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Vector Dominance Model and Sum Rules for the High-Energy 
Photon-Nucleon Interaction ' 

Within the vector dominance model the sum rules for the cross 
sections of vector-meson photoproduction and for the t ototl cross sec
tions of photon and meson interactions with nucleons are being dis
cussed. 
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The test of vector dominance model (VDM) for the hadron elec

tromagnetic interactions 
1

•
2 

is of great importance. '!'he validity of 

VDM would result in many relations · between the amplitudes of strong 

and electromagnetic processes and would also implicate the conse-

quences of principal value in the current algebra theory, effective 

3 Lag rangians etc. 

In the present communication we are dealing with the two to-

pies in the framework of VDM: 

1. The ratio of the cross sections for high-energy neutral vee-

tor-meson photoproduction by nucleons. 

2. 'I'he relation between the total cross sections of photon and 

meson interactions with nucleons. All these questions have been 

discussed in many pa.pers (one can find the list of references, for 

. . 4 1 5 , 6, example, tn reVIews ., see a so ). '!'he results of the present work, 

which the author believes to be new, are summarized as follows: 

1. The ¢ -meson photoproduction cross section is shown to 

be sensitive both to deviation of the cu- ¢ mixing angle 10 from its 

"ideal" value () .. 35.3° and to possible violation of the U-invariance 

3 



in hadron electromagnetic interactions 
9

• 'I'he inclusion of these modi-

fications into the calculation, results in a considerable suppression 

of the ¢ -photoproduction, thus reducing the disagreement between 

4 
theory 

. t7 and expenmen • 

2. 'I'he finite energy dispersion sum rules 
1~ are used to define 

the integral of the total y P -interaction cross section in terms of the 

photon-vector-meson transition constant and p<'l.rameters, describing 

the high energy meson-nucleon scattering. 'I'he value of the constant 

obtained from the sum rule is compared with the data of various ex

periments 7 ' 17- 22• According to VDM we can write the amplitudes for 

reactions y + B .. Vi + B and y -+ B .. y + B as 

-< v l B I y B > - l: G y v < v l B I v J B > • 
J J (1) 

< y B I y B > = l: G v G yv < V 1 B I V J B > , 
I, J y I J 

with vl,J -p 0 
• cu '¢ and B = P, N 'I'he coupling constant G yv 1 

is defined through the matrix element of tra nsition 

Gyvl 

<OIJ (O) I Vt(q)>= 3/2 
IL (2rr) 

2 
m 

vl 

( 2 q 0 ) 1/2 l ll ( q ) . 

(2) 

In eq.(2) j IL is the electromagnetic current, £1' ( q) is the pobrization 

4-vector of meson with momentum q and mass m v 1 
'I'he impor-

tant thing to notice is that Gy v 
1 

= G(q2
) may indeed be the function 

of q 2 • 'I'o describe the amplitudes < V 1 B I V J B> in a high energy re-
4-6 

gion. the Regge-pole model or quark model are usually used 

4 
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8 
We make use of the additive quark model In the quark model the 

meson state vectors are of the form 

1 
>' .;2 

lw> cos s I .---=- pp + nn > 
y2 

sin 8 I A A > , (3) 

-I¢> cos !) I A A 
sin 8 

> + --==--y2 
p p + nn > , 

where p , n , >. are usual symbols for quarks, 8 = (} v- (} 
1 

(}vis the 

w - ·¢ mixing angle whose "ideal" value is (} tg (} = 1/ v 2 We 

shall assume further that the spin dependence of scattering amplltu-

des is unimportant in the region of high energ ies and small angles. 

It is possible then to express the < V 
1 

B I V J B > in terms of the pseu-

doscalar meson amplitude scattering. Taking all this into account, we 

obtain 

< p 
0 

B I y B > = P GyP + 3 A ( G yw cos 8 - Gy¢ sin 8 ) , 

< w B I y B > = P ( G y w cos 2 8 - Gy¢ sin 2 8 ) + 3 A Gyp cos 8 + 

2 
+ S ( G yw cos 8 + -

1
- G y¢ .sin 2 8 ) , 

2 

< ¢ B I y B > = - P ( Gy¢ cos 2 8 + G yw sin 2 8 ) - 3 A Gyp sin 8 + 

5 

(4) 

(5) 



2 1 
+ S ( Gy¢ cos 8 + 2 ~(i) sin 2 8 ) , (6) 

2 2 2 
<yBiyB >=P[Gyp+(Gy(i,)-Gy.p)cos28 -2Gy(i,)Gy.psin28] + 

+ 6 A Gyp ( Gycu cos 8 - Gy.p sin 8 ) + (7) 

2 2 2 2 
+ S ( Gy.pcos 8 + Gycu sin 8 + GycuGy¢ sin 2 8), 

where 

p = 1/2 ( < TT + B I TT + B > + < "- B I ,- B > ) ' (8) 

A=l/2(< K+BI K+B> + < K-BI K-B 
-o -o 

> - < K 0 B 1 K0 B > - < K B I K B > ) , ( 9) 

S o= l/2( < K+BI K+B> +<K-B I K-B > +<K 0 B I K
0

B> +<K
0
BI :K

0

B >). (10) 

Note, that in the Regge-po l e model the energy dependence of P and 

S is dominate d by the Pomeran chuk poles, whi l e A includes the 

contributions from the Regge- trajectories with isospin excha n g e I = 1 

in the t- channel from whi ch the A 
2 

-trajectory i s u s u a lly suppo-

sed to be dominant. From the quark structur e of state- v e c tors of 

V ; s one can derive the following relation 

GYP: Gyw : Gy¢ 3 : ( cos 8 + 1/ 2 x sin 8 ) : ( •V 2 x cos 8 - sin 8 ) , 
(11) 
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(6) 

(7) 

l 
n 2 8 ) , 

3 > ) ' (8) 

-o -o 
. - < K B I K B > ) ' ( 9) 

-o -o 
+ < K B I :K B > ) . (10) 

dependence of P and 

e A includes the l 
:;ospin exchange I .. 1 

ry is usually suppo-

• of state-vectors of 

' cos 8 - · sill 8 ) , 
(11) 

where we have accepted the "broken" symmetry ratio for the qu3.rk 

amplitudes 

<riPP> <rlna >: <rl>->.> .. 2:-1:-x. (12) 

Wh~n x = 1 we come to the well-known octet structure for electro-

magnetic current. The change of the electromagnetic interaction of 

"strange" quarks as a possible model of the U-symmetry breaking 

was proposed and discussed earlier, together with some experimen

tal implications 
9

• We shall estimate now the effect of inequalities /; -1 0 

and x f, 1 in the high energy vector meson photop~::oduction. Expe-

rimental cross sections are fitted at fixed energy in the following 

form
7 

2 
aexp(-bA ), 

where A 
2 

is the momentum transfer. 

In Table 1 the ratios r ( V 1 B) .. a ( V 1 B ) / a ( p 0 B ) 

(13) 

obtained 

experimentally 
7 

and computed theoretically with the help of eqs.(4)

(12) for several sets of 8 and x are given for Ey- 5 GeV. The 

forward scattering amplitudes in eqs. (8)-(10) were supposed to be 

pure imaginary and calculated with the help of the optical theorem 

and experimental cross section. In our normalization a ( p 0 P) in eq.(13) 

is defined by 

a(pOP) =-
1
-[G (u(rr+P) + u(rr-P))+ 

6 4 rr YP 
(14) 

+ - · + - 2 +3(GyOJcos8- Gy¢sin8)(u(K P) +u ( K P)-u(K N)-u(K N))} , 

7 



where we have used o(K 0 P)+o(K
0
P)=o(K+N) +o(K-N) 

as a consequence of charge symmetry. 'I'he formulae for a ( cu B)and 

a ( ¢ B) can be easily obtained using eqs. (5) (6), (8)-(10). The value 

8 - 0,08 in Table 1 corresponds to the cu - ' ¢ 

which follows from the mass formula 
10 

and 

mixing angle 8v= 40o 

x =0.8 was chosen in 

ref. 9 t o bring t h e A -hyper on magnetic moment into agreement with 

experiment. Numerically, the x-value is close to the ratio m p / m ~0,75, 

pro posed in an other scheme of the symmetry breaking
11

• One can 

see tha t disag reement between theory a nd experiment in the ¢ -pho-

toproduction is reduce d to one standard deviation instead of nine, 

when 8 = 0 a nd x = 1 • The relati o nship between the p0 and cu -pho-

toproduction depends weakly on the variation of 8 and x • 'I'he 

chain of inequalities 

2 

G ycu 

r (cuP) > ----
a;p 

>c(cuN) 
(15) 

is accounted for a relatively larg e val•.Ae of A(E) at E = ~ GeV 

whose signs are opposite for proton and neutron according to eq.(9). 

When the energ y increases the A ( E ) goes to zero (in the Regg e-

pole model we w o uld have 
a A col - 1 -o a 

A(E)/P(E) .. E 2 =E ') 
E-+oo 

so that the ratio of the p 0 and cu -photoproduction by nucleons 

will approach 

o(p 0 ): q(cu) .. G 2 :G 2 =9:1 
yp )'CU 

8 

(16) 

which should be vali< 
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2 formulae for a ( w B)and 

5) (6), (8)-(10). The value 

mixing angle 
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.ry rea 1ng • One can 

x:periment in the ¢ -pho-

!viation instead of nine, 

Neen the pa and co -pho-

ion of 8 and x • The 

(15) 

f A(E) at E = :'5 GeV 

~tron according to eq.( 9). 

to zero (in the Regge-

E 
a A 2 to l - 1 -o a 

= E • ) 

•production by nucleons 

(16) 

which should be valid in the intermediate energy region only for 

the coherent photoproduction by the isoscalar nuclei ( D, 
4

He, 
1
'b). 

We shall turn now to the calculation of the absolute values of 

constants on the basis of dispersion sum rules, T he start-

ing point for derivation is the Cauchy formula 

f(E)"' 
1 f ( E ') 

d E' (17) 
E'- E 

for the forward photon-nucleon scattering amplitude f = f ( E ) • The 

contour of integration in the complex energ y pla n e in eq.(17) is de-

fined by the general requirements of microcausality a nd spectra lity. 

. . nd d t h . 12 h 11 •t th 1 Omitting the sta ar ec n1que , we s a wn e e sum ru es in 

their final form 
14 

-2rr
2 a R 

J 
0 

uyP (E) d E + J 0 ( R) , (18) 

M 

R 

o ., r 
0 

E
2 u (E)dE+J (R), 

yP 2 

(19) 

where a = 1/137, M is nucleon mass, u-y p (E) is t o tal y P - cross 

section and ] n ( R) are the integ rals taken a l ong the large c ircle C R 

of radius R 

- i rr 
n-1 

E f( E) d E ( 20) 

For larg e values of R the validity of eqs. ( 7)-(10) in the whole 

complex plane is assumed. T he large circle integrals o f the meson

baryon amplitudes were shown 
12 

to be approximated quite well by 

9 



R 

Jn (R) = - f 
0 

n E a 1 (o)-1 

E (I B 1 (E) )dE, 
1 0 (21) 

where B 1 a nd a 1 (0) are the well-known Regge-pole model parameters. 

In whnt follows we shall use 

u ( "+ p ) + 0' ( IT - p ) "' 2 ( B + B ' E - O, 
5 

) 
p p (22) 

+ - -o,s -o,e 
a ( K P) +a ( K P) .. 2 ( CP + CP' E + C A 

2 
E ) (23) 

w ith 1 3 BP = 19,7 mb, Bp'=19,6 mb, C P = 17,7 mb C P, ==5,7 mb, 

C A 2 = l, 38 mb a nd all energi es are taken in GeV. 'I'he expression 

for the St..tm a ( K
0 

P ) + a ( K 0 
P ) can b e obtained from eq.(23) by 

chan g ing the sign of C • • 'I'he e xperimental values of a (E) in 
~2 yP 

the energy inte rval 14 15 16 E S. R = 5 GeV were found from refs . ' • 

Due to rather poor accuracy of the experimental data above 2 GeV, 

we g ive only the resulting calculation for the sum rule (18) 

-0,0 6 mb GeV = 0,5 9 mb GeV - G2 
yp 240 mb GeV 

(24) 

from which it follows 

2 

Gyp .. 0,37 Cl • (25) 

The va lue of J 0 (R) in eq .(18) was found a t X "' 1 and 8= 0 • With 

variation of X a nd 8 the final result (25) is changed negligibly in 

comparis o n with the range of experimental uncertainties, which are 

assumed to be a bout 1 5o/o. In 'I'able II the value s 2 
Gyp aG(mp) are 

g iven, obta ined from both the vector-meson lepton decays 17- 20 and 

the inv~rse r-eaction e + + e- -• p 0 .. rr+ + "- observed recently 

10 
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2 
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e +e- . 
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D)- 1 

) dE , 
(21) 

~e-pole mode l parameters, 

-0,5 

(22) 

.. -0,5 -0,8 
J + c A E (23) 

17,7 mb cp, .. 5,7 mb, 

n GeV, 'l'he expression 

)btained from eq,(23) by 

1 values of u (E) in 
yP 

found 
14 

from refs. 15• 1 6, 

mtal data above 2 GeV, 

e sum rule (18) 

2 
GYP 240 mb GeV 

(24) 

(25) 

:a: = 1 a nd 8= 0 , With 

s changed negligibly in 

ncertainties, which are 

lues Gyp .. G(m ~ ) are 

!pto n decays 17- 20 and 

observed recently 

in the colliding e + e--beam experiments 21• 22• 'The constant 

G G ( m
2 

yp = P was found from 

2 3Br(p0
-+ "+rr-) 

Gyp - --------
(26) 

a mp 

where 
0 .,.. - 0 

B = r ( p ... f f ) I r ( p -+ rr + rr -) m p =-764 MeV and 

the " p 0 -meson width was taken throughout to be r P =130 MeV 

for the exception of the last row in Table II where we make use of 

r p = 90 MeV claimed by the Novosibirsk group 
21

, 

In view of the possible dependence G y v c G ( q 2 ) it is of 

interest to compare our value (25) with other results for Gyp (0) , Here 

we use the forward p 0 -photoproduction by protons. 'The a ( p 0 P ) 

value entering eq.(13) was measured at E .. 5 Ge V to be 7 

•ezp(p
0 P)=(0,129 _! 0,012) mb / GeV

2
, (27) 

'The comparison of eq,(27) with theoretical value (14) 

2 2 
a(p 0 P) =Gyp(0)43,2 mb/GeV 

(28) 

gives 

2 

GYP (0) .., (0,41 ± 0,04 ) a (29) 

which is in more favourable agreement with eq,(25) than with Gyp<•:) 

listed in 'Table II. 'To get a more definite conclusion about the off

mass-shell effects in Gyp( q • ) much more accuracy is needed both 

in theoretical treatment and in experimental data on high-energy y P -

interaction. 
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8 = 0 lt- 1 

8 = 0,08 lt= 1 

8= 0,08 lt= 0,8 

;xperiment 7 

~xperiment23 

Table 1 

r ( w p) r ( ¢ p) r ( cu N) 

0,18 o,oJl 0,056 

0,2 0,02 0,062 

0,19 0,011 0,062 

0,21::!: o, 04 o,oo6!o,oo25 

0,22 :t 0,06 0,012 :t 0,006 

r ( ¢ N) 

o,OJ5 

0,029 

0,017 

·-----------

T,ab1e II 

5 2 
Reac tion B 10 G (m2)a-1 Reference YP p 

,-+p-+e+ + e- + D 
J,5!0,9 O,J4 17 

' y+C-+Jl++Jl-+C 5,9::!:1,5 0,56 18 

.,-·+c .. "'++"' - 5,8:!:1,2 0,55 19 + · .... 

y+C-oe++e-+C 6,5::!:1,4 0,62 20 

e++e- .. tr++,- 5,41;:!:0,89 0,52 22 

e+ + e- -otr++ ·rr- 4,13!0,7 O,J2 21 
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