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ture functions and the coupling constant entering
in the basic quark, gluon diagrams. These calcu-
lations do, of course, suffer from the problem
regarding the ' soft" behavior of the basic @CD
diagrams, discussed in this paper.
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We show that the observation of the A& resonance in ~ decay agrees with diffractive A&

production and that it confirms our previous analysis of the diffractive data.

Recent observations'' of a strong enhancement
of the pv mass distribution near p& threshold in
the decay of the heavy lepton v —v, pv, and their
interpretation as evidence for the A, resonance,
raise the important question of the compatibility
of these new observations with older data' on the

A, system obtained in diffractive hadronic pro-
duction experiments. The peak observed in v de-
cay has a mass M~ - 1150 MeV and a width I"
-200—300 MeV. On the other hand, in a recent
paper' we showed that the diffractive data imply
the existence of a "broad" A, resonance, I -400
MeV, whose mass we could establish only within
the bounds M„,= 1350+ 150 MeV. In the hadronic
data, this large uncertainty in the probable mass
can be traced to various uncertainties in the theo-
retical analysis, including the parametrization
of the Deck diffractive background, and to the
relative paucity of the data. Based on the diffrac-
tive data alone, the parameters of our preferred
so)ution are M~, = 1185 MeV, and F= 395 MeV
(solution E of Ref. 4). These parameters are

those of the position of the second-sheet pole of
the pv-pr amplitude in Ref. 4.

The purpose of this Letter is to demonstrate
that a careful analysis of the data from z decay
leads to good agreement with the A, resonance
deduced from diffractive data, that the v data re-
strict the range of solutions obtained in our ear-
lier work, 4 and that our preferred solution F of
Ref. 4 provides a good representation of the pm

mass distribution from v decay.
The diagram in Fig. 1 represents v. decay. The

FIG. 1. Diagram for ~ decay.
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corresponding amplitude is

%= l pHp, (1)
where l& is the usual lepton current u, y&(1 —y,)u, ~ The hadronic axial-vector (2 = 1+) current may be
formed from the four-vectors e q~, representing the polarization of the final p, and the momenta p~
and p' of the final p and m, respectively. The most general form is

P K- 2 2-
(2)

where Q=p~+p", and h=p~ —p'. The axial form factors E, and E, depend only on the pv invariant
mass, M'=(p~+p")'. The relative size of E, and E, determines the proportion of the D-wave and S-
wave contributions in A, decay. In this article we set I', =0, and retain only E,. This corresponds to
predominantly S-wave decay of the A„as is true of the hadronic data."We also ignore absolute nor-
malization (absolute decay rate).

After squaring Eq. (1) and summing over spins, we obtain a differential probability distribution for
the decay:

d$' , d' " d' ~ d'p', ,- Zl~tl, ,' 5(p -p p -p"-)5(M-'-(p"p")'),

g I&&l'= IE, I'p' p'+
2
p' p'p" p" + M-, Vi'V. —M'. V2'@

2 ~, 2 V,

P

V, =p'-p~(p' p')/m, ', V =m 'p'- m, 'p'.

(3)

(
V,l /a+PM'l

= D(M')I
V,~ (@+&M )

(5)

We compute the axial form factor F,(M') using
the standard formalism of final-state interactions'
and the p& scattering amplitude derived in Ref. 4.
Beginning with the 2&&2 D ma. trix in Eq. (3.20) of
Ref. 4, we find that E,(M') is provided by the
upper component of the vector

!
(M„,, Q =(1185 MeV, 395 MeV), and solution C
with (M„, I') =(1383 MeV, 425 MeV). Also shown
in Fig. 2 is the distribution we obtain if we set
F,(M') =1, retaining only the structure of the
weak-interaction matrix element, without any pm

interaction. In these calculations, m, = 0 and m,
=1,9 GeV. The curves in Figs. 2 and 3 for our
solution E peak at M = 1180 MeV and have a full

that is, E,(M') = V,. The component V, would
yield the axial form factor for 7 —vK*K. In Eq.
(5), o, P, y, and 5 are arbitrary constants, in
principle, They could be determined if one had
enough statistics in 7 —vpv (and in T —vK*K) to
observe details of the M' dependence. Such M'
dependence is not negligible in the pion electro-
magnetic form factor, for example. ' Here we
set

@=1, P=y= 5=0.
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This is the simplest choice. Adding nonzero val-
ues of P, y, and 6 would only improve the fit we
obtain. Our choice in Eq. (6) and our D matrix
are such that our expressions reduce to the stand-
ard Omnes formula' in the simple case in which
inelasticity is ignored in the form factor.

The mass distributions we obtain are compared
with the data in Figs. 2 and 3. In Fig. 2 we show
the results which emerge for two of the solutions
reported in Ref. 4, solution E (preferred) with

I

I.O 2.0
M& GeV

FIG. 2. Data from DORIS, Ref. 2. The solid curve is
obtained from solution E of Ref. 4, as described in the
text. The dashed curve represents solution C. The
dotted curve results from retaining the weak-interaction
matrix element alone, with E&(M~) = 1, &2

——0. Normali-
zations of the theory curves are arbitrary.
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width at half-maximum of -320 MeV.
A few obvious conclusions emerge from inspec-

tion of Figs. 2 and 3. (1) The preferred solution
E of our fit to the diffractive data yields a good
representation of the p& mass distribution in 7.

decay. In this sense, there is complete agree-
ment between the diffractive data on the A, and
the T decay results. The T data confirm our
previous analysis of hadronic A, production,
(2) Our solution C, with M„,-1385 MeV does not

agree with 7. decay. Therefore, the ~ data re-
strict the range of A, mass parameters previous-
ly determined in fits to hadronic data. (3) It is
unlikely that the 7 spectrum can be explained
without an A, resonance. For example, we tried
varying the v, mass, with F,(M') =1. Only for
m, as large as 400 or 600 MeV can a pr mass
spectrum be obtained at all resembling the data,
The results just reported above in (1) and (2) are
insensitive to reasonable variations of m V~

We have examined the changes which occur
when we include nonzero values of E,(M') in Eq
(2l( ). For example, if we choose E,/I', such that
the pv system is purely in an S wave, there are
no appreciable differences from our results.
However, if we retain only F„corresponding to
D/S = -W2, then our A, peak position is shifted

-4
0

M~~ GeV

FIG. B. Data from SPEAR, Ref. 1. The curve is ob-
tained from solution E of Ref. 4.

up by 90 MeV. Thus, our fit to the T data prefers
a predominantly S-wave A „as in the hadronic
data. '

A few technical remarks are perhaps in order.
The reason that our calculated pm mass spectrum
has a width narrower than the 394 MeV, which we

quote for the A, resonance, is that our resonance
parameters are those of the second-sheet pole.
For a very broad resonance, physical-region ef-
fects are distorted by phase-space factors and

the like. The parameters of a broad resonance
are difficult to establish from peak shapes alone.
Second, it is an accident that the A p& mass~ p
spectrum in T decay resembles the spectrum in
diffractive production to the extent that it does.
As shown in Ref. 4, the shape of the diffractive
p~ mass spectrum results from interference ef-
fects between the resonance and the unitarized
Deck background. In T decay, the peak shape is
determined by the rapid variation near threshold
of phase space and of the weak-interaction ma-
trix element, on which a broad, distorted Breit-
Wigner amplitude is superimposed. We have not
included "smearing" effects associated with the
finite p width. This can be done with little trouble.

Finally, we comment on the absence of a signif-
icant A, signal in charge-exchange reactions'
such as & p-(pv)on and m'p-(pv)oa''. This is
a paradox which we do not pretend to understand
completely. However, we are not altogether con-
vinced by phenomenological estimates' of the ex-
pected A, cross section in charge exchange since
they are known to be very sensitive to the un. —

known D/S ratio in the A, decay. (Changing D/S
from -0.07 to 0 reduces the estimated cross
section by a factor of 20.) In addition, we specu-
late that the p exchange amplitude contains an
additional suppression factor —vanishing near
t,~ =0. This guess is based on one of the con-
clusions of our study of diffractive production of
the A,. We found that the direct coupling of the
Pomeron to the &A, vertex is consistent with
zero. 4 If f dominance of Pomeron couplings, or
Pomeron-f identity is invoked, then the direct f
coupling is also expected to vanish. Next p-f ex-
change degeneracy provides a zero in the direct
p coupling. An additional zero of this type in the

p residue function is also predicted along entire-
ly different lines, from chiral-symmetry argu-
ments. ' Thus our view is that the A, resonance
is not seen in charge-exchange reactions, for
perhaps good reasons, while it is observed clear-
ly in 7 decay and in diffractive hadronic reactions.

To conclude, we believe we have established
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the parameters of the A, resonance: M~ = 1180
+ 50 MeV, I"=400+50 MeV (second-sheet pole
values). Moreover, we have fairly precise knowl-
edge of the pv scattering amplitude itself. An
interesting by-product is that we know the value
of the axial-vector form factor, for which we
provide an analytic parametrization. " This
may be useful in various situations, for example,
in tests of the second steinberg sum rule. '
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calculated to any finite order using perturbation
theory is that n = 2, whereas existing experimen-
tal data behave like I/p~' at fixed x~. It appeared
that if one wanted to describe existing data in
terms of quarks, then do/dt would have to be
modified to agree with experiment. The form dv/
dt=(2300 mb)/sts appeared to fit the large-p~
meson data best.

This simple model (called the quark-quark
scattering "black-box" model) succeeded in pre-
dicting the large-p~ n+/n and K+/K ratios.
However, an analysis of the correlations between
two or more particles produced at large p~ shows
that effects due to the transverse-momentum dis-
tribution of the quarks in the initial hadrons,
(k~)„„and the transverse momentum of the
hadrons from the outgoing quark jets, (k~), „,
cannot be neglected. In FFF (k~)„,= 500 MeV
and (k~), „=330MeV were used, but even these

It is shown that if in a calculation of high-transverse-momentum meson production in
hadron-hadron collisions one includes not only the scale-breaking effects that might be
expected from asymptotically free theories but also the effects due to the transverse
momentum of quarks in hadrons, then the results are not inconsistent with the single-
particle cross-section data.

In previous papers (hereafter called FF1 and
FFF '), experimental results on the production
of high-transverse-momentum mesons have been
analyzed. It was supposed that the phenomena
were due to the hard scattering between quarks,
one from the beam and one from the target. ' The
longitudinal momentum distribution of the quarks
in the proton, G~, (x), and the distribution of
mesons from the outgoing quarks, D, "(z), were
taken from data on lepton-initiated processes
and assumed to scale (i.e. , depend only on the
fractional momentum z or x and not otherwise on
energy). If these functions scale, then the invar-
iant cross section for producing a large-p~
meson directly reflects the energy dependence
of the quark-quark cross section da/dt. Thus if
the latter behaves as k(t/s)/s", then the former
behaves as f(x~, 0, )/p~'", where x~=2p~/8'
and W = vs. The expectation from field theories
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