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COUPLINGS OF VECTOR MESONS TO TENSOR MESONS

AND THE POMERON'

by

Kashyap V. Vasavada

Department of Physics and Lawrence Berkeley Laboratory
University of California
Berkeley, Californis
94720
Department of Physics

Indlana-Purdue Unlversity
indianapolis, Indisna 46205

ABSTRACT

By saturating matrix elements of the stress tensor
between vector meson states with f, f' and the Pomeron, we
find that (i) nonet mass formulas are obtained {ii) vector
meson-nucleon total cross sections are determined, with
a l/mv2 dependence on the vector meson masses and (iif)
tensor-vector-vector couplings are obtained, A1) of these

are in  agreement with the experiments. -

I. introduction

The idea of tensor meson dominance of energy-momentum tensor o
u

m

has been explored for a number of years' '. Recently this concept has

v

become even more attractive because of its possible connection with a

gravitation type theory of strongly interacting particles. In previous
2

papers( 3 we have attempted to build in Pomeron (P) contribution

along with that of f and f' mesons in 8, 0 particular, in ref. 3 (I)
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matrix elements of euv between the octet baryon states were saturated with
f, f' and P to obtaln the Gell-Mann-Okubo (GMO) 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 8 similar procedure to the matrix elements of euV be!Qeen vector
meson states and find very interesting consequences for the tensor

N
couplings and total cross-sections of the old (p, K, w, ¢) and the new

*
(¥, v', D etc.) vector mesons.

il. Tensor Meson and Pomeron Dominance

The matrix elements of euv between two identical vector meson

(4)

states contain six form factors' ', |In the present work we will be

concerned with only one of these:

<V2(p2)|0uvlvl(pl)> -— €€, P“PV + ... )

where P = ”) + Pyr A= P " Py € and €, are the polarization vectors

of the vector mesons. The condition
<V(p = 0)'[6°°(x)d3x|v(p =0 =m <v|v> S {2

‘glives G.(o) - -,

Similarly the tensor meson matrix element between the vector meson

states is given by four coupling constants(S). Again we will need
only opne of these:
9. -2
TV (m . uv
‘V(Dz)ltlv(P‘)) = —2"‘"'.'— (;—2)5| 52 Pquc L S (3
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e and m, are respect ively the polarization tensor and the mass of the

tensor meson, ", I's the mass of the vector meson and m |s some average
-2

mass. The factor !'—!- is explicitly extracted from the coupling constants.

m
'gw'v will be assumed to obey SUJ symmet ry relatlons(s). The tensor-
meson couplings to OW are defined by
<T|6 {o> = 39 € (4)
wv! " 9y uv

As In 1 and ref. 2, we saturate the form factor G.(O) with f, !

(or singlet f, and octet fe) and P. Now the nature of the Pomeron

has remained quite mysterious over the years. For our purpose we
treat it as a factorizable su, singlet Regge pole with a linearly rising
trajectory (aP -] s u'Pt) and the contribution to G‘ Is evaluated by
introducing a spin 2 particle with mass Hp = l//a-TP_ . The singlet
nature and factorization are probably correct within about 29!. To
obtain cross-sections, the spin 2 particle pole will be Reggelzed. So
the actusl existencea of such a particle may not be crucia)l. The small
rise in total cross-sections found at NAL and ISR energies could be
buitt in if necessary by taking a,(o) to be stightly targer than .
Such a procedure has been followed by several authors recently in
thelr fits and the fundamental problem remains common to many st;ch
approaches, At any rate we reg.ird the results obtained here and in

I as o posteriori Justification for such an effective parametrization
of the Pomeron contribution . v

Then, sssuming D type SU. symmetric coupling for vector-vector-

3
tensor octet vertex,saturation of G|(0) teads to the following

relations:

2 -h-
;‘—2—- ngPpp M glglpo + 989899 (5)
"‘x*z 98
_n-nr. %905 * 919100 ~ 77 %800 )
2
m
8
T T %% * 91950 T 989800 %))
2
m
W
1—' = 9,9
@ P7Puw w, ¢ 9,9“'“‘ (8)
2
m
ek} (9)
- = 959
mn 8 awlh)a .

Here g‘”(g') and 9809(98) are respectively the singlet and octet tensor
meson couplings to the o-meson”) (Ow). “, and wg are the singlet
and the octet components of the w and ¢ mesons. Note that Eq. (5), (6)

and (7) automatically satisfy the GMO mass formula

2 2 2
K+ 3Im g + mp . (10)
Similar equations can be written for the diagonal representation

with physical masses moz, m“2 .

4m

T " %% * 919140 * 989840 an

3 +9~

2
L)
Y _ a

T 9%t 1%t 98980 : (12)
m

The simplest assumption would be that the same matrix
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(-c?s : sin :v) which diagonalizes md in (7)., (B) and (9) also
sin 8, cos 8/

dlagonalizes all the couplings of P, 1 and 8 separately. A more com-
plicated possibility would be that the mixing angles are different and
diagonalization is achieved by conspiracy between different terms, We
consider the first alternative. Then It readily follows that

(13)

%4s ~ puw ~ Ipu 0

-g w
i P88

X T (14)
| 88

2
2 cos Ov (]S)
- - cot 8 =g 5298
9844 9Buna v Buswa cose8

We have used the fact that %0 v ™ e vy ® 9gy . = 0. Then
1“8 1 1Y

L I i U

2. 2 2 2
"u‘ + m“a omem (16)
and
”UBZ . u? "
:_.T_.—m—f— = cos 26v (17)
w

as it should be.
Wé need one more fnput to solve the equations for the couplings.
In accordance with Okubo-Zweig-lizuka (0Z1) -rule8 we assume that
which are supposed to
9;.00 = 0. 02! rule forbids couplings between particlesacontain only

strange {or charmed) quarks with the ones without these quarks. It

seems to be approximately correct for couplings Vtike ¢on, f'ux, f'NN etc.

-6-
In quark mode! non vanishing values of these couplings (vliolatlon of 0Z}
rule) may just mean some small admixture of the other kind of quarks.

Later we will consider deviation from the 0Zi rule. Presently we obtain

9 9 '
o oo 8op
gfpp cos 0T © sin OT (18)

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

2 2
e 2T "M
P T™ 3 (19)

Now, as in ], principle of universality of scalar and tensor
couplings to the stress tensor(S) fixes 9¢r 9pir 9p and hence 9 and 9%
for a given mixing angle OT. We take the values of these constants
from J. So these are not new parameters here. gfpo is then determined

from (19) and 90p" IPes’ Pue from (5), (13), and {(18).

Other couptings like LTI gf,‘. etc. are now readily given by

(th) and (15). Since gf'pa = 0 and 98“8“8 =" 95, by SU,. we get
= [cos 0 + sinfey sints ) (20)
Vs = 10 Oy caso, Ifop
sin20, 3 coszev -
See T T T, I¢00 @n -

cos 28
v

When 6, = 0, = 35.3° (ideal), (20) and (21) reduce to the well-

known relations: 9¢ and gf,.. = - /ibfoo . Now we conslder

ww - ngD

some numerical values of the coupling constants in this approach.

Taking g¢ =~ 0.076, 9¢, " - 0.064 and 9 = 0.097//0'P(0'P in Gev'z)
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from paper |, we find, for ideal f - f* mixing BT - 35.3°

- - - - JaTo 22
%o 38.84, 900 = s = P44 22.02/%7, (22)

These are independent of the mixing angle ev. As In I, however, the
results are sensitive to the value of oy This happens because of the
large cancellation between gf and 9 terms in th‘a equation for 98' As
we have used the 0Z1 rule, it is perhaps more appropriate (although not
necessary) to use the ideal (canonical) value for 8. But for the

sake of completeness, we quote the values for oy 31° (which is in the

range predicted by the mass formulas of the tensor mesons). We have
- b4 - -
0y = 3 9, 23.01, 9,0 9.63//«', (23)

To estimate deviation from the 0Z! rule will be very model dependent.

) 94on
For the ¢ meson the 021 suppression factor ;!2.. Is believed to be typi-

wpyY
cally about 1/10. If in the case of f', there Is a similar factor,
9
£ .
AT = 1/10 . Solving the equations with this Input, we find

Ifop

By = 35.3° » g = 34.02 = 160157 (24)

] gPpp

In this way all the coupling constants can be determined in terms

of masses and u'P. Next we discuss applications of these results.

111, Decays of Tensor Mesons .

From the above values of Ieuy and - PIYOR all the other Iryy couplings also

-8-

can be readily determined by using SU, symmetry. These couplings become -

3
relevant in the models of decays of tensor mesons. Since this involves
a detailed program by itself, we hope to present such calcu(atlons
separately in future, lHere we Just make few remarks based on comparison
with the already existing works. iIn ref. U , Renner studied tensor
dominance of vector mesons using f and f' intermediate states and
determined gfoo' Then using vector dominance he related the other three
couplings to gfpp. In our notation he found Y00 = 9.44 which is
smaller by a factor of about 2.5 to 4 when compared with our values

(Eq. (22), (23) and (24)). He has calculated radiative decay widths

of f mesons, \for which, however, unfortunately as yet no experimental
data are available, But some time in future the situation could change.
in a recent work tevy, Singer and Toaff(w) cons ider dual amplitudes

for pseudoscalar -vector scattering and obtain vy couplings. ln‘
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
gf” in the present model stems from the breaking of duality by the
introduction of the Pomeron. With their values of 900 {comparable to
Renners) authors of ref. 10 calculate the decay width of f + a°w*w-

to be 0.49 MeV. Experimental decay width for f + w’w‘w‘w- is glven to
be 6.2 + 1.5 MeV. Even granting that the latter width includes more
than just ons events, there is a discrepancy by a factor of about 6 to
10, It is very interesting that the larger value of 9fpp requived to
remove this discrepancy is indeed provided by the present model.

Similarly T comes out to be smaller than

theory for Az - ww’w-
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rexpt by a factor of about & in ref. 10. Also in another recent work
Novikov and Eidelman’'!)

estimate gfpp by assuming that the entire

f 2-’2'- decay proceeds through pooo intermediate states and obtain

8 value which Iis about a factor of 2 larger than that of Renner. The
motivation In ref. |1 was to estimate the charge ssymmetry of » mesons
in e’e_ - w’n- 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

total! cross-sections.

1V, Vector Meson-Nucleon Cross-Sections

The couplings constant Ypyy s clearly relevant to the calculation
of vector meson-nucleon total cross-sections for which data are becoming
available. Ve evaluate the cross-sections in a very simple mode! in which
the spin-2 contribution is Reggelzed by assuming structureless residue
functions. We consider only the asymptotic Pomeron contribution although
the present mode! also makes definite predictions for the secondary
conérlbutlons from f and f'.

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

(V‘(Pl.t|) + N|(q|) - Vz(pz.cz) + Nz(qz)) as s » =, Only the first term

in the vertex function (3) contributes as t + 0 (py = bar & - ‘2)
The PNN vertex is taken from (I} (£q. (3))
%N 8. uu-
N(a,)|TIN(a))> = ,,{:—" (%)cwu(nz)(vuo\, + v, 0, u(a,) (25)

where Q = ql + qz
Then

Ipyv eNN (26)
A(S,() - _P.!.V.T_
"p
Reggelzingl
-ina
2 2 P
s -wap's (v + e )(i:) uP(t)
2 * . s
mp - t 2 sinna,
Now the optical theorem
tot _ I (27
%N : Im A(s,o0)
gives
" ‘a % 8)
tot 2
oW " 5% (Va,T gpvv)(/ap' 9PNN)(E;?(;§9 (
2 '
where we have used "P - l/aP .
Similarly,nucleon-nucleon total cross-section Is given by
tot 2 is 2 (29)
[
o =7 %% (7ap” dpun! ("'—u)

g's have been combined with JcP' since thelr product Is determined by

2
our tensor-dominance relations. As usual so = 1 Gev™ . Al the coupllng
constants have been already determined. So up' remains the only

tot
free parameter. This can be fixed from say o, Ot Then £q. (28)

gives absolute predictions for o\mmt
So far we have considered only the well established SU3 nonet of
vector mesons (P, K%, w, 9). Recently, however some new vector mesons

like ¢, D*, w: etc. have been discovered. All of these could be part of

some SU“ multiplets like 1, 15 etc. One can entend the present formalism
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to such cases. However, In view of the current uncertainty in SUH factors are same. 1t will be interesting to test these predictions
mass formulas we 1Imit our discussion to some general remarks. B8y 0ZI when data become available.
rule presumably f and_ f' wil) not contribute to the mass equation for While this work was being completed, we became aware of a recent
say y meson but the corresponding charmed tensor mesons will, Thelr work by Carlson and Freund“” in which such a l/mv2 dependence s
contributions could be similarly evaluated. Now from (13) we see that obtained from the assumptions of tensor meson-dominated Pomeron(’“.)
the values of 900" IPuu and gp“ are same in spite of mass breaking exchange degeneracy and equality of slopes of the vector meson trajectories
and ¢ - w mixing, So It Is plausible that Ipyy (or 9Pb*o*) will also (u'p - ﬂ'o - a'w). In our model such a dependence, however, comes from
have compable value. The main difference in the effective coupling an entirely different assumption of quadratic mass formulas for vector
will then arise from the factor l/mvz. An immediate interesting . mesons. Also in the tensor meson-dominated Pomeron mode!, the following
consequence from Eq. (28) Is thaet L witl go 1like I/llvz. This fact equal ity holds good.
seems to be consistent with the experiments. Vector-meson-nucleon
total cross sections have been determined by studyln§ the A-dependence » : gigg_ ?LN_N_ a1
of the diffractive photo-production of vector mesons on different oo puN
nuclear targets. There are a number of uncertainties. But the typical ‘ Comparing the values of f and P couplings found in this paper with the
current values are (' vatues from I, we find that the equality is satisfied very well by the

°on - om N 26 - 30 mb , a“ - il‘mh (30) couplings for any value of 01. tn our mode! however the couplings are

determined by the masses. Looking at the equations, it is seen that
u‘*“ «3.48: 0.79 mb the result comes out because the experimental masses satisfy the
) ) R relath—m:

"o % ) ; ) o m »
since ;——2—- 0.97, F- 0.57 and —m’—z = 0.062; the agreement Is very m—z- ; to an extremely good accuracy (m" and mg are respactively

w ¢ ]

good, considering the simplicity of the model. In particular the present 2
the average (mass)” of the vector octet and the average mass of the

model does explain smaller value of 0, and a drastically smaller value

L]

N Similar arguments would lead to
and (25)). Thus, although the results are similar, the two models

baryon octet and not just the scale factors introduced in Eq. (3)
for OV‘ as compared to °p

0 .
i, 0.15 and o!," : 0.04h, assuming that P couplings without the mass obtain them in an entlrely different manner. In the present model there
o

[}
PN N . .
e Is no constraint on the Pomeron couplings except the satisfaction of the

mass relations.



s
[

14

-13- .
3 nucleon-nucleon scattering. In addltlon' some deviations from the

Now, relations between cross-sections are given by models such as
. 9 \ universal values of 9¢r 9¢1s 9p and FO' (see 1) will also result In

quark mode). But the present approach gives also the absolute magni- changes in absolute magnitudes of the cross-sections.

tude of the cross-sectlons. To give some numerical examples, let
s g ples, It Is also interesting to note that the linear mass formulas do

- \2
not work. If we use the factor(%;) in Eq. (3) instead of ("":v—) , we find

8y = 35.3° (g,.‘,D = 9y = 0). Then Eq. (19) of X glves g, = zl.s//u-P

Taking Ippp from Eq. (22) of the present work we have that
| | |
0, 10, 0, 1 o — =3 (35)
-2 oN ¢N wN m m m
- ' 4 ¢ [2
upN 438.% a‘P mb (aP in Gev ©)
L 428.5 "P. mb (32) which Is In clear contradiction with the data. In addition, the ratio
-2 .
Taking o . to be 39 mb we have a_' = 0.09 GeV o
9 %nn P a—m comes out to be 0.3 which is also completely off. Thus we can
Hence NN
regard the present results as supporting the case for quadratic mass
o " 39.9 mb, o, = 38.7 mb, O 22.7 mb 9
formulas. Because of the w-4 mixing problem, from masses alone one
and o, = 2.5 mb (33)
9f10p can not distinguish between the linear and the quadratic forms.
On the other hand, if we have = 1/10 while still taking
foe In the above we have considered o and o . However recently
gy = 0 and 8 = 35.3°, Eq. (24) glves N NN (s ;6)
some data on I-N and = - N scattering have also become available' ”* B

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

Oon " 29.0 mb, °N 2 28,V mb, o, z16.5mband o, = 1.8 mb (34)

[ N
Wil
Also because the ratlos in (31) remain equal as we change 6 o " 9z m
(3 q g9¢ 94, O GEN - m_"_ =0.78 and o_.‘" - m—" - 0.7 (36)
has the same value for o = 35.3% and 31°, only difference being that "\“ t N :
-2
L 39 mb would need uP' = 0.48 GevV “ In the second case. The currently available d“.(IS.N) indicate that
9., L P
in the case of 0Z1 violation, even if flep . “ENM , 0 . wWill be .
900 IfNN oN %r-p . %.p : G37)
smaller than o, If the value of a,' for the vector case Is smaller 3 = 0.85 - 0.87 and P # 0.7
. PP pp .
than that in the nucleon case. Although this is not particularly
appealing for the interpretation of a Pomeron trajectory, it should be Thus the data are quite consistent with our prediction that
noted that, in data ﬂning“z). °P. obtained from photo-production of 9.y < 9N < Tn and even the |/m8 dependence also could be approximately
vector mesons is found to be smaller than the one obtained from the 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
numerica) results may not have particular significance. Even If this
Is true, some general results should remain valid. In particular, the
l/mv2 behavior of N and the fact that LI and Iyn Come out to have
reasonable magnltude with the usually accepted small values of u'P
(<0.5% Ge'v-z) should be regarded as successes of this approach. Another
significant prediction lies in the targer value of Irvy 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
seem to be requiring such larger values. Also, es mentioned In Sec

1w, [ '/mb (Baryon mass) may be also approximately true. The results

i
of this paper taken together with paper I, lead us to conclude that the
dominant matrix elements of GW between vector mesons and baryons can
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 axperimentally verifliable
predictions, As we have already remarked in X, 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 definitlion of the coupling conitants and the
satisfaction of mass formulas was not required. Then using 6on
unlversal values for 9¢r 9p etc. consistent solutions were obtained. In
ref. 3 (1) and here satisfaction of the mass formulas has been the
starting point. it should be noted that simitar difficulty for the

(17)_

pseudo scalar case appears in the study of scalar dominance

-16-

finally, as for the role of the Pomeron in the present saturation

scheme, one can simply regard it as the contribution which remains . ¥
after the usual tensor meson pole contributions are taken out from the &

- /
partlcle-antlpa'rticie cross-channel amplitude. It would then include

continuum also., Of course, factorizetion will be difficult to understand
in such a case. However possibly an effective pole somehow takes care
of such contributions. In such a scheme, then, masses of the particles
can be consistently expressed as dynamical quantities related to the

tensor meson and Pomeron exchange forces.
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