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Lednickfgi.

The Problem of the X°{958! Spin.
Plot Analayis

Basing on the relativistic description of the X -y
and X"»yrts = decays, we conclude that possible 6  and
2”7 X°-spin parity hypotheses equally well agree
with world Dalitz plot data.

The investigation has been performed at the
Laboratory of High Energies, JINR.
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X°(958)-meson was obs?rved in 1964
reaction K p - K°A/l and, basing
Dalitz plot analysis of the X°-gpan
decay, it was claimed to be pseudoscalar.
It was cleared up in 1967 by Ogievetsky,
Tybor and Zaslavsky that the X°-meson
pseudoscalarity was not proved and that

the 2~ spin parity hypothesis also well
agreed with experimental decay data/¥,
Since that the question has been discussed
many times and now,according to the latter
edition of the Review of Particle Proper-
ties/W:the pseudoscalar hypothesis is again
supposed to be established: '"The Dalit:z
plot analyses favour spin O, but cannot .
rule out spin 2. The indication of aniso-
tropy in the decay of very forward produ-
ced n° /KALBFLEISCH 73/ has not been con-
firmed by BALTAY 74 thus favouring strongly
spin 0'". It should be stressed that the 0~
hypothesis is more natural in comparison

to the 27 one: it is simpler and, besides,
the X°-meson is the nearest (lightest)
candidate for the ninth pseudoscalar me-
son; it is even called the n’-meson *.

*Note, however, that there exist symmetry
formulae ?redicting the n° mass around
1.5 Gev/4



We could probably be satisfied by the
present experimental proofs of the X° -me-
son pseudoscalarity if for several times
the proofs were not found wrong. Despite
the fact the "minimum complexity' arguments
beforehand prompt the answer, it seems to
us that the important question of the X°-
meson spin parity should be and, of course,
can be resolved experimentally. We have
analyzed the experimental situation in
ref.”/" and have found that this question
still remains open, i.e.,Jp(XW:—O" or 27 .
In the present paper we give the details
concerning the Dalitz plot analysis. Basing
on the relativistic description of the
X" oy and thm+n_ decays, we conclude
that both the 07 and 2~ hypotheses equally
well agree with world Dalitz plot data.

The X" ymn decay. Belief in the x°-me-
son pseudoscalarity is partly based on the
Dalitz plot analysis of this decay with
the help of the simplest nonrelativistic
matrix elements/WCOf'course, as it is often
remarked, more complicated matrix elements
could improve the Dalitz plot description
in the pseudotensor case. Below we show
that for this purpose a mixture of bilinear
and quadrulinear in 4-momenta matrix ele-
ments is required, i.e., the amplitude
¢ lm=22 should be taken into account.

Let us start from the pseudoscalar case.
The 4-momenta, we have at our disposal, are
those of the =7 -meson (k,) and of the pions
(pLZF)' The mixture of bilinear and quad-
rulinear matrix element constructed out of
~these 4-momenta can be written in the form

A= 1+a m2/m)2(+a m4/m;+ a3k2q2c0825/m2m£ , (1)

1 2

where m is the dipion mass; my is the

X° -meson mass; k is the , y-meson momentum
in the X° rest frame ( =|k|),q is the =
momentum in the dipion rest frame (q=14]),
and & is the angle between the vectors

k and q: a; are free parameters. Note that
C -parity conservation requires symmetry
under spatial interchange of the two pions.
Further, a,-a; -0 if only bilinear in mo-
menta terms contribute. In this case for-
mula/! coincides with the usual "linear"
matrix element’’ A+1+aY, where Y is the

y -coordinate on the triangle Dalitz-Fabri,
plot, « = -a;/(3a; +22). As indicated in Table 1,
FIT 1-3, a good description of the world
(unsubtracted) Dalitz plot data /¢-''/ can
be achieved with a bilinear in momenta mat-
rix element; a; =28 +1.0 yields the slope
parameter «=-0.09+ 0.03, i.e., the same value
as obtained in ref./!'/These fits are not
sensitive to the imaginary part of the
parameter a; . In FIT 4 we take into account
the s-wave final state = -interaction by
multiplying the f, =0 decay amplitude by

the Omneés function fy(m). The s-wave an
phase shift is described by the ¢(700) reso-
nance with a width I}::SOO MeV, i.e., /1%,

2 2 2_ 2. I 4
fo (m)=(m*=4m?)/(m < -m —1mfy€),y€—lf(q/q€) mf/(mz,)
where f=0. However, the fit is not improved.
The matrix element of the pseudotensor
X° decay, containing bilinear and quad-
rulinear in momenta terms, takes the form

A#V=Clk#kv+CZq#qV+C3(kq/mxm)k#qV ) (3)
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22
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29.8/11
14.8/10
15.9/14
17.7/14
14.1/9
16.5/13
14.1/12
13.2/12
13.8/11
10.3/11
13.6/11
9.8/10
10.4/10
22/13

decay
-29.6:1 o“
-2009%6+3+1(20.1%6,3)

-32.1%2.4

9.5212.541(10;9210.9)

-22.6%10.2+1(22.6%8.5)
~104%10.241(27.0%6.1)
7.5%25,0+1(12.6%21.7)

~19.3%7.5¢1(32.427.3)

+
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Table 1
-1.1%26
18.6%2,5
13.5%12,3

The results of fitting the m-/1%11/ and cosd -/6-10/
77 ~interaction taken into account.

-1.8%0,1

=1.9%0.1

-2.,2%,2

-2:1%0.3
=2,120,4+1(~0.5%1.6)

~.3%1.2

, -3;231.0
~0,1%0, 3+41(2,8%0.1)

~1.6%20,641(1.420.6)

distributions in the

5.5%14
~7.424,9

2.8%1.0
*Only the m-distribution is fitted.

**The final state

rr J°
No.
10
1
12
13
14

where gq = (py,—Pgy /2 and the quantities c;
can be parametrized as follows

C1=1+a1m2/m)%,C2=a2+a3m2/m§,C3=284. (4)

Note that a,=a,;-a,=0 provided the X° decay
matrix element is bilinear in 4-momenta of
the decay particles; a,=-4 if the decay
amplitide further satisfies the Adler self-
consistency condition, i.e., if it takes
the form/2 Au,=Py P2 - Introducing the
unit vectors § and 3 along the momenta k
and §, respectively, the matrix element/3/
can be rewritten in a more convenient form

Aij =w0kikj+w2qiqj+w4kiq.jcosb‘, (5)
where the quantities w; are given by the
expressions

2 2
wy =k [C , +{kqcos 8/(w + mim) (Cy+Cjlw +m/my),

(6)
Wy = q2.C2 )

2.2
w,=k%q [2C2+C3(w+m)/mx]/(w + mm,

where » is the dipion energy in the X°-
meson rest frame. Note that the quantities
wo+w,/3, wy+w,/3 and w,represent essential
parts of the amplitudes with 1,0, =(2,0),
(0,2) and (22). The Dalitz plot distribution,
proportional to the square of the matrix
element’/5 averaged over the X° spin projec-
tions, is of the form



dN/kqdmdcos = |w0| 24 lw, | 24 -i—lw4|2cos25(3+cos28)+

(7) .

* o (* 25 _ * 25.
+ Rew0 w2(3cos 1) + 2Re Wy (w0+w 0 )cos

The parameters a,, determined by fitting the
m- and cosd -distributions, are presented

in Table 1, FIT 5-14. Note that large

errors of the parameters in FIT 11-13 arise
from strong correlations, especially bet-
ween the parameters aaz) and a_.In FIT 8,
10, 13 we take into account the final

state wmr-interaction as well, making rep-
lacements

~— ol o

K2C > (K7C |+ w, /D (m)=w, /3, wyo (wy+ w, /3)f2(m)—w4/(38)
in eqs. (6), with the function f,(m defined
in eq. (2) and the function f,(m) given
by a similar formula (with ¢ =2) assuming
the d-wave a7 phase shift is described
by the f(1271) resonance with a width I'; =
= 180 MeV. This slightly improves the FITS
7,9 but not the FIT 12. The following con-
clusions can be drawn:

(1) The bilinear in momenta matrix ele-
ment (a,=a,=a,=0 1is not consistent with
the experimental data (see FIT 14).

(2) The quadrulinear in momenta terms
essentially contribute to the amplitude w,. {
However, the value of this amplitude seems
to be not excessive if we take into ac-
count that even a small natural contribu-
tion, coming from a bilinear matrix ele-
ment (w, depends on the parameter a, ) due
to Lorentz transformation to the dipion
rest frame, composes 10-30% of Rew,.

(3) The fitted value of the parameter a,
is not far from -4 which is predicted by

the simplest (bilinear) matrix element
satisfying the Adler self-consistency condi-
tion /2/. 7

(4) The matrix element, obtained by fit-
ting the m-distribution only (see FIT 5),
predicts almost a uniform cosd ~distribu-
tion in agreement with the experimental
data. '

The X°-yn'm~ decay. 1t is well-known that
the pions in this decay are mainly produced
in‘ the p-wave p°-meson state /3, Consequent-
ly, the X° decay matrix element should be
linear in the relative four-momentum of
the two pions @land, of course, in the
y polarization vector e,.Besides, it can
contain the 4-momenta of the y -quantum (k)
and of the X°-meson (P, ). Gauge invariance
further implies that under transformation
e, e, k the matrix element must remain
invariant.

The pseudoscalar X° decay is then descri-
bed by the only matrix element, i.e., M1 -
transition (dipole)

A =g, [-(.]I-(.Igf(m), (9)

where ¢ is the =  momentum in the dipion
rest frame, k is the y momentum in the X°
rest frame, and f(m) is the Omnés function
similar to that in eq. (2) (with¢=1) due
to the p° dominance in the p-wave n'n”
phase shift (m, =770 MeV, I‘p=150 MeV). We
put g,=1though g; can depend on the di-
pion mass. The Dalitz plot distribution is
obtained by squaring the amplitude (9) and
summing over the y polarizations




Table 2

The results of fitting the m- and cosé -
distributions /6:7:13/ in the X°sys*s ~ decay

rrr JP Valuss of free paramebers 22D T %
No & 53
1 o - - 53.3/45 19 */
2 " 66.3/57 19 H
3 2"~ 1.9%0.6 0 47.6/44 33 */
4 " 2.3 % 0;5 o 64.6/56 19
5 » 2,5 2o 34tes 63.3/55 21
*Only the m-distribution is fitted. ﬂ
dN/k 2 42k %sin’
qdmdcosd = |g 1f(m)l q“ k “sin“s, (10)

where & is the angle between the vectors k
and q.As is indicated in Table 2, FIT 1,2,
the world data/6.7.13/ are well described
by this distribution. ;
In the case of the pseudoscalar X° decay !
there are three independent matrix elements
corresponding to the Mil-, E2- and M3-tran-
sitions (dipole, quadrupole and octupole)/”

A-X= igl [P,k,q X ,e]+g2[6,k,k-X,e]+g3k-X-k[6,k,P,e]/m§]f(m),
. . . 11

where X is the X° polarization tensor, 1L
[a’hcd]=€ww0a b,c go and g; are mixing
parameters. The first two terms represent
some mixture of the Ml-and E2-transitions
and the third term is proportional to the
octupole contribution M3. In the X° rest

frame we then have

10

v

Aij:‘Gl[ke]iqj+G2[T(q]iej+(33[-‘<e]ikj , (12)
where Kk and § are the unit vectors along the
momenta kK and ¢ and the quantities G de-
pend on the mixing parameters g : '

G, =(g, ~gok/my ~ gk Z mg()kqf(m) ,
(13)
G, = gy kaf(m) -G,

G,= ¥[g2(1 + m/m,)-g 1](m-—m)(+k)/m +g3k2/m ilkqf(m).

Again, we assume the parameters g, to be
independent of the dipion mass and put g =1
In our earlier papers /1415 we have neglec-
ted the octupole contribution (g,-0 and,
besides, we have supposed: G,/G, = const

and G,/G,=0.Such assumptions are reasonable
provided that only events with the dipion
mass near the p° mass are analyzed, i.e.,

if k ¥m%<« 1.The Dalitz plot distribution
has been calculated in ref./” for the fol-
lowing two particular cases: g =1, g,=a, g3=0
andg1=g2=0, g,=1* For the general case

we have :

dN/kqdmd cosd =

1 2 1 _ 2 1 2, .2 (14)
=(EIGI+2GZI +'_2—|GI+G2I +’EIGI| )Sln 5 +

2 2
+|G1+G3l cos &.

*In ref./7/ the y momentum k, has been
calculated in the dipion rest frame, i.e.,
ky=km/mx.

11



As is indicated in Table 2, FIT 3-5, the
experimental data well agree with thls
distribution. In particular, note the fol-
lowing:

{1) The fits are not very sensitive to
the octupole contribution g; and to the
imaginary part of the m1x1ng parameter g,
as well.

(2) ,The fitted value of the parameter g,
is not far from the value g ,-8,=1predicted
by the simplest matrix element satisfying
the Adler self-consistency condition (a rat-
her strong violation of this condition can
be expected due to a large energy release
in the X°.ynt decay). Note that a si-
milar matrix element(g2 g,=1, g4=0) was
suggested earlier from another conside-
ration.

(3) The matrix elements, obtained by
fitting the m-distribution only, predict
almost a zero value of the poospln density
matrix element of the p° -meson in the
X° 5 yp° decay, i.e. W(cosd) close to
sin2s . This is in agreement with the ex-
perimental cosé -distribution.

In conclusion, we point out that both
the pseudoscalar and pseudotensor matrix
elements equally well describe the world
Dalitz plot data on the X°»nsr and X°ayn'#
decays. The "minimum complexity'" argument
in favour of the more simple 0~ hypothesis
is sufficiently weakened by the fact that
the values of the 27 amplitudes are found to
be essentially real and not far from the
simplest relativistic matrix elements satis-
fying the Adler self-consistency condition.
We thus see that the X°-meson spin can be
established only by studying the X°-produc-

12

tion and decay correlation, desirably for
very forward produced X°s (Adair analysis).

The author is very grateful to V.I.Ogie-
vetsky, W.Tybor and A.N.Zaslavsky for
valuable discussions.
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