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The negative three-pion mass spectrum between 1.0 and 1.4 BeV has been examined in
the reactions ~ p p(~ n. ~ ), ~ p —p7t (~ ~ ~ ), and 7t p n~ (7I ~ ~ ) for 5-BeV/c
incident 7t . In each reaction peaks are observed near 1.06, 1.17, and 1.30 BeV.
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p-p(v v v ),

v p-pv'(m v+v ),

+ —+
v p-nv(v wr),
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(3)

In the charged three-pion mass spectrum pro-
duced in v+p interactions several peaks have
been reported in the region between 1 and 1.4
BeV. Of these the A, peak near 1.3 BeV is most
certain, with other decay modes such as RR and

gm reasonably established. ' The region below the

A, is less certain. Although early experiments
appeared to resolve an A, peak near 1.06 BeV
from the A„ later contributions with higher sta-
tistics have made the conclusions uncertain. '
The largest samples of data have come from the
reactions v+p —(w+v v+), where a large back-
ground is expected from a Deck-type mechanism
process with p production. In other reactions
such as v p pro(v v -v+) and v p nv+(nv-v+)'
in which the simple Deck mechanism is not pos-
sible, the background should be different and al-
low an independent examination for resonances
below the A, .

%'e have studied the reactions

in v p interactions at 5 BeV/c. The results
~. ere obtained in an exposure of 150000 pictures
in the Berkeley 72-in. bubble chamber and rough-
ly 55000 four-prong events have been measured.
From these events 6300 fits were obtained in Re-
actions (1).

For Reactions (2) and (3) we required that the
events have a y confidence level larger than
10%. We also required the square of the miss-
ing mass corresponding to the no for Reaction (2)
to be between -0.06 and 0.10 BeV', and the
square of the missing mass corresponding to the
neutron for Reaction (2) to be between 0.74 and
1.02 BeV'. These fits mere checked for consis-
tency with ionization. In the case of further am-
biguities the best X' fit was used. This left 6822
and 6216 accepted fits for Reactions (2) and (3),
respectively. In Reaction (2) there are strong
peaks for N*~++, ~, and g which are incompat-
ible mith m e+n resonance formation and we
have therefore exclude these events.

The v v+v, p n, and m n+ mass spectra for
the three reactions are shown in Fig. l. After
the above selections have been made the n v+n

and p w mass spectra between 1.0 and 1.4 BeV
are best interpreted in terms of three enhance-
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FIG. 1. Mass distributions for Reactions (l)-(3). In Reaction (2), +*++, q, and ~ events are excluded. Mass
distributions of ~ ~ ~ are in the left-hand column, of p ~ in the middle column, and of 71. 71 for events with

x n between 1.0 and 1.4 BeV in the right-hand column. Arrows indicate masses of 1,06, 1.17, and 1.30 BeV.

ments, A, near 1.06,' A, , near 1.17,' and A,
near 1.3 BeV. We have indicated these masses
with arrows in each of our plots.

The mass spectra for Reaction (1) are shown
in the first rom of Fig. 1. We have not made a
cut against the N~++ in this reaction. Although
a number of events appear with the m+ in the p
as well as the +*++ region, with the present
statistics we have not been able to analyze pos-
sible interference effects. In an attempt to re-
duce Deck background we have cut events with
n' less than 0.1 (BeV/c)'. & Further, since the
peaks appear more strongly for low 4, we have
also cut down on other background by eliminating
events with &' larger than 1 (BeV/c)'. In the un-
cut 3w spectrum the A» and A, are seen and they

remain after the & cuts. In the pm spectrum,
where the p' is chosen between 0.665 and 0.865
BeV, and A, , and A2 remain, indicating that the
events in the peaks are associated with p~ decay.
In the A, region, a shoulder is apparent. The &'
cuts reduce the background strongly in the pn

spectrum and perhaps resolve the A, from the
A, , Be examining further 4 cuts in the pw

spectra (not shown) it appears that the events in
the A, region are more peripheral than events in
the A, , region.

The mass spectra for Reactions (2) and (3) are
shown in the second and third rows of Fig. 1.
For these reactions, the 3n production does not
appear to be as peripheral as in Reaction (1) and
we have only made a weak cut, requiring &'
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&4 (BeV/c)'. In Reaction (2), the 3m mass spec-
trum in Fig. 1 shows some peaking in the A, re-
gion and perhaps a smaller peak near A, , For
Reaction (3) there is an indication of some en-
hancement in the A„A, „and A, regions.
These enhancements become more significant
when a p cut is made. For Reactions (2) and (3)
we have plotted p m with the p between 0.68
and 0.84 BeV. The resulting spectra show en-
hancements in the locations expected for A„
A, » and A, and are again consistent with the
hypothesis that these decay predominantly by pr.
Further cuts in & (not shown) do not appreciably
change the character of the spectra; the three
peaks seem to have similar &' distributions.

In Fig. 2, we have combined the pn mass spec-
tra from Reactions (1)-(3), using the shaded
events for Reaction (1). The three peaks com-
mon to the reactions now stand out. To examine
roughly the statistical significance of the A, and

A, , we have drawn a smooth curve without as-
suming enhancements in the A, and A, , in the
region from 1.0 to 1.24 BeV. We find a y' cor-
responding to a 5% confidence level for the 12
bins in this region. Ne cannot therefore exclude
the explanation of the A, and A, , peaks as statis-
tical fluctuations. However, in our experiment,
the peaks occur near 1.06 and 1.17 BeV for all
three reactions, as seen in the second column of
Fig. 1. This we feel argues against their inter-
pretation as a statistical fluctuation.

When we interpret the A, and A, , as resonanc-
es and compare the spectra in Fig. 1, column 1
with those in Fig. 1, column 2, we find that the
peaks above background are nearly the same be-
fore and after the p cut, whereas the background
is reduced. This suggests some pn enhancement
in the A, and A» 3~ decays, but our data are
still too limited to permit us to quote a branch-
ing ratio. The masses we estimate as M =1060
MeV for the A, and M =1170 MeV for the A, ,
Possible differences between our mass value for
A, , and the values reported' from Reaction (1) at
8 and 11 BeV/c can only be resolved with better
statistics and by the examination of further re-
actions at these momenta. The widths of the A,
and A, , are difficult to estimate because of the
limited statistics. The A, , appears with roughly
the same width in the pn spectra in all reactions
after the A' cut is made in Reaction (1). We are,
therefore, tempted to associate the narrower
peak in the uncut spectrum with a statistical fluc-
tuation and we estimate the width of the A, , to be
between 30 and 60 MeV.
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Throughout this Letter the quantity b, refers to the

square of the four-momentum transfer to the 7t. 7t n

system from the incident m meson.

CURRENT-ALGEBRA, SUBTRACTED DISPERSION RELATION, AND Kis FORM FACTORS
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A calculation of the K~3 form factors is done on the basis of current algebra, partial
conservation of axial-vector currents (strangeness conserving), and dispersion rela-
tions. Assuming once-subtracted and unsubtracted dispersion relations for f+(q ) +f (q )
and f+(q )-f (q ), respectively, and K* dominance, the K&3 decay parameters (, A+, and

are calculated. All results are consistent with the present experimental indications.

There has been a considerable number of theo-
retical discussions' ' of the K~3 form factors on

the basis of current algebra and partial conser-
vation of axial-vector currents (PCAC) (or their
variants). It seems, however, that the present
theoretical status of the K~3 form factors is still
far from being free from confusion and uncer-
tainty. We shall report in this note a calculation
of these form factors from the dispersion point
of view, using the PCAC and current-algebra re-
sult to fix the subtraction constant in a once-sub-
tracted dispersion relation for the combination
f+(q')+f (q'). It is felt that the present calcula-
tion is probably less subject to the uncertainties
and ambiguities that plagued, to varying degrees,
some of the earlier calculations.

The basic relation for the K~3 form factors in
the approach based on PCAC and current algebra
is the Callan- Treiman-Mathur-Okubo-Pandit
(CTMOP) relation'.

which holds at the unphysical point q' = -MK,
where q' is the momentum-transfer variable and

f+(q ) are the usual KI3 form factors (to be de-
fined below). In order to derive reliable infor-
mation concerning the physical form factors, one
must have a "suitable" procedure of analytically
extrapolating the soft-pion current-algebra re-
sult (I) from the unphysical point to the physical
region. A natural choice of such an analytic pro-
cedure is provided by the dispersion approach.
In particular, we shall adopt in our present cal-
culation the point of view forwarded by Okubo
and his collaborators, ' and in a slightly different
context by Fubini and Furlan. ' The basic point

is that the soft-pion current-algebra result pro-
vides the subtraction constant, if a once-sub-
tracted dispersion relation is assumed for the
appropriate amplitude. As we shall see, we can
in our calculation always keep the kaon momen-
tum on the mass shell and thus avoid the poten-
tially unreliable large mass extrapolation inher-
ent in the use of the PCAC for the strangeness-
changing axial- vector current.

Traditionally, unsubtracted dispersion rela-
tions are assumed for the KI3 form factors (and
for other form factors, such as the m~3 form fac-
tor and the pion electromagnetic form factor,
etc. ). However, it has recently been realized'0
that the assumption of unsubtracted dispersion
relations may be too restrictive, and in a few in-
stances leads to paradoxical results. We do not
know whether a subtracted dispersion relation is
necessary in the case of K~3 form factors. Not-
withstanding, the use of subtracted dispersion
relations, provided a knowledge of the subtrac-
tion constants is available, definitely offers bet-
ter hope for a reliable calculation, since practi-
cally in every calculation use has to be made, in
one way or another, of the assumption of domi-
nance by the low-lying states. In a calculation
based on unsubtracted dispersion relations, as-
suming their validity, the effects of the continu-
um and the high-lying excitations are hard to es-
timate, although they may in fact be important.
If subtracted dispersion relations are used, most
of these effects are presumably effectively rep-
resented by the subtraction constants, and the
contributions to the dispersion integral from the
high-lying states are suppressed. This makes
the dominance of the dispersion integral by low-
lying states a better approximation.
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