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ABSTRACT

We present proton-nucleus dimuon production cross
sections for masses between 4 and 15 GeV, center of
mass rapidities between -.3 and .7 and incident ener-—
gies of 200, 300, and 400 GeV. The data confirm scaling
to the 20% level. The dependence of continuum < Pp >

on beam enerdgy 1is also presented.

a)Present address: Foundation for Fundamental Research
on Matter, the Netherlands.



We have extended our study of muon pair production by 400
GeV protons1 to incident proton energies of 200 and 300 GeV.

We find that a dimensionless form of the cross section can ﬁe
well described at all three beam energies by a single function
that depends only on dimensionless variables. Scaling of the
cross sections in this manner implies the absence of any mass
parameters with values similar td the relevant variables in the
process, in this case the mass of the muon pair (4 < m < 15 GeV)
and the total CM energy /S. An extensive literature’ has appeared
in which issues of scale breaking, asymptotic freedom and QCD
act to modify the gualitatively successful parton annihilation
model. It is these issues that we hope will be illuminated by
the data presented here.

Figure 1 shows our mass spectra evaluated for the mean CM
rapidity y of each data sample. We have fit these data excluding
the 8.8-11 GeV (T) region with linear exponential curves, sub-
tracted the fit from the data, and tested the remainder for en-—
hancements in the excluded region. We list the results of the
continuum and the T fits’ in Table I. We note that the acceptance
in y is roughly Gaussian with a full width of 0.4 units. Since
the laboratory angle of the spectrometer is fi#ed, the center
of this acceptance shifts with incident beam energy as indicated
in Table I.

In Fig. 2 we present a dimensionless form of the cross sec-
tion, s dzd/d/?.dy in bins of YT = M//g'as a function of y.

We assume a dimuon decay distributicon 1 + cosze in the Gottfried-

Jackson frame and integrate over dimuon transverse momentum Paqi
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data in the T region have been excluded. The major systematic
uncertainty is the relative normalization between data taken

at different beam energles. We estimate £5% between 200 an&
300 GeV and *10% between 200/300 and 400 GeV. We note that the
acceptance in y is far from ideal for purposes of extracting

y behavior. This results in an extra systematic uncertainty

of £10% at the acceptance edges. If scaling is assumed, the
data in Fig. 2 represent measurements of the y dependence for
-0.3 <y < .7.

In Fig. 3{a), we present the cross sections at y = .2 (where
all three energies overlap) vs. Y7T. We find the results con-
sistent with a global fit:*

2 _—(25.3%.2+.6)/T

s a%0/&’T dy g=.p= (44.%0.712.0)ub Gev® e

XZ/DF = 173/145 (confidence level = 10%).

(1)

Figure 3(b) displays the ratio of the cross section of Fig. 3(a)
and this global fit. The contrast between figures 1 and 3 illus-
trates the significance of the scaling test. We note that scale
breaking at the level observed in deep inelastic scattering would
have no effect at YT = 0.2 and would cause the 200 GeV data
points to be on the order of .20% above the 400 GeV data at Y71
= 0.5.

Figure 4 graphs the relative y slope of s dzo/df?—dy
at y = 0 vs. /T for the 400 GeV data. Positive slopes indicate

a strong forward backward asymmetry. One expects asymmetry since



our target nucleon is on average 40% proton and 60% neutron.
Figure 4 also indicates that the observed y~behavior is consis-
tent with that expected from the parton annihilation model fit
to our 400 GeV data with an Su, symmetric sea.

The naive parton annihilation model predicts that the P
dependence of the invariant cross section should vary only with
YT and y. We find the Pp dependence well represented by the form:

E a%0/ap® = C(1 + (py/R)%)7" (2)

with parameters P, and C given in Table II. Our results for

< Pp * (calculated from the data) are shown in Fig. 5 along
with data at lower masses.’ We have ascertained that < p, >
does not vary significantly over our y range.s For m > 5 GeV,
and excluding the T region, < Pp > is independent of mass but

rises with beam energy. This may be described by:

< pT2 > =g + 88 m > 5 GeV (3)

where o = .70 GeV2

and B = .,0018. Although the disagreement
with the naive parton annihilation model is clear, this result
is not in contradiction with QCD calculations.? The parameter
a presumably represents the "intrinsic" quark transverse momen-
ta.

In conclusion, we have presented excitation data for T,

T' and T" production. The dimuon continuum cross sections scale

over the energy and mass range studied. The y distributions



exhibit a forward peaking consistent with parton-annihilation
models. The pq distributions imply < Pp > increases with energy
at fixed m/V's.

We wish to thank many people from the staffs of Fermilab,
Nevis Labs, and 5.U.N.Y., Stony Brook. This work was supported
in part by the National Science Foundation and the U.S. Depart-

ment of Energy.
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3Phe cross sections in Table I have been corrected for Fermi

moticn in the nuclear targets to yield the cross section at

the v5 for a proton-nucleon collision.

approximately given by

a%s /dmdy

. o 8207 - .2) 42 sanay

Y's observed

v s proton-nucleon collision

This correction is

for .2 </T < .5. All

other data reported here have not been corrected for Fermi

motion.

4 . . . .
The relative normalizations between cross sections measured

at different energies were treated as data with errors equal

to their systematic uncertainties.

Ingut

400 GeV/300 GeV 1.0 2

200 GeV/300 GeV 1.0 £

.10

.05

The fit was:

Fit

1.01
1.0l

%

+
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®J. G. Branson et al., Phys. Rev. Lett. 38, 1334 (1977).

®We have examined separately the data with P, > 1 GeV/c and
observe no qualitative differences in the s or y behavior of
this subset. The Prp dependence of dilepton production poses
a serious challenge to perturbative QCD calculations. See

Ref. 2.
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TABLE I

Mass Fit Parameters (&) (P}, (c)

b 200 300 400
beam
<y N 0.40 0.21 0.03
acceptance
A nb/GeV  10.4%.11%2.2 2.47£0.03+0.5 2.70%.02+0.5
b gev * 1.394.02+0.02 1.04%0.01%0.02 0.97%0.01%0.02
2 /DF 42/34 35/54 78/74
me) Gev 9.46 (fixed)9.45+0.0240.10 9.46+0.01240.10
B do/dy pb 0.002:0.002 0.094+0.012 0.29+0.012

m(T'~-T) GeV 0.6 (fixed) 0.69%0.05:0.05 0.60x0.03%0.05
B do/dy T'/T 0.67+0.,94 0.46%0.090.10 0.38+0.0410.10

m(T"-T) 1.0 (fixed) 1.0 (fixed) 0.97%0.10

B do/dy T"/T 0.10%0.55  0.00%0.06 0.08+0.04+0.04
x%/DF 12.6/19 12.1/16 14.7/16

T/cont. Gev ~ 0.1l%.1 0.67+0.10 0.97%0.05
T'/cont. GeV - 0.5810.14 0.66%0.08

T /cont. GeV - 0.00£0.13 0.19+0.12

(a)Continuum form: do/dmdy = A e“bm. Cross sections are evaluated

aty = <y >acceptance‘

b, . . ..
( )fhe first error is statistical and the second is systematic.

(C)5ee Ref. 3.



TABLE II

pp FIT PARAMETERs (3)¢ (b)

/8 (GeV) 19.4 23.7 27.3
cC PO _
M (fb.Gev™? (GeV) ¢ o ¢ Po
4.5 71691208 2.07:.049 9006%250 2.25%,055 10310+419 2.62+.095
5.5 1592+ 59 2.34+.055 2648 79 2.41+.044 2887+ 55 2.70x.035
6.5 470+ 21 2.34:.061 842% 30 2.60%.055 1058+ 25 2,74%.036
7.5 121%9.9 2.19%.099 326 16 2.59+.068 386+ 13 2.86%.050
8.5 26.3 4.4 2.01+.186 104%8.0 2.53%+.097 163+6.4 2.78%.058
9.5 7.22%2,07 2.29+.393 70.5%5.5 2.65%.111 130£5.6 3.10%.075
10.5 19.3%£3.0 2.65%.247 41.8%3.1 2.83%.112
11.5 10.2+1.9 2.211.202A
(@lg | 93% = C(1 + (Et)z)"6
dp o
(b)Significant data extend to about 3 GeV/c in Pp- See Kaplan et al.

(Ref.

1).
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Fig. 4. The relative slope of the y distribution at y = 0 vs. N7 for the 400-

GeV data. The curve is a result from a parton annihilation model cal-
culation.
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Fig. 5. <Pp> vs. m for three beam energies. The data below 4 GeV are

from Ref. 5.



