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PHOTOPRODUCTION OF MESONS ON NU-
CLEONS AND SU(6) SYMMETRY

In the present note, within the framework of SU(6) symmetry, we investigate
relations between the amplitudes for the production of mesons in a p-state in the
interaction of magnetic-dipole y-quanta with nucleons. In the case under consid-
eration the photoproduction process is described by two partial amplitudes: one
amplitude corresponds to the total angular momentum I = % (My,), the other
to the total momentum I = % (Mj3). The spin structure of the amplitude for
photoproduction of pseudoscalar mesons in the center-of-mass system, in terms
of My, and M3, has the form (})

Fy =i(6-€k-q—0-ké-q)(Mz— M) —e€xk-a@2M;5+ M), (1)
where € is the polarization vector of the y-quantum; lA<, q are unit vectors in the
directions of the momenta of the y-quantum and of the produced meson.

In SU(6) symmetry a magnetic-dipole y-quantum is described by a tensor of
second rank (?)

‘ o 2 0 0
Q4 =Qia, =G -éxk,Qy,  Qu=[0 -1 0 |. (2)
0 0 -1

Since the mesons are produced in a p-state, it is necessary to take into account
the angular spurion (3)

LA = L, = (- )l 00, 3)

where the Latin indices take the values 1,2, and the Greek indices 1,2, 3.

Then the number of independent parameters describing the process of meson
photoproduction on nucleons upon absorption of a magnetic-dipole «-quantum
is determined by the number of common multiplets in the products 56 x 56 and
35 x 35 x 35. Since
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56 x 56 =1 4 35 + 405 + 2695,

from the product 35 x 35 x 35 it is necessary to retain multiplets of dimensions
1, 35,405, 2695. For this purpose we note that

35 x 35 x 35 = (14 35; + 35, + 189 + 280 + 280* + 405) x 35.

Each of the products 189 x 35, 280 x 35, 280* x 35, 405 x 35 contains the multiplet
35 once. Further, the products 280 x 35, 280* x 35 contain the multiplet 405 once,
and the product 405 x 35 contains the multiplet 405 twice. Thus, in the product
35 x 35 x 35 there are contained 2 singlet multiplets, 9 multiplets 35, 6 multiplets
405, and one multiplet 2695. Therefore the photoproduction amplitude under
consideration is determined by 18 parameters:

Fyy = 9P 04,65, (LQ)BMS, + BM4,QE LS,
+ a15ﬁf5g/5g/ (LQd)B’M[E))/ + a25§/5g/[(LQd)1A5M£ + (LQd)Q,MS]
+a308,65,[(LQu)BME — (LQq)E MB) + ay08, (LQa) 4 ME+

+ 010405, 06, (LQ) B ME + 550506, [(LQ)BME + (LQ) R Mp] +

+ 305, 0c, [(LQp)HME — (LQp)Z Mp] + bade, (LQp) 4 ME, +

+08,05, (e R MB + e;RAP,, MB' + ey RGT ME + ¢, R4, ME' ) +
+dy 08, (RAP, MB + RAZ, MB) + dyoS, (ROD ME + RIOT MA) +

+ 308, (RARME, + RAFME) + dioG, (RAR, ME + RER, MB) Y apc,

(4)

where ¢, po is the tensor describing baryons, M ﬁ, is the tensor describing
mesons,

(LQoA = LpQ% + L Q5 (LQ) = LEQ%,
(LQp)a = LpQ% — LG Qp,
R[AB] — LA QB 4 LB QA _ LB QA _ LA QB
[A/B/] - A/ B/ / A/ A/ B/ B/ A/,

AB
Rip = LAQY — LEQ4 — LEQp + L3 Q1.
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sz?B/] - Lﬁ/ g/ - Lg/ Qﬁ/ + LB/ g/ - Lg/ Qﬁ/,

Rﬁ%/ == L‘g/ g/ + LB/ Qf‘/ + LB/ g/ + LA/ Qﬁ/

In (4) the invariant proportional to « arises from a term of the type 1(LQ) x
35(M); the invariant proportional to § corresponds to the extraction of the
multiplet 2695 from the product of three multiplets 35. Further, the invariants
a; and b, (i = 1,2,3,4) arise as a result of multiplying 35, (LQ) x 35(M) and
355(LQ) x 35(M); the invariants ¢; correspond to the extraction of the multiplet
35 from the products

189(LQ) x 35, 280(LQ) x 35,  280%(LQ) x 35,  405(LQ) x 35.

and, finally, d; correspond to the extraction of the multiplet 405 from the prod-
ucts

280(LQ) x 35,  280"(LQ) x 35,  405(LQ) x 35.

The symbol (LQ) after the dimension of a multiplet means that the multiplet
under consideration arises in the multiplication of the corresponding multiplets
35.

We note that from the explicit form of the tensors L and @ it follows that

(LQ)4 = 0.

In addition, the invariant in (4) proportional to b; gives no contribution to
the photoproduction of pseudoscalar mesons. Thus, the amplitude for meson
production in a p-state upon absorption of a magnetic-dipole y-quantum is de-
termined by 16 parameters, with 12 of them, as follows from (4), contributing to
the combination of amplitudes f; = M;5— M, and 13 parameters contributing
to the combination f, = 2M;4 + M;;. After examination of the invariants (4),
it turns out that in fact the amplitudes f; are determined by only 5 parameters.
Thus, for the photoproduction amplitudes on the proton we have:
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filap = pn) =462,
f1(yp — pr®) = 10vV2 2, +2V2 s,
filyp = nwt) = 5331 +5x2 + 4,
filyp = AKT) = — V653 + V65, (5a)
1( ) \[ \[ 3 5
- YOKT) = —x x—&—\@x +3V2zs,
fi(vp ) \@ f 2 3 5
fiyp = BTKY) = =22, + 2xg;

for the photoproduction amplitudes on the neutron we have:

fi(yn = nn) = \/6x1+2\/6x3,
fi(yn — nr) = fx1_2ﬁ$3,
filyn —=pr7) = _5952"‘49537
fi(yn = AK®) =3vV6x, — —ax, + V6, (5b)
1(7 ) 1 \[ \[ 4 5
fi(yn = SOK) = V2, + $4+3\/§$5;

\f V2

filyn = E7KY) =2y + @y + a3 + 2y,
where
ry = 18(by + ¢ — ¢3), Ty = 6(by +¢; —¢y), T3 = by,

1 1
=a, $5:§(d1+d2—d3—d4)-

J»‘4:9

From (5a) and (5b) the following relations between photoproduction amplitudes
follow:

filap = nr) + fi(yn — pr) = V2[fy(yp — pr°) — fi(yn — n7®)],  (6a)

Fi(wp = SYEO) + fi(yn = BTKY) = V2[fi(yp = ZOKF) — fi(yn = BOK0)],

V2 £y (w—w fn) = fi(yp = £TK?),

0_
V2 £y <7p—> 22\/§Afﬁ> = fi(vp = n7), (6b)
fi (vn—mﬂo;/gn) =—h <7n—> 202\/§AK0> :
fi(yp = pn) — fi(yn — nn) = V3 f1(yn — nn®), (6¢)
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filyp = pr°) + f1(yn = nx?) = @ fi(yp — pn).

Let us note that the relations (6a) are a consequence of the known transforma-
tion properties of the Hamiltonian of electromagnetic interactions with respect
to isotopic rotations; the relations (6b) are satisfied in SU(3)-symmetry (*); and,
finally, the relations (6¢) are valid only in SU(6)-symmetry.

For an experimental test, the last relation in (6¢) is of special interest. In the
impulse approximation, the expression f,(yp — pr®) + fi(ym — nn°) is the
amplitude for photoproduction of 7%-mesons on the deuteron. Therefore this
relation between amplitudes is equivalent to a relation between the cross sections
of m0-photoproduction on the deuteron and n-meson production on the proton,
if absorption of magnetic dipole y-quanta takes place. Such a situation occurs
in the region of the first resonance of pion photoproduction on nucleons.

As for the combination of amplitudes f, = 2M;5 — M, the relations (6a) and
(6b) are satisfied for them. No new relations, valid only in SU(6)-symmetry,
arise.
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