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Calculation of the Compton scattering cross section of charged vector mesons
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The Compton scattering cross section of the charged vector meson is calculated and discussed for the first
time. It is explicitly shown that the bad unitarity-violating terms are cancelled in the high-energy limit.
Also, the contribution of the charged gluons for deep-inelastic Compton scattering is calculated.

I. INTRODUCTION

In the unified gauge models, there appear many
charged vector mesons (gauge bosons): W' in the
Weinberg-Salam model, ' additional V'„V ~ in the
Pati-Salam model, 2 etc. Even before the formal
development of the gauge theory, charged vector
mesons had been hypothesized as possible inter-
mediate quanta in the weak and strong interactions,
and many calculations were performed concerning
these vector mesons. But such non-gauge-theo-
retic calculations showed that the production cross
section of the vector meson violates unitarity in
the high-energy limit; for example, vector™meson
production through annihilation~ of the charged
fermions and Compton scattering of the vector
meson. 4'5 Such difficulties can be avoided in the
frame of gauge theory in which the renormaliza-
bility and unitarity are naturally satisfied by the
nature of the theory itself. The explicit cancell-
ation of unitarity-violating terms in W'-boson
production in the Weinberg-Salam model has been
calculated by many authors. ' So far, there is no
gauge-theoretic calculation on the Compton scatter-
ing of the gauge boson. The purpose of this paper
is to calculate the Compton scattering cross sec-
tion of the charged vector-meson gauge theoretic-
ally and to investigate the high-energy behavior.

In Sec. II, th'e calculation of the cross section

II. COMPTON SCATTERING CROSS SECTION

The lowest- order photon- vector-meson scatter-
ing is given by the Feynman diagrams shown in
Fig. 1. The kinds of diagrams and corresponding
coupling constants are the same in the Weinberg-
Salam model (WS} model and in the Pati-Salam
(PS) model since the interacting parts of the La-
grangians are given by

Zw =e(A„W„i8"W'" + W„W'"i B"A„+W„'A "fB"W„}

+ e[2( A„A")( W„' W") —(A„W ")(A„W'")], (l)
=e(A„V,„iB"V,'"+V,„V,'"iB"A„+V;„A"iB"V, )

I

+ e2[(A„A")(Vp„Vp")—(V~„A")(Vp"A„)]

+ (V~ —= V'„}.

Using the Feynman rules for the vector meson,
the amplitudes for each diagram are

(2)

and the cancellation of the unitarity-violating
terms in the high-energy limit is explicitly shown.
The color-gluon contribution in the deep-inelastic
Compton scattering of a nucleon, via the parton
model, is calculated in Sec. III. In Sec. IV, the
results are summarized and discussed.

ea=, (4(c k)[(e.e')(c' k')- (e' k)(e c')-(c' e')(e k')Js-M'
+4(e c)(e' k)c'. (k-k')+2(e c)(e' c')k' (k —p)j,

b= ~(4(c k')[(e e')(c' k)-(e k')(c' c')-(c' ~ ~)(e' k)]u —M~

+4(e k')(e'c)c' (k'-k)+2(e c')(e' c)k (k'+p)J, (4)

c=f[2(~~ ~')(c ~ ~')-(~ c')(~' c')- (& c')(&' c}l ~

where s =(k+p} and u=(-k'+p) .
With the polarization sum of the vector meson

c"(p)c"(p) = -Z""+p"p"/M'
po ~

the square of the total amplitudes ~A ~2 is calculated as

(6)
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I~ I'= la I'+
I
k I'+

I
~ I'+ 2a*t +»*~+2a*a

where

lEl'=, I E(M«(E. E')'(k k)'4«[(E' k)'+(E k')'l(k k)'

+~(e' k) (S(k k') +6(k k')(O' P)+(k' P) —12(k k')P (k —k')
M

+4[P (k-k)] -4P (k-k')(k' P})

—4(E' k)'k' ( k()+E[ k(k-P)J'),

lkl'=- E )(-E(E E')'(k' k)'+Mm[(E' k)'+(4 k')'J(k')E)'

+ ~(e k') 18(k'k') -6(k k')(k P) +(k P)2- 12(k 'k')P (k —k')
M

+4[p (k-k')]2+4p (k-k')(k p))

—4(c k') k (k'+)E)4[k (k'+)E)J'),

I
c =2(E t') + 2+ ~[(e k') (6 k') ]+~(6 6') (p'p ) —~ (& & )((-''k )(& 'k),

2a b=, 2- (e e')(e k')(~' k){-32k.k'+16(k' —k) p

+~[-2(k k')(O' P}+2(k k')(k P')+2(k' P)(k' P')
M

+16(k P)(k P') +(k k'} —(k k')(O' P)+(k k')(k P)

-(k p)(k. p)])

+ 2 2 (e e') (8(k k') —8(k k')(k'p)+8(k k')(k p) —8(k' p)(k p)+32(k k')1
(s -M')(u -M')

I—~[(k p)(k' p)(k k')+(k k')(k p)(k'p')]+7(k p)(k' p)(k p')(k' p'))
M1,2, 2+—,—~ (e' k) -(k k')+ ~(k p}(k'.p)+16(k p)(s -M')(u-M ) M

+ ——, M~ (e k')' -(k k')+~(k p)(k'p) —16(k' p)

2E'c = «(E E')'t'k' ( )k+4)Ek' —kE[(k -)E )(k P') ( 4)Ek)(k' 'P)J'+m(k P)(k' )E')()E )E') j
-T(E E')(E' k)(E k') 34«[(k')E') —(k-k') )'(k ))Ek'JjE-(s-M ) M

[(k'-k) P'+-,'k' (k-P}]—,k' (k-P),
8 (e' k) 4

(s —M') M~ (s —M')

24EE= (E E')'I!k (k'4)E) 42(k k')-«[(k )E )(k ))+( )E)E(k' )Ek)J+'M«'(k':)E)(k )E')()E )E') j
(E E')(, k)(, k) 4+4[k (k k) !(k'+k) k kk Jj---(u-M~) M

e k'2
[p'. (k'- k)+-,'k. (k'+p)]-, k (k'+p).
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The terms with (e P}, (e' P) are set to zero without practical difficulties, since the form we want to con-
sider is the cross section in the laboratory frame. Since we are interested in the very-high-energy region,
the invariant variables are approximated as

s =(k+P} =2k P =(2Mk)„„,
t=(k-k') =-2k k'=- (s+u),
u=(-k'+P) =-2k' p=(-2Mk'), ~.

Using the above approximation Eq. (8) is reduced to

I&l =(«)~+~[(&'k) +(~ k') ]+1(~' k) +4 —+- -16 -+-,1, 2 1 I (e' k) 1 u
M M M 2 s s 2 s

I &I =(~ ~') 7+ ~[(~'k) +(e' k) ]+ 1(e k') +4 -+- —16 — —+-,2 I + 4», 2 1» 1 s (e k') 1 s
M M Q 2

8 + tC

lc I
=2(& ~ ) +(~ ~') —

4 +2[(~~ k')'+(~' k)']- —1(~~ ~')(~ k')(~' k)+2,

2a k=2(e e') ~+(e e') 26+12I —g—I+ — ~[(q.k ) +(~ .k) ]t2 sQ g2 (s zt t 8(&+I) 6

Iu s
&

M'

—~('")(~~ k')(e' k) 1+4M' —,+-

(12)

2b"c+2c*a=-2(e e'),—-(e e') 20+12 —+- y —(s yu) +~ (e' k)-+(e k') — +4, , (s+u)' Q s 8 8
M s e M, M

S Q 6 p 1 1 12+ 2 —+- +~ [(E ' k) +(t' k ) ]+24(6'E )(E' k )(E k)' '+ + ~(E'f )(E ' k)(f'k ).
u s M gg s. M

(14)

The badly unitarity-violating terms with 1/M in
Eq. (10)-(14) get canceled out as can be seen
easily. After the summation of Eq. (10)-(14),we
can get the differential cross section in the high-
energy limit,

dQ 1 i 24- 12 —,+—+8 ~i+

+~ sin28(k- k')2 (16)

cfO'

k 'dk 'dA 3

x 24+12 -+-" +8 ~+~

+~ sin 8(k- k') (15)

This result can be compared with the earlier non-
gauge- theoretic calculations

go&Ref 4) &2 yi 2

dQ 2M' a

&& 1+cos 8+ z(7 —16cos8+3cos 8)
uu'

2

12M+

After the dk' integration and using Eq. (9), we get
(k2+ k')+ ——7- (29- 16 cos 8 + cos 8)

48M
(17)

a' k' k 8

(a) (b)

e'k' k8 8'k'

6'P' Pe ~P

(c}

do'""" o 1+cos'8

4 kk'
cos8(1 —cos8)3M

(k'+ k")+ — —(5+ cos28) . (18}
3M

FIG. 1. Feynman diagrams for the Compton scattering
of a charged vector meson. k (jb') and p(p') represent
the incident (outgoing) four-momenta of the photon and

vector meson, respectively, and & (&) and g (g') are
the corresponding polarization vectors.

The possible unitarity-violating terms are the
terms with 1/M' in Eqs. (16), (17), and (18),

—
1 sin28(k —k')2, in Eq. (16)
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(k +k") kk'
and —~, in Eq. (17) and (18) (2o)

chargeinthehadronof mass~-M„. For the caseof
many charged gluons, g(x) should be replaced as

where cos 8-1 but sin 8 goes as

sin2 8 P (21)

g(x) —Q Q('g, (x), (24)

in the high-energy limit. Therefore Eq. (19) does
not increase indefinitely in contrast to the Eq.
(20} which violates unitarity badly.

Therefore we can see explicitly that the Compton
scattering cross section does not violate unitarity
as expected by gauge theory.

s —xs, t —t and u —xu

5(2P a+a')- &(2xP e+e'),
(22}

the Compton scattering cross section of the charg-
ed gluon with momentum fraction x can be calcula-
ted after integrating over x as

do""" n' 1 k k' 'l

dQdk' 24M k sin'( —'8) t. k' k )

III. DEEP-INELASTIC COMPTON SCATTERING

It has been well known that the spin-& partons
have only half of the nucleon momentum and the other
half of the momentum must be carried by other
types of partons, '0 which are believed to be color
gluons. In conventional gauge models such as'
quantum chromodynamics, " the color gluons are
massless and neutral. But in the Pati-Salam mod-
el the gluons are massive and some of them have
charges. For general purposes, however, we do
not specify which model the charged gluons come
from, but we only assume that the charged gluons
are present in hadrons.

In the infinite-momentum frame, the, charged
gluons have a longitudinal-momentum fraction x
of the nucleon momentum. With the replacement
of invariant variables in Eq, (15),

where Q, is the electric charge of the ith gluon in
the unit of e. Compared with the previous calcu-
lation' of the Compton scattering of the spin-0
and spin-& parton,

da' a'
dQdk' 2M k' sin~(~8} fo

do' o fk k'
dQdk' 4M k sin (—'8} ~(k' k

(25)

(26)

the Compton scattering cross section of the charg-
ed gluon has additional terms with k, k', and kk'.
Now we can calculate the deep-inelastic Compton
scattering cross section of the hadron composed
of the quarks (spin &) and gluons (spin 1) as

d+com pton d+g luon d+quark

dQdk' dQdk' dQdk' ' (27)

IV. SUMMARY

The Compton scattering cross section of the
charged vector meson in the gauge theory is cal-
culated in this paper for the first time at the high-

energy limit, and the cross section is explicitly
shown not to violate unitarity in contrast to earl-
ier calculations. Also the contribution of charged
spin-1 partons (charged color gluons) in deep-in-
elastic Compton scattering is calculated and is
found to have quite different kinematic structure
compared with the Compton scattering cross sec-
tion of spin-0 and spin- & partons.

The interesting feature of the present experi-
mental situation' is that the quark contribution
alone cannot explain the experimental data and
more contributions from the other types of charg-
ed partons are needed. The detailed comparison
with the experimental data based on the Pati-Salam
model has been made and published elsewhere. '4

+ 1 sin28(k —k'} g(x},

(23)

where g(x} is the gluon distribution function of unit
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