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(960)-Me30H - 2- HIIH 0-? 

DoKaaaao, 'iTO HMeronmecg aKcrrepHMeHTanbHbie .nai!Hbie MoryT · 5biTb 
cornacoBBHbl B paBIIOii Mepe co CIIHH-'iilTHOCTb!O ·2- H o- .QIIR X 0 ( 960) -
Meaoaa, rHrroTeaa 2- rrpepcTaBnl!eTCII .na)Ke 5onee rrpeano'iTHTerrbHoii, rio.n~ 
'lepKHBaeTcll ~reo6xo.nHMOCTb rroHcKoB cnHHDBbiX Koppenl!UHii a npoueccax 
C pO)K.Q6HH6M X0 

( 960) B CHIIbllbiX H aneKTpOM8I'HHTHbiX B3aHMO,Uel!CTBHIIX • 
. , . 06cy~BIOTCSI, 8KCIIepHM61!Tbl 0 B .KOTOpbiX a<jl4JeKTbi0 CBSI38Hllb16 • CO CIIHHOM 

X?· -Meaona MoryT OT'leTnHBD rrpol!BHTbCSI, · 

Coo6.8HKS 06•eAKH8HHOro .KHCTHTyTa SA8pHWX HCC~8AOP8HHR 

~ .... 1971 

Ogievetsk)r V.I., Tybor W,, Zaslavsky A,N, 

X0 (960)-Meson - 2- or o- ? 

E2-5627 

It is shown that the available experimental data are equally 
consistent ~th the spin:..parity 0- and 2~ of ·the X0 (960) meson, 
2- seems to be somewhat preferable. 

· Both spin~parity alternatives and new experiments to distinguis 
between them are discussed, 

Coaiaualeatloa1 o£ the Joiat la1tltate .for Nuclear R~1eareh . . 

OahU, 1971 



1. ·The X0 (960) meson spin..;.parity is not firmly established 

. untill now'1.• 2/ .'Belng· poor the available experimental data allow 

botho- and i:C v~l~es for the X0 (9GO.) spin-parity. The bypothes.is 

2- ~·eems to us to be somewhat preferable and in this paper .we pre-· ,': 
. . . - . . 

sent some new arguments for 'that. The necessity of search of·the 

spin correlatfons in the strong and electromagnetic X0 (960) meson-· 
' . . 

production.processes is stressed. 

We discuss some experiments in which the X0 meson spin effects 

may be strongly pronounced, 

2o Decay mode X0
- J• 0 

Let Q be the angle betWeen the relative momentum of pions from the 
0 ' .. • J -decay and the photon momentum in the J -meson rest system.: 

Then .the experimental distrib~tion/1/ is 

wreJ = o s+3.o + dUr.2 -e 
' -o 5' . - -

' ' ' 0 ' 
For.' the pseudoscalar hypothesis the X0 ~ 3 0 lriatrix element_ 

(M.E. balow) ·is · 
' . - ~ - (1) ' ' t·· Mo- (X!-s·r)- l'f(G)/i...,(P),t..,(t?) ' 

. Ybere t.,= Erv).ff;J•> ~~~= ~]v- ~~· . and the angular 

distribution W(Q) is proportional to sin2 9. 

Many authors/4/ applied the classification according'to the 

multipole transitions (M1, E2, M,). This classification originates· 

from the nuclear physics where .. the photon is soft. and both the ini-

tial and final nuclei have nearly the same mass. Note .that in the 

case o.f X0 · meson decay_ the momentum of the photon is large (200 MeV) 

and _the ~ltipole classifica_tion seems to be ~adequate to choose 

the simplest .M.E. As the simplest relativist:i,c matrix element it.is 

more· natural _to ·assume the M. E. which has the smoothest. momentum· 

dependence and which is analogous to the M~E. (1) in tb.B relati- . 

vistic notation. Such a M.E. has the forma. 



_(2). 

where -~v is the 2- polarization tensor. Matrix element (2) 

gi-:'es' the foliowing angular distribution 
-. - '. - -2 .. - - 2 -- .2. ..• 

'vJ (e)= 6 + ~in2e[~ +_ 6 .!!!f(1...:. ..!!!£ )] · c;). 
_- _- - x mJ -mx 

' ' ' . 
and inserting the mass values we have 

-I-

l. 
I 

\;1(9)= /48 + -:JiYL
2 B- (4) 

) -

in agre~ment with the experiment. Note _that if ~;~{ the_. __ -_ . 

· multipole classi~ic-ation_ reappears and the Eq. (:;) gives W(9)~¥6+S:hfell 
. corresponding_ to the. M1 transition, which ha~. been discussed in ·{ 

the previous experimental papers/41. - · · -- - _ l - . 1 
:;. Decay Mode X

0-r9r+$--. -~--
Recently ,an asymmetry in 7 -meson., kinetic energy on :the· 

xo-?!li+ .Jr- Dali tz plot was found in some experiments/.i5:-5/. 

For the hypothesis rP(X0 )aO- the simplest M.E. is a constant~in _ 
1 

disagreement with ~p~rimental data;;/. To fit estab~ished· asym

metry the M.E.- must contain at_least bilinear in momenta terms. 

For the hypothesis IP(X~)=2- the two possible simpl~st matrix 

el_ements ( e!Jr,_=· 0.) e, = 2 and e!lr§t'= 2 ) -er = 0 ) . are mixed 

with the mixing coefficient '/K/'=4•1±0•5/:?_I, JKJ- ;1
4
1. Note 

that the_Adler consistency condition, which has been previously 

usei6/ -to explain the .value of the slope in the decay x~- r'21r 

in fact, does not give any restriction for IP(X0 )co-•.For the 2-
hypothesis both the simplest matrix 1 • 

- • The matrix element with at most bilinear momentum dependence 
for the decay o--?b-' - is. M(X~f.t1r}=~+-~(p+ .. fJ2+ot.Ptp: 

- The Adler· consistenct condition gives. in this case _ot,=m.r-'2 an~ '·· 
- leaves the parameter lX-.3 arbi tracy. Therefore in. the case· of . __ 

-- t~,p1~M• with nonvanishiD.g masses we can get-any value for the . 
slope. -



- -

elements for the decay xo~ ~ 2~ have quadratic momentum depen- · 

donee and the Adler condition demands the M.E. to be of the form 

- ( p+ , p- are momenta of fir+ and !li- , respectively) 

(5) 

It gives the mixing coefficient K = -4 in a good agreement with 

the experiment. 

4. The X0 (960) width 

-For the 0- alternative the different models (the current 

algebra, the Veneziano model and the quark model) give the xo 
width fi.t (X 0

} · in the range (1~10) MeviS/. Therefore we expect 

in the o-case the upp~r experimental limit ftot (Xo) <:-4 Mev, 
·is ciose to the e~ct value. 

A quite different situation occures for tho 2- hypothesis. 

Due to the centrifugal barrier the decay xo ·-::- 7 21ris suppresse~. 

The M.E.(5) gives fi:t (X/A, 5"Kev. if )..,-.;(f1rm )2 ; 

where f1r- m;_i is the pion decay constant and the J -meson ,-· 

mass· is chosen as the characteristic one. It is only-a very crude 

-estimate but the result is intriguing: for tho 2- alternative 

X0 (9GO) meson may be ve~ narrow, it may be considered a~ equal 

footing with ? -meson as a.particle and not as ·a resonance. 

In this connection the experimental search of xo in the Primakoff 

effect/9/ is of a considerable importance and even .the upper li

mit for tho absolute value of /;"¥ {X0
} would be very interesting. 

In the 2- case• the P.rimakoff cross-section is expected to be 

very_small. 

Recently the possibility for the xo meson production in the 
. . 

··The :forriru.la o:fthe Primakoff cross-section for the pseudo
-scalar particles- is well-known. In the case of the 2- hypothesis 
it is given in ref. /2/._ 
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< < 0 

reaction e+e--e•e-X (the Landau-Lifshits effect) has con-

side~ed/10/ by Budnev and Ginzburg and in the 0..; case 6"(e+e~e•e-Xc) 
is estimated to be 7.10-33 cm2 for the electron energy2 GeV. This 

process ·may be used together with th~ Primakoff effect for the 

determination of the X0 meson lifetime. 

5· All arguments presented here favouring the 2- hypothesis 

are aiming to draw attention to the n~cessity of new measurements 

of the X0 meson spin correlations. Now let us list the most impo~ 

tant experiments of such a kind. 

a) The available experimental data/~,5/on correlations between 

the normal to the XO decay plane and the incoming K-Car-) momentum 

in the Kf -I\ X0 
. and ,-f __,. n Xo are pure and it is_ im.pos...:. 

sible to make any definite conclusions. The study of such correla

tions ~ot the higher statistical level ( ~ 2.000-3.000 events) may· 

turn out to be more.decisiire (correlations with the normal to the 

X0 production plane may be more sensitive than with the direction 

of the incomirig particle). The very existence of such·correlations 

.would prove the 2- alternative. 

b) It may happen that the X0 meson polarization is not essen

tial at high energy. Therefore it is reasonable to investigate spe

cially collinear xo meson production. In this case.X0 meson must 

be aligned (the spin projections t2 are forbidden) and there are 

definite correlations between the direction of the incident K-(~-) 

beam and the momenta of the decay particles/111. For the o- al

ternative the corresponding angular distributions are isotropic. 

c) Measurements of the angular distributions in the decay of 
± + . ~ 

the baryon resonancesJ-i o- with ;;~ 2 which are 

produc~d in the collinear processesO-~~)(o~+ for example, 

91"'111-XiV~ Kp-X0~ etc. The deviation of the,angular 

distribution in the isobar decay from the.Adair distribution is 

6 



incompatible with .the pseudoscalarity of X0 (96o/111. 

d) Search of the X 0 (960) in antiproton-proton annihilation 

at res~ in the reacti<?ns. pfi-X0 .J0 (X"!lr!r).. . 
It is importmant that in this case one can use both the decay . 

. - . . 

and production mechanisms :for thEj determination of the xo . spin-

parity, ~f. the bright analysis of reaction f p.:_ £1111 in/1 21. 

The deviation of the distribution in the angle (de.) between the .. - . 

X0 .~and J-meson relative momentum and _the jl-meson polarization 

from Sin
2de , and the deviation of other distributions from the 

isotropic ones would manifest- the spiii~parity 2-. It .·is of interest 

.• to do' the corresponding analysis for the. xo production in the_ 

• reaction fp- X0:Jr1f• 

e) The higher·statistics is needed for the xo~~OGr decay 

discussed above. The deviation of the angular. distribution from 

-~in29 is inconsistent-with Ip(~0 )=0-. " . 

f) In the electromagnetic interactions the investigation of :~ ·' 

~he X0 .production in. th~ ~imakoff/2,9/ and Landau-Lifshits pro.:. 

oesse~/1 0/ are very- important. as noted above. 

g) There.-· exists· an interesting possibilitY in the reaction/15/ 
- 7f+He~He + X0(96o). . 

T.he .. ohoice of the helium is dictated by its spinJ.essness .and 
< • •• • • • • 

by tli~ absence of the J.ow-lying e:io1tedsstat:ea.For the o- alterna-
. . . ' .. _, . . -. ·. . ' ' 

_tive the_ dif:ferE!ntiaJ. cross-section strongly .depends on the X0 pro

duction. angle and vanishes at B= 0~ 180° as sin2e -. F~r the 

2- alternativ:e the simplest angular distribution does not 

.vanish. in :forward _direction. 

The dependence of the cross-secti9n o:f the proce~so+J.Ie;...;J.Ie+X0 

on the mCidE!1l~ :photon. polarization :ror 7/'(XO)= 0- i~ rather '~trimg 
. ··,.. - - . ' 

7 



cl cr-f = "'O"o (I+ r). I 

ri.JL ci..JL · · · I (6) 

where the. J is the Stokes parameter of the linear polariza-

tion of the photon along the normal to the reaction plane. The 

deviation from this dependence is inconsistent with the pseudo-. . 

scalarity for the X0-meson, There.are also.interesting threshold 

~ffects different for 0- and 2- alternative. (Details see in 

;ef/13/), 

h) The possibility of the . x-0

meson spill-parity determina

tion exists also in the colliding beams experiments e+Q-_XaY(X:J'. 
which .arJ:) discussed nowf14/, The analysis of these difi'erential 

cross..;.section near the Xo production threshold ~kes it pos

sible to distinguish between the hypothesis 0~ and 2-/131, 
0 . ' 

;. The 2- hypothesis for the X -meson in the . view of the 

· ··existence of another candidate for the ninth psetidoscalar meson 

~ E(1420)-meson/1 r 1 ~/ is very striking and worth a good .deal of 

attention. The following classificaj;iori for mesons isprobabie11
r
15/ 

10 K~ ?J £{fV20) for the 0;;,. nonet and~(/6-tO)JJIAfi77S)/{A~$30)1 Xo 
for the 2- nonet. 

We hope that the accumulation of the experimental. data will 

permit to. solve the important problem of the X0 (960) meson spin

parity .in the near future. 

The authors are gratefull to _;lllr•_• M. Della-Negra, M.Derrick, · 

S,B,Gerasimov, G,R,Kalbfleish, R.Lednitsky, M~Roos, N.P:Samious 

and B.N. Valuev for useful discussions.· 
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