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Although covariantizing seagull terms can be ex-
plicitly constructed under certain conditions,'? such
constructions generally require some prior information
concerning the structure of the vertex function in
question. To obtain this prior information about M,
in Eq. (6), we have examined several field-theoretic
models of H,?Y using the current correlation function
technique of Boulware and Brown.!? By means of this
technique, we have explicitly constructed the seagull
and Schwinger terms in M, and have shown how the
noncancelation of the seagull and Schwinger terms,

27, S. Brown, Phys. Rev. 150, 1338 (1966); D. G. Boulware
and L. S. Brown, zbid. 156, 1724 (1967); R. F. Dashen and S. Y.
Lee, sbid. 187, 2017 (1969); D. J. Gross and R. Jackiw, Nucl.
Phys. B14, 269 (1969).
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which is demanded by the decay of Eq. (1), actually
comes about. These models were checked for consistency
by demonstrating that for the analogous pv N Ny ampli-
tudes the corresponding seagull and Schwinger terms
do indeed cancel one another, as is demanded by gauge
invariance.!’ A more complete discussion of these
points will be given elsewhere.®
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It is shown that the reactions of very-high-energy forward photoproduction of neutral vector mesons off
nucleons furnishes a further test of the idea that SU (3)-symmetry breaking is dominated by the nonet of

tensor-meson trajectories at zero momentum transfer.

S was pointed out by Okubo! and others,>™* the
dominance of the A, Regge trajectory in the
electromagnetic violation of SU(3) at zero momentum
transfer seems to work very well for the electromagnetic
mass difference of hadrons within the same super-
multiplet. On the other hand, Dashen® has noted that
if the 4, Regge trajectory dominates the electromag-
netic violation of SU(3), then other members of the
nonet of tensor-meson [ A(1320), K*(1430), f'(1500),
f0(1250)] trajectories might also dominate SU(3)-
symmetry breaking due to strong or weak interactions,
thus suggesting the dominance of nonet tensor-meson
trajectories in the SU(3)-symmetry breaking at zero
momentum transfer. It is very interesting to see that
this idea can be further tested by considering high-
energy forward photoproduction of neutral vector
mesons off nucleons.
We denote the photon, proton, and neutron by v, #,
and 7, respectively, and consider the reactions

v+p—Votp, ¢y

vt+n—Votn, )
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where V) stands for any one of the neutral vector mesons
(po,9,0). Let Ay py, Avyn and doy,y/di, dov,s/dt be the
scattering amplitude and differential cross section, re-
spectively, for (1) and (2), where ¢ is the momentum
transfer. It is easy to see that the sum of these scatter-
ing amplitudes, Av,p+A vy, is a pure 7 =0 amplitude,
while their difference, 4 v,p,— A v, is a pure I =1 ampli-
tude. We assume that at very high energy and in the
forward direction, the sum of the amplitudes is domi-
nated by the Pomeranchukon P and the Regge pole of
P’ of tensor meson fo and that the difference of ampli-
tudes is dominated by the 4, Regge pole. Denote the
Pomeranchuk trajectory by ap(?), the P’ trajectory by
ap(t), and the A, trajectory by a,(f). At =0, their
values are approximately given® by

ap(t=0)=1, ap(t=0)=0.65, a4,(=0)=0.5. (3)

We see therefore that in the forward direction the prin-
cipal trajectory is the Pomeranchuk trajectory, while
the P’ trajectory is the secondary trajectory.

Assuming the factorization of the residue functions,
we get, at /=0 and very high energy,

AvoptAvin=Tyv,pTnvrRpv,w
+Tyvor Tan e Reven, (4)

6 P. D. B. Collins and E. J. Squires, Springer Tracts in Modern
Physics (Springer, Berlin, 1968), Vol. 45.
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where I'ypr is the residue function of trajectory T at
the vertex 4-B-T and Rry,y is a function of trajectory,
energy, and masses of the vector meson and nucleon.
We do not need to know the explicit expression for
Ry in our subsequent discussion. However, we need
to note that at very high energy, the masses of the
vector mesons and nucleons in Ryyyy can be neglected
so that we have

Rr,ow=Rroy=Rré¢y=Rr,

where Ry is defined by the above equation. In terms of
Rz, Eq. (4) can be rewritten as

AveptAv=TyvpTwnpRp+Tyvp TanpRpr . (5)
Similarly, we get
Avip—Avp=Tyveu,I'nna,R4,. (6)

Keeping only the contribution from the principal Regge
pole P and the interference term between the contribu-
tions of P and secondary Regge pole P’ (in other words,
neglecting quadratic terms like |Rp/|2, |Ry4,|2, etc.),
we obtain from (5) and (6) an equation involving the
differential cross sections:

do Vop dovon
C +
dt dt

+Tyverl'wnpTyvor Tynp (Rp*Rp+RpRp*), (7)

where C=32xs2.

To get useful information out of (7), we need to know
the residue function I'yy,p and I'yy,pr. Using vector-
meson dominance yields

> =T,v,pTwnr?| Rp|?
t=0

Ty 007 =E8vsoL povoT » ®)
Tyor=gyelwortgvelsur, 9
(10)

where T stands for P or P’ and g,,,, for instance, is the
v-po coupling constant. However, since the vector
mesons can be satisfactorily classified as an SU(3)
nonet,”® which we designate by the 3 X3 matrix V, the
diagonal elements of V take the form

Vit=(po+w)/N2, V=(—potw)/V2, Vigi=—¢.

From the general SU(3)-invariant interaction Lagran-
gian for the residues at the vertex V-V-P, at {=0, given
by

Tyor=_gyoluwsrt8greLssr,

Lyyp=TypP Tr(VV),
we find that

11)
(12)

Tpper=Toor=T4sp=Typ
and
P¢NP= Pw¢PEO.

78S. Okubo, Phys. Rev. Letters 5, 165 (1963).
8V. Barger and M. Olsson, Phys. Rev. 146, 1080 (1966).
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Combining Eqgs. (8)-(12) yields
Typer=gvel'vp, (13)
I"wa:g'ymPVP, (14)
Tyspr=gyslvp. (15)

With the above relations, the contributions due to the
Pomeranchukon P can be eliminated, and we find that
the ratios of the differential cross sections depend only
on the contribution due to P/, i.e.,

gywz(dﬂpop/dl"i‘dapon/dt) t=0—g7p02(d0'wp/dl+d0'wn/dt) t=0
g7¢2(d0'pop/dt+da'pon/dt) t=0 —gvpoz(da¢p/dt+‘do¢n/dt) =0
Zvo? ToopoP’ — Twwrr — (gye/ gveo) Towpr

= (16)
gv¢® Twwrr —Tpgp — (ng/g~/¢>rw¢1°'

and
v (000 1A pon A0) 1o — Gros? (A ap/ Al an] ) g
862 (d0up/ iAo 0n/dt) 1m0~ g0 (Ao 4/ dl+do 42/ Al) 1m0
gvo®  Toonol’ —=Twwrr—(8ys/8ve) Tourr

= ) (17)
8v? Tuwurr —Tyoprt+(8ye/8vo—8ve/ Evs) Tourr

where use is made of (7) by setting Vo=po, w, or ¢, and
of Egs. (8)-(10) with T=P’.

Now applying the assumption that at zero momentum
transfer the SU(3)-symmetry breaking is dominated by
the nonet of tensor-meson trajectories, we can then
relate the residue functions I'yyp- to the changes of the
mass-squared matrix of vector mesons resulting from
the perturbation of medium strong interactions:

Tygpr
N
I‘wqu’

>\PpopoP’ =6M 35° ) (18)

I‘wpr) (cosf) —sin@)
T'owp - sinf  cosf
OMgg?  SMgo?\ /cosf —sinf\~!
X Nawo o) 02
oM os?

0M o2/ \sinf  cosb
where N is a constant and 8 is the ¢-w mixing angle.
The change of mass-squared matrix can be expressed in
terms of the physical masses of the vector mesons as
follows:

OM 3= — M s> =%(m 2 —mx*?), (20)

OM 50®=08M o5 = —[(ms® —m.?) (my2—ms?) ]2, (21)

M o2=0, (22)
where, from the Gell-Mann—-Okubo mass formula,

met=%dmgr2—m,?). (23)
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From (18)-(22), we get finally Ny =% cos?0 (mg+?—m,?)
)\FpoﬂoP’=%(mp2—mK*2) ’ (24) Fsin2f [(mgz—mwz) (m¢2—m82)]1/2. 27)
=2 sin? W2y 2 . . .
Aloopr =7 sin 0.(”;" ":" ) Ny N By inserting (24)-(27) into (16) and (17), we then ob-
—sin2f !:(ms —ma?)(mg®=ms?) 1%, (25)  tain two equations independent of \, which relate the
AT4op' =Ny pr =73 sin20 (mg*?—m,?) differential cross sections of the forward photoproduc-

—c0s20 [[(ms2—m,2)(myg2—ms?)]V2, (26) tion of neutral vector mesons at very high energy:

gywz(do'pop/dl—i—ddpon/dt) t=0 ‘g7p02(d0'wp/dt+d0'wn/dl) 1=0
g7¢2(d0pop/dt+da'pon/dt) ¢=o-—g7p02(da¢p/dt+da'¢n/dt),=0
gro® [2(14sin0)+(g14/8rw) SIn20](mx**—m,?) —3[sin20+4-(gy4/gvu) c0820 ][ (ms>—ma?) (my*—ms?) J1/?

; X (28)
gvo? [2(1+c08%0)+(gy0/gvs) Sin20](mx*?—m,*)+3[sin20 — (gyu/gve) cOs207][ (ms?—m.?) (my?—ms?) J1/?
and
2<d0’pop + (lO'pgn) \ (da,,,p N dawn)
gro —) —g{——+——
“Nar ' dt o Nt dt i
dowp doun dogp dogn
) el
"Na  a TNar a
. 8ve . 8ve
) 2(14-sin20)+ —sin26 |(mx*2—m,?) —3{ sin20+ — cos26 [ (ms®—m,?) (my?—ms*) 12
_ gve® 8yo 8yo
s 8yo = Bvé § 8ve .
v I:Z cosZé?—|—<—L - —7—> sin20:|(mK*2—m,,2)+3[2 sin20+(—1f - —7~> cosZB:’[(mgz—mﬁ)(7rz¢2—7rts"2):|“2
8ve  8ve yo  Bvo (29)

The validity of the above two equations serves as a test of checking the idea of dominance of tensor nonet
trajectories in SU(3)-symmetry breaking at zero momentum transfer. However, for the time being, owing to the
lack of sufficient data on the high-energy photoproduction of neutral vector mesons off neutrons, we are unable to

check their validity experimentally.
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