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The existence of the I =% K*(1420) meson has
been established in many experiments.'~® Stud-
ies of the K*(1420) decay angular correlations!s?s*
have ruled out /£ =0 and suggested 2% as the
likely JP value. However, uncertainties due
to large background and/or the absence of in-
dependent information of the K*(1420) alignment
do not permit one to rule out 1~ and 37. We
report here an analysis of a relatively clean
K*(1420) sample, in which we make use of the
production dynamics to ascertain the resonance
alignment. Although model-dependent assump-
tions are used, the inherent discrimination
among spin-parity values is so marked that
we consider the analysis sufficient to rule out
17 conclusively, and to make 3™ unlikely.

The data discussed below come from 4.6-
and 5-BeV/c K™p interactions, obtained in
an exposure of ~300000 pictures in the Brook-
haven National Laboratory 80-inch hydrogen
chamber.® The production of the K*(1420) is
observed in the two readily identifiable reac-
tions

K- +p—=-K°+71~ +p 1)
and

K™ +p =K+ mtem™ +n, (2)
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containing 1180 and 1500 events, respective-
ly. Investigation of all two- and three-parti-
cle mass combinations reveals that there is
little N*, p, or Y, * formation, both final states
being dominated by K*(890) production. More-
over, there appear to be no kinematically in-
duced complications® (e.g., Deck mechanisms)
in Reaction (2). These circumstances simpli-
fy the interpretation of the mass spectra rel-
evant to the identification of the K*(1420), i.e.,
the M (K7) spectrum from Reaction (1) and the
M (Knm) spectrum from Reaction (2). These
spectra are shown in Figs. 1(a) and 1(d), re-
spectively. From these figures one sees that
Reactions (1) and (2) contain the quasi-two—
body reactions

K~ +p—=K*"(1420) +p
LI_&"’+7T' (3)
and
K™ +p~K*(1420)+n
LI_(°+7T++7T— (4)

with about 70 K*(1420) events in each channel.
The combined enhancements yield a mass and
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FIG. 1. Invariant-mass spectra M (Km) and M (Kmm)
from Reactions (1) and (2), respectively. (a) M (K'7™)
from pK%r~, for all events; (b) for 0<AZ%(»)<0.2; and
(c) for 0.2<A%(p)<0.5; (d) M (K7 r~) from nK'ntn™,
for all events; (e) for 0<A2(z)<0.2; and () for 0.2
<A%(2)<0.5. The dotted curves are phase-space dis-
tributions.

width of M =1425+5, I'=70+10 MeV, consis-
tent with estimates obtained in other experi-
ments.

The production angular distributions of Re-
actions (3) and (4) can be inferred from Fig.
1, where we exhibit the mass spectra for var-
ious regions of momentum transfer (AZ) to the
nucleon.'? The forward peaking of both reac-
tions is evident, and suggestive of the presence
of meson-exchange production mechanisms.
The neutral K*(1420) production is very strong-
ly peaked, being essentially confined to the
region Ay, in® <A%(n)<0.2 (BeV)?. On the oth-
er hand, the charged K*(1420) production is

large in the region 0.2 (BeV)? <AZ%(p)<0.5 (BeV)?.

This pattern is similar to that observed in
K*(890) production in the intermediate energy
range,'® and has been successfully interpret-
ed' in terms of a peripheral model involving
only 7 and w exchange.!® In the K*(890) case,

it is found that in final states requiring the ex-
changed particle to be charged, only 7 exchange
is necessary, whereas both 7 and w (with w
dominant) contribute when the exchanged par-

ticle is neutral; no other exchanges are requir-
ed. In Fig. 2 we exhibit data on K*~(890) pro-
duction®® at our energy which are relevant to
the validity of the simple 7 +w exchange mod-
el. One sees that the A? distribution is consis-
tent with expected w dominance.!” More im-
portantly, the polar and azimuthal decay angu-
lar distributions agree quite remarkably with
the distributions expected from w dominance
in the region A%2>0.2. The predicted distribu-
tions do not include any modifications due to
absorption.

Since K*(1420) and K*(890) production appear
to have similar behavior, as discussed above,
we shall assume for purposes of further anal-
ysis that Reaction (3) proceeds via 7°+w® ex-
change while Reaction (4) proceeds via pure
pion exchange.!®* We emphasize, however, that
conclusions of the ensuing analysis hold even
with a much weaker version of the model, in
which p and A, exchange are permitted. The
essential assumption is that the dominant iso-
spin-0 exchange contribution is due to the w.

Since the 7 and w have different spins as well
as isospins, their individual contributions to
K*™(1420) production are incoherent (ignoring
absorptive effects). With such incoherence,
the relative rate of K*°(1420) vs K*~(1420)
production as a function of A% can be written
in terms of general isospin-0 (vector) and iso-
spin-1 (pseudoscalar) exchange amplitudes,
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FIG. 2. K*~(890) production in K~ +p—p+K'+7,
(a) Distribution of momentum transfer A%( ?P) between
target proton and outgoing protonl’; (b) distribution of
cosb folded about cosf =0, where the Jackson angle
(Ref. 14) 6 is the angle between the decay K° and the in-
cident K~ taken in the center of mass of the K*(890);
and (c) distribution of the Yang-Treiman angle ¢, fold-
ed successively about ¢ =180° and 90°. The angular
distributions are symmetrical before being folded.
The solid curves are for pure w exchange.
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say a,(A%) and «,(A%), as follows: scalar exchange in Reaction (3). It is, there-
N (K™ +p — K*(1420) + 7] fore, equiv?lent to the' standaII;d density 'matrix
R(A?)= (K= +p~K™(1420) + 5] element p,,* for Reaction (3).'® In practice,
of course, we shall consider the above rela-

la,(A%)12 tion averaged over a range of A% and denote
la,(A2)12 + la,(A?) the averaged quantities by (R), {p,>, etc.
Now, the ratio (R) may be obtained from the
directly measurable ratio

- [K" +p ~K*°(1420) +n]/l:K_ +p —K*"(1420) +p}
LI?°+7T++1T‘ LKO—{-W_

with the use of appropriate Clebsch-Gordan

=4 2 =4y (a%).

Here y(A?) represents the fraction of pseudo- f

coefficients and the known®s® branching ratio for the intervals A%?<0.2 (BeV)? and 0.2 (BeV)?
B=[K*(1420)~ K +7]/{[K*(1420) = K* + 7]+ [K*(1420) <A®<0.5 (BeV)’. We note that in the region
~K+p]}=0.6+0.2.1° One finds in this way of low momentum transfer {p,> is poorly de-
(Pos®) 1(38/2)F (5) termined; it is, nevertheless, consistent with
for Reaction (3).'° In addition, by limiting the
possible exchanges to 7 and w we have required (a) (b)
that {p,,* =1 for Reaction (4). These conditions —
on {py,l) essentially determine the K*(1420) I o
alignment.
We now consider the decay angular distribu- e ) 8
tions of the K*(1420) from Reactions (3) and X/T
(4), using the coordinate system of Jackson.' B //// \ \ ]
For the K77 decay of the K*°(1420) we use the s // N O 180 360
angles of the normal to the decay plane,? while pib 1 \ ¢
for the two-body decay of the K*~(1420) we 0 0.5 1.0
use the direction of one of the decay products. lcos 81

The experimental distributions in 6 and ¢
for the K*(1420)’s produced with A%2<0.2 (BeV)?
in Reaction (4) are shown in Figs. 3(a) and 3(b),
respectively. The distribution of background
events, inferred from a study of neighboring
mass bins, has been subtracted. The solid
curves, normalized to the total number of events,
show the predicted angular distributions (as-
suming (0o, =1) for the various JX assignments.?
The comparisons in Figs. 3(a) and 3(b) show
that the ¢ distribution is isotropic, consistent
with the model, but that the 6 distribution is
not very sensitive to the assumed JZ value.?

The situation is quite different for Reaction
(3). Here we use Eq. (5) to determine {py,>(A%)) .
In Table I we show the measured values of {0,,")

FIG. 3. Decay distributions for the K*(1420). (a) and

Table I. Measured values of (1420)” alignment pa- (b) Decay angles for the normal to the three~body de-
rameter. cay plane for the K*9(1420) selected with 0< A%(n)<0.2.
(c) and (d) Decay angles for the K*—(1420) selected with
A? Interval 7 o> 0.2<A2(p)<0.5. Before folding, the distributions are
symmetrical. The curves are normalized to the solid-
A% i0-0.2 70 1.6_ 00 line histograms which have background subtracted;
0.2-0.5 <0.7 <0.2 the dashed histograms do not have any background sub-
traction.
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Table II. x% values for P analysis.

Reaction (4)? Reaction (3)P

Background Background No background
subtracted subtracted subtracted
» Degrees of x%€ Degrees of x? Degrees of
J X2 freedom (P =0 (pge®=0.2 freedom (P> =0 (P =0.2 freedom
1~ 5 4 31 22 4 101 72 4
2t 5 4 7 7 4 11 8 4
3T 10 3d 17 15 4 31 22 4

21380 <M (K'rtn™)< 1460, A%(r)<0.2.

01360 <M (K01™)< 1480, 0.2<A%(p)=<0.5.

®The x? fits corresponding to the best estimate of (pg®), i.e., {pg®) 0, correspond to probabilities of ~1075,
~10~2, and 20% for 1=, 3~, and 2+, respectively. For the sake of comparison we also give the x*’s correspond-
ing to the 2-standard-deviation upper limit of (pg,*)=0.2.

dThe distribution of the normal in Reaction (4) contains one undetermined parameter for the case JP=3- (see
Refs. 22 and 4). To obtain a x* we adjust this parameter to its most favorable value.

our model which requires {p,,* ~1. On the oth-
er hand, for the region 0.2 (BeV)’< A?<0.5
(BeV)? the ratio 7, and thus the corresponding
(00o®, is very small. In fact, since the signal
corresponding to the numerator of 7 is insig-
nificant here [see Fig. 1(f)], we use the value
3X[No. events in K*(1420) band]*? to obtain
the limit {p,,%) <0.2. With this condition, the
polar and azimuthal distributions of the decay
kaon in the K*~(1420) rest frame take on the
approximate forms

fJ(x)z(l—xz) for JP= 17,
~x2(1=x2) for JL =2,
= (5x2—1)2(1—x2) for g7 = 37, (6)

andf(<p)z1—2pl,_1c052<p for JP_—_l—, 2+, and

37. Herep, Sz and x=cosf. Itis clear that
the functions fy(x) have very different behav-
ior and thus afford sensitive discrimination
among the various JP values,® whereas the

@ distributions provide little information. The
comparison with experiment is given in Figs.
3(c) and 3(d). The shaded areas represent the
variation of f y(x) for the permissible range

of {pye>). One sees quite clearly that the 2+
hypothesis fits well, while the 1™ and 3™ hy-
potheses fit poorly. x? values to test the good-
ness of fit of each of the curves are summarized
in Table II. Even considering the systematic
uncertainties, the discrimination among spin-
parity values is so pronounced that, if it were
not for model dependence, these results would
conclusively rule out 1~ and would make 3™
very unlikely.

With regard to the model dependence, we
may call attention to the large body of evidence
from other experiments® which testifies to
the essential validity of the peripheral model,
especially insofar as angular distribution pre-
dictions are concerned. Of particular impor-
tance is the evidence both from our own exper-
iment and others indicating that w exchange
is expected to be dominant in the A% region of
interest. Given this background (even if p and
A, exchange are admitted), the results of Ta-
ble II constitute very strong evidence that the
K*(1420) does indeed have JF =2,

TWork supported by the U. S. Office of Naval Re-
search, the Atomic Energy Commission, and the Na-
tional Science Foundation.
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Reaction (4) events yields @R 0.8, in agreement with
other experiments.

2At our energy Apmin?=0.03 and Ay .2=6 (BeV)?, for
the K*(1420) region.
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124 a3,

where, for example, ?il” is the pion contribution to the
isospin-1 amplitude. The density-matrix element {0y
will also appear in the expressions for fy(x):

(o) =4 p/2wlla," +a 12/ (" 12 +

(9223) < é(aﬁ/z)vllaiAz +a,,fl 2/(Iai’rl 2, lalp 124 Ia1A2 | 2)].

The arguments for eliminating JP=1" clearly carry
through the same as in the “r+w’” model as long as
the n-exchange amplitude is small compared to the
sum of 7, p, and A, amplitudes. The same require-
ment is necessary to eliminate J=37, with the addi-
tional proviso that f exchange be relatively small.

2See Refs. 15 and 14, and G. London et al., Phys.
Rev. 143, 1034 (1966).

ERRATUM

STIMULATED EMISSION AND Rb SPIN-EX-~
CHANGE CROSS SECTION. Jacques Vanier
[Phys. Rev. Letters 18, 333 (1967)].

Equation (1) should read as follows:
A,=T'/(5T"+8).

On page 334, the third sentence after Eq. (3)
should read, “The experimental data agreed
well with the prediction of Eq. (3) +++.”
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