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. ABSTRACT
We have measured the inclusive production of massive dimuons
(7 < Muu $ 11 GeV/c?) by 200-, 300-, and 400-GeV protons 1in-
cident on Cu in order to check whether the dimensionless cross
section Miudc/dMuu 1s a function of Mﬁu/s alone, where s is
the square of the c.m, energy. The results support the scaling
hypothesis, We also confirm our previous finding that high-

mass dimuons are the source of a significant fraction of direct

single muons of large transverse momentum, RECEIVE[
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There is growing confidence that the weak interactions are indeed
mediated by heavy vector bosons, charged and neutral, and that their~masses
may well lie in the 40-100 GeV/c? range (as indicated by theories(]) which
unify the weak and electromagnetic interactions). If so the intermediate
vector boson (W) would, at least energetically, be within the reach of the
colliding beam machines 1likely to be the accelerators of the next genera-
tion. Hence questions bearing on the W production and its detection have
received much attention recent]y(z's).

Most of the theoretical estimates for the W production cross sec-
tions rely, among other things, on the scaling hypothesis, i.e., the hypoth-
esis that the dimensionless cross section m3do/dm for electromagnetic pro-
duction of a lepton pair of mass m in p-p collisions is a function of m?/s
alone, where s is the square of the c.m. energy of the p-p system. Scaling
in itself is of course an important theoretical issue; it is a consequence

(6)

of many models of dilepton production by hadrons, in particular the well-

(7)

known Drell-Yan process in which a dilepton is produced by the annihila-
tion of a quark-antiquark pair. It is thus of great theoretical as well as
practical interest to investigate the scaling behavior of the dilepton
process. This Letter reports the results of such an investigation. It was
performed at Fermilab with muon pairs of large mass (7 - 11 GeV/c?) produced
by 200-, 300-, and 400-GeV protons incident on a Cu target.

At present the data on scaling are rather sparse. (The most recent
compilations are given in Refs. 3 and 4.) Although measurements of dilepton

production cross sections are now available for a wide range of energies

and dilepton masses, they involve different experimental acceptances; thus

a direct check of scaling is not possible. The strength of the present ex-
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periment is that it uses the same apparatus atlgll three c.m. energies
(19, 24, 28 GeV), providing such a direct test; its limitation is the sta-
tistical precision attained for the available energy variation.
The apparatus is identical to the one described in a previous pub-
1ication(8) where our preliminary results on the production of massive di-
muons at Fermilab energies have been reported. Briefly stated, the appar-
atus consists of a highly asymmetric double-arm spectrometer. One arm is
a magnetic focussing spectrometer of small solid angle which can be adjus-
ted to select, with high purity, direct single muons produced at e* = 90°
in the proton-nucleon c.m. system. The other arm, the multihole spectro-
meter (MHS), consists of ten large liquid scintillator detectors buried in
the ground; they detect muons with transverse momentum Py 3 3.2 GeV/c .
The MHS covers in the c.m. system at 400 GeV a polar angle of 60° < e* < 126°
and an azimuthal angle of -8 < e* < 25° .

Data are taken as a function of p% s the transverse momentum of the
muoﬁ observed in the magnetic spectrometer. The rate of events for which a
second coincident muon is deteéted in the MHS is recorded. For a given val-
ue of p? the dimuon mass acceptance of the system is ~2 GeV/c? FWHM cen-
tered(g) about 2p$ . Thus this experiment cannot resolve narrow resonances
whose total yield in a 2 - GeV/c2-wide mass band is less than the uu-con-
tinuum yield.

To evaluate the efficiency of the apparatus for various dimuon masses

we have assumed the parametrization,
b
3 « (1= -
Edo/d3pdM = (1-]x|)" exp(-2p/<pp>) (1)

for the Pt and x dependences of the invariant production cross section
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(x = p;,/p;ax). For b we have taken the same value, b = 4.3, as in our pre-

(8)

vious analysis' ’; this value was based on early data on J/y production and
was assumed, somewhat arbitrarily, to hold at higher dilepton masses. As
explained below, the scaling test itself does not depend on b. For <Py s
the average Py of the dimuons, we have used 1.25 GeV/c, a value determined
experimentally from the azimuthal an§u1ar distribution of the muons detec-
ted in the MHS with respect to the plane containing the proton beam and

the magnetic spectrometer line. (In the 7 - 11 GeV/c2 mass range we mea-

Z.(10) who observe

sure <py> = 1.25 + 0,30 GeV/c, in agreement with Hom et a
1.45 + 0.23 GeV/c for dimuons of mass 6.5-11 GeV/c2.)

Table I gives for each energy the cross sections per nucleon. We
have assumed the cross section to be proportional to the atomic number A.
The justification for the Al dependence comes from our own measurements at
p? = 4.6 GeV/c (Muu ~ 9 GeV/c2) of dimuon yields from Cu and Be targets of
identical interaction length (40%). We find for the exponent: 1.03 * 0.10.
The reason for quoting dzcr/dedy‘y=0 is that our apparatus is only sensi-
tive to dimuons produced in the rapidity interval -0.3 X y X 0.2 , i.e.,
near y = 0. Hence this cross section is essentially independent of the x
dependence assumed (b = 4.3) whereas do/dMuu varies with b (by a factor <2
when b is changed from 1 to 10).

We have also listed in the Table the fraction of single direct muons
of transverse momentum p? accompanied by a coincident u in the MHS detector.

(8)

As noted previously the ratio uu/u increases steeply with p% , demonstra-

(1)

ting that at high pr @ substantial fraction of prompt single muons is
produced not only in pairs, but in pairs of large mass (Muuzz 2pT). In fact
the parametrization (1) predicts for our apparatus uu/p ratios quite close

to those observed. This is consistent with all of the single muons at high
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Py coming from massive dimuons. However, there is still room for other
single direct muon sources, because a different Pt distribution for the di-
muons, e.g., exp(-ap?), even with the same average <P7> > predicts higher

(10) are insufficient to determine the form

up/u ratios., The avajlable data
of the dimuon Pr distribution,

Figure 1 shows the cross section d2c;/dedyLy=0 versus Muu for all
three energies. We observe an exponential fall-off with Muu and a strong
energy dependence. If, however, the quantity Miudzg/dMuudyly=o is plotted
as a function of Mﬁu/s » then the energy dependence all but disappears, as
seen in Fig, 2. This shows that within the experimental uncertainties the
scaling hypothesis does hold in the energy and mass regions under study(]z).
A x2 fit of all data points to a universal curve (taken here to be an expo-
nential) yields x2 = 11.5 for 8 degrees of freedom, an acceptable fit, This
curve transforms back into the lines shown in Fig. 1 at each energy.

(]3']6). However,

There are other available data relevant to scaling
as already mentioned, they were obtained under vastly different experimental
conditions (acceptance, target material, etc.) and various assumptions have
to be made to extract the cross section do/dm per nuc]eon: Moreover, it is
important that all data be treated in the same manner., Such a treatment

can be found in Ref. 4,

In conclusion it should be pointed out that the Drell-Yan model,
which carries a number of significant implications, in particu]ar scaling,
can be easily accommodated to our cross-section data. However, at least in
its simplest form, the model provides no appreciab]evpT for the dilepton sys-
tem, in contradiction with the data.

We wish to thank the Fermi Laboratory for its support, and J. M.

Green and N, Giokaris for their assistance in the taking of the data.
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TABLE CAPTION

Table 1  The cross sections per nucleon for the production of muon pairs
by 200-, 300-, and 400-GeV protons incident on Cu. Errors are

statistical only.

FIGURE CAPTIONS

Figure 1 The cross section per nucleon dzo/dMu“dy y=0 for the production
of muon pairs at three energies. The lines represent the over-

all fit of Fig. 2 transformed back for each energy.

Figure 2 The scaling behavior of the data. The line is an exponential fit

to all points.
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Dimuons per

Energ PT M d2°/dMuudy'y=O do/dM, direct single
(GeV (GeV/c) (GeV/c2?) (cm2/GeV/c?) (cm2/GeV/c?) muon (%)
400 3.9 7.7 (1.2 = 0,2)x10736 (7.1 £ 1.4)x10-37 1.0 £ 0.2
400 4.6 8.8 (6.4 + 0.6)x10-37 (3.3 £ 0.3)x10-37 4.1 + 0.4
400 5.4 10.0 (2.9 + 0.5)x10737 (1.2 + 0.2)x10737 13.2 + 2.4
400 6.2 11.3 (3.8 + 1.5)x10738 (1.4 + 0.6)x10738 14.9 + 4.8
300 3.9 7.7 (6.8 + 1.0)x10737 (3.3 £ 0.5)x10"%7 1.0 + 0.2
300 4.6 8.8 (3.5 + 0.5)x10737 (1.5 £ 0.2)x10737 4.3 + 0.7
300 5.0 9.3 (1.9 + 0.4)x10737 (7.6 + 1.4)x10738 8.0 = 1.4;-4
300 5.8 10.7 (6.3 £ 1.4)x10738 (2.0 + 0.5)x10738 18.6 + 4.0
200 3.9 7.4 (4.7 + 1,2)x10737 (1.9 £ 0.5)x10"37 1.0 + 0.2
200 4.6 8.3 (1.2 + 0.4)x10737 (4.1 £ 1.3)x10738 2.4 + 0.6
TABLE I»
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