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ABSTRACT

The angular distributions of the photon for the moments of process e'e"—
1/4=+YB(J*), B(J*)—P,+P,have been given.1? provides s new way to determine
the spin of ¢ (2230).
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I. INTRODUCTION

A mew state £(2230) has been discovered in the radiative decay J/4—7YK K
by MARK I group''!. The full process is
e e —)j/p—eY+E
\'K’K', KeK* (1)
DM2 has performed a re-amalysis of J/gy—YK-K- and J/4—YK:K: ! bWt no
significant siructure at 2,23 GeV shows wp in KK mass specirsm,

MARK 111 has also performed a spin amalysis of the £ (2230) ssing the
maximem Jikelihood techrique!’!* The procedure is similar to that used for 0/f,
(1720). How.ver it is mot certain whether the spin of § (2230) is Jm2 or 4.

We pointed out'*! that there exists an insensilive region to delermine the
spin (J=2 or 4)of #/(,(1720)usiuy the angular distribstion in a general helicitly
formalism. Because the data of #/f, jest fall into the insemsilive region we cam
sot say exactly thal the spin of #/f, is J=2. So far the spin of § (2230) cam
not be determined (Jm2 or 42 ). We think that an obvioss reason is less dats
and another reasom is that th: data of § may fall inlo the insemsitive regiom

This paper altempls to give a new way to delermine the spin of {(and 8/f;)
using moment analysis’®!

II.ANGULAR DISTRIBUTION

We consider a reaction which produces a boson resonance B with spin J snd
perity

4ol /y—s¥Y4+BJ) (2)
The resonance B then decays into Iwo pseudoscalar mesons P, and P;(n must be +)
BU.)”"’PI"'Pt (3)
The angular distribution in » general helicity formalism is given by
W'(”lql‘)m z’(i'Jrl’l)Al'.lA" [ D'—J:(‘voto)ui’l k(‘l'lo) (4)
where Al' 3~ <',') ‘BJ(Tj'l, ) (5)

is the helicity amplitude and 7, A, 2, &re helicities of the photon, B, J/4

oFor @ system of two pseudoscalsr mesons the spin, parity and c-parity of § (2230) should be Jrim
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respectively .

1.z =30 (0, Meies,) (g Mieses)® LW
('.$) describes the diru'l;o- of P, momentum in the rest frame of B,

We choose lhe Z axis parallel to the direction of the photos amd ¢ o™
beams are in the X-Z plane. Sisce plim, we oblain casily in the rest frame of
AR

I )y=I(=1, = 1)=p(1+cos?l,)
1

~ 2

I(:,0)=I1(0,1)=—1(—1,0)=—1(0,— 1)~

pisinit, ()

1O, —1)=I1(=1,1)=p?sin*",

1(0,0)=2p>sia?),
where pmjp j=ip_i, p. and p_ arc momenla of the posilron and the cleciron, #,
is the angle between the photon amd positron beam.

111, MOMENT ANALYSIS

Some imporiant decay modes for example B(J")—B,(17)+B,(i”), where B,
and B, mesons in turn decay into 2 pseudoscalar mesons (P,P, and P,P,) were
illestrated'*!. They have given the corresponding moments and linear relations
among differesl moments for certain spin-parily combinations of the parenl
bosons, Accordiag to these relations we con determine the spin and parily of B.
We nole that some relations are ver; effective. But we know that the observed
decay modes of  (and 0/f,) are just the two psendoscalar mesons channels.
Therefore we can not use all relations of [5] to discriminate the spin of §(2230)
(and ¥/1,).

We generalize the moment analysis to the process

e e —)/9--—-»Y4+B(J") (s)
WP, +P,

Introduce the angular distribulion of tkc pholon for the moment which is defined

as follows
H.(0,, LMY= W .(0,,0,$)D;. (9,0, 0)sin0d0d¢ )
This is on cxperimentally measurable quantity. From eq.(4) we have

Ho(B, LMY= =T Z (s, ) A A

- (J-A LMJ-A4)(23L0J0) (10)

-

=14 (1) (o Loo)

where we use the nolation (J,m,[,m,/f,m,) for the usual Clebsch-Gordan e
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efficient and the multipele parameter is givea by
'7.:(‘7) = zl(llvi.l )Alr.l Ah..("'/'.l-'p‘l‘) (l |)
an”
We take L to be even 3o that ¥, 5(0,)is purely real, We cas express 3,(0,, L M)
 in terms of eq. (7) and the ratio of helikity amplitedes x, y.

For L= 2 we have

H (0, ,22)=R,(0,, 2-2)x— “—P’)"".

H:(0,,21)=—H,(0,,2-1)x— 'J 2 "‘(I‘JCS’)SUI”‘

35]
H,(.,,z.)::——p‘[z'sm",-’-(I—y’)(l{—m",)] (12)
~ 4+ 4,cost8,
j—yle—x2
A= =y ¥ xt ( i13)

n,(o,,zz)-ll,(o.,z-z):c—l‘é;—:.’-’-'. prysinie,

H,(0,,21)=—H, (", 2-1)0c— "ﬁ"f Tpi(x— ¥ xy)sin2e,
J i0

N, (0'.-o)cc r'{x’s--‘0.+ 7(l+0 4y*)(1+cos?,)] (14)
14 A co820,
10 1y 2
I,:‘ (I+0.4y ) x

"'-“IO ('5)
07 (140.4y*)+x?

We note that the M, (0, 20) and H, (0,, 20) which ars comparable with the
angular distribution of the photon in a general helicity formalism are different,

While the angular disiributions of the photon in a general helicily formalism are
same in spite of Jm2 or 4. They are

: P 2
W.(0,)~ 1+ Acos 8, A-:—I-%;-%‘; (18)

For Lm4 we have

H,(0,,40)cc— 7;; p*[xtsin®s,—0.75(i + ; y*) (i +cos30,)] (17)

~={(i+ A,c0s%0,) | ‘



—o-zs(|+-;ﬂ y')—x?
A,- ‘—— (|.)
—O.TS(H-‘;“ y)+x*

N0, 0)0c 28 p x2sint0,+ (1= ! 1) (1 4c0s%0,)] (19)
1001 18
~14 A, cosl,
o e
A - nooo

(=g y)+s?

“The diflerence between H,(0,,80) and ), (0.,40) is more obviowus. Therefore we
can wst these angular distributions of the photon [or the moments to discriminale

the spin of § (and #/1,).

(20)

IV. CONCLUSION

We know that the results of the ratio of helicity amplitudes of the it for}

.and Off, are +0.14 +0.2)
t(J=2) x=—0.67 y=0.13
-0.16 -0.19
+0.62 +0.3¢
t(J=a) Xm . 29 ym=9.4
-0.30 -0.39
8/, xm—j.0720.16 y=—~1.0910.15 (21)

Using these x and y (omilting the errors) from eqs. {i3), (15), (i18) and (20)
we have
4, A, A, A,
E(J=2) 0.373 3.98
t(J=4) —0.453 -0.297
o/, -1.39 —-0.138 —-8.2¢9 —~—0.614

Applying eqs. (12), (14), (17) and (19) the angular distributions of the photon
for the moments are shown in Fig.1, 2, 3, 4. For #/f, (1720) as shown in
Fig. 2 the behaviors of H,(#,,40) and H,(?. ,40) sre very different, that is the
sngular distributions of the photon for these moments are very semsitive for
different spin (J=2 and 4) of #/f,, For § (2230) the behaviors of these angular
distributions are very different too (see Fig.3,4). We expect that using osr
generalized moment analysis experimentalists will get valuable results after per—
forming a re-analysis of 1/4—YKK, J/¢=Ysx and J/4—Ynn. We hope also thal a
certain conclusion for the spin of § (2230) can be obtained soon. Moreover after
determining the spin of § (2230) (and #/1,) we can fit the angular distributions

-s'
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of the photon for the momenis to gel the ratio of the helicily amplitudes x and

y wmere sxactly,

Figure Captioas
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Fig-1,2. The angular distributiogs of the photon for moments of ¢ ¢c~—)/¢
~Y0, (JLM)=(228), (420) and (249), (440).
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Fig.3.4. The angular distributions of the photon for momenis of e’¢=—J/¥
=Y§, (JLM)=(220), (420) and (240), (440).
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