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K sonpocy 0 cn1:1He X0(958) . 

Mb• 

06cy>KLlaeTCSI Bonpoc 0 CfiHHe X 0 (958) -Me30H8. 8 '18CTSIX J-jj: H 2-11 

noKa3anu, 'ITO CT8THCTHKlf HMeJOUUfXCSI .aaHHbJX no X0 -Me30HY ITOKa 

ff0llOCT8l'O'fHhl LtnH peweHHSI :;i,roro sonpoca c nOMOlUblO CT8HLl8PTHblX MeTo

Jl.OB, raKHX KaK ananH3hJ .auarpaMr-.1 .llanuua ff o.auor..tepH&IX pacnpeLieJieHHA 
3a.eApa. B nacromueH pa6ore p8.3BBT MHOr'OM0pHblit ¢opManH3M, KOTOp&rn 

ucnonbayeTCsr npu aHanuae MoHre-Kapno co6hrr11.il: peaxuau K- p .... X 0 A. 
Ha aroM ocaoeaHHH oTnoweaue ¢YHKUHl1: npa:eJJ.onon.o6us r1rnorea JP (X 0 ) .. 
=o- ff 2-nnsi ffM9lOW:HXCSI JlBHHblX Q}!\fflJ8.eTC51 MeHbtue 'IeM 10-5 - 10-2 

(a npe.anono>KeHHK, 'ITO renoreaa 2-aepaa). TaxuM o6paaoM MHOl"OMepaasr 
noJJ.rOHt<;a 1-1Me10uu1xcss: JlBHffhJX no peaKUHH K-p .• X0.i\ Morna 6bf cytueCT
Beaao npoacHHTb npo611eMy cnaHa X0 -Meaoaa. 
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The multidimensional formalism has been developed 
and applied to an analysis of the Monte-Carlo events 
of the reaction K p • X 0 

\. It is sho"W"n that a similar 
fit of the available data could yield the likelihood 
ratio of the o- and 2- hypotheses less than 10-5 - 10-2 

providing the pseudotensor hypothesis is valid. 
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1. The question of the X0 -meson spin is 
still far from its final solution, J 1i'X 0 /-0-
or 2-ll/ In particular, both these spin 
parity assignments equall{ well agree with 
world Dalitz plot data1 1

•
2 .Moreover, the 

Adair analyses of X0 production and decay 
correlations, due to insufficient statis
tics, give no definite answer as well 131 . 
In ref / 4 / we have stressed a significance 
of multidimensional analysis for a more 
reliable separation of the X0 spin alter
natives as compared to the standard. Adair 
analysis. The general formalism was developed 
incorporating, however, the simplest non
relativistic description of X0 3-particle 
decays. In the present paper we set out 
analogous results obtained with the help of 
relativistic decay matrix elements discus
sed in ref. 121 -These results have been alrea
dy appli!Od to a multidimensional analysis 
of Monte-Carlo events of the reaction K- p ~ 
~X0J\in ref. 11 ~ The estimates of the likeli
hood ratios P(O-/T)of .. theo- and 2- hypotheses 
have been obtained for real events at 2.18 
and 1.75 GeV/clS,6 1.Here we analyze also the 
recent data at 4.16 GeV/c 171 reported at the 
Tbilisi Conference. It is shown that the 
available .data on the reaction K-p ~ X0 J\ 
could yield P(O-/T) < ro-5 -10-2 providing the 2-
assignment is valid. -
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2. Below we discuss the reaction K-p~X0A. 
The generalization of the formalism to any 
reaction is straightforward. In principle, 
the method applied consists of a combination 
of a convenient decay description in terms 
of cartesian tensors !Bl with the well-known 
multipole analysis. This results in an 
essential simplification of usual tiresome 
calculations (see, e.g., ref _191 ) • 

The differential cross section of the 
reaction K- p~X0A /X0 ~ 1, ... , f , A~ P"- / 
can be expressed through the joint spin 
dens~ty matrix elements in the production 
/p ••,/ and spin density matrix elements 
in mthe X0 and A decays /r 1 , and r ~ / 
determined in the coordii'l'a'£e systems" ~ 1 y 1 z1 
and x2y2 z2 in the X0 and A rest frames, 
respectively: 

(1) 

where x:cosll""·m· and d rCa; 1 ... f ) are usual 
Lorentz invariant decay phase space elements. 
With the aid of vectors in the X0 and A 
decays, the coordinate systems ~1 1/ 1 ( 1 
and ~2 1/-£2 can be fixed. Let us denote the 
Euler angles of the rotations x y.z.~~-1/. (. j l l I l l 

by ni =¢11ii\Ui,i~l,2. Note that <p., e. are 
the (;azimuthal and polar angles in 'the 
xiyiz i system and "-\iii is the z, azimuthal 
angle in the (;'Ii(, system. The phase 
space elements in the decays a~ 12 anda~123 
can then be written in the form 

d
2

(a;12) =(k/4rn)d¢dcosll 
(2) 

d 3(a;123)~(kq/8m )dm dcoslld"'dcoslld\U, 
a 23 't' 
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4 4 (a) · · 1 where k-p 1_ is the momentum of particle 
in the a -rest frame, q- jl~3 ) is the momentum 
of particle 2 in the c.m.s. of partic+es 
2,3; m23 is the effective mass of particles 
2,3, and.a is the angle between the vectors 
k4 and q. The decay spin density matrix 
elements are determined through the X0 and 
/\ decay amplitudes Ar\i (m; )- <p1/\ 1 ... prAr I A; I J, m, >: 

. i * i 
r ', - S A['] (m'.)A['](m_), (3) 
mimi [Al I\ I I\ I 

where[/\] are the-.-helici ties of decay 
particles. Under the rotation x.y.z. 41;. ry.I;. 

I I l I I I 

the decay amplitudes are transformed with 
the aid of the D -functions according to 
the law /lo.i 

i . , J . * 
A[ I\] (m,)- ;, A;/\l(1';)Dm:I'; (U;), ( 4) 

where p.. are now the J. projections on the 
I;; axis, J1 - 2(0) andJ .1/2. Using this 
transformation, the U; Jependence of the 
distribution (1) can explicitly be calcu
lated 10_.. 

(S) 

In this calculatiori, the products o~ the 
D -functi6ns have been simplified with 
the help of the well-known ~oupling rule. 
The production.an_d decay multipole para
meters thus arising ,,.are expressed through 
the spin density mat.rix elements by means 
of the Clebsch~Gordan coefficients 
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(6) 

(7) 

Hermiticity of the p- and r -matrices im
plies the relations: 

L2-M2* M1 +M2 L2M2 i * Ni i 
t =(-1) t , T = (-1) T LCM! L1 M1 Li Ni L ;-N;" (8) 

Additional symmetry relations between the 
multipole parameters, following from pa
rity conservation, depend on coordinate 
systems. We choose the z 1-axis along the 
beam momentum Kin the overall c.m.s. and 
z2=-z 1 . Such a choice is convenient for 
the Adair analysis. We direct the y.-axes • along th~ normal to the production plane 
y 1 ~r 2= KxP and fix the x ;-axes so that 
both coordinate systems snould be right
hand. Parity conservation in the produc
tion process then yields the relation 

L2-M2 L1+M 1+L z!"M2 L;iM2 
t -(-1) t ' (9) L1-M 1 L1M1 

which also holds in any systems with z-axes 
lying in the production plane. In a two
particle decaya412/A4p!7-,X 0 ~yy/ we 
direct the <: -axis along the momentum p<•l. 
The other axes are not important since the 
decay amplitudes cannot depend on the rota
tion around the <:-axis (assuming the fi
nal spins are not measured). Therefore all 
the nondiagonal r -matrix elements vanish, 
implying TLN=O ifN/<O, so that we can put 
o/;=0. In the three-particle decays X0 4q 1717 

and X0 4 Y"+" ~- we choose the <;-axis along 
the normal n to the decay plane and the 
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i; -axis along the q -meson (photon) momen
tum I< in the X0 rest frame. The q -axis is 
fixed by the requirement that the coordi
nate system is right-hand. Parity conser
vation in the X0 decays gives particularly 
simple relations in these coordinate sys
tems , i . e . , 

(10) 

In the A~prr- decay, parity is not conserved 
thus making possible an asymmetric A de
cay. The A asymmetry parameter a 11 -0.646 
is related to the normalized multipole 
parameters /TiJ, -1/ by the rel at.ion a 11 -v3 T~0 . 

Symmetry relations (8)-(10) allow one 
to rewrite the distribution (5) in a more 
convenient form /4/ 

00 L L 
da- l (2L+l) I< (x)[ T d ((} ) +2 2 ReB d -((} ll+ 

L,.(),2.4 LO LO 00 I N.2, .. L LN O/\f I 

+ 2 2 t
10 !x)[ T cosMef> d L ((} )+ 

M-1, ... L Uf LO I MO I 

I~ ·f~ 
+ l (ReB cosMef> d ((} )-lmB .sinMef> d ((} ))]+ 
N~2,. .. L LN I MN I LN I M/\f I 

- 10 L 
+2v'3a11 l t

1 
(x)cos(J2 [T sinMef> d ((} )+ 

M~l, .. L ,M LO I M\J I 

L+ L-
+ l (ReBLNsinM¢ 1dMN((J 1)+ lmBLNcosM¢ 1dMJ01))J
N:s:2, .. L 

6 11 . L 
-v' a, l lmtuJx)stn02[1i 

0
sin(M¢

1 
+¢. )•i- ((} )+ 

1'M,.(), :!l , •.. ± L " , 2 010 I 

+ l (Re BL sin(Mef> +¢. )d L+ (0 ) + 
N•2,. .. L N I 2 MN I 
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L-
+ lmBLNcos(M¢1 +¢2)dMJ'01))JldxdO:fe(X0 ;I... El, (11) 

L ± L L iNt/11 
where dMN~dMN ±dM-Nand~LN-TLl'f Here 
and from now on we put TLN - TLN· It is seen 
that the distribution (11) contains 30 
multipole parameters, i.e., 9 parameters 

00 4 0 tLM'L-0,2, ,M~O, l, ... L, 6 parameters lmtLM'L~,4,M-1, .. L, 
and 15 parameters lmt~1M'L-0,2,4, M-0, ±1, ... ± L•. 
These parameters are independent in the sense 
of the symmetry relations, but, being bi
linear products .of 10 complex amplitudes, 
they depend on 18 real parameters only(the 
common phase and the overall normalization 
factor are not included). In the collinear 
case /lxl - 1/ only two indeperid'ent ampli
tudes survive, so that out of 29 normalized 
/rOO -1/ mul tipole parameters only 4 ones· 
c.f~ be different from zero. They can be 
expressed through two parameters, e.g. ,p

00 
and the phase < of the two amplitudes: 

00 1 .12 ) 00 1 2 120 ~-yv7(l+poo ' 140 ~3v7(Spoo - 2 ), 

II T ---
t --iy-yp (1-p )sin< 

21 21 00 00 
t11~-v10111 
41 3 21 

*Integration over the A decay angles 

(12) 

in eq. (11) gives the distribution in the 
reaction ,,-P ~ X0 n containing 9 elements 1°

0 

only. Integration over the X0 Dalitz plot LM 
variables and over the angle.t,{I yields the 
result of Berman and Jacobb/Il/(see their 
eq. (27) and multiply R _ r by the lost 
factor 1/2). 0 00 
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Note that in the case of zero X0 -meson 
spin there is only one nontrivial multi
pole parameter, proportional to the A po
larization PA along the normal to the pr'f,:. 
due ti on plane (y-axis) , i.e. , Imt

11 ~~mp+-~-v'4P A· 
. h . f. '.\ h 6 

Until now we ave not speci ied t e 
decay multipole parameters TLN defined 
in eqs. (3) and (7) through the. decay 
amplitudes A(m,;- ). The X0 decay amp 1 i tudes 
have been determined in ref. /2/ in the 
tensor formalism allowing one to form the 
simplest amplitudes satisfying the require
ment of the Lorentz invariance. These two 
descriptions are connected by the relations, 
well-known for the vector amplitudes: 
A(± 1) ~(+A, -iA2l/v2 , A(O)~A3 . In the spin-2 
case we have the relations 

l . 
A(±2)- 2<A11-A22) ± ~ (A12 +A21) 

l . 
A(± ll-+ z (~3 +A31 )- }<A23+ A:12l 

(13) 

A(O)~v·~ (2A 33 -A11 -A 22 ), 

which automatically pick out a symmetric 
and zero trace part of the matrixlA,.i.Pelow, 
with the help of these relations, wd express 
the quantities TLN through the X0 decay para
meters determined in ref /21. We have perfor
med similar calculations in ref.~1 using, 
however, the simplest nonrelativistic am
plitudes for the three-particle X0 decays. 
Compare also with ref .l121where different 
normalization factors for the multipole 
parameters have been used. 
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The X 0 ~ yy decay. The decay amplitude is 
unambiguously determined by the require
ment of the Bose-symmetry and by the trans
versali ty of y -quanta, i.e., 

A .. :k~ [e 0)7, (2) l., 
lJ i J - (14) 

wher~ e0 ·2) are they polarization vectors 
and k- (0, 0, 1). It is seen that only A33 .t O, i.e., 
only r 

00
;<'.0 so that, according to (7) , we 

have 

T -r 
00 00, 

2 T --T ---..,/-r 
20 40 700 

(15) 

The X0~qrrrr decay. The decay amplitude is 
given by 

(16) 

where the quantities wu depending onmi
7 

and 
ms%, have been determined in ref.II.In 
the chosen coordinate system ~1 q 1 <: 1 , we · 
have k-(1,0,0) and q-(cosB, sinB, 0). Using again 
eqs. (13), we obtain the following expres
sions for the decay multipole parameters: 

2 2 21 22 2 
Too=T[lw 01 +lw2 1 + 4 1w 4/ cos 8(3+ms B)+ 

+Rew•
0
w (3cos

2
B-l) +2Rew* (w +w )ms2B] 

2 4 0 2 

12 2 21 2 2 2 
T20 • 3V7 [I w0 I +lw2 I + z-lw

4
/ cos 8(3-cos B) + 
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T22 --,,/ ;
1 

!\w
0

\
2

+Rew0(w2 +w
4 

cos
2
o)+[Rew;(w

0
+w

2
)+ 

+\w r cos2ole'0 cos/)+[Rew*(w +w cos
2
8)+ \w F Je 2;1> I 

4 2 0 4 2 

1 2 2 ;i 1 2 2 2 
T40-4V1[\wo\ +\w21 +-,lw4\ (1+2cos o)cos 0 + 

T ,,;5"< I 12 I I 2 4
;0 I 12 2;0 cos2 • + 44 = - wo + w2 e + w e u 

12 4 

+ 2e 
2

'
0 

Rew* w 
0 2 

;1> 
+ 2e Rew*w cosl> + 

3·1> 
+2e ' Re w*w cos o ). 

2.4 

0 4 

(17) 

The X 0 ~_y,,+rr-dec~. It is well-known that 
the pions in this decay are mainly produced 
in the p -wave p0 -state. Therefore the 
decay amplitude is given by 

(18) 

where the quantities G;,depending on the di
pion mass, have been determined in ref. 121 
Summing over they helicities /~e~* e>. -

- - _,\. l -o ;i - k; k. I in the r -ma tr ix elements, we 
obtain the following formulae for the para
meters TLN in the f 1/ ( system: 

I I I 
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1 2 1 2 1 2 • 2. 
T 00 ~< 6 IG 1 +2G 2 1 + 2 1G 1 +G2 1 +ylG1 1 )s10 o+ 

2 2 
+ I G 1 + G 31 cos B 

T 1 1 22~ :f'/ 21 {Re(GI +G)*(2GI +7G2-3G3) + 
(19) 

+[3fG2-G3 1
2 

-4ReG; (G
1 
+2Gtlsio28 -

2i8 
-e Re(G +G )*(5G +7G) I 

I a I 2 

1 2 2 - 4 IG 1 +Gal cos Bl 

.L- 22 2 2.2 
T42 = 12 v'-}£2IG 1 +Gal cos 8+2(IG 1 I -IG2 1 )sin 8 + 

+(e
2

'
8 -l)ReGf (G 1 +Ga)] 

T ,i5[· 2 2i8 
44 = - "-"'- ReG3*(G 

1
+G cos 8)+ e ReG*(C. +G )] 12 . . 3 I I a . 

3. Let us now discuss briefly the cos01 -

distribution, which is currently used in 
the Adair analysis (see also ref. n1). The 
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desired distribution is obtained b.y integ
rating over the phase space, except cos01 
in eq. (11): 

W(cos01 )~~ [l+~o "2~<\i~(0 1)+~-c4d4 d:O(o1 )J. (20) 

The coefficients dLand cL are given by 

dL=+vi fTLod(X0 ;1. .. 0/ fTood/X0 ;1..t), 
(21) 

c = +v 7 ft 00 (x)dx/ ft 00 (x)dx, 
L 2 LO 00 

with the upper (lower) sign corresponding 
to L = 2(4) • In the X0 4 yy decay, we have 
d2=d4=1. The multipole parameters "JL0 , given 
in eqs. (17) and (19), allow us to calcu
late the coefficients dLin the distributions 
of the normal to the X0 4 rprn and X0 4yrr+rr -

decay planes, respectively. In order to get 
the coefficients dL for another decay 
analyzer (\;-axis), e.g.,k orqA, the para:: 
meters TLo should be calculated in a coor
dinate system with \;-axis along the new 
analyzer (the (-and ~-directions are 
inessential). Note that the Dalitz plot 
density T00 =Spr is, of course, the same 
in any coordinate system. The dL values 
obtained in such calculations can be found 
in Table 2 of ref. 13 !_ 

It should be pointed out that in the col
linear production process K-p 4X 0 A/,,-p4X 0 n/, 
or at threshold of this reaction, we have 
p

22
=0 so that the coefficient c2 should 

be positive for an arbitrary p
0 

value 
/c2 <:1/2 I contrary to the coef't°icient c 4 
vanishing if Poo=2/5. Moreover, e.g. , in the 
annihilation pp 4p 0 X0 at rest, c

4
=0 for 
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an arbitrary production angle 113·141. There
fore spin alignment effects in the distri
bution (20) can be often enhanced with the 
help of the decay analyzers corresponding 
to extreme values of the coefficientd2,i.e., 
of the quantityT20 . We have shown in ref/121 
that T20 achieves extreme values provided 
the decay analyzer v coincides either with 
the normal to the de~ay plane or lies in 
this plane, i.e., v~n or v~v0 .In our 
standard coordinate system: v 0~(cosa,sina, 0). 
The angle a and the extreme T20 values are 
given by 

e2ia ~ ±T22 /IT 22 I 

ir ±T
20 

>v21r 1.•~J. 
- 3 22 

(22) 

The upper (lower) sign in eqs. (22), (23) 
corresponds to the maximal (minimal) TJ0 
value. For the x 0 ~~"" decay, we have! I 
~min ~ d ~max ~ /dmin --0 77 d d max 0 86/ v = n an v ~ vo 2 " . an . 2 " • • 

The X 0 ~y"+"- decay turns out to be more 
complicated. l\e only note that extreme d2 
values /---0.95, -0.59/ are close to the coef
{icient~ d2 corresponding to the analyzers 
k~ and ii/cl/, see Fig. 2 of ref / 31 . 

It should be stressed that neither the 
"best analyzers" nor even all natural X0 

decay analyzers 1141have been used in expe
rimental Adair analyses (see Table 1 of 
ref .f3! ) . 
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4. We have shown in ref .111 that there is 
a good chance to increase the confidence 
level of arguments in favour of or against 
the pseudotensorX0 assignment with the help 
of available experimental data only. For 
this purpose a likelihood fit of the multi
dimensionalX0 production and decay corre
lations should be done. In some way, such 
a fit corresponds to the use of the best 
decay analyzers in the one-dimensional Adair 
analyses. There is also a possibility to 
use the method of moments to look for non
zero mul tipole parameters /4,Is/. We recall 
that out of 29 normalized parameters 1t2~2 
in the reaction K-p ~ X0A, only that, 1 1 

describing the transverse A polarization, 
can survive if the o- assignment is valid. 
Note, however, that in such an analysis 
the X0 spin can remain unnoticeable since 
spin alignment effects can be spread among 
many moments, while in the likelihood fit 
these effects are accumulated in the likeli
hood ratio. 

A multidimensional fit of the reaction 
K-p ~ X0 + !:!: has been recently performed 

~ 11" TT /7 I 
at 4.16 GeV/c .The authors claim that they 
unambiguously excluded the 2- assignment, 
thus definitely establishing the X0 pseudo
scalarity. However, there are several 
shortcomings in their analysis which make 
the conclusion less significant. First, the 
2- decay amplitude with f 11 ~rmr z 2, required 
to describe satisfactorily world X0 ~11rrrr 
Dalitz plot data (see ref . 121 ) , has not 
been taken into account. Second, an essen
tially larger number of parameters in the2-
fit, as compared to the o- one, makes 
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a comparison of the fits difficult. It is 
convenient for such a comparison to integrate 
the distribution (11) over the A decay 
angles and over the azimuthal angle ¢in 
the X 0~~"" decay (see eq. (24)) and to fit 
only two parameters Poo and P 22 · At last the 
multidimensional fit has not been perfor
med for the events satisfying the Adair 
cut, i.e., for the events with the X0 perpen
dicular momentum Prat least less than 
100 MeV /c 13~ To neglect the x• production am
plitudes with~ -±2is incorrect in their fit 
of the events with x>O. 99 (pT<l53 MeV /c>. 

Below we set forth in more aeta11 than 
in ref. 111 a method to estimate the likeli
hood ratio P(072-) based on a multidimensio
nal analysis of Monte-Carlo events. At 
first we have generated collinear events 
(x-1) of the reaction K-p~ X 0 A ac-

-+1!"" 
cording to the density (11) integrated 
over the A decay angles, i.e., we have put 

w 2--T 00 +I !'2 4(2L+l) t ~,1;, [T LO d ~;. (0 I) +2N-L2 LRe BLNd~N<o, )], 
•-, , .. (24) 

with the decay parameters given in Table 2, 
FIT 7 of ref. 21 .The density W

0
_ was appro

ximated by the Dalitz plot distribution 
obtained in ref.' 2 see Table 2, FIT 3 
herein. The p

00 
dependence of logP(O -12 - ) 

is shown in Fig. la for N-100 collinear 
events(p

22
-0). Note that logP and its disper

sion u 2 are proportional to the number of 
events N. Thus we see that in an analogous 
4-dimensional (m,,,,,coslJ,cos!l,f) fit of 66 
real events at 2.18 GeV/c (x>0.98) the 
0-12- likelihood ratio can be expected 
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0 

-15 

0 

raJ rb1 , 
' 

n
22
.o ,' () ,..1 0 max 

). I YOO 3 )-oo 

05 
900 

0 0.5 

Fig. 1. lhe log of the 0-;2- likelihood 
ratio vs Poo and p22 X0

- meson spin density 
matrix elements for NzlOO events of the 
reaction K-p ~ X0 I\ generated according 

~rpm 

to the density (24): (a)p
22

z0, (b) The 
upper bound (full line) corresponds to 

1 max d max l 2 p
00

- 3 p
00 

an the lower one to p
00 

- - p
22 

The dashed curve shows log P for the events 
generated with a given p

22 
and p

00 
- ~ P;;;;• 

but fitted with fixedp 22 z0. The error bars 
are shown in several characteristic points. 
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-3 less than 10 *provided that p 22 -:.0 (the 
fitted value is 131 

p 22 - 0.05~0.1:2). Note 
that the upper limit logP(O /2 )--3.4 ± 1.3 
is achieved at p00 =1/3. This upper estimate 
can be compared with the value 4.2±2.2 expec
ted for N-66 events (in the fit with fixed 
p

22 
-0 ) if the a-hypothesis is valid. In 

oraer to demonstrate the usefulness of the 
multidimensional fit, we have analyzed 
the one-dimensional Adair distribution of 
the normal~ to the X 0 ~ry"" decay plane for 
N-66 events g~n!:'.rated with p 22 - 0 and p00 =ll3 
and got logP(O /2 )--1.8±0.9 (compare to 
the value -3.4±1.3 obtained in the 4-dimen
sional analysis). 

The Monte-Carlo calculations have been 
also performed for noncollinear events 
( P22 ~ 0 is allowed) with the density W2 -

given again by eq. (24). This formula now 
follows from the distribution (11) after 
integration over the A decay angles and 
over the azimuthal angle ¢ in the X0 ~~"" 
decay as .well. The p 22 dependence of the 
upper and lower ~gP bounds (corresponding 
t 1 max d m" 1 2 . 1 ) o Poo-jPQo an Poo = - p 22 , respective y 
is shown in Fig. lb for N-100 events. As 
indicated in this figure, an analogous 
4-dimensional (m

1717
, coso, cose, if) fit of 

58 real events at 1. 7 5 GeV /c (x > 0.6) can 
yield P (0- /Z-)-10- 1

. provided p
22 

::0.3 (the 
fitted value is 131 p

22 
-0.34 ± 0.14). 

*Taking into account the A decay infor
mation, this upper estimate is about 10 
times smaller in the best case if in (12) 
/sin<! - 1 . 
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The dashed curve in ~!.g__:_-1.!:>_ shows the 
~gP for the events generated according 

to the density (24) with a given r 22 and 
p .lpmax but fitted with fixed p 22 -0. 

00 3 00 
This curve indicates that the value ~gP-2~ 
obtained under the collinear assumption 
(x -1, i.e., Jz /. ±2)for N-110 events wit7 
x> 0.99 (pT < 153 MeV/c) at 4.16 GeV/c 11 

can be still explained by the 2- hypothesis. 
For this purpose r 22 ~0.15 is required which 
is consistent with the upper p22 estimate 
-0.23 in this PT -interval (see Fig. 4 in 
ref. n1). The likelihood fit of 56 more 
collinear events with x > 0.995(pT<l08 MeV/c) 
has not been performed in ref. 111. However, 
the lack of anisotropies in the Adair distri
butions for these events/71 indicates that 
P(0_/2_) is -1 or 102 - 10 3 provided that 
p 22 -l/5 orO, respectively. The fact that 
the fitted value p 22 -0.21 ± 0.07 is one stan
dard deviation higher than the upper r 2211 
estimate in the interval PT< 108 MeV /c 3 

can be interpreted as an arfument against 
the 2- assignment (see ref. / 1 ). 

We have also analyzed the decay x;~r" +" -
and obtaind the estimate P(O- /21;; 10 - for 
available experimental data. A relatively 
high value of this estimate is caused by a~ 
essential background in this decay channel .51 

Therefore, if the 2- hypothesis is valid, 
the multidimensional fit of available data 
on the reaction K-p ~ X 0 /\ could yield 
the 0-12- likelihood ratio less than 
lo-5 - 10-2 depending on the interpretation 
of the 4.16 GeV/c data. It seems to us that 
such an analysis can throw light on the X0

-

meson spi~ problem. 
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Note added in proof 

After the present work was completed 
Dr. lblmgreen was so kind as to send us the 
revised version of ref. 171 (CERN/EP/PHYS 
77-11). The authors performed the likeli
hood fit in the interval x > O. 995 ( pT < 
< 108 MeV/c) and obtained lnP~ 5(logP~2.2) 

for 90 weighted events (- 79 reai events) 
assumingJ.~±2.The dashed curve in Fig. lb 
indicates that this logP value can be 
still explained by the 2- hypothesis if 
p22 ?0.15. In fact, the p22 value deduced 
from their P-E ratios is 0.19 ± 0.06 as com
pared with the upper estimatb -0~14 in this 
PT -interval 131 . In our opinion it would be 
very desirable to look foi the anisotropies 
in more collinear events, say with PT ~ 
:5 80 MeV /c. \,e expect th.e ·p22 value and the 
number of events in this interval te be -2 
times les.s than in the intervalpT<l08 J\leV/r!.31 

Note that the autl1ors claim to find tlk 
e ~£1717 ~2 decay amplitude to be negligible 
if X0 (958) were i-.rt looks somewhat surpri
sing because this amplitude turns out to 
be necessary to describe the world x 0 ~q•• 
Dalitz plot data121 . This amplitude may in
fluence considerably the fits of the non
collinear events (see Table 2 in the revised 
version of ref. 171 ). . ... " 
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