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Comparison of the soft-annihilation model of low-mass dilepton production with the data
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Data on low-mass lepton pair production in hadron collisions are systematically compared with the predictions of
the soft-annihilation model. In this model, lepton pairs are originated by the annihilations of quarks and antiquarks
created during the collision. The surprisingly good qualitative and sometimes quantitative agreement indicates that
this mechanism dominates the low-mass lepton pair production. Only further data on very-low-mass e+e
production can provide information about the relative amounts of soft subprocesses qq~l+l and qq~l+l +X
(such as qq~l+l + gluon).

I. INTRODUCTION

Since its discovery in the Chicago-Princeton
experiment, ' the low-mass lepton pair production
has been studied in numerous further experiments
at different energies and by different beams. All
evidence indicates that there exists a low-mass
dilepton continuum not caused by well known
sources such as Dalitz decays and the Bethe-
Heitler process. Below, when speaking about low-
mass lepton pairs, we shall have in mind the
dileptons which remain after subtraction of these
well known sources. The state of the art of low-
mass dilepton production is well described in
the recent review by Mikamo. At present it
seems that soft-annihilation models are in the
best shape. In these models one assumes' that
low-mass lepton pairs are originated by the an-
nihilations of quarks (Q's) and antiquarks (Q's)
created during the hadronic collision. This con-
clusion is based, however, on the comparison" '
of soft-annihilation-model predictions with only
a very limited subset of the available data.

The purpose of this paper is to make a detailed
comparison of the soft-annihilation model with
the data. In this comparison we shall use our
model, ' ' but we believe that any model of this
type has to lead to similar conclusions.

The paper is organized as follows. In the rest
of the Introduction we shall describe the general
features of the soft-annihilation model. In Sec.
II, for the sake of completeness, we give some
details of the model' '. The comparison with the
data is performed in Sec. III. Conclusions and
comments are presented in Sec. DIt.

Models which aim at describing the low-mass
(LM) lepton pair production have to manage first
to obtain the general qualitative features which
can perhaps be summarized as follows.

(i) LM lepton pairs are produced with a relative
rate 10 '-10 ' with respect to single pions.

(ii) The LM dilepton continuum is roughly limited
to the region below M- 1-2 GeV/c' and the shape of

do/dM is roughly independent of the energy and

type of the beam. In the LM region the dilepton
signal is much above the expectation of the naive
extrapolation of the Drell-Yan model' which domin-
ates at higher masses. The approximate beam-
energy independence of do/dM leads' to scaling
properties which differ markedly from those
typical for the Drell-Yan process.

(iii) The pr and xz inclusive distributions of the
LM dilepton continuum, with masses above 500
MeV/c', are roughly similar to the inclusive
spectra of mesons. Dileptons with masses below
400 MeV/c' are concentrated more at lower values
of g„and perhaps also at lower values of p~.

These general features of the LM dilepton pro-
duction are naturally accommodated by the soft-
annihilation model, "' provided that the con-
straints following from the space-time evolution'
of hadron collisions are taken into account. We
shall now discuss how this model accommodates
items (i), (ii), and (iii).

(i) The incoming hadrons contain quarks, anti-
quarks, and gluons. If one takes a rough estimate
of the number of Q's and Q's in the incoming
hadrons and counts the Q's and Q's in the average
multiparticle state a clear discrepancy is obvious.
The recipe is to assume'" that during the colli-
sion gluons are somehow converted to Q's and
Q's and these finally recombine to hadrons. The
original content of Q's and Q's is thus increased
by a factor of about 5 and their recombination
may provide the observed number of mesons,
whereas their annihilation is able to give' a num-
ber of lepton pairs consistent with the observed
10 '-10 ' dilepton/pion ratio.

(ii) According to the Bjorken-Gribov' parton-
model picture of the space-time evolution of
hadronic collisions [which remains presumably
valid also in quantum chromodynamics (QCD)'],
the hadronic collision evolves like an inside-
outside cascade and different parts of the rapidity
plot are excited at different times. This means
that Q's and Q's created during the collision have
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QQ —I'I + gluon (1b)

or some other process of the latter type. In the
same way, for the recombination of Q's and Q's
to mesons, one can think of similar alternatives.
When speaking below about recombination to me-
sons we shall assume" that the basic subprocess
is a simple recombination and we shall consider
(1b) as a possible correction to (la), which is taken
as a basic subprocess for the annihilation. It
should be noted, however, that in subprocesses
such as (1b) the gluon (or any system in QQ- I' I
+ X') takes away some momentum (both longi-
tudinal and transverse) and dileptons produced
via (1b) will tend to have lower x~ and pr; this

a chance to annihilate only if they are separated
by a small rapidity gap. This means, however,
that the mass of the QQ system is small and leads
naturally to a dilepton continuum concentrated at
low masses. The energy independence of dc/dM
means simply that the length of the rapidity region
excited at a given time is independent of the energy
of the collision.

(iii) If hadrons are originated by the recombina-
tion and LM lepton pairs by the annihilation of
Q's and Q s separated by small rapidity gaps,
then, quite naturally, the p~ and x~ spectra of di-
rectly produced mesons and LM dileptons are
similar. Some possible sources of differences
on a quantitative level still remain. In the an-
nihilation one can think of the basic subprocesses
(Fig. 1}as

(la)

as well as

may be relevant for some features observed
in very-low-mass lepton pair production. The
point is that (la) and (1b) are kinematically very
similar if the dilepton is energetic and the gluon
is soft. If, however, the dilepton is soft (practical-
ly possible for e'e, not for p, 'p, ), the gluon is
hard and (la} and (11) differ considerably.

It has to be stressed also that the quantitative
formulation of the soft-annihilation models re-
quires a simultaneous study of both multiparticle
and LM dilepton production. In fact, the dilepton/
hadron rate (and its energy dependence) and the
predictions of the detailed shapes of g~ and p~
spectra of LM dimuons are to a large extent
given by the distribution of Q's and Q's during the
evolution of the collision. If one wants to have
a model which has something to do with reality,
then this distribution has to give a qualitative
agreement (at least) with both the multiparticle
and LM dilepton production.

In the present study we shall therefore use the
same procedure for generating the distribution
of Q's and Q's in pr and p~ which we have used
in our model of multiparticle production' in
hadron collisions. As shown in Ref. 10, this
distribution leads to reasonable agreement with
the data on multiparticle production if hadrons are
assumed to be produced simply by recombination
of Q's and Q's separated by small rapidity gape.
In this way our distribution functions contain no
free parameters. Having these distributions, we
just allow the Q's and Q's separated by small
rapidity gaps (this is managed by putting in by
hand a function exp[-A(y, -y, )'] with A = 1 which
allows only annihilations of Q's with ~y, -y, ~&A '~')

to annihilate.
In the following section we shall describe the

model in more detail.

II. THE MODEL OF SOFT ANNIHILATION
DURING SPACE-TIME EVOLUTION

OF THE COLLISION

9(uon

FIG. 1. Possible basic subprocesses in soft-annihi-
lation mechanism: (a) direct annihilation, (b) annihi-
lation with "gluon" emission. This diagram should be
considered as a rough qualitative representation of dia-
grams QQ -l+l +X.

%'e shall start here by discussing the assumed
distribution of Q's and Q's during the collision;
then we shall say a few words about the space-
time evolution of the collision, and finally we shall
present the method by which we have calculated
the dilepton spectra.

During the hadronic collision the gluons are
assumed to be converted to Q's and Q's and these
in turn recombine to hadrons or (rather rarely)
annihilate to lepton pairs. The distribution of
Q's and Q's is thus changing in time. For practi-
cal reasons it is, however, more convenient to
describe the distribution of Q's and Q's as if it
were materialized all at once and then imagine that
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it is materialized in different rapidity regions in
different times. This permits us to respect some
constraints which are of primary importance.
Our ansatz thus corresponds to the distribution
of Q's and Q's just after the conversion of gluons
to Q's and Q's and before the recombination of
Q's and Q's to hadrons.

The ansatz for the distribution fulfills the gen-
eral constraints: (a) energy-momentum conserva. -
tion, (b) transverse-momentum cutoff, and (c)
valence quarks from colliding hadrons tend to
have large momentum fractions. We shall use the

I

following notation: VT (V~) = the number of the
valence quarks of the target (projectile) particle,
n = number of QQ pairs generated during the col-
lision, N =2n+ V~ + V~ the total number of Q's and
Q's after the gluon conversion and before the re-
combination, p~,- and p~,. = longitudinal and trans-
verse momenta of Q's and Q's, and x,. = momentum
fractions in the c.m. system.

The probability for a given exclusive distribution
of Q's and Q's was assumed" to have the following
form:

N N N

dp„(p„p„... , p„) G" I! g p,. I! PE; -/e&l exp — p'/R, e' —
,.P p,.'/tt, ')

1 1 1 V+1

N

x V(x1, . . . , x&) dy. d PT . .
1

(2)

Here G is the factor regulating the average mul-
tiplicity. The factors for energy-momentum con-
servation are self-explanatory, as well as the
factors for transver se-momentum cutoff. Note
that we have used different values of the cutoff
for valence and for sea Q's and Q's (R „,= 0.50
and A~ = 0.80); this is motivated by our studies
of multiparticle production. The expression

V(xlt ~ ~ t F t TVT+v ' ' 't V)

Vg , W'
~

, v'Ix; I, 8(-x;) g(x, )
1 V +1

is the Kuti-Weisskopf" factor which gives larger
probability to configurations in which valance
quarks keep large momentum fractions. The con-
stant G was determined at any energy by requiring
that the average multiplicity of charged particles
be consistent with the data. This value of (n,„)
was always calculated starting with the distribu-
tion in Eg. (2) and using the model described in
Ref. 10. In assigning the quantum numbers to
nonvalence quarks, we have suppressed the occur-
rence of strange quarks by a phenomenological
factor P,/P„= P,/P~ —= X = 0.5, where P„, P„and P,
are probabilities for up, down, and strange quarks,

respectively. The parameters A. , R„, , and R„z
were kept fixed at all energies and for all the
reactions at the values given above. Further com-
ments about the distribution can be found in Ref.
10. The distributions [Eg. (2)] of Q's and Q's
were generated by a Monte Carlo program on a
computer.

If quarks within dy, d'P» are present in the ex-
cited region simultaneously with antiquarks within
dy2d'p», and if they are both in a region of volume
Vl whos e excitation lasts for time t„ then the
expected number of annihilations is

dn = dy, d'pT, dy, d'pT, IvQ —vQ l&~V1t1

1
QQ(ylt PT lt y2t PT2) V( ) V( )

The joint probability GQQ(y„pT v y„pT2) is calcu-
lated from Eq. (2). The factor 1/V(y, )V(y, )
[where V(y) is the spatial volume of the excited
system] is there because one needs the spatial
densities of quarks. The volume is Lorentz
contracted: V(y) = Vo/cosh y.

Putting all the factors together we get' the final
formula

Cto 2 2o, +, = cm„~ ~ ~ ~ dy, dy, d pT, d pT2GQQ(y„pT„y2t pT2) IvQ —vQ I

QQ.

Qx(yv pT1t y2t pT2) y1 y221/ (yv y2) t (4)

where oh~ is the inelastic hadronic cross section,
which appears because by Eq. (3) we calculate
the production of lepton pairs per hadronie colli-
sion. More details about the derivation of Eq. (4)

I

can be'found in Ref. 5.
The function 11!(y„y,) measures the probability

that the quarks around y, and y, are excited simul-
taneously. We parametrized it rather arbitrarily
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as io(y„y, ) = exp[-A(y, -y, )']. The parameter A
fixes the length of the excited region in rapidity.

As discussed in the Introduction, we have con-
sidered two possible types of basic subprocesses:
the direct -annihilation

QQ -I+I (v„o) (5a)

and the annihilation with the emission of a gluon

QQ-I'I + gluon (v»}.
The cross sections for these two processes are
denoted as indicated in parentheses and we have
calculated them in a standard way (details are
given in Refs. 5 and 6). The calculation of the
former process is safe, whereas that of the lattex
is rather unreliable because one in fact uses the
perturbative @CD outside its region of validity.
We feel, however, that annihilations of the type
(5b) with "gluon" representing "anything" may be
important and wish to have a feeling for such
contributions, so we have calculated the process
(5b) in the lowest perturbative order and fixed
the value of the gluon-quark-quark coupling con-
stant arbitrarily at the value e, = 0.5.

When comparing model predictions with the
data we shall present two types of results dif-
fering in the annihilation cross section inserted
into Eg. (4}:

Model I: o„=v»,
(6)

Model II: o„=o„o+vg].
The constants entering Eq. (4) were fixed at the
following values:

(i}A = l. One expects that the length of the
excited region is about one rapidity unit; values
much lower than A =1 are excluded by the data on
d&/d~~~ at M & 2 GeV/c'. For A much lower than
I, do/d~» would be much above the data. It is
to be noted also that varying A from, say, I to
1.5 would have little influence on the dimuon pro-
duction below the p mass.

(ii) The value of v = (ctJVO) multiplying the
cross section was fixed by comparing predictions
following from Eq. (4) with the Chicago-Princeton

data' on PN- p,'p. +J. In this way we have esti-
mated

q = $.2 x $0" cm ', model I;
K= y.P x ]0"cm ', modelII.

The data on which this choice was based are shown
in Table I. This value is quite reasonable, as we

expect on physical grounds that V, = a', a=et,
=10 "cm. One expects that the values of U, and

ct, are fixed by the mechanism of the time evolu-
tion of the collision and-should be roughly energy
independent.

III. COMPARISON OF THE SOFT-ANNIHILATION
MODEL KITH THE DATA

In this section we shall compare some of the
available data on the LM dilepton production in
hadron collisions with the predictions of our
soft-annihilation model. A few remarks are in
order. We made no attempts at fitting the data,
although our model contains a few free param-
eters. We have fixed the values of these param-
eters partly by our preceding studies of multi-
particle production, partly just by intuition (param-
eter A. giving the length of the excited region},
and partly by a rough comparison with the Chicago-
Princeton data"" (parameter K = ct, /V, ). These
parameters were then held fixed for different beam
particles and different energies. We believe that
this is the only way in which one can make a
reasonable qualitative comparison with the data.

The data will be compared with two models, the
former containing only the direct soft annihilation
QQ- I'I (referred to as model I), the latter con-
tainig also the annihilation of the type QQ —l'1
+X, where X is roughly represented by a gluon
(referred to as model II).

We shall now pass to the comparison of model
predictions with various sets of data.

Chicago-I'princeton ' data on dimuon produc-
tion in PN collisions at f50 Ge V/c. The total cross
sections are compared with data in Table I. In
fact, we need it, as described above, to fix the val-
ue of the parameter v. More detailed comparison

TABLE L. Estimating the value of ~= cto/Vo from the Chicago-Princeton data on the pro-
duction of dimuons with xz & 0.15 by pN collisions at 150 GeV/c. The comparison is some-
what complicated by the fact that the contributions from known sources (p and ~ Dalitz de-
cays, Bethe-Heitler) were not subtracted from the data and can only be roughly estimated to
about 30-50% of the cross section (Ref. 12, Hg. 49).

Mass interval

Data (known sources
not subtracted)

Ref. 1 Ref. 12
Model I with

v=1.2 1p cm
Model II with

1 P 1026 cm-2

0.21-0.45 GeV/c2
0.45-0.65 GeV/c2

340+70 nb
185+ 37 nb

460+ 55 nb

180 + 22 nb
250 nb

105 nb
320 nb
110 nb
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with this experiment was already done in Refs. 4
and 5 and we shall not repeat it here.

SLAC streamer-chamber data' ' on dimuon Pro-
duction in m'P and m p collisions at 16 GeV/c T. he
authors present numbers of obtained events as a
histogram in dimuon mass for dimuons with

~~ & 0.3, and both m p and m'p data are summed
together to increase the statistics. They further
give their acceptance as a function of dimuon
mass and point out that their sample corresponds
to 45.3 && 10'm'p and 51.1 && 10'm p interactions.
In order to compare our model predictions with
their results we have calculated the number of
events per bin according to the following formula:

n(M) = ~A(M) x (45.3 x 10' p,++ 51.1x 10' p ),
(7)

where AM = 0.03 GeV/c' is the bin width, A(M)
denotes the acceptance, and

1 do(m'p- y.
+

p, X)
o „(x'p} dM

are the cross sections for the production of di-
muons with x~ & 0.3 in m'p and m p interactions
divided by the corresponding inelastic cross sec-
tions.

The data"'" are compared with our model in
Fig. 2. The agreement in the low-mass region
is acceptable, taking into account the statistics of
the data. The p'-meson peak from n'p- p'+X
followed by the p'- p.'p. decay is of course not
reproduced by our model since we have not in-
cluded the p (and ~) production. The difference

30—

between models I and II is also rather small so
that these data hardly make any distinction be-
tween the two models. This will be seen to be a
common feature of dimuon data and it is also
natural —the diagrams in Figs. 1(a) and 1(b) lead
to kinematically different results only when the
gluon takes away a considerable part of the energy.
The total mass of the final-state system is, how-
ever, limited by the fact that only annihilations of
QQ pairs separated by small rapidity gape are
taken into account and the mass of the p.'g sys-
tem has to be rather large due to the muon rest
mass. Because of that the gluon cannot be very
energetic (in the c.m. system'of the annihilating
Q and Q) and the propagator of the virtual photon
in Fig. 1(b) cannot increase the contribution of
this subprocess very much. Thus the diagram in
Fig. 1(b) is actually suppressed by the three-body
final state.

The authors of Refs. 13 and 14 also present an
interesting value of

= 1.28 +0.23.o(x'P- g'g X)

Unfortunately the error is rather large and the
ratio apparently also contains dimuons coming
from p, , and q decays. Our model predicts the
value 1.07. As will be seen below, in dielectron
production this ratio can become a crucial test
of the soft-annihilation model.

SLAC hybrid-bubble-cA, amber data' on dielec-
tron production in m'P and m p collisions at 18
GeV/c. x p data correspond to 5.2 x 10' in-
elastically produced charged pions. Taking the
average charged-pion multiplicity as -4 (about
2.2 for x and 1.6 for m'), we estimate the number
of inelastic m p interactions in the experiment as
1.3 & 10'. The number of events per mass bin
aM was then calculated from our model as

0 I

.20 .35 .50

, ~ J-
.65 .80 .95 110

M (GeV)

FIG. 2. Comparison of SLAG streamer-chamber re-
sults (Refs. 13,14) for the dimuon production in m p
collisions at 16 GeV/c for xz & 0.3 with our model pre-
dictions. Narrow bins: Data (Ref. 13) after subtrac-
tion of the calculated hadron punchthrough and the most
probable contribution from ~ and co decays (taken from
Ref. 14). Wide bins: Model calculations weighted by
acceptance and normalized according to the total number
of mp interactions as indicated in Eq. (7); solid: model

I, dashed: model II.

1 d
gM '

o I ) dM

and this is compared with the data in Fig. 3. We
present also the estimate (dots} of the p, &u, and

p decays to e'e production as well as the param-
etrization of the "excess" given in Ref. 15. The
data on integrated e'e production are compared
with our model in Table II. It seems that model
II is in somewhat better shape. This is also seen
from Fig. 3 where we compare both models with
the data on der/dM, +, . This indication is further
corroborated by the data on do/dpr presented in
Fig. 4. Experimentally the e'e pairs are con-
centrated at low values of x~. Only two pairs
were seen with ~x„~ &0.25 (we expect 1.6 from
model I and 2.2 from model II).

a+p data correspond to 4.2 & 10' inelastically
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I—z
4

L.

10

CLa
QO

t3

Q-'a
5

o
OJ

l

*
I

I

.135~M~.6 GeV

0
.13

i

.25 ~ 37 .49 .61

(GeV)

FIG. 3. SLAG hybrid bubble-chamber data (Ref. 15) for
the dielectron production in w-p collisions at 18 Gev/c
and our model predictions. The solid histogram rep-
resents the data and the solid curve is the "excess"
[the difference between the data and the estimated num-
ber of e+e pairs of known origin (dots)] parametrized
by C exp( —m«/M), where we took (Ref. 15) M= 0.195
Gev/ct and we determined C from the number of events
in the excess. The dashed (dash-dotted) histogram rep-
resents predictions of our model II (I).

produced pions. Proceeding as in the previous
case we obtain the expected number of dielectrons
for the mass bin 0.135&M,~, &0.6 GeV/c2:

model I 5.2 events,

model II 9.5 events,

data" 1.5 events,

.6 .8

(GeV)

FI.G. 4. Comparison of data (Ref. 15) for dielectron
productions in x p collisions at 18 GeV/c on the trans-
verse-momentum distribution of electrons with our
model. Dashed histogram: model II, dash-dotted:
model I.

model, we have used Eqs. (5) from Ref. 16 which
show that e(0.28& x~ & 0.42, all M») = 0.183 iib and
this number corresponds to V4 acceptance-cor-
rected events. Setting oN si QN) = 31.8 mb, we have

hn V4, 1 do„„
~M 0183 g g dM

ln this way we have constructed the histograms
presented together with the data in Fig. 5.

Chicago-Princeton data' on dimuon production

where the last line follows from 5 observed events
in this mass range and 3.5 events expected from
p, , and q decays. It seems therefore that the
low rate for dielectron production in m'p e+e
+ X presents problems for our model and further
data with higher statistics are required to clear
up the issue.

Brookhaven- Yale data'~'~ on dimuon Production
in PÃ collisions at 28.5 Ge V/c. The data are based
on V4 acceptance-corrected events presented in
a form of a histogram b.n/hM. In order to com-
pare them with the results following from our

X
(U

C)
LA

U)

4-

.28~ x «42

TABLE II. Comparison of integrated SLAC hybrid-
bubble-chamber data on e'e production with model
predictions.

2- J

.2 .3 4 .5 .7 .8

(0.067, 0.135)
(0.135,0.600)

7.0 + 9.2
16.1 + 4.7

2.5
8.0

9.2
14.6

M + mass Number of events
interval (GeV) exp. excess Model I Model II (GeV)

FIG. 5. Brookhaven-Yale data (Hefs. 16,17) for dimuon
production in pN collisions at 28.5 GeV/c compared
with our results. Solid histogram-model II, dashed-
model I.
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TABLE III. Integrated dimuon production cross sec-
tions in nb (xz )0.07) by pN collisions at 225 GeV/c.

Mass interval
(GeV/c')

Experiment
(Ref. 12)

(known sources
not subtracted) Model I Model II

0.21& ~IJ, JJ, & 0.45
0.45 & MJ P, & 0.65

871 + 104
319 + 38

572
252

by PN collisions at 225 Ge V/c. These data Pro-
vide probably the most detailed information. In
Table III we compare integrated numbers of
events in two dimuon mass intervals with our
model. It has to be stressed that the data are not
corrected for contributions from known sources,
whereas model predictions contain only the soft
annihilation. The true amount of experimental
events due to unknown sources can be estimated
from Fig. 6, which contains rather complete ex-
perimental information taken from Ref. 12 and
our model predictions.

The dimuon spectra in g~ and P~ are presented
for two mass bins in Figs. 7 and 8. Data were
obtained from Ref. 12 and recalculated from a nu-
clear to nucleon target using A '" dependence.
The agreement is rather reasonable. It seems that
the data slightly tend toward model II but, as al-
ready mentioned, the differences between the two
models are very small for J(L'p, production.

KEK double arm sp-ectro-meter data on di-
electron production in PN collisions at 23 Ge U/c.
The mass spectrum of dielectrons produced with
—0.05 ~ y & 0.05 and recalculated per nucleon is
compared with our model in Fig. 9. The agree-
ment is satisfactory and comparisons with more
detailed data from this experiment will be quite
interesting. Model II seems to be in somewhat
better shape but no final conclusions on this point
can be made at present.

BRIC data on direct-electron Production in 70
Qe V m P interactions. '~ In this experiment, 15 2
+ 4.4e'e pairs were observed with~, +', - )0.135
GeV/c . In our model (after appropriate weighting
for the detection efficiency) we expect 6.3 and
10.9 events in models I and II, respectively. The
agreement, taking into account the large experi-
mental error, is satisfactory. The transverse-
momentum spectrum of electrons is compared with
our model in Fig. 10.

Search for direct electron Produ-ction in PP and
p&e collisions at 12 GeV/c. The aim of this ex-
periment was mainly to study single electrons.
However, the authors give also an estimate of the
low-mass e'e production,

g(e'e ) &0.25 &&10 'g(wo) for M, +, &0.1 GeV/c'.

x .07

3-

o
2-

0
.2 .4

I

.6 .8

(GeV)

FIG. 6. Mass spectrum of dimuons produced in p V

collisions at 225 GeV/c. The solid histogram repre-
sents the data (Ref. 12). The contribution from known

sources (g and cu Dalitz decays, Bethe-Heitler pro-
cess and g —p+p ) estimated by Henry {Ref. 12) is de-
noted by the solid curve. Dashed histogram corres-
ponds to model II, dash-dotted to model I. The data
presented here were obtained from Fig. 49 and Table
V in Ref. 12, and the recalculation to nucleon target
was performed by using the A. dependence.0,75

According to our model we expect

g(e'e ) = 0.06 && 10 'g(m'), model I,
g(e+e ) = 0.24 && 10 'g(m'), model II.

It is clear that good data in this mass bin could
be crucial for distinguishing between the two
models.

IV. COMMENTS AND CONCLUSIONS

As shown by results presented in Sec. III, our
soft-annihilation model of low-mass dilepton
production is—at least —in a reasonable quali-
tative agreement with the available data. On

this level the agreement is not caused by some
specific features or specific selection of param-
eters, but it is directly due to the two basic as-
sumptions of the model: (i) The main source of
the LM dileptons is the annihilation of quarks and
antiquarks created during the hadronic collision. "
(ii) The constraints following from the space-time
evolution' of the collision are taken into account
and keep the LM continuum limited to the low-mass
region.

At present there exist a few other models of low-
mass dilepton production in hadronic collisions
(Refs. 21-25 and for a review see Ref. 2). Some
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of them" "are based on pictures which to some
extent overlap with the dynamics of the soft-an-
nihilation model and some of their predictions
will be thus similar to those following from our
model. It would be very instructive if these mod-
els were systematically compared with the avail-
able data so that one could see clearly the simi-
larities and differences.

An interesting question within the scheme of
our model is the ratio of contributions of annihila-
tion subprocesses of the two types (la) and (1b).
The resolution of this issue can come from more
accurate data on the production of low-mass e'e
pairs with masses just above the pion mass and

0 1.2
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T (GeV3
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FIG. 8. Bimuon transverse-momentum spectra for
pN collisions at 225 GeU/c for two dimuon mass in-
tervals: (a) M&0.45 GeV/c, (b) 0.45 &M&0.65 GeV/c2.
Solid histogram: model II; dashed: model I.

possibly also from the low-p~ behavior e+e pro-
duction (and of single electrons coming from such
pairs).

As seen in Figs. 3 and 4, the data" from the low-
mass region of e'e production present serious
indications of the relative importance of processes
such as (1b). Low-Pr spectra of single electrons
and of e'e pairs are at present in a rather con-
troversial state" ~ ""and a clarification of the
situation is desirable.

Another interesting point is the relative ratio
of dielectron production in m'p and m p collisions.
Soft-annihilation models based on assumptions (i)
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and (ii) above make rather definite statements
about this ratio. As seen from the discussion of
the SLAC rapid-cycling hybrid-bubble-chamber
data" in Sec. III, the present information on the
low-mass e'e production in 7t'p collisions if
confirmed in a higher statistics experiment could
exclude soft-annihilation models.

Let us note finally that if the low-mass dileptons
are really of a "hadronic origin, " then the under-
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