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ABSTRACT

From a study of muon pairs produced in hadron-nucleus collisions
we present data which illustrate the dependence on incident particle
type and on target nucleus. Features of the data are compared to models
of production via‘the electromagnetic annihilation of quark-antiquark
pairs. Comparison of dimuon production by n and %" mesons on an iso-
scalar target shows‘evidence_for a charge asymmetry characteristic of an
electromagnetic process. The mass Spectrum of the pairs}and the
dependence on Feynman Xp are compared with the mode]g.The average
transverse momentum of the pairs increases smoothly thh pair mass. Data
taken on»carbon and tin targets are used to extract the dependence on

target atomic weight,
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As part of our study at Fermilab of muon pairs produced in hadron-
nucleus c§11isions, we present results for non-resonant and resonant dimuons
which illustrate the dependence of the production on incident particle type
and on target nucleus. We compare several features of this data with pre-
dictions of the Drell-Yan mode].1 The previous Letter2 discusses other
aspects of this data sample, obtained with 225 GeV/c beams of n+,.n" and
protons incident on carbon and tin targets. | ' -

1,3,4,5 predict the formation of non-resonant muon pairs

Many authors
by the electromagnetic annihilation of fractionally charged quarks and
antiquarks in the target and projectile. Recent experiments with proton

beamss’7

at 300 GeV and 400 GeV have measured cross-sections (dzc/dey)y=0
which are in reasonable agreement with some of theApredictioné, and also

are approximately consistent with scaling of the form

- Wdo/dM = £(M2/S) . (1)

A neutron experiment8 at 300 GeV, on the other hand, finds the model unable

to account for the yield of pairs with Xe > .25 and masses < 2.5_GeV/c2.

None of the previous studies, however, have shown whether the production

process is via an electromagnetic or strong interaction.

This paper describes the first experiment to use both a and T
beams. Using an isoscalar target (carbon) one has a particularly attractive
experimental situation, in which a charge asymmetry in the cross-sections
should appear if the pairs are produced by e]ectfdmagnetic annihilations
of valence antiquarks in the pion beam with vélence quarks in the target.
Such a picture also results in pions being much more effective than protons
in producing high mass pairs. These features are then crucial tests of
the Drell-Yan hypothesis., Other features of the production, such as the

dependence on Feynman Xps can be compared to the model. It is also
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interesting to examine the ﬂ+/ﬂ— ratio and p/1ri ratios for resonance pfo-
duction, which is thought to proceed via isospin symmetric strong inter-
actions. |

Figure 1(a) shows the mass spectra for = , n*, and p beams on a

S

carbon target. The spectra are similar to our previous results” at 150 GeV/c.

Also shown in Fig. 1(a) is the range of predictions of three calcu]ations3’4’51
of the cross-section for proton induced muon pairs as a function of mass,
based on the Drell-Yan model. The calculations shown include the effect |
of color, which is to reduce the cross-section by a factor of three. As
can be seen, the model falls well below the data. In Fig. 1(b) we have
plotted our last two data points and the higher mass data of Refs. 6 Shd 7,
scaled to our kinematic region using eq. (1), 1iﬁear'dependence on atomic
weight and our measured Xp dependence. In this range of M2/s, the calcu-
1a£ions of the cross-section overlap the data. Thus, we conclude that at
lower masses the quark annihilation picture fails to account for the
observed signal, but does succeed at higher masses, as shown by previoqs

experiments.6’7

The remaining features of the data have been studied by dividing
the data into 8 mass intervals chosen to isolate the regions containing
the resonances p° - w, ¢ and J/Y from the non-resonant regions, and to

have reasonable statistics in each interval.
We have previously reported9 a comparison of the production of muon

pairs by_vr+ and protons as a function of Xps at 150 GeV/c. In ourAear1ier
data and in the sample presented here, we observe that at all masses the
n (and 77) induced data have a broader distribution in g than the proton
induced data. Using a parametrization of the invariant differentiad
cross-section E do/dx; of the form (1 - xF)N, we plot in Fig. 2(a) the

exponent N in 7 mass intervals. The pion induced data fall more slowly
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with Xp at all masses, and there is no significant difference betveen 7 and
7~ beams. This feature of the data is consistent‘with the annihilation model.
In Fig. 2(b) the data for the non-resonant mass region 1.9 GeV/c2 to 2.3.
GeV/czare»compared to a calculation using the results of Ref. 3. The
calculation falls below the data, but agrees qualitatively in shape and in
the relative dependence on the incident hadron. Data taken on a tin target
show no significant difference in the slope parameter, except at the lowest
masses where the distributions peak more strongly near Xp = 0 as shown 1in
Table I of the previous Letter.2

Ne present the first search for the predicted charge asymmetry in
the 7 and - production of non-resonant dimuohs. The valence quarks of
the incident ﬂ+ or m provide a single dor i aﬁtiquark,respective]y,which
may annihilate with one of the symmetric set of u and d cuarks ih the‘carbon
target. From va]ence_qd&rk annihilations, one would expect the dimuon pro-
duction cross-section ratio to reflect only the ratio of the squares of the
annfhi}ating quark pair charges so that o{n'C)/o(n"C) would be 1/4. This
Targe asymmetry is diluted by the presence of the isospin-symmetric quark

3,4,5 have con-

paifs in the sea. Using recent measurements several authors
“structed quark distribufion functions which we have used to estimate the
effect of the sea. These calculations predict the charge ratic to be close
to 1 at 16w pair masses, and then to decrease slowly to fhe value .25 as Mz/s
increases. For example, in our highest mass region the ratio s predicted
to be & 0.5. | o
In Fig. 2(c) we compare the production of dimuons by ﬂ+_and T on
carbon. Three of the mass bins contain the resonances p° - w, ¢ and J/Y
and as egbected, the ratio of w to m production is close to unity, con- -d:

sistent with no charge asymmetry. In the non-resonant data, the n*/n'

ratio appears to change from approximate unity at low mass to about .5
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at the highest masses.]0

A comparisdn of these ratios with the Drell-Yan
model is independent of our knowledge of our absolute normalization. The
behavior in the mass range 1.1 to 2.0 GeV/c2 is further evidence that these
pairs are produced by other than Drell-Yan mechanisms. Above 2.3 GeV/c;
within the Timited statistics, there is qualitative agreement with the pre-
dictions of the annihilation model. Superimposed on the figure is the range
of predictions of Refs. 3, 4 and 5. When 7 and pfoton induced pairs are
compared, (Fig. 2(d) and 2(e)) one sees that, as the mass increases, pions
become more effective than protons in producing pairs. The range of pre-

3,4,5

dictions of the model is also shown in Figs. 2(d) and 2(e).

Figure 3(a) shows the average transverse momentum <py> for each

mass interval with sufficient statistics for w , ﬂ+ and p-induced eventg;n

No discontinuity is‘apparent between <pp> of resonant and non-resonant
dimuoné. Instead, one sees a slow, smooth increase of <py> with increas- .
ing dimﬁon mass. There is some evidence6 that this.smooth increase tdnf
tinues out to dimuon masses of 11 GeV/cz. We have observed no significant
difference in the <py> at any mass between carbon and tin data.

We have studied the dependence of dimuon production on the target
atomic weight by comparing exposures of 7 and proton beams on carbon and
tin targets. Parametrizing the cross-section per nucleus in different
mass regions as a power of the atomic weight A%, we find the behavior ‘
shown in Fig. 3(b). The exponent of A is an increasing function of pair
mass risﬁng from approximate A2/3 behavior in the p-w region to just
below 1inear A-dependence at the J/Y mass. This is consistent with the
results of a study done with a neutron beam on Be, Al, Cu, and Pb targets.8
The effect seems independent of the beam particle type. The hadronic
nature offfhe J/¥v might affect the A-dependence. Usjng a recent deter-
tm'nation]2 of Oun W estimate that the ébsorption of J/¢ within the nucleus

7
should alter o by no more than a few percent. \le have also studied the

'y
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dependence on atomic weight for data in selected kinematic regions. The

, harameter o is slightly higher for low mass, high Pt data, and slightly

“lower for low mass, high Xp data, perhaps indicating that a small fraction

of the data may incTude secandary interactions within the tin ﬁuc]eus
jtself. .

We have presented evidence for several featufes of muon pair pro~
duction by hadrons. Pairs in the non-resonant mass range 2.3 - 2.7 GeV/c2
are produced by an isospin violating electromagnetic interaction. The
interaction may not be the Drell-Yan mechanism as evaluated in éever51
current parametrizations. Pions are more effective than protons in pro-
ducing dimuons at all masses, by a factor ~ (1 —’xF)z. The average trans-
verse momentum of the pairs rises linearly with the mass. The dependence
of muon pair production on target atomic weight increases sﬁooth]y from

Az/3 at low masses to AO.Q

‘at 3‘GeV/c2. *

‘He conclude that further study of the features of higher mass di;
muons with pion beams should provide a stringent test of the.quark annihi-
lation hypothesis. |
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Data in the mass bin 3.5 - 3.9 GeV/c2 of Fig. 2(c) includes the y'(3.7)
signal. A charge ratio of unity, characteristic of resonance produc-
tion, does not appear here. As we have noted in the preceding Letter
(Ref. 2) the m induced data is dominated by u-pair continuum in this
region, resulting in the charge ratio shown._

The mean transverse momenta plotted here are computed from cross-
sections in each mass-interval. At the lower masses, our 1owbxF
efficiency is very small, leading to possible large uncertainty in

the <py> in this region. An alternate procedure is to calculate

<pp> in each mass sinterval from fits of E—-g%—-m g"BpT so that

Py Py
. This reduces the values of <pT>in the lower few mass

N

<pT> =
bins by less than 10%.
R. L. Anderson, et al., Phys. Rev. Lett. 38, 263 (1977).
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FIGURE CAPTIONS

(a) Mass spectra %%—in 50 MeV/c2 bins for w , 7 and proton

induced production of dimuons on carbon. Also shown is the
range of yields for proton induced data using calculations

of Refs. 3, 4,vand 5. Data and calculated yield are for the.
region Xp 2 0.1.

(b) Proton induced yields at higher dimuon masses. Two high
mass points from this'experiment, and appropriately scaled
data of Refs. 6 and 7 are plotted. The calculated yield

range is also shown.

(a) The variation with muon pair mass of the invariant cross-
section E %%— parametrized as a - xF)N for w , 7 and proton
beams on a cgrbon target.

(b) Comparison of the differentia1'cross—section do/dxF>for

+ ' . .
m and proton beams on a carbon target in the pair mass range

- 1.9 GeV/c2 to 2.3 GeV/cz. Reference 3 has been used to calculate

the cross-sections for pairs of mass 2 GeV/czishbwn'aS'solid and

dashed curves. A1l data are in the region Xg 2 0.15.

(c) The ratio of n' to w induced data for Xp > 0.15 as a
function of dimuon mass. No separation of resonant and non-
resonant data has been made in the indicated resonance regions.
The range of predictions of Refs. 3, 4 and 5 are shown as

the shaded band. The experimental mass reso]utioﬁ is much
smaller than the bin width.

(d) and (e) The ratios of proton induced yields to n and 7

induced yields in the same mass intervals, and in the same

region of XE. The calculated yields are indicated.



Figure Captions (continued)

Figure 3

(a) The mean transverse momentum of ‘dimuons produced by
T, 7 and protons, respectively,on a carbon target in the
seTected mass intervals for Xp 2 0.15.

(b) The dependence on target atomic weight of proton and
7 induced events. The yields from a.tin and carbon
target in the selected mass regions are compared. The
result is expressed as the exponent o of a power law |

dependence on the atomic weight A.
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