¢ (Dx
. ¢
Q 3
] 3 ® Q
&) E %
. - ¢
Q . Q

2
d
PT M
O,
D
III
_._
—e—
—-—_._
==
——

| —J 113

] lllllll’ 1 llllllll

| lllll!I,

(GeV/c )

Tig. 5

(o))



do”

g | 1 | ]
5 A 280 GeV/c
o0t ¢ 200 |
Oad
| O o 150
(O — Cen ' —
— O -
[ 8A .
— ®,. _
- ().Zk :
i ”
| o _
z2 O’A
0 O E
o o¢ .
B o#éé |
8 o* ++ |
g L ¢ .
- ¢+++$ :
- o ¢ M‘ )
0 - ?T } % —
'0_5:—“ uﬁ —
- ]
6 1 | | | |
© 0 4 6

( GeVic)

u e

Fig. 6



—e o
JII.\\OJ
—t—— O
'S}
W -¢-e ©
nomuu ~} &0
o500 <+ @ O
O O W < e
N <
4 e o
l |
2 —

0.8

06

04

0.2



! I ‘ | ! |

a 280 GeV/c

o 200 u
o |50

¢
¢ ¢
co ettt
| | l L |
02 04 0.6 0.8
JT

Fig, 8



)0
1

<P1t2> (GeV/c)?

. This experiment

o Anderson et al

600
S (GeV?)

400

Figure 9



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

