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Abstract

Using data from our recent experiment on inclusive ﬁ—pair
production by 150 GeV/c protons on beryllium, we have calculated
the contribution of muon pairs to the yield of single prompt muons.
We find, both at 90° in the CM system and in the forward direction,
that the resulting single muon cross sections are in reasonable

agreement with existing measurements where only one muon is detected.

A number of hadron scattering experiments have observed the product-
jon of single muons from some source other than = and K decay.1 The effect
has been measured for many kinematic regions, incident hadron energies, and
target materials. Al1 the experiments, however, have had very limited de-
tection efficiency for observing a second muon. Thé source of the prompt
muons remains unknown. Speculations have included the leptonic or semilep-

tonic decay of some unknown particle (possibly a charmed particle), or al-
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ternatively, the production of photons and hence ﬁ—pairs through parton
annihﬂation2 or an internal bremsstrahlung mechanism.® Several authors
have estimated the contribution of p-pairs from vector meson decay.u
The data used for these estimates is taken from experiments performed
under widely differing conditions Qf incident hadron energy, target ma-

terials, and systematic uncertainties. The general conclusion has been

thaf vector mesons could account for at most 30% of the observed signal.

We recently reported results from an experiment on inclusive ﬁ~pair
production in proton-beryllium interactions at 150 GeV/c.5 The p-pair
mass spectrum is studied with broad acceptance in Feynman-x (x;) and Py
for all masses above the kinematic minimum of 211 MeV. The experiment is
sensitive to ﬁ~pair production from vector-meson decay or any other source.
It is now possible to calculate the contribution of ﬁ~pafrs from all sources,

to the single prompt muon cross section, using the resuits of one self-con-

tained experiment.

In the'f011owing analysis, cross sections will be given per beryllium
nucleus, which is the quantity directly measured. No attempt is made'to_
extrapolate to proton-nucleon cross sections since the A dependence of the
Lorentz invariant cross section depends on both pafticle mass and transverse
momentum.6 Since good measurements of = production from benyllium are‘avai1-‘
able, the prompt p/w ratio can be deduced with no assumptions of A‘dependence.
The production of single prompt muons has been observed from a variety of nu-

7
clear targets including beryllium.

Our p-pair studies are in the range Xp > 0.15 and 0 5-PT N 2 GeV/c. To

compare these results with existing single-muon measurements at Xp = 0 the
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data must be parameterized to obtain a reasonable extrapolation to Xp = 0.

As already discussed5 we find that an extrapolation of a fit to do/dx « (]“XF)C
gives an integrated cross section which is within 10% of the value obtained

- by assuming that Edo/dxF= do/dy is flat for Xp < 0.15. An extrapolation of

a fit of Edo/dtho(]—xF)C gives substantially larger cross sections at low

mass since no rapidity plateau is imposed. Accordingly, we parameterize the
data in terms of do/dx%for the present calculation. The results of fitting

the data to the form do/dxF= A(]—xF)C and do/dPy /Py exp(-bPT) are given in
Table I. The quality of the fits is very similar to that shown in Ref. 5 for

the Lorentz invariant form of the Xg dependence.

The contribution of u-pairs‘to the sing]e—ﬁ cross section was calculated
independently for each of the sources listed in Table I. For the continuum
components, do/dMﬁﬁ was parameterized as exp(—SMup) within each of the inter-
vals, as indicated by the data. The masses of all resonances were fixed at
their nominal values except the p which was assumed to have a Gaussfan distri-
bution of 150 MeV FWHM. We assume that o) = o, . The separation of the om0

signal into two components was done only to allow for the width of the p.

The calculation proceeded by standard Monte Carlo techniques. Mu-pair
events were generated in Xg and PT’ appropriate to the cross sections given
in Table I. The p-pair state was allowed to decay isotropically in its own
rest frame and events were binned on the basis of the Xg and Py of one of the
decay muons. Events were assigned a weight so that each bin-accumu]ated the

Lorentz invariant production cross section for single muons of a given charge.

~

To check the calculation, a second independent computation was made using

analytic techniques and numerical integration. The two calculations agreed in
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all respects. The sensitivity of the result to the assumption of an iso-

tropic decay of the ﬂ-pair was tested using a 1+cosze* decay distributijon.
The single-n cross.section as a function of PT’ at XF = 0, changed by less
than 10% for all PT less than 2.5 GeV/c. An analysis of the decay angular

distribution of our p-u data shows that any polarization is small.

fo undefstand tﬁe sensitivity of the single-u cross éectiqn to the PT‘

- spectrum of the u-pairs, the pérentage‘of single muons at fixed x and PT

was studied. For muons of PT significantly larger than half the mass of

the parent, the PT of the parent is, on éverage, only slightly larger than

that of the u. For exémp1e, single ﬁ's of PT = 1.0 GeV and X? = 0, pro-

duced by w decay, arose from parent w-mesons with a mean PT of 1.2 GeV. Thus,
for transversevmomenta Tess than 2 GeV/c, the single-ﬁ cross section is o
relatively insensitive tévthe PT spectrum of the parents beyond‘the region -~

of measurement.

Figure 1(a) shows the resulting sinQ]e-ﬁ Lorentz-invariant cross sectioh
as a function of transverse momentum at X = 0. The curve for the =« croﬁs A
section (x10"4)'represents measurements from a beryllium target at 300 GeV,
scaled down by about 30% using the energy dependence as a function of PT
measured in the same experiment.6 The contribution of the vector mesons to
the singie muon cross section is shown, in addition to the signal from all
pair sources. The continuum contributes approxihately 50% of the signaT
at a Pp of 1.5 GeV/c and 30% at 2 GeV/c. The contribution of J » u'yu” to

these two regions: is 20% and 34% respectively.
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Figure 1(b) shows the p/m ratio and the comparison with existing
single-p measurements.”’>%*? Since the data show no difference between‘
u+/1r+ and u /7, measurements of both ratios are included. The experiments
of Ref. 7 were performed at 300 GeV, Ref. 8 at a mean energy of 150 GeV,
and Rev. 9 at 70 GeV. We see that the yield of single-u's from p-pairs
is a good representation of the experimental data. The error in our u/w
ratio is dominated by normalization uncertainties at low PT and is
increased by the uncertainty in the u-pair transverse momentum spectrum
as the PT increases. Also shown in Fig. 1(b) is the p/w signal arising
from the vector mesons alone.

Prompt electron measurements are not included in Fig. 1(b)} since
the contribution of continuum efe'-pairs may be substantially different
than p-pairs.

Figure 2(a) shows the single-u yield in the forward direction,
integrated over PT less than 600 MeV, as is_required fdr comparison with
“the single muon measurements. We see that the total single-p signal falls
more quickly with ﬁzthan pion production or the single-u cross section
from vector mesons. This follows from the steep xF-dependencé of thé

low mass u-pair éontinuum.

The pion cross section from beryllium given in Fig. 2(a) is from a
CERN-PS experiment,'® assuming Feynman scaling. Ve have compared these
results with a less complete set of measurements at 200 and 300 GeV'!and .

find agreement to within 20%. Figure 2(b) shows the u /% ratio as a

function of Xp and the comparison with experiments in the forward direction.

Y

12, 13



The size of the continuum signal relative to the vector mesons
is significantly 1arger in this low PT'région. The total n /@ signal
predicted from pairs has the same Xp dependence as the single u
measurements although it lies below fhem by about a standard deviation.
" Qur-result tends to support the conclusions of Adair et al.,'? that the
single muons in the forward direction arise predominantly frbm-a p-pair
source other than vector meson decay. We find however that the u-pair
mass spectrum is not dominated by any unusual source near 900 MeV as.
suggested in Ref. 12. _ |

Figure 3 shows the expected pair-produced single-muon signal in
other kinematic regions. The errors to be associated with these curves
can be estimated from the error bands of Figs. 1(b) and-Z(b).

In conclusion, the present measurements of prompt single muoﬁs are
in reasonable agreement Qith the yield expected from u;pairs. VIn the
forward direction the p-pair continuum plays a significant role in producing
the single muons.’
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TABLE CAPTION
Parameterization of inclusive p-pair production
cross section. The Xg dependence is fit to the form
do /dx.= A(]-XF)C. The P, dependence is fit to
dg/dPT/PT « exp(—bPT).

FIGURE CAPTIONS
The Lorentz invariant cross section for single muons at

Xp = 0 arising from p-pairs produced in 150 GeV p + Be

interactions. Also shown in the 1~ cross section from

beryllium.

The calculated y /v ratio and comparison with existing

data at Xp = 0. The symbols & and O refer to the two
experiments of Ref. 7, .6 Ref. 8, @ Ref. 9. The solid line
and error bounds show the predicted py/7 ratio from all pair
sources. The broken line is the predicted ratio for vector
mesons alone.

Cross section for single-muon production as a function of xF;
integrated over all PT less than 600 MeV. The dashed line
shows the predicted cross section for vector mesons alone.
The calculated p/m ratio and comparison with existing data
in the forward direction. The symbol ® is the data of

Ref. 12, @ of Ref. 13.

Lorentz invariant cross section for the production of single

muons of a given sign from pairs, as a function of Xp and PT'
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Continuum
(Mass Range)

< 0.45
0.45 - 0.65
0.65 - 0.93
0.93 - 1.13
1.13 - 2.0

A
nb
4.28+.85 x 10°
7.6:1.5 x 10°
2.2¢.4 x 105
140£42
6.2:1.2 x 10%
2.0:0.4 x 10
4.4+.9 x 10°
1.4+.3 x 10°
6.4+1.3 x 102

TABLE I

b
(Gev/c)™!

3.79+.09
3.79+.09
3.93+.27
2.08+.26

4.63£.15
4.58:.14
3.79£.09
3.93£.27
3.41%.85

4.32:.13
4.32+.13
5.57+.38
3.76%.48

8.25%.23
6.45+.22
4.32+ 13
5.57+.38
5.10+.90
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