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The Problem of the X0 [958) Spin. 
Plot Analayis 
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Part I.Dalitz 

Basing on the relativistic description of the X" .. ,,,, 
and X"-. y,+,- decays, we conclude that possible u- and 
2- X0 -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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. The X0 (958!-mesop was obslrved in 1964. 
In the reaction K p-+ K0 A/1 and, basing 
on the Dalitz plot analysis of the X6 -+1"" 
decay, it was claimed to be pseudoscalar. 
It was cleared up in 1967 by Ogievetsky, 
Tybor and Zaslavsky that the X0 -meson 
pseudoscalarity was not proved and that 
the 2-spin parity hypothesis also well 
agreed with experimental decay datal~. 
Since that the question has been discussed 
many times and now,according to the latter 
edition of the Review of Particle Proper­
tiesl~.the pseudoscalar hypothesis is again 
supposed to be established: "The Dalitz 
plot analyses favour spin 0, but cannot 
rule out spin 2. The indication of aniso­
tropy in the decay of very forward produ­
ced 1' /KALBFLEISCH 73/ has not been con­
firmed by BALTAY 74 thus favouring strongly 
spin 0". It should be stressed that theo­
hypothesis is more natural in comparison 
to the 2-one: it is simpler and, besides, 
the X0 -meson is the nearest (lightest) 
candidate for the ninth pseudoscalar me­
son; it is even called the 1 '-meson *. 

* Note--;--nowever ,that there exist symmetry 
formulae predicting the 1' mass around 
1.5 Gev/4 7. 
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We could probably be satisfied by the 
present experimental proofs of the xo -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 X0

-

meson spin parity should be and, of course, 
can be resolved experimentally. We have 
analyzed the experimental situation in 
ref. /s/-_jand have found that this question 
still remains open, i.e.,.JP<X")~ o- or 2 
In the present paper we give the details 
concerning the Dalitz plot analysis. Basing 
on the relativistic description of the 
X"->71"" and X"_,11rr+rr- decays, we conclude 
that both the o- and 2- hypotheses equally 
well agree with world Dalitz plot data. 

The X"--qrrrr 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/f>/.of 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 
P 17 ,P TTTT = 2,2 should be taken into account. 

Let us start from the pseudoscalar case. 
The 4-momenta, we have at our disposal, are 
those of the ry-meson (k~) and of the pions 
(p 1 211 ) • The mixture of bilinear and quad­
ruiinear matrix element constructed out of 
these 4-momenta can be written in the form 

4 

"' 

... 

A= 1+ a 1 m 2 /m~+a2m
4 /mi+ a3 k2 q 2 cos 2 o/m 2m~, (1) 

where m is the dip ion rna s s ; m x is the 
xo -meson mass; k is the _, 11 -meson momentum 
in the xo rest frame (k =I k I), q is the rr 
momentum in the dipion rest frame <q= l<il), 
and o is the angle between the vectors 
-> -> 

k and q; ai are free parameters. Note that 
C -parity conservation requires symmetry 
under spatial interchange of the two pions. 
Further, a 2 =a 3 = 0 if only bilinear in mo­
menta terms contribute. In this case for­
mula /I/ co inc ides with the usual "1 inea r" 
matrix element/7/A+l+aY, where Y is the 
Y -coordinate on the triangle Dalitz-Fabri. 
plot, a= -a 1 l<:Ja 1 + 22). As indicated in Table 1, 
FIT 1-3, a good description of the world 
(unsubt rae ted) Dal it z plot data /G-JJ/ can 
be achieved with a bilinear in momenta mat­
rix element; a1 = 2.8 ± 1.0 yields the slope 
parameter a=- 0.09 ± 0.03, i.e., the same value 
as obtained in ref / 11 /.These fits are not 
sensitive to the imaginary part of the 
parameter a 1 • In FIT 4 we take into account 
the s-wave final state . rrrr-interaction by 
multiplfing thef~=O decay amplitude by 
the Omnes function f 0 (m). The s-wave rrrr 
phase shift is described by the d700) reso­
nance with a width I' = 500 MeV, i.e., 1121 

( 

f
0

(m)= (m 2 -4m 2 )/(m 2 -m 2 -im yJ,}{ =~'f(q/q<)f mf/m, 
t TT f f < (Z) 

where f=o. However, the fit is not improved. 
The matrix element of the pseudotensor 

xo decay, containing bilinear and quad­
rulinear in momenta terms, takes the form 

A
11
v=C1k

11
kv+C2 q>lv+C 3 (kq/mxm)k11 qv, (3) 
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where qJ.L=(piJ.L-p2lf>/2 and the quantities ci 
can be parametr1zed as follows 

C I = 1 + a I m2 I mi, C 2 = a2 + a3 m
2 I m i, C 3 = 2a 4 • ( 4) 

Note that a 1=a 3 =a 4 =0 provided theX 0 decay 
matrix element is bilinear in 4-momenta of 
the decay particles; a 2 =-4 if the decay 
amplitide further satisfies the Adler self­
consistencJ condition, i.e., if it takes 
the form/ 2 A1w...,=P 11LP 2v· Introducing the ... 
unit vectors k and ~·along the momenta k 
and q, respectively, the matrix element/3/ 

can be rewritten in a more convenient form 
.. .. .. .. A A 

A .. = w
0 

k . k . + w 
2
q . q . + w 

4 
k. q . cos 8 , 

IJ I J I J I J 
(5) 

where the quantities wL are given by the 
expressions 

2 2 
w

0 
= k [C I +(kqcos 8/(w + m)m) (C 2 +C 3 (w +m)/mx>1, 

(6) 
2 

w2 = q C 2 

w 
4 

= k 2q 2 [2C 
2 

+ C 
3
(w + m)/m X ]/(w + m)m, 

where w is the dipion energy in the X0
-

meson rest frame. Note that the quantities 
V~- 0 +w/3, w2 +w 4 /3 and V~- 4 represent essential 
parts of the amplitudes with P71 ,P 1717 =<2,0), 
<0,2) and (2,2). The Dalitz plot distribution, 
proportional to the square of the matrix 
element/~ averaged over the xo spin projec­
tions, is of the form 
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. 1 2 dN/ kqdmdcos o = I w I 2 + I w I 2 + - I w 
4
12 cos o < 3 + cos 2 o > + 

0 2 4 (7) 

+ Rew * w (;1cos2 o - 1) + 2Re w* (w + w )cos 28. 
0 2 4 0 2 

The parameters ai, determined by fitting the 
m- and coso -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 a

1
(a:J) and a

2
.In FIT 8, 

10, 13 w~ take into account the final 
state rrrr-interaction as well, making rep­
lacements 

k2C1 ... <k2C 1+ w4 /3)f0 <m>-w4 /:3, w2 ... <w2 +w4 /3)f2<m>-w,/3 
(8) 

in eqs. ( 6) , with the function f
0

<m> defined 
in eq. (2) and the function r

2
<m> given 

by a similar formula (with Y = 2) assuming 
the d-wave "" phase shift is described 
by the f<l271> resonance with a width I' r = 

= 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 1 =a 3 =a 4 =0> is not consistent with 
the experimental data (see FIT 14). 

(2) The quadrulinear in momenta terms 
essentially contribute to the amplitude w4 . 
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 4 depends on the parameter a 2 ) due 
to Lorentz transformation to the dipion 
rest frame, composes 10-30% of Rew4 . 
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(3) The fitted value of the parameter a 2 
is not far from -4 which is predicted by 

~ 

l, 

I 

1 

A 
I~ 

I I. 

the simplest (bilinear) matrix element 
satisfying the Adler self-consistency condi­
tion 121. 

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

+ - . The X0 -+yrr rr decaL:_ It 1s well-known that 
the pions in this decay are mainly produced 
in· the p -wave p 0 -meson state 131. Consequent­
ly, the xo decay matrix element should be 
linear in the relative four-momentum of 
the two pions~ and, of course, in the 
y polarization vector ~.Besides, it can 

contain the 4-momenta ot the y-quantum (k > 

and of the X o -meson <P ll >. Gauge inva r ianc~t 
further implies that under transformation 
e ->e + k the matrix element must remain 
. ll fl. Jl: 1nvar1ant. 

The pseudoscalar xo decay is then descri­
bed by the only matrix element, i.e., Ml­
transition (dipole) 

......... 
A =g 1 [qklef(m), (9) 

where q is the "+ momentum in the dipion 
rest frame, k is they momentum in the xo 
rest frame, and f<m> is the Omnes function 
similar to that in eq. (2) (withe= 1) due 
to the p 0 dominance in the p-wave "+"­
phase shift (m p = 770 MeV, I'P = 150 MeV). We 
put g 1 = 1 though g 1 can depend on the di­
pion mass. The Dalitz plot distribution is 
obtained by squaring the amplitude (9) and 
summing over the y polarizations 
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Table 2 

The results of fitting them- and cos8 -
distributions 16 , 7· 131 in the 

liT 
lfo 

1 

2 

3 

4 

5 

xo ... yrr+rr- decay 

JP Valu.a e:r :tree paraaeirera {.2/lfD CL" 
~ '3 

o- - - 53-3/45 19 ., 

" 66.3/57 19 

2-~ 1.9 t 0.6 0 47.6/44 33 ., 

" 2.3 t 0.3 0 64.6/56 19 

" 
. + 

2.5 - 0.4 -3.4 t 68 63.3/55 21 

*Only the m-distribution is fitted. 

2 2 2 . 2 dN/kqdmdcos8 = I g l<m>l q k sm 8, (10) 
... 

where 8 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 xo decay 
there are three independent matrix elements 
corresponding to the M1-, E2- and M3 -tran­
sitions (dipole, quadrupole and octupole)/7/ 

A· X= lg1 [P, k, q ·X, e)+ g2[q, k, k·X,e) + g 3k·X·k[q,k,P,e]/mif(m), 

h X . h xo 1 . . (11) w ere ~v 1s t e po ar1zat1on tensor, 
[a,b,c,d]=c~vpa a bvc d 0 and gi are mixing 
parameters. the first two terms represent 
some mixture of the M1- and E2-transi tions 
and the third term is proportional to the 
octupole contribution M3. In the xo rest 
frame we then have 
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A A o\A A A 

A .. =·G 1 [k~l. q. + G2[kq]. e.+ G 3 £k~1. k. 
I) I J I J I J "' ,.. 

where k and q are the unit vectors 
momenta k and q and the quantities 
pend on the mixing parameters g .: 

I 

G I= (gl -g2k/m x-g3k 2/mi)kqf(m)' 

G 2 = g1 kqf(m)- G 1 , 

. 

(12) 

along· the 
G de-

i 

(13) 

G3= l[g 2<1 + m/mx)-g 
1
l<m-mx+k>/m +g 3k2/m ~lkqf(m). 

Again, we assume the parameters gi to be 
independent of the dipion mass and put g

1
=I. 

In our earlier papers/ 14 • 1 !1/ we have neglec­
ted the octupole contribution (g 3 = 0> and, 
besides, we have supposed: G2/G 1 = const 
and G3/G 1 =0.Such assumptions are reasonable 
provided that only events with the dipion 
mass near the p0 mass are analyzed, i.e., 
if k 2/m 2x« l.The Dalitz plot distribution 
has been calculated in ref./V for the fol­
lowing two particular cases: g1 =1, g 2=a, g3= 0 
andg

1
=g 2=0, g3 =1 *.For the general case 

we have 

dN/kqdmd cos8 = 
1 2 1 . 2 1 2 . 2 (14) 

= ( 61 G 1 + 2G 2 I + 21 G 1 + G 21 + 21 G 1 I ) s m 8 + 
2 2 

+ I G 1 + G 3 I cos 8 • 

* In ref. 77Tfhe_y_momentum ky has been 
calculated in the dipion rest frame, i.e., 
k Y = km/m X. 

11 

I ______________________ __ 



I 

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

(1) The fits are not very sensitive to 
the octupole contribution g3 and to the 
imaginary part of the mixing parameter g

2 as well. 
(2)~The fitted value of the parameter g

2 
is not far from the value g

2
=g

1
=lpredicted 

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 0

->yTT+TT- decay). Note that a si­
milar matrix element (g 2 =g 1 =1, g 3 = 0) was 
suggested earlier 121 from another cons ide­
ration. 

(3) The matrix elements, obtained by 
fitting the m-distribution only, predict 
almost a zero value of the p 00 spin density 
matrix element of the p 0 -meson in the 
X o .... y p o decay , i . e . , W (coso) c 1 o s e to 
sin 2o . This is in agreement with the ex­
per i menta 1 coso - d i s t r i but ion . 

In conclusion, we point out that both 
the pseudoscalar and pseudotensor matrix 
elements equally well describe the world 
Dalitz plot data on the X 0

->1JTTTT and X0 ->yTT+TT­

decays. The "minimum complexity" argument 
in favour of the more simple o- hypothesis 
is sufficiently weakened by the fact that 
the values of the 2- 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 X0 -meson spin can be 
established only by studying the X0 -produc-

12 
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tion and decay correlation, desirably for 
very forward produced X0 s (Adair analysis). 

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

REFERENCES 

1. Kalbfleisch G.R. e.a. Phys.Rev.Lett., 
1964, 12, p. 527; Goldberg M. e.a. Phys. 
Rev. Lett., 1964, 12, p. 546. 

2. Ogievetsky V.I., Tybor W., Zaslavsky A.N. 
Letters to JETP, 1967, 6, p.604; Ya.F., 
1969, 9, p.B52; Phys. Lett., 1971, 
35B, p.69. 

3. Particle Data Group, Review of Particle 
Properties; Rev. Mod.Phys~, 1976, 4B, 
No. 2, Part 2. 

4. Schwinger J. Phys. Rev.Lett., 1964, 
12, p.237; Ogievetsky V.I.Ya.F.,l971, 
13, p.lB7; Dashen R.F., Muzinich I.J., 
Lee B~W., Quigg C. Preprint C00-2220-33, 
FERMILAB-PUB/75/lB-THY (1975); 
Gourding M. Mass Formulae and Mixing 
in SU(4) Symmetry, PAR/LPTHE 75.5 (1975). 

5. Lednicky R. JINR, B5-2-9753, Dubna, 
1976; Czech. J.Phys., 1976, B26, p.l242. 

6. Danburg J.S. e.a. Phys. Rev., 1973, 
DB, p. 3744. 

7. Rittenberg A. Ph.D.Thesis. UCRL Report 
No. UCRL-1BB63,Berkeley, 1969. 

B. Aguilar-Benitez M. e.a. Phys. Rev., 
1972, D6, p.29. 

9. Jacobs S. e.a. Phys.Rev., 1973, DB, 
p .18. 

10. Ba1tay C. e.a. Phys. Rev., 1974, D9, 
p. 2999. 

13 



11. Kalbfleisch G.R. Phys. Rev., 1974, 
DlO, p.916. 

12. Pham T.N., Pire B., Truong T.N. Phys. 
Lett., 1976, 61B, p.l83. 

13. Kalbfleisch G.R. e~a. Phys.Rev., 1975, 
Dll, p.987. 

14. Lednicky R., Ogievetsky V.I., 
Zaslavsky A.N. JINR, E2-7666, Dubna, 
1974;Ya.F.,l974, 20, p.203. 

15. Lednicky R. JINR, E2-7801, Dubna, 
1974; E2-8652, Dubna, 1975. 

14 

Received by Publishing Department 
on March 23, 1977. 


