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ABSTRACT

In this paper we discuss the intuitive picture of the matrix
element of composite particles, which has been represented in the

field theory of composite particles.1

In addition, we discuss the
ratio of ¢ and ¢' particle decays under a reasonable assumption and

obtain some interesting results.
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1. Introduction

EF is well known that hadrons are composite particles and that they
are composed of quarks. Because hadrons have the phenomena of creation
and annihilation, the composite particle model of hadrons should be
discussed in the field theory of composite particles.

We proposed ﬁreviously a quantized field theory of composite

particles.l

In this field theory hadrons are regarded as the excited
quanta of a composite field, composed of quark fields. For example,

a composite field operator of a meson can be defined by:
B(x,,x) = T(v(x)) $(xy)) (1)

where ¥(x) is the quark field. The method used in establishing the
composite fields theory essentially follows the formulation of the LSZ
quantum field theory. Since we hope that many energy levels are involved,
we have introduced some different assumptions: an asymptotic condition
and completeness. Under these assumptions we have obtained many kinds

of representations of S-matrix elements. Here we will discuss one of
them; it shows that there is an equivalence relation between composite
particle field and quark currents for any physical matrix element. We
call it the field-current relation.

In this paper we will discuss the field-current relation from an
intuitive picturé: It will be seen that it is natural and is a kind of
projection process. The quantized field theory of composite particles
puts this intuitive picture in the framework of the field theory.

Therefore we can discuss any physical matrix element of hadrons. When

it is combined with current algebra, we can discuss many concrete processes.
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The y' particle is the radially excited state of y; they have the
same intrinsic quantum number. We will see that according to the field-
current relation, there is a similar form in the matrix element. If we
calculate their decay rate to the same final state, then the same Green
function should be calculated. With a reasonable assumption about
analytic continuation, we may suggest that their ratio does not depend
on the final products. Using this assumption, we have analyzed a series

of radially excited states and obtain some interesting results.

2. A Brief Review of the Field Theory of Composite Particles

At first, the wave function of mesons may be defined as
- -
Xg Geppx) = <O [T(0Gey) BGep) Ko

1 ikx
V2w

X‘E’C(X) ‘- (2)

wherelﬁ,c>is the bound state of the meson, 7 labels the quantum numbers

of the meson including spin and isospin indices, and

X

i

1
7 (% %))
X = X -Xx, . (3)

XK’C(XI,XZ) satisfies the Bethe-Salpeter equation.? |

The method essentially follows the formulation of the LSZ quantum
field theory. Here we do not restate those fundamental principles
discussed elsewhere. In the following we shall give two different

assumptions:



(a) We introduce an asymptotic condition by means of the orthogonal

and normalized condition

: 3, b 3 5 %
1Spfd Xdx XE',C'(X’X) QB—XO' XK,C(X’X) = GE,K' SQ,C' 4)

where Q is the weight operator of the orthogonal and normalized condition,
which is given by Ref. 1 from the Bethe-Salpeter equation.

(b) We suggest the concept of completeness so as to cover all the
bound states including the higher excited states, but not including
scattering states of quarks.

Under these assumptions the reduction formula and S-matrix of
hadrons may be obtained. For example, the form factor of the m-meson
may be written as!

ikX - ik'Y

SARIPROIN RN -fa‘*xa‘*y dxaty &3,

i k' ,TT(X;X) 6(m127~ DX)

< (2O oln(o(x+3)(x-5)3, @v(x-ERAD)l0) o L0

where Ju(z) is the electromagnetic current and the wave function may

be written as

' 1kY
- - v ay 2
X, n(Epxy) = <0|T(w(x1) ¢(X2)>|k,w> = ifd‘*Y a*y efﬂ XK,N(Y,y)Q(mﬁ~ DY)

(o ISP+ Po) - ©

According to the definition of Mandelstam: 3

<o|T(w(xp) P(xy) I,(2) ¥(y,) B(y) 0> -

= j(d4uld4u2d4vld4v2 K(xl,xz;u2,u1)Gu(ul,u2;z;v2,vl)K(v1,vz;yz,yl)



—-5-

where the four point Green's function is

R(x),%y 5 7,55 = <0OIT(0(x) 9(xy) ¥(y,) F(yp))]0> . (®)
From Eqs. (5)-(8) it follows that
- >
1
<k ,ﬂlJu(z)‘k3n> (9)
= /i (Xh,%,) G (Xy,%, 5 23 )X ( ) d4x dax d4 d4
T, r2e ¥ B X 5 25 VeV gy (1090 1¢ %9719,

which is the Mandelstam representation3 of the transition matrix element

for the bound state. However in the field theory of composite particles
any matrix element of composite particles may be discussed; the transi~

tion matrix element is given here as an example.

Notice that the Green's function K(xl,xz;yz,yl) has the following

representation (near the pole p2+m2 = 0)

LIP(X-Y) [XP(X) >'<P (y)

SR S P
R(xy,%) 5 5,55 = 4]:1 P53 P -w+ic
(2m)

0 0

+ terms regular at PO = w} . (10)

From Eqs. (7), (9) and (10) it may be proved easily that

Xﬁ,’ﬂ(x)<i'w| Ju(z) IKW>?K,ﬂ(y)

ikX - ik'Y
. f d'x dty S (w20, )2 0y)

Luw

(ol (v(x +3)i(x- 37, @9(x-Pi(r+3)lo) an

or



<§',ﬂ] Ju(z)l K,n>

- 1kX-1k Y
- — L fd4X vy e (n2-O J(n2-0y)

fﬁ.’“(X)fK’ﬂ(Y)
. <o|T[sp(rw(x+§)¢(x_§>)Ju<z> sp(w(y_rzz)a(ng))];o) (12)

where

fK,W(X) SP(FXK,W(X))

(13)

f*
T 1T(y)

, sp(r%g ()

and T is the specific Dirac y matrix. It may be seen that the left

hand side of Eq. (12) does not depend on the variables x and y; formally,
we may take the limit x,y > 0. The singularity of the composite operator

P (Y) E(Y) will be cancelled by the singularity of m-meson wave function

at the origin fK Tr(O). Therefore we have
>

<E',w| Ju(z)l ﬁ,ﬂ)

-1 4 4 1kX ik'X
Lim * d'x d'Y e (m— X)(m -0y)
x > 0 fK' (X)fﬁ TT(y) vh

y >0
spacelike

x <0|T[3p<rw(x+ (x— ))J (z) Sp(I‘lb(Y l>¢(Y+Y—)>]lo>} . ()

Comparing Eq. (14) with the LSZ field theory, it may be seen that there

is an equivalence relation:

1 -

o (Y) ~ lim ——— (Y +2) ry(y-2L (15)

T g >0 {f—ﬁ’n(y) ( 2) ( 2)
spacelike

where T may be selected as Ys» KYS, «.. . Here we call the equivalence
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relation in the physical matrix element the "field-current relation."
“It dqss not depend on the Lagrangian model" and the above discussion
has been extended to any type of meson and has been extended to any
baryon. Therefore for any composite particle there is an equivalence
relation, and it is correct for any physical matrix element of composite

particles.

3. An Intuitive Picture

It should be noted that from Eq. (l4) any process, in which hadrons
participate, is calculable by the corresponding Green's function of
quarks, using an equivalence relation of this type. Of course, the
Creen's function depends on the model for dynamics. Here we don't
discuss how to calculate the Green's function, it is a difficult problem;
however the procedure can be understood by an iﬁtuitive“picture.

At first, as an example of the physical matrix element, we consider
the wave function Xﬁ’ﬂ(xl,xz) (see Fig. 1). From Eq. (10) it may be seen
that the wave function may be represented by a Green's function
K(xl,xz,yz,yl) given in Eq. (8) and

ik
e

ikY
4 2 - -

= o]t &) & G o (16)

2

where k is on mass shell, i.e., k +m? = 0. This equation may be

represented by the intuitive picture shown in Fig. 2, where
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is an (unnormalized) projection operator. It projects the Green's function
K(x1,§e,y2,y1) into the product of two wave functions. In general,

K(XI’XZ’YZ’YI) satisfies the following equation (see Fig. 3),
K=V+VSV + ... (17)

where V(xl,xz;yz,yl)'is the sum of all the irreducible parts, S is the
propagator of quark and antiquark. If YK Tr(y)'were a scalar, it could be
transferred to the left~hand side, but it is a spinor. However by

multiplying on both sides of Eq. (16) by a I matrix and taking the trace

we can obtain a representation of the wave function:

<o | T(vGep) B)) | Kym

I S Y %(mi— DY)<o|T[w(x1>$<x2>Sp (ro(x- %)W”%))}M

£
(18)
_ . 1 4y, e 2
= y1_1:nO ——f; ﬂ(y)ﬁ Y i (mﬂ— DY)
spacelike' ’
x <0|T[¢(xl)w(x2)5p(r¢(Y—%)E(Y#Zl))]|0> (19)

Equations (18) and (19) may be represented diagramatically as shown in
Figs. 4a and 4b, respectively. In particular, for the pseudoscalar wave
function we have the following form

X eyt )+ T+ B 4 £ + i o £M(x)
—lz,vr(x) = Ysh X m, Ygholx m Y5t3 m Y590 4
(20)

Obviously, we have



h

Y
~
(o]
~

]

TT 2 —
4f1(0) if T = Ys

- . (21)
~4if, (0) if T =¥y,

h
¥
—
o
Ll
]

1

Thus the field-current relation can be understood through this intuitive
picture.

Similarly, we may apply the projection method to any physical matrix
element. As an example, we consider the electromagnetic form factor of
the m-meson which has been studied in Eq. (11) and (14) by using two
projection operators; the diagram is shown in Fig. 5.

From the above discussion it may be seen that there are three
general features:

(2) 1In order to get the physical matrix element of hadronic
processes, we may transform it into the above mentioned representation
in which the corresponding Green's function (off mass shell) should be
calculated. For example, for the form factor of the m-meson we may

discuss the following Green's function
(19 6<OIT ¥y e T, (2T, (D00, G [0 ] - (22)

Then taking the projection, we may obtain the form factors of the =-
meson. Of course, it is as difficult to calculate as the matrix element.
(b) Comparing these formulae with the LSZ field theory, it may be
seen that there is a correspondence between the quark current
@/fz’ﬂ(O»ﬂKY)Pw(Y) and the field quantity of the w-meson, @W(Y), i.e.,
there is an equivalence relation (15). 1t is correct only on the mass
shell of the m-meson. In other words, it is correct only for physical

matrix elements of the w-meson after taking the projection. In this
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relation Y is the coordinate of the center of mass. The equivalent field
quantity @“(Y) may be regarded as a description for the motion of the
center of mass of the 7-meson.

(¢c) If the m-meson is replaced by any other meson, the above
mentioned projection method can still be used. For example we may con-
sider the vector meson, p. Similarly after using projection operator for

the Green's function we may write its wave function as

- > _ 1 4 eikY 2
OlT(0GxP¥(xy) ) ks> = YR ON 4 = (mp“OY)
x <0|T(4 e B(x,) sp (T pMTD))|0> e (23)
where
XT{,DO{) - (X'E,p(x))ueﬁ . (26)

Notice that the general form of the vector meson wave function can be

written as

_ P ik p P 0
XE,p(X)u [Yugl(X) + n, Yugz(x) + 1xug3(X) + xuig4(X)
k)\ p i p
+ xuxv<5; ovng(x)-+ E;-euvpokapyoy5g6(x)
o ox EEX Py 4 KoK 00 (25)
v m 7 y m m 8
_ o] p p
By taking Fu = Yu’ then

O] T(PaB(xy)) K, 0> (26)

- ——[d% eikY(mz—cl )<O|T (e )y S (7 D FD)) [0> e
45 (0) PR (v ¥xg) 521, COF) b

which means that on the mass shell of the p-meson there is an equivalence
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relation

1 -
0, (D~ —=— D) ¥ b (27)
4g7(0)
Equations (15) and (27) are satisfied by any physical matrix element.
It may be seen that PCAC and VDM are particular cases of the field-
current relation. There are field-current relations not only for meson

but also for baryons.5 By similar arguments we may obtain the following

equality

a*x eiPX\/T—B-( 20 )< T(W DU, vixg)) (8> = 193 (x,x")<a3B,8, ]8>
E "B —X (ST TE BB R NP,
(28)
where w% B(x,x') is the wave function for baryon B with the momentum p

and spin A

A

m

(™8 iPx A ,
- E e wﬁ’B(X,x ) (29)
X = 3 (x1+x2+x3)
X = x-%,
x'= 1 (x, +x,) -x (30)
2 1 2 3

The problem that remains is how to project the wave functioﬁs. In other
words, how to get the inverse form of the wave function, since the wave
function of baryons is more complicated than that of a meson. Following
the method suggested by A. B. Hemigues_gg_gl.,G we can deduce the

following general form of the baryon wave function:
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L0+ ()2

where ¢i and wi are the bases of the symmetry operators 01 and O2

A, abc
<¢p’k(x,x ))

aBy

S

separately in SU(3) space,

<¢i_].<)abc - _}g [Edbaoi)z N Edca(ki):]

<j>abc _ 1 dbC(AJ
" 7 k)

A
x and & are the wave functions in spin space and the bases of the

(32)

symmetry operators 01 and 02,

{(h—f)(YSC) BYUQ(?) + [(h-— £ %)c]m(ysuk(%’))a
(h—f.)(mB Y,V )B (y U (P))
Y a

[(g +f-h %)YUC] o (YUY5U)\(1_’>)>OL

+ other term including x,x'} (33)

A _ L e P X
GO - { [( 2g - 3h+ 3f mB>YSCLYU°°( )

_ \
(2g - 3h+ 3£) (C) BY(YSU (P)>a

(wruUA & ) )

+ other terms including x,x'} . (34)

(),

+

+

+

L)
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>
where C is the charge conjugation operator. U(P) is the spinor wave
function, f,g,h are the invariant functions of P,x,x'. Substituting
Eqs. (32)~-(34) into Eq. (31) and noticing that the proton wave function
1
in SU(3) space is XZ’ we may obtain an equivalent representation
i

3 _ 1,d 4, -iPX |"P = = :
<P, 08> = B(0) Edbc()\Z)a(CYS)YB dxe E Ua'(P)(qu-l?)a'a

x <a|T(UE qﬂé (X ¥y (x))| 8> (35)

From Eq. (35) it follows that if one introduces an equivalent proton

field quantity TP(X), then we have

1 1,d .. - a b c
%0 ~ 557 Sape ) Him JCAIICCRTHCATMCEN]
x'+ 0
(36)
16 3
0) = =2 (g(0) + 3
B = 2 (50 + 3 1(0)

It may be seen that there are different field-current relations
for particles with different quantum numbers, and even for the same
particle there are different field-current relations, because one may
take different spinor operators, e.g., YuYS’ Ysg» CY5, Cy evn

Since there are many kinds of field-current relations, one may
select what one needs according to the actual problem. By combining
the above discussion with current algebra techniques, we may discuss
some concrete processes. For example, using Eqs. (15) and (36) we can
discuss the vertex NNw. Under the soft w approximation we obtain a
relation which is very much like the Goldberger~Treiman relation. From
the process 7 ->uv, we may obtain g2/4ﬂ =~ 15.4, which is in agreement

with the experimental value.?
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4, The Decay Ratio of ¢ and y' Particles

Now we will discuss some phenomenological relationships between the
ground state and the radially excited states with the same intrinsic
quantum number. For ekample, we can consider ¢ and y', if they have
the same decay products, i.e.,

v > f
Y o> £

Then according to the field-current relation for vector mesons we have

(k2+-m2 =0, K 24n'? = 0)

R ———L——-v/;4y S (n2-0y )13 Dy v (D ]0> e 37
4gq;(0) 1/2—(1) Y c H'C U
ctlutary = —e— [a¥y eik'Ysz,-EJ)<f!$ Oy v (1y]o>e  (38)

’ 4g1 (0) ‘/é_(:) 1‘) Y. C u'c u

where wc(Y) is the field quantity of the charm quark. It may be seen
that the Green's function which one wants to calculate has the same form
for the two kinds of processes, the only difference being projection
onto different mass states. In general, there may be many poles in the
matrix element <f‘$C(Y)YuwC(Y)|O>, and certainly there are at least two
poles, ¢y and Y'. As an example, in the case of the two poles we may

change the above matrix element into another form

. - A
1 PR 5 ) <f|¢C(Y)Yu¢C(Y)|o>eu
<f|k,x,w>=-————[dY m -0y )(m5,~0
T R el T e

(39)
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and

ﬁlk' ALY = ____l__[dll-Y eik'Y (mZ -0 )(mZ—D )
T QY A

- )\'
KElY (Dy. v _(X)]|0de
x et E (40)
ww - mw,

1

It may be seen that the function,

a*y e 2.0 )(n? -0 )T ) (0>
/2—03 (mw— Y)(m v Y) ‘wC(Y)YUwC( )[ )

does not have any pole. Hence we might assume that it is a smooth function

of kz. Under this assumption we may obtain an approximate equality for

their amplitude

' £

h = ) | - 41)
2

where c(y,y') only depends on ¢ and ¢', but not on £. Once the constant

c(y,y') is determined from T and T

§ > ee V' > ee’ one may calculate T

RS

from Fw-+f' Theoretical values are listed in Table I (we have considered

the phase space correction).

For four particle decay, ignoring the phase space difference, it

may be expected that

T
P! > 2nton - T¢'-*K+K‘w+n‘

T
Y »2n2n Pw -+ KFK-ntn—

The experiment result is
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T dn —

FI_P__'L_ZI__Z_"_ 0.68 * 0.32
- v > 2nton™

Pw »> KKt

T ~ 0.66 £ 0.34

Py > KK-rtn

Similarly, it may be expected that for T, we have

T 1
T—T_i—i C'(T,T') (42)
T>f

where ¢'(T,T') only depends on T and T', but not on f. This prediction
will be checked by experiments.

Following a similar method we have discussed a series of the
radially excited states, for example, N*(1470) and N*(1780), N*(1535)
and N*(1700), A(1520) and A(1690), %(1670) and 5(1940),'l.. . At present,
the experimental measurements for these decay processes are not accurate.
But it seems that the theoretical results agree with the experiments.8

All the above analyses show that the amplitude ratios for the
radically excited states only depend on the different radially excited
states-themselves and do not depend on final products (or the ratio is
only slightly dependent on final states). The reason is that they have
the same intrinsic quantum numbers, except for the radial quantum number.
Probably they have the same decay mechanism. It seems that these decay
procesées can be factorized into two parts. The problem about the decay

mechanism may be investigated in the future.
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TABLE T

Two Particles Decay of y'

-

Process Cal (%) Exp. (%) &
B(y' » ee) 0.88 (input) .88 + 0.13
B(Y' =+ up) 0.88 .88 + 0.13
B(y' > PP) 0.027 .023 + 0.007
B(y' -+ pm) 0.13 < 0.1

B(y' » 77) 0.0013 ¢ 0.005
B(y' ~ KK) 0.002 < 0.005
B(y' + AR) 0.022 < 0.04
B(y' =+ =E) 0.0064 < 0.02
B(y' » 7°y) 0.01 < 0.7

B(p' > ny) 0.011 < 0.042
B(y' > n'y) 0.03 T ¢ 0.11
B(yp' - KOR°* 0.042

B(y' + KK 0.034

B(y' » wi) 0.04

B(p' > pA,) 0.12

B(y' -+ Bm) 0.048

B(y' + ¢n) 0.013

B(yp' > ¢£") 0.011

a

Ref. 7.
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FIGURE CAPTIONS

wave function of the 7 meson.

diagrammatical representation of Eq. (16).
Bethe-Salpeter equation of K(xl,xz;yz,yl).

The diagrammatical representation of Eq. (18).
The diagrammatical representation of Eq. (19).

diagrammatical representation of the form factor of the 7 meson.
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