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: At present there is an-ambiguity in the determination
of the X°(960) meson spin parity /I,2,3/. The available experi-
<i'mentalxdata can be equally consistent with either 27 or O hy-
potheééé'for the X°(960) meson spin parity; the 2 hypothesis
éven seems to be somewhat preferable /3/. Tne analysis of the me-
chanism only of the known X decays x° —-Z-Z‘T x° —vf"ﬁ' and
X° 2 7% does-not permit the exclusion of the JF (x°)=2" at v
‘any practical statistics. For the first two cases this is due to
ﬁhe,absehce of the sharply expressed exclusions on the Dalitgz |
‘A plots and a large number of free parameters in the 2~ -—-2.21?,
v ‘2-'—f3tm?3freactionsf The indistinguishability of the‘JP(X°)= o
| and‘2— ‘hypotheséé‘by'the x° —»:Z1f decay follows from the
'Lahdau-Yang theorem on the sﬁin'states of two photons., .

Thus, the hypothesis JP(X°)=52" cannot be aistinguiéhed,
in principle, from the JP(X9)==0' with a high confidence by all
the known X° meson decays. ¥For this reason the study of the
x°(960) meson production together with the mechanism of the decay
in the strong gnd electromagnetic interactions becbﬁes,imppr-
tant /3,b/. ' ’

In this work the X°(960) meson production in antiproton

. proton annihilation at rest in the reaction
‘ - ° 0 Co
PF— X5 (Xxx) (o)
‘is analyzed Thnre are obtained anagular correlations between the

momenta of the particles from the decays of the x° and‘jD mesons

"and the direction of the X° meson momentum, the experlmental in-

vestigation of which will enable to distlngulsh between the 2



and O hypotheses for the x°(960) spin parity.-‘Let us noﬁe:that
the study -of ahal‘ogous'Correléti‘o;ls'ih the reaction PF—‘S EFzxx
has given an cbhvincing arghmént in favour 6f-E meson pseudosca-
larity /9/. o ‘ '

“2. The amplitude of the PP(S )_..X f reaction in the case
of JF (x°)= 2~ has the form in the total c.m.

n.(351) = oé EimnXQﬁKm*'ﬁELmoiXénﬁ, K..L> {2)
where X is the polarization tensor .tor the 27 spm,\ f’ is
th Ymeson polarization “vector, K is the x meson momentum.
The annihilation at rest PP—' X _P may proceed only in the
triplet 38, state; annihilation 'in the ISo state is forbidden
because of the charge parity conservation. The energy release
in this reaction is small (g~I50 MeV), and the approximation of
the low orbital moments in (2) is a good ohe.

The density matrix elements of the X° meson *( _P ) and

fmeson ( f ) are related with the complex numbers aC and f

i

in the followmg way:

(2) (2) .
% 2 = &Ly, = 1212+ 181+ 2Retp,

(2) c2) 2 2
0;11=°2ﬁ1-4=%("‘"+,p));
{3)
4} :
%S, = lotl} ‘

o= Lt 1 RelB),

where Of is the cross sectibn of the unpolarized particle pro-
duction, the axts Z is chosen along the direction of the %° meson
momentum ;(, . -

There i1s a relation between the elements of the density

matrix -



(2) (2 (2, ;
3.+ fzz=4Fu, ' W)
this is because we neglect in (2) the contribution of the higher
orbital moments. The possible violation of eq, (4) will mean that .
higher orbital moments are essential in this ;as‘e’.'

Below are obtained aistributions with respect to the angles
between the.momenta of particles froﬁ the x° and . meson .decays
and direction of the x° meson momentum for each Xb_, Y, x°,—-p*o’
and X° —.zzftt decays. '

a) x° — 2% decay

For JP(X°)=2" the matrix element for the X° —» 2% decay
‘in-the X° ﬁesé‘n rest frame has the form | ‘ “
M;_—(X?-PZT)A- XL& ?«.‘l,(i&"@), ] - (5)
where Ti, é (é:_) are the momentum and polarization vecu/)rs of

photons. We introduce the following notations for the angular va-

riables: s R ‘ (3. P -
"‘”‘f’-‘&l , corp =¥ P °°“-=:E—:KL (6)
191 Il 1q1irt Ipl 1KI
where P 1is the relative momentum of the &* and & mesons in the
Y‘- mesom rest frame in the reaction pPP— X’ P 4
oo ) Loxtx~

The distributions Wr,2,3 with krespect. to the angles '-fllll‘x,

. have thg’ form -

W, (%) = —};{3@‘({ +5ﬁ(:)(3Co52({’-1)}’
Vo= %l 2+ 5B, @

wit= 2] s + 2 seotnc)]

"7/ As the Z—axlis is chosenm along the directiom of the momemtum -k', the

angles ¥ , K .coimcide with polar angles 5%, 0f defimed im tha X°,

. mesom rest frames, The amgle y depemds also om correspomrdimg .
azimuthal angles $*y §f 3 wsy = cos (P ¢0) sint™in 67 + cosBas6F o
5



- (2) v oo e C '
where .Pw and _ﬁo are the density matrix elements for the

(o] N
X7 -and f mesons.,

b) X° — PY decay
"For the 2 nhypothesis the matrix element for the X° — Py

deéay im‘/olve-s three amplitudes of MI, E2 and M3 ‘tr;ansitions
.Mz -(X=p¥)= {,%g [?*)‘d, *+ 46 %%];”’ }CZL 2‘,@: exg)} X;&

where E (6) are the momentum and polarizat‘:viox-l vectors of

phot.on ( fmeson). ’ » -
The qontribution of the Mj transition amplitude can be

negle't:ted at QﬂéOO MeV (=0 ). As it is shown in /3/, the 51mp-

lest relatlvistic matrix element 1s well con51stent with the ex-

&H-%
perimental data and brings to -“2"_?‘ 031 .
‘ ‘ j Z
The angular distributions WI 2,3 in this case have the
b y

form

W) ~ A = BOS- £)(3eoiy-1),
Wolh)~ $A + BL+£=3) (3eiV-1),
\/\/3(1) ~ Z€A {&»C‘au ji_(:)(SCoézae—f)}j A (9)

A=251-28+‘.3 ) B_=€2+6E—._/)—’; E= 4-& ,
23+8



where the angles ‘-F) -.P and X are determined by eq.(6).

e) x° —-12—21’»' decay

9o
The angular correlations in the reaction PP -—,f )( %
are of most interest from the experimental point of view since
" the branching ratio of the x° —*Z'»ZT is great ~ 6% /I/.
We use the matrik element for the X° —-Hlﬁ*ﬁ" decay with mixing
coefficient for the amplitudes g = O EM 2 . and €?=2’

Crx=0 equal to kK=—t /3/:

Mz‘(x°—>zx*dé')~X£j )( (‘i ‘i 4"2 ?)q, 1(,,_ )(IU)

wkfre t_l. is the Z meson momentum in the X° meson rest. system,
q/l is the relative momentum of plons. The matrix element Y(IO,)
is well consistent with the existing asymmetry on the-Dalitz plot
for the X° —s zyr*“ﬁ:" decay /6,7/ and also ‘satisfies the
Adler's selfconsistency condit?ion /3,8/.

‘For the angular distributions WI,2,3 ’ 4gfter phas'e volume

integration we obtain:’

W~ iA - B(ﬁ"’ )(36052‘/—4),.
Wa(¥) ~ $A, + B,(pa+ fi- 2)(3eest-4),

\"/(x) "A {dma’.+f (Scofx—'l)}) Y(II)

A4:B1# 1,7 ’ "\-—————_.‘M(e 0 021-2),
. 7 f ' I ‘M(ez‘z,gxx"'OH 4

i/We take imto accoumt omly agplitudes I o Drr = 0,2 amd 1 Lr = 2 10.
It meams that the momentu.m “can be chuged by the momeltmn of the
t°— meson in .(‘'7* 7~ ) rest frame.

7



Here t,he angular variables are determined. by the formulae (6)

where l} is’ 1n this case the momentum of Z meson. . Let us de-R)'
—l:—
191 1Kl

05\" ﬁ__f’_)_ . Then for bhe W (‘-{’) and \'\/ (‘P} we ‘obtain
AR

termine bhe angles ‘f' and &I, in" the following way.COSY

W, (@) ~ iA« ~(2A.- B)( y 4.)(359527" 1), _ (12~)’
W, (‘P} llA +(2A B)( 2(:) f)m 2)(13@12{1’,0,“
AiiB=1,7:1. o

-3. If X (960) meson is pseudoscalar, then for all thé -
decay modes, the angular distributions W 2,3 are alike:
: : i .2, .

ws.\.sinzgé ) WI,Z(W{,Z) are isotropic:
\/\/1((‘”:\‘[2(‘”:’{
3402 ‘
WilX)= 3% (13)

W, ()= W (V)=1

The deviations of the angular correlations from the relation (13)
" is incompatible with the x° rr;eson pseudogcalaripy.

A similar analysis can be performed for the reaction
Pp-—-»)(arx as it has been done for instance in /9/ for the reac-
tion PP—-’bJ‘T . In this case it is possible also annihl-
lation from lso state. Any deviations of W (WI) and W (Wz) dis-
tributions from the isotropical ones for avnnihilgtions both from
the triplet and singlet states would be an evidence for the
‘JP(XO) =2~ hypothesis. The result for the wg(x) distribution,
even for JP(X°)=O' is ambiguous and depends upon the conti‘ibu;

tion of the higher orbital moments of the J#& system which can



not be neglected because of the high y value in the reaction
pF-—'Xo.fﬁ‘ .

Thus the experimental observation of the X° meson in the
reaction PP-—?X? (Xj.:‘ﬁt) and the study of the distribution
W1,2,3 (hul) will permit to determine the spin of ‘the X°(960)
‘meson. ;

Thebadvantage of this method for determining the X° spin
parity is that all the available statistics of the events
can be used. Analogous correlation effects in meson baryon col-:
lisions depend upon the momentum transtfer, and aue tb‘tne selec~
tion of the events with low momen tum transfer the statistics

becomes poorer /L/.

L. More attentlon must be paia to the 2 hypotnesxs for
the x° meson 1n connection w1th the ex1stence oi another canai-
date for the ninth pseudoscalar meson, namely k{I420) meson /1,9/.
At present the following classification of mesons /i;IO/ is very
_probable: 9t K N, E{I420) for the 0" nonet and -7;:4 (1640), »
h i(A(I775), ?A(IBBO), X (960) for the 2~ nonet.

We hope that with the help of additional experlmental data
the problem of the»quantum numbers of the x?(960) will be solved
in the near future.

‘ The authors are grateful to T.L. Asatiani, S.B. Uera$imov,
8.H., Matinian, B.N., Vdluev and especially V.i. Ogievetgky‘and

V. Tybor for useful discussions.
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