A method for calculating meson photoproduction from the nucleon
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The cssential ingredient in the method is a mass operator which describes the coupling between meson-
baryon, photo-baryon, and single-baryon channcls. The various amplitudes are obtained from three-
dimensional Lippmann-Schwinger equations. The S-matrix clements transform properly under inho-
mogencous Lorentz transformations and morcover are gauge invariant. Within our framework we have
derived the most gencral forms for the matrix clements describing the processes v + B <= B’ and
4 4+ B <= p+ B’ where v is a photon, B and B’ arc baryons, and j1 is a meson. The various matrix
clements can be derived from offective Lagrangians using Okubo’s method.

1 Introduction

If the inhomogeneous Lorentz transformation 2’ = ax + b is applied successively it leads to the
multiplication law (a’,b’) o (a,b) = (a'a,a’b+b'). This is the law of combination for the Poincaré
group. In relativistic quantum mechanics the state vectors must transform according to [y =
U (a,b) |¢) where the unitary operators U (a,b) provide a representation of the Poincaré group; in
particular U (a/,b) U (a,b) = U (a’a,a’b+ V') . For proper inhomogeneous Lorentz transformations
these operators can be parametrized in the form

U (a,b) = exp (i¥"P,) exp (—-;—w“ﬂJ,,ﬂ) , wf= P T =—Jga (1)

where P is the four-momentum operator and J is the angular momentum tensor. The Poincaré alge-
bra is obtained from U (a',b) U (a,b) = U (a’a,a’b + b’) by considering infinitesimal transformations
and is given by the commutation rules

[P[La PV] = 0 y

[J;uly -P[I] = 1 (guﬂ P[l. - g;q;Pu) ) (2)

[J;w, J[;A] = i (g/u\']up + guﬂJ;M - g/mJu,\ - gu,\Jup) s

where g is the metric tensor. In a Bakamjian-Thomas construction (1] of the generators, i.e., the com-
ponents of P and J, it is convenient to define P = (PO,Pl, PQ,P‘q) = (H,P), K = (Ji0, J20, Ja0) ,

and J = (Ja3, Ja1, Ji2) . Here H is the Hamiltonian, P is the three-momentum operator, K is the
generator of rotationless boosts, and J is the angular momentum operator. The mass operator is

defined b
€! Y M2=P[LPI‘=H2_P2’ (3)

which can be inverted to give the familiar formula
H=(P?+ M)/ (4)

By introducing the Newton-Wigner (2,3] position operator X, a spin operator S can be defined
through the relation

J=XxP+8. (5)
It can be shown [1,3] that the boost operator K can be expressed in the form
1 P xS
K=-; XH) - . )
2 (HX + XH) M1 H (6)



According to (4)-(6), the 10 generators {H,P,K,J} have been expressed in terms of the set
{M,P,S,X}. The only non-zero commutators of this set are

[xf , P"] =id [sf, sk] = igjuS' )

which are familiar from nonrelativistic quantum mechanics. If the members of the set {M,P,S,X}
satisfy the correct commutation relations, then the generators defined by (4)-(6) satisfy the Poincaré
algebra given by (2). In a Bakamjian-Thomas construction, we choose P, S, and X to be the same
as the operators for the relevant system of non-interacting particles; then the only commutation
rules of the set {M,P,8,X} that remain to be satisfied are [P, M] = 0, [X, M] = 0, [S,M]=0.
We construct M according to M = My + U, where M, is the mass operator for the non-interacting
system, and U is an interaction. Then in order to ensure Poincaré invariance we mst only impose
the commutation rules

P,U]=0, [X,U]=0, [S,U]=0. (8)

2 The model

For our model space we choose states of the type |B),|uB),|yB), where B ’s are baryon’s, ws
are mesons, and v is the photon. We encounter 5 types of interaction matrix elements; (B|U|B)isa
mass renormaliztion constant, (B'| U |;uB) and (B'| U |yB) are vertex interactions, and (' B'| U |j1.B)
and (u'B'| U |yB) are potentials. In the |[N) — [rN) sector, for example, the commutation rules (8)
restrict these matrix elements to the forms

<p$V i,mll U le Zm) b 63 (p,N - pN) 6i’i5111’mUNN )
(d'p't i'm'l Ulpyim) «~ & (P —pn) (¥ i'm'l Urn,v (d) [im) 9
(q'p't i'm'l Ulgptim) «~ &*(p' - p) (¢ i'm'l Urnan (d, Q) [tim) ,

where @ = (Pr)oy = = (PN)ew » P = Pr + P, the 4’s and t's are 3-components of isospin, and the
m’s are 3-components of spin. The commutator [P, U] = 0 leads to the Dirac delta functions in (9),
while the commutator [X, U] = 0 implies that Uy, Unn,n (d') ;and Urn =y (9, q) cannot depend
on the fotal three-momentum of the states. In order for [S, U] = 0 to be satisfied it is necessary that
Usrn,n (q') and Uy, ~Nan (d,q) be rotationally invariant functions of @', q and . The structures such
as (9) guarantee that the Poincaré algebra is satisfied. It can be shown that the Bakamjian-Thomas
construction leads to S—matrix elements that transform properly in going from one inertial frame
to another [4]. Transition probabilities are invariant.

In our model the strong interaction T—matrix elements are obtained by solving the Lippmann-
Schwinger equations [5]

= Vupus (@ q2)+ Y / Vs e (d,9"2) 8°¢" Ty o up (d”, 052)
wB » 4 5 A,z”B” (qll) 2WI‘"B“ (q’l) [2‘ — W/LIIBII (qu)] »

U IBI’BII (q' UBII, B (q
‘/”/BI,I‘B (q',q;z) = U“IBI,/LB (Q’,Q) + Z £ ) ((’)) ) 9
B 2mBu [2’ - mB”J

W.s (Q) = Wy (a) +eB (@), Aup (q@) = (27")3 2w, (@)es (q) /WILB (Q) .

T;z’ B'.uB (qlv Q;Z)

(10)

Here mp is the physical mass of a baryon and mg) is its bare mass. We have been able to show that
the most general B <= b vertex function and B <= b potential consistent with rotational



€(q,)) = €(q, ) + const.q, so we have gange invariance.
We have shown previously [5,6] that the Okubo method [7] can be used to obtain the vertex
functions and potentials from effective Lagrangians.
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