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ABSTRACT 

By saturating matrix elements of the stress tensor 

between vector meson states with f, f' end the Pomeron, we 

find that (I) nonet mass formulas are obtained (II) vector 

meson-nucleon total cross sections ere determined, with 

a 1/mv
2 

dependence on the vector meson masses and (Ill) 

tensor-vector-vector couplings are obtained. All of these 

are In agreement with the experiments. 

I. Introduction 

The Idea of tensor meson domlnence of energy-momentum tensor 9 

(I) ~v 
has been explored for 1 number of years . Recently this concept has 

become even more attractive because of Its possible connection with 8 

gravitation type theory of strongly Interacting particles. In previous 
(2 ,l) 

papers we have attempted to build In Pomeron (P) contribution 

along with that of f and f' mesons in 6 
~v 
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In particular, in ref. l (I} 
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matrix elements of e between the octet baryon states were saturated with 
~v 

f, f' and P to obtain the Geii-Hann-Okubo (GHO) mass formula,D/F ratio 

for tensor meson-baryon-baryon couplings, values of P and f-nucleon-nucleon 

couplings, all in good agreement with the experiments. In this note we 

apply a similar procedure to the matrix elements of e between vector 
~v 

meson states and find very interesting consequences for the tensor 

couplings and total cross-sections of the old (·P, K*, '"• +) and the new 

(~. ~·. o* etc.) vector mesons. 

II. Tensor Meson and Pomeron Dominance 

The matrix elements of e between two identical vector meson 
~v 

states contain six form factors(ltl. In .the present work we will be 

concerned with only one of these: 

(1) 

where P • PI + P2 , q • p1 - p2 . <1 and £ 2 are the polarization vectors 

of the vector mesons. The condition 

<V(~ • O)!/e (x)d 3x!V(p • 0)> • m <VIV> 
- 00 - y 

(2) 

gives G1(o) •- 1. 

Similarly the tensor meson matrix element between the vector meson 

states Is given by four coupling constants(S). Again we will need 

on I y one of these: 

g -2 
__!Y! (!!!.,_ h •[ 
2~ m 2 I 2 

v 

p p E~v 

" v 
+ •••. 0. 
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~II 

£ end mT ere respectively the polarization tensor and the mass of the 

tensor meson. m Is the mass of the vector meson and m Is some averlge 
v -2 

m masi. The fector -;r Is explicitly extracted from the coupling constants. 

OTVV will be essum:~ to obey su
3 

symmetry reletlons(6). The tensor· 

meson couplings to 8~11 are defined by 

As In I and ref. 2, we s1tur1te the form fector C1(o) with f, f' 

(or slngiet f1 and octet fal end P. Now the n1ture of the Pomeron 

hiS reMelned quite mysterious over the years. For our purpose we 

(~) 

trait It es I fectorlzeble su
3 

singlet Regge pole withe linearly rising 

trejectory (ap • I + a'ptl end the contribution to &1 Is eveluated by 

Introducing e spin 2 particle with mass HP • 1/~. The singlet 

nature and fectorlzetlon 1re probebly correct within ebout 20t. To 

obtlln cross-sections, the spin 2 pertlcle pole will be Reggelzed. So 

the ectuel existence of such e pertlcle M~Y not be cruclel. The small 

rise In totel c~ss-sectlons found et NAL end ISR energies could be 

built In If necessery by teklng ap(O) to be slightly l1rger then I. 

Such e procedure has been followed by several euthors recently In 

their fits end the fundamentel problem remains common to Many such 

lpproeches. At eny rete we regard the results obtelned here and In 

las e posteriori justlflcetlon for such an effective perametrlzatlon 

of the Pomeron contributiOn . 

Then, 1ssumlng D type su
3 

symmetric coupling for vector-vector· 

tensor octet vertex,seturatlon of &1(0) leads to the following 

relations: 

2 
m 
"'t 
~ • gpgp.., .. + g 9 
m I I I l"'l"'l 

2 
m 

"'1"'8 -..-•gg 
m~ 8 a..,..,a 

-~-

(5) 

(6) 

(7) 

(8) 

(9) 

Here giPP(g 1) and g8pp(g8l are respectively the singlet and octet tensor 

meson couplings to the p·meson(7l (0~11 ). "'I and "'B ere the singlet 

end the octet components of the"' and+ mesons. Note thet Eq. (5), (6) 

and (7) 

2 
~mK* • 

eut011111t I call y 

2 2 3m + m ., p 

satisfy the GHO mass formula 

(10) 

Similar equations can be written for the diagonal representation 

with physical masses m 2 , m 2 . .. 
(II) 

(12) 

The simplest assumption would be that the same matrix 
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( co,s 
8
8v sin 8v) which dlagonallzes m2 In (7), (8) and (9) also 

-s n cos e v v 

dlagonallzes all the couplings of P, I and 8 separately. A more com­

plicated possibility would be that the mixing angles are different and 

dlagonallzatlon Is achieved by conspiracy between different terms. We 

consider the first alternative. Then It readily follows that 

and 

II .. , 2 
+ .. 

'"8 

2 

2 2 .. - "' "'8 ~, 

2 + m 2 - m. .. 

2 2 - cos 28 
v ... - ..... 

as it should be. 

(13) 

(lit) 

(15) 

(16) 

(17) 

We need one nore Input to solve the equations for the couplings. 

In accordance with Okubo-Zwelg-llzuka (OZI) -rule8 we assume that 
which are supposed to 

gf'pp • 0. OZI rule forbids couplings between particles~contain only 

strange (or charmed) quarks wl th the ones without these quarks. It 

see~ to be approximately correct for couplings like •pw, f'••, f'NN etc. 

-6-

In quark model non vanishing values of these couplings (violation of OZI 

rule) may just mean some small admixture of the other kind of quarks. 

Later we will consider deviation from the OZI rule. Presently we obtain 

(18) 

From Eq. (5), (6) and (18) one finds 

(19) 

Now, as In l, principle of universality of scalar and tensor 

couplings to the stress tensor(9) fixes gf, gf'' 9p and hence g1 and g8 

for a given mixing angle &T. We take the values of these constants 

from I. So these are ~new parameters here. gfpp Is then determined 

from (19) and gPpp' gP++' gp~ from (5), (IJ), and (18). 

Other couplings like gfww' gf••• etc. are now readily given by 

(lit) and (15). Since g , • 0 and g •-
, PP awa~s 

(20) 

(21) 

When 9v • 9T • 35.3" (ideal), (20) and (21) reduce to the well-

known reI at ions: Now we consIder 

some numerical values of the coupling constants in this approach. 

;;;< -2 Taking gf • 0.0]6, gf' • - 0.06~ and 9p • 0.097/ o p(o'p In GeV ) 
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from paper I, we find, for Ideal f - f' miKing eT • 35.3" 

(22) 

These are Independent of the MIKing angle ev. As In I, however, the 

results are sensitive to the value of eT. This happens because of the 

large cancellation between gf and gf' terms In the equation for g8. As 

we have used the OZI rule, It Is perhaps more appropriate (although not 

necessary) to use the Ideal (canonical) value for eT. But for the 

sake of completeness, we quote the values for eT • 31" (which Is In the 

range predicted by the mass formulas of the tensor mesons). We have 

To estl-.te deviation f~ the OZI rule will be very model dependent. 
. 9.,. 

For the • Meson the OZI suppreaalon factor~ Is believed to be typl­
gWII" 

cally about 1/10. If In the case off', there Is a almllar factor, 
gf' ___ge_ : I II 0 
gfpp 

Solving the equations with this Input, we find 

eT • 35.3" + gfpp • 34.02, gPpp • 16.011~ (24) 

In this ~Y all the coupling consta~ts can be determined In terms 

of masses and o'p· Next we discuss applicatiOns of these results. 

Ill. Decays of Tensor Mesons 

From the above values of gfVV and gf'VV' all the other gTVV couplings also 

-8-

can be readily determined by using su
3 

symmetry. These couplings become 

relevant In the models of decays of tensor mesons. Since this Involves 

a detailed program by Itself,. we hope to present such calculations 

separately In future. Here we just make few remarks based on comparison 

with the already eKistlng works. In ref. 4 , Renner studied tensor 

dominance of vector mesons using f and f' intermediate states and 

determined gfpp' Then using vector dominance he related the other three 

couplings to gfpp' In our not at I on he found gfpp • 9.44 which Is 

smaller by a factor of about 2.5 to 4 when compared wl th our values 

(Eq. (22), (23) and (211)). He hat calculated radiative decay widths 

off mesons, !or whic~however, unfortunately as yet no eKperlmental 

data are available. But some time In future the situation could change. 

In a recent work levy, Singer and Toaff(lO) consider dual amplitudes 

for pseudoscalar -vector scattering and obtain gTVV couplings. In 

spite of the fact that their model Is entirely different from that of 

Renner, the values of the dominant couplings obtained were very close 

In the two models. It appears that the different values obtained for 

gfpp In the present model stems from the breaking of duality by the 

introduction of the Pomeron. With their values of gfpp (comparable to 

Renner\) authors of ref. 10 calculate the decay width off+ p0 w+w-

to be 0.49 MeV. EKperlmental decay width for f + .•.-.•.- Is given to 

be 6.2 ~ 1.5 HeV. Even granting that the latter width Includes more 

than just pnw events, there Is a discrepancy by a factor of about 6 to 

10. It Is very interesting that the larger value of gfpp required to 

remove this discrepancy is Indeed provided by the present model. 

Similarly rtheory for~+ ww~.- comes out to be smaller than 
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rexpt by a factor of about~ In ref. 10. Also In another recent work 

Novlkov and Eldelman(ll) estimate gf by assuming that the entire 
PP 

f + 2w+2w decay proceeds through p0 p0 Intermediate states and obtain 

a value which Is about a factor of 2 larger than that of Renner. The 

motivation In ref. II was to estimate the charge asymmetry of w mesons 

+ - + -In e e + w • reaction for which gfpp Is clearly relevant. Thus the 

coupling constants gTVV obtained here, which are larger than the ones 

determined by dual or f-f' tensor dominance models, seem to be required 

by the experimental data. Now we consider the vector meson-nucleon 

IV. 

The couplings constant gpyy Is clearly relevant to the calculation 

of vector meson-nucleon total cross-sections for which data are becoming 

available. We evaluate the cross-sections In a very simple model In which 

the spln-2 contribution Is Reggelzed by assuming structureless residue 

functions. We consider only the asymptotic POMeron contribution although 

the present model also makes definite predictions for the secondary 

contributions from f and f'. 

let A(s,t) be the spin averaged amplitude for V-N scattering 

{Vl(pl,cll + Nl(ql) • v2(p2,<2) + N2(qzll 

In the vertex function (J) contributes as 

The PNN vertex Is taken from (1:) (Eq. (J)) 

ass+ •. Only the first term 

9PNN 11
8 uv-

•N(qz)ITIN(ql)> • ~('"H)< u(q2)(yu~ + Yv~)u(ql) (25) 
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{26) 

Reggelzing 

Now the optical theorem 

tot • .!.. !Ill A{s ,o) 0 VN I 
(27) 

gives 

(28) 

2 
where we have used Hp • 1/Bp' 

Slmllarly,nucleon-nucleon total cross-section Is given by 

(29) 

g's have been combined with ra;' since their product Is determined by 

our tensor-dominance relations. As usual so • I GeV
2 

• All the coupling 

constants have been already determined. 

free parameter. This can be fixed from 

gives absolute predictions for oVNtot 

So Bp' remains the only 

say oNNtot Then Eq. (28) 

So far we have considered only the well established su3 nonet of 

vector mesons (P, K*, w, +l. Recently, however some new vector mesons 

like ~. 0*, ~:etc. have been discovered. All of these could be part of 

some SU~ multlplets like I, 15 etc. One can entend the present formalism 
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to such cases. However, In view of the current uncertainty In SU~ 

mass formulas we limit our discussion to some general remarks. By OZI 

rule presumably f and f' will not contribute to the mass equation for 

say; meson but the corresponding charmed tensor mesons will. Their 

contributions could be similarly evaluated. Now from (13) we see that 

the values of gppp' gp~ and gP+t are same In spite of mess breaking 

and t • w mixing. So It Is plausible that gP++ (or gPD*O*) will also 

have compable value. The main difference In the effective coupling 

2 will then arise from the factor 1/my. An Immediate Interesting 

2 consequence from £q. (28) Is that oVII will go like liMy. This fact 

see.s to be consistent with the experiments. Vector-mason-nucleon 

total cross sections have been determined by studying the A-dependence 

of the dlffractive photo-production of vector mesons on different 

nuclear targets. There are a number of uncertainties. But the typical 

current values are (l 2) 

0 ... 13 "'b (30) 

0 ... - 3.118 t 0.79 mb 

2 2 2 m .. ..p 
since 

p 
0.97, p· 

• 0.062; the agreement Is very -2-· 2 • 0.57 and 
-:;2 .. .. . ... 

good, considering the simplicity of the model. In particular the present 

-odel does explain smaller value of o+N and a drastically smaller value 

for o ... as compared to oPII Similar arguments would lead to 

':t.:!!-0.15 and 0.044, assuming that P couplings without the mass 
0 pll 
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factors are same. It will be Interesting to test these predictions 

when data become avai I able. 

While this work was being completed, we became aware of a recent 

work by Carlson and Freund( I)) In which such a 1/m 2 dependence Is 
v 

obtained from the assumptions of tensor meson-dominated Pomeron(l~) 
I 

exchange degeneracy and equality of slopes of the vector meson trajectories 

(a•P • a'+ • a•,). In our model such a dependence, however, comes from 

an entirely different assumption of quadratic mass formulas for vector 

mesons. Also In the tensor meson-dominated Pomeron model, the following 

equality holds good. 

gfpp • gfNN 
9Ppp 9PNN 

(JI) 

Comparing the values of f and P couplings found In this paper with the 

values fr0111 I, we find thlit the equality Is satisfied very well by the 

couplings for eny value of eT. In our model however the couplings ere 

determined by the masses. looking at the equations, It Is seen that 

the result comes out because the experimental masses satisfy the 

relation: 

to en extremely good accuracy (m2 and m
8 

are respectively 

the average (mass) 2 of the vector octet and the average mass of the 

baryon octet and not just the scale factors Introduced In £q. (J) 

and (25)). Thus, although the results are similar, the two models 

obtain them In an entirely different manner. In the present model there 

Is no constraint on the Pomeron couplings e~cept the satisfaction of the 

mass relations. 
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Now, relations between cross-sections are given by models such as 

quark model. But the present approach gives also the absolute magnl-

tude of the cross-sections. To give some numerical examples, let 

8T • 35.3" (gf'pp • gf'NN • 0). Then Eq. (19) ofJ gives gPHN • 21.6/rao; 

Taking gPpp from Eq. (22) of the present work we have 

0 • 
PN 

-2 
lt38.] a'p mb (ap' In GeV ) 

-2 
Taking oHH to be 39mb we have ap' • 0.09 GeV 

Hence 

opN • 39.9mb, owN • 38.7mb, 

and otN • 2.5 mb 

On the other hand, If we have 

gf'NN • 0 and 8T • 35.3", Eq. (21t) 

9 f•pp• 
gfpp 
gives 

1/10 while stIll taking 

opN • 29.0mb, owN :. 28. I mb, o+H :: 16.5 mb and otN • I .8mb 

(32) 

(H) 

(31t) 

0 oN Also because the ratios In (31) remain equal as we change aT, ~ 
0 NN 

has the same value for 8T • 35.3" and 31", only difference being that 

-2 oHM • 39mb would need ap' • O.lt8 GeV In the second case. 

gf'on. gf'NN 
In the case of OZI vlolat I on, even If --'--"-"- , opN wl I I be 

gfpp 9 fNN 
s .. ller than oNN If the value of ap' for the vector case Is smaller 

than that In the nucleon case. Although this is not particularly 

appealing for the Interpretation of a Pomeron trajectory, it should be 

noted that, in data fltting( 121 , ap' obtained from photo-production of 

vector mesons Is found to be smaller than the one obtained from the 
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nucleon-nucleon scattering. In addltlon
1

some deviations from the 

universal values of gf, gf" gp and Fer (see "1) will also result In 

changes in absolute magnitudes of the cross-sections. 

It Is also Interesting to note that the linear mass formulas do 

not work. If we use the factor(tv) in Eq. {J) Instead of (~)2 , we find 

that 

.1.-lt:3 m, (35) 

which Is In clear contradiction with the data. In addition, the ratio 

0 PN ---comes out to be 0.3 which Is also completely off. Thus we can 
0 HH 

regard the present results as supporting the case for quadratic mass 

formulas. Because of the w-+ mixing problem, from masses alone one 

can not distinguish between the linear and the quadratic forms. 

In the above we have considered oVN and oNN . However recently, 

some data on t-N and:- N scattering have also become available( 15 • 16). 

The model In I, gives for the asymptotic (Pomeron) contributions, 

0 .. 
...!!! • ....!! • 0.78 
0NN "'r 

and 
0

=N • mN • 0.71 
ONN m 

(36) 

The currently available data(IS,l 6) indicate that 

or-o. . 0_ 
....;;...J:. 0.85 - 0.87 and ...:.:f. N 0.7 
app opp 

(37) 

Thus the data are quite consistent with our prediction that 

o,N < oZN < oNN and even the 1/mB dependence also ~ould be approximately 

true. 

V. Concluding Remarks 

It might be argued that, because of the relative crudeness with 
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which the Pomeron contribution has been handled, the striking 

n.-rlcal results may not have p.artlc;ular slgnlflc;anc;e. Even If this 

Is true, some general results should remain valid. In particular, the 

ltmy2 behavior of oVH and the fac;t that oHM and oVH c;ome out to have 

reasonable magnitude with the usually ac;c;epted small values of a'p 

(<0.5 Gev-2) should be regarded as succ:esses of this approac;h. Another 

significant prediction lies In the larger value of gTVV obtained In the 

present work, as compared to the dual or non-Pomeron tensor dominance 

models. As we have mentioned In the text the data on tensor meson decays 

seen to be requiring such larger values. Also, as mentioned In Sec 

IV, oBN e 1/mB (Baryon mass) may be also approximately true. The results 

of thl s paper taken together wl th paper 1:, lead us to conclude that the 

doninant matrix elements of e between vector mesons and baryons c;an 
~v 

be rather well saturated with the known tensor mesons and the Pomeron 

without requiring any subtraction or some hypothetical mesons. Further-

more this procedure does provide Insight Into the dynamics of symmetry 

breaking In masses and leads to a number of experimentally verifiable 

predictions. As we have already remarked In Y, the saturation procedure 

does not work In the case of pseudoscalar mesons because of the large 

amount of symmetry breaking In masses. The mass relations probably need 

subtraction constants or extra tensor mesons. In ref. 2, the masses 

were absorbed In the definition of the coupling constants and the 

satisfaction of mass formulas was not required. Then
1
uslng non 

universal values for gf' gp etc. c;onsistent solutions were obtained. In 

ref. 3 tl) and here satlsf•ctlon of the mass formulas h•s been the 

st•rting point. It should be noted that similar difficulty for the 

. ( 17) pseudo scalar c;ase appears In the study of scalar domonance . 
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Finally, as for the role of the Pomeron In the present saturation 

sc;heme, one c;an simply regard It as the contribution whlc;h remains 

after the usual tensor meson pole c;ontrlbutlons are taken out from the 

particle-antiparticle .c:ross-c;hannel amplitude. It would then Include 

continuum also. Of course, factorization will be difficult to understand 

In suc;h a case. However possibly an effective pole somehow takes care 

of suc;h contributions. In such a sc:heme, then, masses of the particles 

can be c;onsistently expressed as dynamical quantities related to the 

tensor meson and Pomeron exchange forces. 
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