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Me30H8 B peaKilBB 

noK838B01 'iTO AnSI .QeTeKTOpa 4JoTOBOB C yrnoM paCTBOpa- 20° BylK88 

Dy'iOK IT- -Me30HOB C BMDyni>COM OKOOO 80 fg8/c, 'iT06bl OAHOGH8'iHO 

-peWBTit npo6neMY CDRH8 X0 (958) M830B8, np& RHTeHCRBHOCTR Dy'iK8 --

106 IT~ /n&Kn seo6XOARMOe_ speMSI pa6oTbi ycx:op&TenSI He npeBbiWaeT 

10 cyTOK, 

fipenpHHT ~aKH8HHOrO HHCTHTyTa aQep~ H~BBHKA. 
,ny6Ha, 197 4 

Lednicky R., Shafranov M.D. El • 8452 

On the Possibility of the X0 (958) Meson Spin 
Determination in the Reaction IT ~p -+_ x_o n_ 

L. yy 

It is shown that the X-0 (958) spin problem can be 
unambiguously solved by studying the Adair distribution 
in the reaction "-p -+ xo n in a wide angular range inclu
ding very asymmetric xo _, 2 y decays. It then follows 
that for the detector with an opening angle of - 20° 
the beam momentum should be about 30 GeV/c. If the beam 
intensity is 106 "- per cycle, the accelerator time 
needed is expected to be about 10 days. 
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Researeh. 

'.1, 

1. At present the ambiguity in the X0 (958) meson 
spin still exists J P (X 0

) = 0- or T 111 although this 
question emerged more than 7 years ago 121 . The majori
ty of physicists prefer spin parity o- rather than 2- ; 
in different kinds of theoretical estimates the X o meson 
is supposed to be the ninth pseudoscalar meson, it is 
even called the Tf ' meson. At the same time there 
exist the symmetry formulae l:ll predicting the Tf ' 

mass near the mass of another ninth pseudoscalar 
candidate - E (1420) meson. Furthermore, the hypothesis 
J P (X 0

) = 2- needs special attention because in this case 
the X o meson Hegge trajectory has the intercept near 
1 and can play a serious role in spin forces at high 
energies /41. 

It is now well-known that only the analysis of the 
correlations between X 0 -meson decay and production 
can resolve the spin alternatives o- and 2- *. Such 
correlations were studied in the reaction 

K-p -+ X 0 A (1) 

at 2.18 GeV jc 
16 

' 
7 

-'. The deviations from the isotropy 
in the Adair distributions were observed strongly support-

-------------------------
* The Dalitz plot analysis of the xo ... Tf rr rr and 

xo... yrr+rr- decays cannot distinguish between theo-
and 2- hypotheses. 
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ing the 2- assignment. Note that the anisotropy was seen 
for a very small perpendicular X 0 meson momentum* 

p < 100 MeV/c .· 
T 

(2) 

Thus ,it appears that in other studies ;B- I I / of the 
reaction (1), where the statistics was not enough to make 
such a pT cut, the deviation from the isotropy was not 
found** p -

It is however dangerous to conclude that J (X 0
) ... 2 

basing on the 3a effect found in the only experiment /6
•
7 ~ 

Further studies of the Adair distributions are needed. 
Unfortunately, a high statistics bubble chamber experiment 
cannot be done over a reasonably short period of time. 
Therefore we suggest to study the Adair distributions 
with the aid of electronics in the reaction similar to (1) 

rr-p -+X 0 n (3) 

The reaction (3) was studied in many experiments with 
a detector after a target, see /1 /. In this arrangement, 
however (if the incoming momentum is not high), it is 
not practically possible to study the decay-production 
correlations in a wide angular range. For such a study 
the incoming momentum should be incr·eased ( p _ > 
> 10 GeV jc) or a 4 rr detector should be used. rr 

*For the Adair analysis the average orbital momentum 
projection on the beam direction <fz·>=pT/ mR should be 

"near zero. In the reaction K-p -+ X0 A the characteris-
tic distance R is determined by the mass of the K*(898) 
meson. In the reaction rr-p -+ X0 n the nearest possible 
poles are AI (1000) and A2(1310) so that the P::r < 
< 100 MeV ;c cut provides < e z > « 1 in both the relations 
1\p -+ X0 A and rr-p -+ X0 n. 

** Note that iP/ the recent near threshold experiment at 
1.75 GeV ;c only the cut pT < 200 MeV jc could be 
done. 

4 

2. Concerning the xo meson spin determination the 
dominating 3-particle decays X0 -+ ., 7T TT (72%) and 
X0 -+ y TT + 7T- (26%) are rather complicated since the 
decay mechanisms depend on free parameters*, the 

5.0 

4.0 

-.. 3.0 
>< .._ 

:;; 

2 

o a2 o.~t o.s as 1.0 
X•lcos B"l 

Fig. l. The distributions of the cosine of the y polar 
angle in the xo meson rest frame for the xo ... y y 
decay providing J P(Xo),2- , p "'0 and p

00
,0,l/.;,1/2 

and 1. 22 

-------------------------
*In the xo_,., rr rr decay (in a low orbital momentum 

approximation ) a free parameter is the complex mixing 
parameter of the amplitudes with ~ = 0 'errrr= 2 and e'Tl = 2, 
err TT = 0. In the xo_, yrr+rr- decaysuchaparametercomes 
from the mixing of the E2 and M1 transition amplitudes. 
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question of the best decay analyzer arises 11 3 •1 4.. 1 5/. At 
the same time the matrix element of the X0

-+ y y 
decay (2%) is determined unambiguously and yields the 
strongest anisotropy in the Adair distribution for spin 
2- /1 3 • 1 5 /. A relative simplicity of the experimental 
study of the reaction 

rr-p-+ X0 n (4) 
L.yy 

is also attractive. 
Let us therefore discuss the reaction (4) in more de

tail for JP ( xo ) .. 2- . Requiring the Adair condition (2) 
the decay angular distribution in the X 0 rest frame 
with respect to the beam direction in the c.m.s. depends 
on the p

00 
-spin density matrix of the X0 meson 

< P
22 

= o/5,13; 

W(x),., li.[lp + (l-2p ) x2 -(1-..i.p )x 4 ], (5) 
2 6 00 00 2 (){) 

x .. cosO*, 0 ~Poo ~ 1. In fig. 1 this distribution is plotted 
for different Poo -values. We see that the most unfavou
rable case for differentiating the distribution (5) from 
the isotropic distributions W0-(x) = 1 occurs at Poo 
close to 0.5. In this case the x values should be measu
red up to xmax near 1, i.e., very asymmetric X0

--> yy 
decays should be detected* . This question is analysed 
in more detail in the Appendix. It is shown that for 
x max ::;: 0.94 and N = 100 events the confidence level 
of the wrong hypothesis is expected to be smaller than 
OL = 0.2%. With decreasing X max the high bound on the 
C,L value of the wrong hypothesis rapidly increases, 
see fig. 2. 

*Such a problem is absent in the reaction of the 
xo photoproduction op the zero spin nucleus, for 

example, y He4 .... xo He4 /15,, where p = 0 as well 1 so that 
the Adair distribution (5) is detefl&ined unamb1guously 
W(x)= 15/2 x2 (1-x2) and strongly differs from the 
isotropic distribution even at small x values (see 
fig. 1, p

00 
= 0 ). 
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Fig. 2. The maximal confidence level CL of the false 
hypothesis J "(X 0

) = o- or 2- for N = 100 events and 
the COrresponding p OO Value as f',JDCtiOnS Of X max . 

3. The reaction (4) was studied at incoming momenta 
1.6116 / , 1.9 117/, 3.65/IB/, 3.81191 and 30-50 GeVjc112( 

In all the experiments y 's were detected by means of 
an optical spark spectrometer. For increasing the signal
background ratio both the y 's were detected, and dif
ferent kinds of neutron detectors were used. The number 
of xo .... y y decays found in these experiments was typi
cally 20 7 50 events. 

Because the cross section of the reaction ( 4) linearly 
decreases with increasing the rr- laboratory beam mo
mentum1121 
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-I.ll ±0.12 
a (77-p _,. X0 n ),. (3.3± 1.1 )(....e._) ph Po= 1 GeV jc, (6) 
2y ~ ' 

the beam momentum should be chosen as small as possible. 
In Table 1 the fractions and corresponding cross sections 
(in nanobars) of the events expected under conditions 
pT< 100 MeVjc and Tn > 2 MeV, pT< 100 MeVjc ( Tn is 
the neutron kinetic energy, Tn = 2 MeV is the neutron 
detector threshold) are listed for beam momenta from 
1.5 GeV jc up to 40 GeV jc. In the calculations we suppo
sed the differential cross section of the reaction (3) to 
be of the same form as for the reaction 77-p ..... TJ 0 n, i.e./20/ 

ct da =A (I- get )e 
dt 

c = 5. 2 + 1.3 1 n ~ , s 
1 

= 10 GeV 2 
, g = 1. 5 • 

s1 

(7) 

Note that, near threshold 1 the Adair condition (2) is 
fulfilled almost for all the events of the reaction (3) and 
that for p 77 - > 2 GeVjc the fraction of the events satis
fying this condition is - 3%. 

For the forward xo production we have calculated 
a minimal opening angle of y's,rjFmin , a greater value 
a of two y production angles corresponding to xmax= 0.9 
and x max at a= 10°. Looking at Table 1 we see that the 
value xmax ~0.9 can be reached if p

77
- :;;: 10 GeV jc (we 

suppose that only the production angles a < 10 7 20 o are 
measured). For example, for the angle a= 10 o the opti
mal beam momentum is p

77
- = 257 30 GeV jc (xma~0.97 0.94). 

We have also calculated the neutron characteristics 
such as maximal neutron production angle e ~ax and 
neutron production angle en , time of flight r' at the 
distance 1 m and neutron kinetic energy T n under 
boundary conditions p T = 10 MeV jc and T n = 2 MeV. 
From Table 1 we see that for m6menta p

77
-> 10 GeVjc 

neutrons should be detected in narrow en intervals, 
with time of flight r - 30 - 50 nsec jm and kinetic 
energy 2-7 MeV. Since for the neutrons with a kinetic 
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t 
• ·J 
\ 

Fig. 3. The dependence of the neutron registration effi
ciency on the neutr~n kinetic energy for different neutron 
detector thresholds 21/. 

energy of 2-7 MeV the registration efficiency can reach 
- 70%/21/ (see fig. 3), a cylindrical neutron detector can 
be used as an additional trigger. Note in this context 
that in the experiment 1121 at p

77
- = 30-50 GeV jc the 

squared four-momentum transfer resolution 
-2.10-3 (GeVjc)2 (at t-O )wasobtainedwithoutmeasuring 
the neutron characteristics. Such a resolution is quite 
suffi~ient for separating the events with p T< 100 MeV jc 
(I t I < 10-2 (GeV jc) 2 ). 

Let us estimate the number of events expected per 
10 day accelerator run. For the 30 em liquid hydrogen 
target and the beam intensity 10 6 rr- I 9 sec we have 

2 a 
N = 10 - , a

0 
= 1 n b (8) 

ao 
which, at P

77
- = 30 GeVjc, correspondsto230events with 

PT < 100 MeV jc (100% registration efficiency supposed). 
In conclusion it seems quite possible to get :<: 100 

events of the reaction (4) at p
77
_- 30GeV jc with xma!. 0.94 
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satisfying the Adair condition P:~: < 100 MeV and thus to 
resolve the o- and 2- alternatives for the xo meson 
spin parity. 

The authors are much grateful to I.M.Grarnenitsky, 
V.I.Ogievetsky and A.N.Zaslavsky for very useful dis
cussions . 

Appendix 

Suppose J P(X 0)=r. Let N be the number of events 
of the reacti.on (4) measured in the interval <0, xmax> and 
satisfying the Adair condition (2). Dividing this interval 
into n bins of the same length ~x= x max In with N i 
events in the i -th bin, we can calculate x2 for both 
the hypothesis o- and 2-

2 
X

1
P 

- 2 
n [N. -W p(x )~xN ] 

l J . 
~ --·---' ----~ -

W 
1 

p (xi )~x N 
i=• I 

.., xmax 

(A.l) 

where W
1
p (x)=W 1p(x){/ W1 r(~)d~,W0 -(x)= 1 and W2 -(x) is 

given by the formula (5). Neglecting the difference bet
ween W2 - and W0- in the denominators of the expres
sions (A.l), we can write 

2 2 2 
Xo- -=-x2_+xD 

max 
(A.2) 

2 - - 2 X - ·- 2 
X = ~ [W (x.)-W _(x.)] "1\xN= NJ[W

2
_(x)-W

0
-(x)] dx. 

D . 2- I 0 1 0 
I 2 

Therefore the expected X _ value is 
(I 

2 2 2 2 <x >::: <x - >+X = n -1 +X 
~ 2 D D 

(A.3) 

In fig. 2 we show the confidence level CL of the maximal 
<x~-> value for N = 100 and n = 10 * and the corres
ponding p

00 
value, corning from the condition ax;/ (lJ 

00 
= o, 

as funCtiOnS Of X max. 

* n should be chosen as small as possible so far as 
the approximation 1 ~ J in (A.2) allows. 
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