
PHYSICAL REVIEW D VOLUME 13, NUMBER 1

Direct leyton yields from vector-meson decay*

1 JANUARY 1976

K. Raychaudhuri and H. Weisberg
Department of Physics. University of Pennsylvania, Phikufelphia Pennsylvania 19174

{Received 22 September 197S)

Lepton yields from vector-meson decay for pz $1 GeV/c are reasonably well determined by existing vector-
meson production data and are srrt~&& compared with 1/m = 1 X 10-'. A class of reasonable extrapolations to
higher pr gives yields that remain sm~9, but a rise in t/m cannot be ruled out. Vector-meson polarization
effects are discussed.

Direct lepton production, with l/s-1& 10 ' for
transverse momentum 0.8 &Pr& 5.5 GeV/c and in-
cident momentum 10&P,.„,&2000 GeV/c, has been
observed in a number of recent experiments. ' The
source of these leptons and the reason for the con-
stancy of l/s are not known. In another recent ex-
periment, ' p' production in 8- and 22-GeV/c v'P
collisions was measured up to Pr - 1.2 GeV/c. The
experimenters note that the ratio of p'/n' rises
linearly with P&' over the range covered and they
suggest that, if this ratio continues to rise, then
the p' could account for a large part of the ob-
served direct lepton production, through the decay
p' -E'l

We have calculated e/s yields at center-of-
mass rapidity y = 0, for various parameterizations
of the measured p production. Our emphasis is on
the kinematic region where the lepton yields are
constrained by measured vector-meson production.
Thus we do not consider extrapolations to P& &2, '
nor do we consider J (g) production. "

In our calculations, we have assumed that the p'
and w inclusive cross sections have the factorized
form Eda/d'P = f(y)g(pr}. ' Figure 1(a) shows the
s Pr distribution for )x( &0.5s wherex-=P&(c. m. }/
P&(max). These data are well fitted over the
measured range by the sum of two Gaussians
g(Pr) =A exp(-EPr'}+A'exp(-B'Pr') However. , we
have instead parameterized the pion p& distribu-
tion by the form g(Pr} =AexP(-~), with mr
= (Pr'+m„')' '. This form fits the measured
points equally well. In addition this form (with m
equal to the produced particle mass) is known' to
give a good description of m, K, and P production
at y = 0 and Pr &1.5 GeV/c in 12- and 24-GeV/c PP
collisions, and furthermore it reproduces the
known exp(- &Pr) behavior of particle production
in 24-GeV/c PP collisions at intermediate Pr;' we
see no reason why the shape should be different in
~P collisions.

Figure 1(b) is the Pr dependence of inclusive p
production for (&(&0.5.' Here and in the remain-
der of Fig. 1 we show three parameterizations of
p production, all of which are consistent with the
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FIG. 1. pz and pz. distributions for 22-GeV/c x'p
collisions {data from Ref. 2). {a) s production for )s~
&0.5. The curve is the function g(p z)

constexp[-6. 93(p~ +m„) ]. (b) po production for
l&l ~ o.5. The curves are g(pz) =constexp(-3. 0p 2)

constem't-6 3(py +~ ) ] (solid line),
and constexp[-5. 5(Pz +~

p ) ] (dotted line). (c) The
ratio of po aud s production for)@~&0.5. {d) Calculated
values, at y =0, for e/n for electrons from p decay.

data over the measured P& region but imply rather
different behavior at large Pr: (i) (dashed line) the
Gaussian form A exp(- &Pr'), (ii) (solid line) the
single exponential form A exp(-&mr) with mr
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= (Pr'+ m~')' ', and (iii) same as (ii) but with a
smaller B parameter. Figure 1(c) then gives the
corresponding po/v ratios for Ix) &0.5, and Fig.
1(d) gives the resulting e/v ratios at y = 0.'

It can be seen that all three parameterizations
reproduce the dramatic rise in po/v for Pr &1

GeV/c, and that in all three cases the ratio e/v
rises to - 0.15x10 ' at P~ = 1. But at higher Pz,
e/v is free to rise, fall, or remain the same.

If p, p', and p are produced equally and are un-
polarized, then the ratio(electrons from p'decay)/
(all w ) cannot exceed half the p'-e'e branching
ratio, or 0.22& 10 '. However, polarization ef-
fects can enhance this ratio and in fact it is pos-
sible to construct a model" in which f/w = 1 x 10 '
from p decay alone. In terms of the p' density ma-
trix elements the pion decay angular distribution"
is

W( 8, y) = p» sin'8 + (1 —2p»}cos'8 —p, ,sin'8 cos2y —v'2 R, p»sin2 8 cosy, (la)

while that for the leptons is
2

IV(8, y) = p»(1+ cos'8)+ (1-2p»)sin'8+ p, ,sin'8 cos2rp+ v"2&,p„sin28 cosy+ 0 (lb)

In our case the pion cross section is known and we
are only concerned with possible enhancements of
lepton production. Equation (1b) provides us with
an uPPer bound of a factor of 1.5 for this enhance-
ment at large p&, for p„= & in the helicity frame
(p» and p„, do not affect the single-lepton yield
significantly). Figure 2 shows the calculated ef-
fect in our model for p» (helicity} = &. The effect
for any other value of ply is

l (p„)/l ( ~~ ) = 3(1 —2p„) + 2(3p„—l)f,
where l (p») is the lepton yield as a function of p»
and f= l(&)/f (-,') is the quantity plotted in Fig. 2;
pl 1 3 corresponds to compl ete isotropy.

The p, - ~'w decay angular distributions in 12-
and 24-GeV/c PP collisions have been measured"
and are consistent with isotropy. We find p»(hel-
icity) = 0.33 + 0.03 from the 24-GeV/c data, imply-
ing that in fact the spin effects are completely neg-
ligible, at least at small P&.

To compare with direct lepton measurements,
we need to consider three factors:

(i} The lepton yields were measured mainly in

PP rather than ~P collisions. In similar calcula-
tions we find that the l/v yield from p production
in PP collisions at 24 GeV/c (see Ref. 12) and Pr
& 1 GeV/c is typically a factor of 2 smaller than
shown here.

(ii} Other vector mesons will contribute. qrpro-
duction seems to be strongly suppressed' "and,
despite its relatively large branching ratio into
l'/, does not seem to be an important lepton
source. Using the upper limit' of 60 pb for y pro-
duction in 22-GeV/c s+P collisions and assuming
the same momentum distribution as for the p, the
p contribution to e /v is &0.07 times that of the p.
Inclusive ~' production has not been measured,
but semi-inclusive a and p production in 12- and
24-GeV/c PP collisions have been found to be

equal, " suggesting that inclusive uP and p pro-
duction are also equal.

(iii) Much of the lepton production data are taken
at much higher incident energy than the vector-
meson production measurements of Refs. 2 and 12.
However, p' production in m'p collisions at 8, 16,
and 23 GeV/c (see Ref. 14) and 205 GeV/c (see
Ref. 15) has recently been reported, and the ratio
of total cross sections for p' and n production
appears to be the same over the whole energy
range, " suggesting that e/w ratios at small Pr
do not change much with energy.

Thus for comparison with the lepton-production
experiments in PP collisions one should multiply
the e/s ratios of Fig. 1(d) by a factor of -1.5.
For pr &1 GeV/c, the resulting ratios are well
determined, the principal uncertainty being the
lack of information on cu production. Thus vec-
tor-meson decay cannot explain that part of the
copious direct lepton production which has been
reported' at low p&. The bulk of the data, how-
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FIG. 2. The ratio of lepton yield for a 1+cos~8 decay
angular distribution to that for isotropic decay, for
g(PT2) exp[ —6.3(P 2 + ~ 2)i/2j
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ever, are at high P&. These data still can be ex-
plained by vector-meson decay, but only if the
high energy, high Pz behavior of vector-meson
production is quite different from that of the other
hadrons. Explicit measurements of inclusive p'
and co' production and decay distributions at high

energy and P& are needed for a conclusive com-
parison edith the high P& data.
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