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Production Dependence of the A, (1300) Mass Distribution*
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We demonstrate that much of the variation in mass shape and position of the As(1300) meson from
experiment to experiment is consistent with a model of two coupled or interfering wide- and narrow-width
particles which may be close to forming a double-pole system. We find that the double-pole limit of this
model leads to reasonably good fits for the mass spectra of the m.p and EK decay channels produced in m. p
and pp collisions. Also, the model is consistent within experimental resolution with the available xp-decay-
channel mass spectra found in the reaction E n —+Ag A. Predictions for other reactions involving A2
production are made.

' 'N a recent Letter' the prediction was made that the
xp mass distribution expected from decay of

As(1300) mesons produced in X rt-+As h. reactions
should be a relatively narrow single peak. Since a BNL
experiment' appears to con6rm this prediction except
for an apparent mass shift, it would seem worthwhile to
examine these data and other recently available data'
with respect to the model used in Ref. 1. We find that
these data on the A2 mass can be explained in consistent
fashion and that enough parameters (though not too
precisely fixed by data) are now determined so that
predictions almost can be made.

It is quite possible that the A2 mass region has a
different explanation than that of two closely mixed
(coupled) or, equivalently, interfering resonances. How-
ever, this seems to be one of the simpler models one can
propose if one accepts the totaled results of CERN
experiments4 as correct. These data are well fitted by
either interfering Breit-Wigner resonances' or by a
dipole formula. '—' Either case can be described, e.g. , by

*Work supported by the V. S. Atomic Energy Commission and
performed in part in the Ames Laboratory of the U. S. Atomic
Energy Commission. Contribution No. 2665.
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f Permanent address.
~ J. V. Beaupre, T. P. Coleman, K. E. Lassila, and P. V.

Ruuskanen, Phys. Rev. Letters 21, 1849 (1968).' D. J. Crennell, U. Karshon, K. %.Lai, J. S. O'Neall, and J.M.
Scarr, Phys. Rev. Letters 22, 1327 (1969). Although the single-
peak result is as predicted by the double-pole model used in
Ref. 1, these authors find that J~=1 is preferred over 2+, but 2+
is not conclusively ruled out. The cleanest interpretation of the
CERN missing-mass and spectrometer measurements of the A~
mass (if one does not question the addition of results from their
many diRerent experiments) requires the same spin-parity for the
two peaks, in which case 2+ appears most likely.' M. Aguilar-8 enitz et a/. , Phys. Letters 29B, 62 (1969).We use
only the recent, small-bin data in this analysis.

4 G. Chikovani et al., Phys. Letters 25B, 44 {1967);H. Benz
et al., ibid. 28B, 233 (1968).The comment in the text refers to the
total tabulation of events. Unfortunately, each individual result
is not sufBciently good to back this statement solidly and
independently.

~ J. S. Bell, CERN Report No. TH. /84 (unpublished).' K. E. Lassila and P. V. Ruuskanen, Phys, g.t;v, I |;tt,t;rg 19, 762
(1967).

j.

Eq. (4) of Ref. 6,r which assumes a production ampli-
tude G, and a decay amplitude It; (i=1, 2) with a
general 2&&2 propagator matrix for the two particles
connecting G to F. Interfering particles of the same
J mixed, for example, because ef some symmetry-
breaking interaction or common decay modes, can
be reliably treated this way. The special dipole limit' of
this equation has the advantage of restrictirIg the
number of free parameters, thus allowing sooner a
meaningful confrontation with experiment. At the
present time, most of the existing data appear to be
reasonably explained with this limited set of parameters.
When the data are improved, one can relax this dipole
restriction and let the data 6x the preferred pole
configuration.

The approach is phenomenological and relatively
simple. The A~ is assumed to consist of two coupled
J~=2+ mesons with mixing strength 6xed by making
the poles degenerate. ' The relative coupling strengths
of the two mesons to s.p, EE, and pP are then de-
termined from experiment. ' Therefore, we write the
transition amplitude as'

where D = (X+sril')' and X=M iVo, for prod—ucing the
two-particle A2 system through some initial process
denoted by r, and for decay of this system into some
final state rt. The f (momentum transfer) dependence of
the production and decay form factors is neglected; this
is probably safe until better data are available, since we
are concerned here only with the mass shape of the A2
meson in its rest frame. In Eq. (1), meson 1, called mr

here, represents the particle with large width I' in the

~ Alternatively, for more detail, see P. V. Ruuskanen and K. E.
Lassila, in Proceedings of the Athens Conference on Resonant
Particles, 1967 (Ohio U. P., Athens, Ohio, to be published).

The 2f-g mode is not listed as the data are inadequate.
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„istribntion data from reactions (a) Pp ~ As+n"e = —0.15 compared wj.th A2 mass nF&G. 1. Curves calculated wit e~=o. "=—
(A, &,E' ). Th perimental resolution is no o

its The data shown are events above bac&ground as g»e»ndrawn however, in each case it is sma gsmall enou h that little change resu ts. e a a
s little di8erence.experimental papers. Use of the total EE; data' instea o e cu

th s s* and Z*(1420), which is stronglysame octet as t e ~~, J, an
coup e to ~p. or1 d For production from pion-nucleon initia
states at high energy, because of dominance o t e ig-
lying (compared with rt) p trajectory, we approximate
G & as proportional to

and for stu y o ei d f th mode tt=s.p, F &cc (1,0). This is
how the dipole form was obtained from Eq. (1) in e .
The zero element in each vector is allowed some varia-
tion ((0.06) by the data of Ref. 4.

In Ref. 6 a simple model was proposed in which meson
2 (rls) is exotic, coupling to mi via the (symmetry-
breaking) mixing term in the mass mat ',matrix and is also

'bl f l epartof theEKdecayfrom theA&
region so that Fx+= (0,1).With this for Fx m q. ( ),
the mass distribution

I x~d b 't
I
T tx+&

I
of the XE mode in

X A X was expected' to be a single narrow pea2

given y a rei — ib 8 it-Wigner squared mass distributio .
1968 BNI. results indeed showed such a sing e pea,
shifted in mass; this shift could be explained' as a result

et ul. Ph s. Rev. Letters 20, 1318 (1968).
o plato so X o pp

h sical Society, 1969 (unpublished); and, also, g.
'n s o the Fonrteenth Internott'onat Conference onc, i P o eel gs of he

EIigh-Energy Physics, Vienna, 1
104.

The data' fit yielded 0.20 (0.08)(e&(1.25 at the
40%% (10%%uo) confidence level (CL).

With the ratios of couplings of the two-meson system

Assr -+ EErr data' at 0.7 GeV/c which show two-peak
structure are consistent with

'
h these limits on ~~. T us,

~ ~

h data can be used to determinet ese aa
which, in the simplest mechanism of nuc eon gexchan e

A uld be interpreted as the ratio o the
couplings of its and rrti to pp. Therefore, T» wi e
given by Eq. (1) with Fx+ ~ (1,e&),

(1&
Gor cc

/

ke, i

and the EK mass distribution by T»-~+ '. Good fits
are foun or ~~d f e (0.5 (consistent with the smaller etr

eaks in the EK mass distribution thus are not incon-
k the earlier experiment since the

production dependence gives a satisfactory exp anation.
k h ther these limits on c„allow a

description of the recent 1iP ~Assr~ (~p w ata a
.2 G V~' The mass distribution for this process is

d mined (within the rather wide hmits on e„) ydetermine wi in
Fr&oc 1,0). Fairlypp-+ (EE)sr experiment and by

h s. 312 325 (1969).The authorsR A. Donald et al. , Nucl. ys.
would like to acknowledge a useful conversation wi
Foster.
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ratio of the mrEE and nsrPP couplings. u The compari-
son of the incoherent sum (cosy =0) with data is shown
in Fig. 2(b) for various values of P ranging from zero to
i. The resolution is not folded into the curves shown so
that the "theoretical" structure is visible. When
smeared out with any resolution function characterized
by 63f=&15 MeV, the structure disappears. For the
values of P used in Fig. 2(b), the X probability is
greater than 40%%uz, and, within a 10%%uo limit, P(1.7. To
illustrate that q also has a wide range of variation,
representative fits with cos&pWO are given in Fig. 2(c)
(/=0. 4, cosrp=&1). Both are statistically very good,
with the indicated structure washing out in averaging
over the large bin size and in including resolution.
Better resolution data on this reaction would thus be
quite useful.

Therefore, we feel it is likely that the experimental
results on the A2, which appear contradictory on the
surface, have a relatively simple interpretation in terms
of two mixed mesons. This means that normal variation
of single-particle production and decay amplitudes from
reaction to reaction has a dramatic effect on the mass
distribution. The double-pole condition is not essential
to this effect; however, this restriction considerably
reduces the number of parameters and the existing
data" are consistent with it. Furthermore, the fact that
the same ~~ and ~„values could be used for different
experiments with different charge states of the particle-
antiparticle coupled to the A2 system suggests that the
two mesons m~ and m2 could have the same isospin. Kith
unequal isospin (V breaks isospin symmetry'), an
unknown Clebsch-Gordan coeScient makes correlation
of differently charged decays difficult.

By way of predictions, we would expect the m'p and
missing-mass spectrum of the A2 produced through p
exchange in pion-nucleon (vr-1V) collisions, e.g., s.X~
A~4 or mS —+A2S, to show two peaks and the corre-
sponding EK decay to be mainly single peaked. How-
ever, the curve in Fig. 1(c) becomes markedly double

"One might expect that the incoherent sum would be the
logical way to ht a backward and forward peak since the form of
Eq. (2) implies an angle integration has been done. However, the
interference indicated in Eq. (2) could be important since the
angle integrals of (I-p„') ' and of (u-p„') '(r-ass) ' are essentially
equal. As this angle integration is assumed done, cosy which
occurs in the absolute value squared of Eq. (2) is not precisely
related to the relative phase. But, as seen from the 6ts of Fig. 2,
the data place no real restriction on p and q, and the particular
form used in Eq. (2) may be taken for convenience.

"Photoproduction of the A2 system is not included here. The
results of J. Ballam eI al. , Phys. Letters 308, 421 (1969), indicate
that the ym coupling to the two-meson system might be similar
to that for EX. However, a DESY photoproduction experiment
which could provide a check 6nds no obvious A2 signal. J. Krbe
et at. , Phys, Letters 2'73, 54 (1968).

peaked as ~z gets smaller without very seriously
affecting the fits in Figs. 1(a) and 1(b). As noted earlier,
at the 10% CL the data in Fig. 1(c) fix the lower limit
of sir as 0.08. Thus, even though these data LFig. 1(c)j
indicate statistically a single peak, they actually do Dot
rule out a twin-peak structure for the EK decay mode
of A2's produced in pion-nucleon collisions.

Furthermore, ascribing the annihilation processes' '0

to baryon exchange, we expect that the curve or data in
»g. 1(b) could be a fairly characteristic result of "As"
baryon-antibaryon coupling. Thus, reactions like back-
ward A s production" in p+d ~A s+He', p+d ~
A s+H E e —+ A sA, etc., should have two-peak struc-
ture, or, if resolution is poor, show a relatively broad
&60-MeV-wide bump for both mp and EE modes.

In closing, we note that there have been other recent
attempts to interpret the "A s" meson data with fwo- (or
less) pole models. However, few of these papers include
any specific data analyses and none studies the A & decay
modes seen in proton-antiproton annihilations. Coulter
and Shaw'4 argue that structure in an inelastic resonance
can result from the inelasticity factor deviating from
Breit-Wigner form. Fujii and Kato' demonstrate that
such structure in the inelasticity (ri) can exist in a two-
pole model for mp~xp which is consistent with the
CERN missing-mass data. The decay of the A2 into EK
and s.r) determines (rl) by taking Aux away from the m p

scattering process. Also, Rosdolsky" shows that in
processes involving several scattering channels, proper
choice of eigenphase shifts can lead to differences in the
cross sections in the diferent possible reactions (among
different As decay products). The problems associated
with unitarity, which we have not treated exactly in the
present work, are studied in detail by Rebbi and
Slansky. "

One of the authors (K. E. L.) is grateful to Dr. Rau
for the hospitality of the Physics Department at
Brookhaven, where part of this work was done. He
would particularly like to thank Dr. K. W. I ai and Dr.
S. Nussinov for much valuable discussion and criticism,
and Dr. P. V. Ruuskanen for useful comments on the
early phases of this work.

"Recently, R. C. Arnold and J. L. Uretsky, Phys. Rev. Letters
23, AAA (1969), predicted that pd —&A~He' would show single-
peaked A2's. Preliminary results from a missing-mass experiment
at the Penn-Princeton Accelerator on pd —+ A2He' presented in a
seminar by B.Maglic at BNL indicate that A & structure probably
exists.' P. W. Coulter and G. L. Shaw, Phys. Rev. Letters 21, 634
(1968).

15 Y. Fujii and M. Kato, Phys. Rev. 188, 2319 (1969).
"H. Rosdolsky, Phys. Rev. 180, 1403 (1969); see also T. J.

Gajdicar and J. W. Mo8at, ibid. 181, 1875 (1969)."C. Rebbi and R. Slansky, Phys. Rev. 185, 1838 (1969).


