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At present there is an·ambiguity in the determination 

of the 1°(960) meson spin parity /I,2,J/. The available experi

mental data can be equally consistent with either 2- or 0- hy-
o -potheses 'for the X ( 960) meson spin parity; the 2. hypothesis 

even seems to be s'omewhat preferable /J/. Tne analysis of the me

chanism only of the known X0 decays X0 ~22-:r.:, .X0
- fll and 

X0 -1lfdoes·not permit the exclusion of the Jp(X0 )-=2- at 

any practical statistics. For the first two cases this is due to 

the absence of the sharply expressed exclusions on the Dalitz 

plots and a large ·number of free parameters in the 2- -2 2r , 
2- - .7r:Jt' ~reactions. The indistinguishability of the Jp (.X: 0

) = 0-

and 2- hypotheses by the x0 --.~l( decay follows from the 

Landau-Yang theorem on the spin states of two photons. 

Thus, the hypothesis Jp (X0
):: 2- cannot be aistinguished, 

in principle, from the Jp(X
0 )=o- with a high confidence by all 

the known X0 meson decays. r'or this reason the study of the 

X~(960) meson production together with the mechanism of the decay 

in the strong and electromagnetic interactions becomes impor

tant /3,4/. 

In this work the X0 (960) meson production in antiproton 

. proton annihilation at rest in the reaction 

(I) 

is analyzed.There are obtained anagular correlations between the 

momenta of the particles from the decays of the x0 and jJ mesons 
' ' 0 

and the direction of the X meson momentum, the experimental in-

vestigation of which will enable to distinguish between th~·2-

J 

/ 
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and 0- hypotheses for the X0 (960) spin parity. Let us note that 

the study of analogous correlations in the reaction pp~ £:rc.r.; 

has given an convincing argument in favour of E meson pseudosca-

larity /9/. 
2. The amplitude of the pp(\}~X0f" reaction in the case 

of Jp (X 0 )= 2- has the "form in the total c~m. , 

A"" es,) = cL E;.,.:."" x~ ~ Km. + p E~Mjx.""tKh\. ) '2 1 

X . ~ 
where tj- is the polarization tensor for the 2- spin, . f is ... 
the f meson polarization vector, I< is the X0 meson momentum. 

The annihilation at rest pp- X0J'.. may proceed only in the 

triplet 3s. state; annihilation in the Is0 state is forbidden 

because of the charge parity conservation. 'rhe energy release 

in this reil:ction is small (~o~ .-I!>O MeV), and the approximation of 

the low orbital moments in (2) is a good one. 
0 (1) 

The density matrix elements of the X meson ( ..P · ) and 
.~h. 

( 1) f meson ( f,....._ ) are related with the complex numbers o(, and J 
in the following way: 

(l} (1) 

o;. Al. = ISO.f2-l. f<><-1 2 + I Pis.+ 2Reo(. 11f ~ 

(7.) (l.) .1.... ( 2. 2) 
<To~,. = a;.f_1_, = 2. /..{.1 + I PI , 

00 t)(f)
Jc.o -

<r;.= 

lo<.ll. 
) 

.1.Q ( /olJ 1 + !}It+ Re..L~) 
3 . ) 

where ~ is the cross section of the unpolarized particle 

(3) 

pro-

duct ion 1 the axts Z is chosen. along the direction of the X 0 meson 
~ 

momentum K • 

There is a relation between the elements of the density 

matrix 

4 

J· 

~ p(~). + 
...J Juo· 

this is because we neglec1 

orbital moments. The ,poss: 

higher orbital moments arl 

Below are obtained 

between the mo~enta of pal 

and direction of the X0 
m' 

and X0 -2 2~ decays~ 
·o . 

a) X - 21f decay 

For JP(x0 ):: 2- th• 
0 . . . . 

in· the X meson rest fram 

Mr(X~ 
-9 .... -. . .~ 

where q, ) e1 ( e1) are thl 

photons. We introduce-"the ... .... 
riables: ( q.. •K) 

c011f=-.... _ 
lll-/IKI -where P is the relative 

r- m~so• rest frae in . t: 

The distributions 1 

have the form 

1 {' 'M ( lf) = 8Jt 3 j 

'v/,. (t) =. :~f 2 

~(~) = ~~ { 6L~ 
· 4/ A• the z-axia is chola .. 

.. j!:l•• tp , ~ cobcide · 
~ - meaoa reat fru••· · 

azimuthal .. glea ¢ f, f f 
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(4) 

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 ca~e, 

Below are obtained aistributions with respect to the angles 
. 0 

between the momenta of particles from the .X. and meson.decays 

and direction of the .X.0 meson momentum for each .X.
0

- 2<r 1 X
0 

- f'~ 

and X0 -2 2tr: decays. 

a) X0
- 211" decay 

For JP(X0 )=2- the matrix element for the X
0 -21f decay 

in·the X0 meson rest frame has the form 

Mr(X'!..t.2o)~"' Xi.J ~; ~i Ci· e_,xe:.)J (5) 
....., ... _, ' 

Where q, I e1 ( e:z.) are the momentum and polarizatiOn VeCtOrS Of 

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

riables: c"i ·K) co -P'' (P· -K.) 
co1 'f = cos + = -,. · 1 C<n.t. = -----..::-

tctl {i{l . I~IIPI Jrl IKI ' (
6

l -where P is the relative momentum of the :It+ and J;:- mesons in the 

r- m~soa rest frame in the reaction p p - xu f.'' 1/ 
'-:.t:+ Jj:- . 

The distributions Wr,2,3 

. have the form 

with respect to the angles lf 'I' ~ 
• J I 

(7) 

\V.; ( ~) = ~-r { ~Li" ~ + _fo:~l ( 3 Co12
de. -1)} 

I 

· ~/As the z-axis is chose• aloag the directioa of the momeatwa k, the 
Uj!:le8 'f , ~ coiacide with polar ugl .. ext' 0 f defiaed 1a the X" t 
~ - meso• rut frames. ·The ogle 'f depeads also oa correapoadiag . 

azimuthal OgleS t )( t f f I UJS {' = ~S ( f 0
- ~~) S<n g•,·<n 9r + C,OJ (}~CJ)S 01' o 

5 



(l) 

where J'"c 
{1} 

and J..t> are the density matrix elements for the 
0 . 

X 'and J mesons, 

b) x0 -l'a decay 

. - . . . 0 
· !<'or the 2 hypothesis the matrix element for the X -.Po 

decay involves three amplitudes of .MI, E2 and l'-13 transitions 

. M,_-(X~pl)= {~d~[~x"Yt +iz_ei.[qxlJ; + f~i ~t(i.ex€)} x~J) (a} 

........... _. 
where ~I e (e) are the momentum and polarization vectors of 

photon ( f meson). 

The contribution of the .t-13 transition amplitude can be 

neglected at Q- 200 MeV ( f= 0 } , As it is shown in /3/, the simp

lest relativistic matrix .~lement is well consistent with the ex-
. . . ~-!Jf-~-031 
perimental data and br~ngs to c; : 2j, + iz. - 1 · 

The angular distributions w1 ,
2

,
3 

in this case have the 

form 

Wf(lfJ ~ j-A 8(J2~)- f)(3colCf--1) 

\·lz. ( t) ~ } A + B( ~:,_, + J!,i~;) ( 3coo7.f-1) , 

\J
3
(x) ,w ; A { ~i.~~ + f"~1> ( 3co11.Je-1)}) ( 9) 

A-= 1 El. -2 E.+ 3 1 8= €2
+ bE -S 

. I 

6 

j!~ 

;j ? 

11. \. 
I ··. .. 

., 

.. ~ \ 

where the angles <f, f 

c), X0 -22~: d 

The angular corrE 

are of most interest fro 

the branching ratioof t 
. . 

We use the matrix eie~en 

coefficient· for,the ampl 

e'Ji:r:= 0 equal to K-;:-4 

M 2.- (xo~zx•.1l:j ~x, 
..... 

where -, q; 
~ is the ~ me 

is the relative mo 

is well consistent with 

for the X
0 

- ~ Jt+:;;;

.Adler1s selfconsistency, 

For the angular d 

integration we obtain: 

. !1... 
~(If)~ 5A1-

. f 
\v'2(+) -- 5 A1 + 

~{:l} ~ ~,41{ ~~ 

A1: 81 :: 1, r 1 I 

l/We take i•to accoU.t o•lJ 
It mea.s that the mome•tt 
Tt:+- meso• i• .( trt r ) x 
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( 9) 

where the angles 'fJ f' and ":l are determined by eq. (6), 

c) x 0 
- Z 2~ decay 

.. . 0 

The angular correlations in the reaction J'P ·__, f' X + _ 
. .· ~'Z:K:Ir 

are of most interest from the experimental point of view since 

the branching ratio of th~ x0
· _,z-2r is great ~ 64';o /I/. 

We use the matrix element for the X0 
- ~Jr-tJC- decay with mixing 

coefficient for the amplituues et-= OJ e~" = 2 and ez=2, 
eJ<::x:= 0 equal to K;-4 /3/: 

where -, - 0 ~ is the ~ meson· momentum in the X meson rest system, 

q; is the relative momentum of pions. The matrix element (IO) 

is well consistent with the existing asymmetry on the Dalitz plot 

decay /6,7/ and also satisfies the 

Adler's selfconsistency condit~on /3,8/ • 

For the angular distributions w1 , 2 , 
3 

, after phase volume 

integration we obtain: 

\ 1 ( ,l fA B ( Cll cl" 2)( ~.J. ,, 
w2 '"' ,_ .5 1 + 1 ~2. + loo- s 3ccj r·-1;, 

(II) 

1 I 

2./We take i:ato aocoWlt o:11l;y ~litudes i.~ , in = 0,2 ud Jf ,l;r = 2,0. 
It meus that the momeatum q/oaa be oha.ged by the momeatum of the 
7L+- meso• ill.( r< 7 r- ) rest frame. 

7 



Here the angular variables .. are determined by the formulae ( 6) 
~ . . 

where 'l- is· in this case the momentum of Z meson. Let us .!1;- · 
tp1 .1 1 . • ·. tD1 (~.;<) 

termine the angles l and 't; in. the following way: ccn l :::;;--::r.-1 
.... , ~ 14111-< 

··"' (q. .• p) . '·''( ') \•~'{·'"' C01r = 
1
_. _.. • Then for the w1 (( and :vz. 't' J ·we obtain 
q/1 I PI 

VJ11 {If'}~ j A1 - (2A 1- 81){ ~~~J_ j )( 3collf'- 1)) 

VJ~("'~~ %A1+ (2A/·B,){t(:1+ R:
1

~f)(3col"/-1), 
A1: B. = 1, 7 : 1 

3. If X0 (960) meson is pseudoscalar, then for all the 

decay modes. the angular distributions ~ 1 , 2 , 3 are alike: 

w
3

-..sin2:lfi , WI,2(WL2l are isotropic: 

w, { lfJ == w2. ( 'I'J = 1 
W3('xJ= i --s~,~~ 
v; (tt'J:: VI~(~'J=1 

(12) 

(13) 

The deviations of the angular correlations from the relation (13) 

is incompatible with the X
0 ~eson pseudoscalarity. 

A similar analysis can be performed for the reaction 

p p -'t X$: JC as it has been done f,.,r instance in /9/ for the reac

tion pp -f fJr7r" • In this case it is possible also annihi

lation from 1s0 state. Any deviations of W1 (~fl and W2 (W~) dis

tributions from the isotropical ones for annihilations both from 

the triplet and singlet states would be an evidence for the 

/ (X0 )-:: 2- hypothesis. The result for the w3 ()!) distribution, 

even for Jp (X0 ) ~ o- is ambiguous and depends upon the contribu

tion of the higher orbital moments of the ,x;r system which can 

8 

• 

l r 

I 
r 

i 

.h 
' J 
I 

t 
"· 

not be neglected becausE 

pp- Xoxx 
Thus the experime 

reaction pp~X:r(Xx: 
Wr, 2, 3 . (W~.1 ) will permit 

meson. 

The advantage ~f 

parity is that all 

can be used •. Analogous c 

lisions depend upon .the 

tion of the events with 

becomes poorer /4/. 

4. More attentic 

the 1° meson in connecti 

date for the ninth pseud 

At present the following 

. probable: !ie'1 

J.<A (I775l, 

/{. 1 'l.. , E (I~ 

lA (1830), 

We hope that with 

the problem of the quant 

in the near future. 

The authors are g 

S.H. fltatinian, B.N, Va:lu 

v. Tybor for useful disc 



y the formulae (6) 

IJ 'meson •. Let us £1 e
.t-.·,· . .. ·. I(~'.;<) 
owing wa.y:ccnlf=~1 ,71 . lq;l " 

I I 
and \ti/2. { f1· we obtain 

·j~lf'~ 1),. 

'( 3colf'-1) 
. I 

r, then for all the · 

are alike: 
,3 

(12) 

(13) 

1 from the'relation (13) 

:alarity. 

l for the reaction 

mce in /9/ for the reac

)ossible a:lso annihi

.w1(~fl and w2 (W~) dis

mnihilations both from 

n e~idence for the 

wl ( ~ ) distribution' 

ends upon the contribu

.Jeir sys~em which can 

' 
t 

·i 

I 
·I 

I 
I 

.I 

r 
. l' 

not be neglected because of the high ~ value in the reaction 

PP _, Xo.rx 
Thus the experimental observation of the X0 meson in the 

reaction pp ~ X:f(X'3t:rc) and the study of the distribution 

WI,2,3 (W~.1 ) will permit to determine the spin of the X0 (96U) 

meson. 

The advantage of this method for determining 'the X0 spin 

parity is that all the available statistics of the events 

can be used. Analogous correlation effects in meson baryon col-· 

lisions aepend upon the momentum tral}sfer, and aue to the selec

tion of the events with low momentum transfer the statistics 

becomes poore;. /4/. 

4. More attention must be paia to the 2- hypotnesis for 

the 1.0 meson in connection with the existence of another canai-

date for the ninth pseudoscalar meson, namely 1!.(1420) meson /1,9/.· 

At present the following classification of mesons /1,10/ is very 

. probable: !ii:1 I·C 'l_, E( 1420) for the 0- nonet and ~ (1640), 

f<A (1775), lA (1830), X0 (960) for the 2- nonet. 

We hope that with the help of additional experimental uata 

the problem of the quantum numbers of the X0 (960) will be solved 

in the near future. 

The authors are grateful to T.L. Asatiani, S.B. uerasimov, 

S.H. Matinian, B.N. Valuev and especially V.I. Ogievetsky and 

V. Tybor for useful discussions. 
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