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Abstract

The At — P + v transverse one-half helicity transition form factor h3(g?) o
(G34(g%) —3Gg(g?)) is examined using equal-time commutation relations (ETCRs) and
the dynamical concept of asymptotic SUr(2) symmetry and realization. Utilizing as in-
put only the well-known isovector part of the proton magnetic moment G} (g?), a direct
calculation of the closely related, tabulated A,;, A* Py photon decay amplitude is made
with results in good agreement with experiment. The ratio of the electric quadrupole
moment to the magnetic dipole moment (Ey+ /M) +)4=0 = electromagnetic ratio (EMR)
is calculated as a function of G},(0). We also predict that G},(0) — 3GE(0) = 2.97 and
confirm that h3(g?) decreases more rapidly than the nucleon dipole form factor as a
function of ¢2.

1 INTRODUCTION

The main importance of the At Py transition form factors in elementary particle physics
is to provide a basis for testing theories of effective quark forces and production models?.

Specifically they are important in:

QCD: One gluon exchange mechanism and tensor interactions.
Skyrme? Models: Can some version be made to work or not?

Enhanced Quark Models: They should be capable of predicting accurately the A-N
transition form factors as a function of ¢2.

Electroproduction and Photoproduction: A good area where theoretical ideas may be
tested.

Symmetry Schemes: The A always plays an important role in models involving SU(6),
U(6,6), etc., and Melosh transformations.

Dispersion relations: The A always plays an important role.

Baryon Sum Rules: The A always plays an important role.
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2 The A* — P + v Transition Form Factors

In general® one may write for the A* — N 4+ transition amplitude the following expression:

(P(5,AP)|7u(0)|A* (5, Aa)) = (Q—j;w/;"},—’glap(ﬁ, ATl 0s) (1)

where
Tup = —thaA™ly-p*gpen(gpy)
+ haA7 265, (P"P)e, 7 (P°P)s — 17 - P 9pen(apy)) (2)
+ hA'gplp-qa, — ¢ pulrs -
Here, the electromagnetic current is denoted by j*, v5 = 17%y'9%y3, ¢ = (p* - p),
A7l = [((m* +m)? - ¢%) ((m* — m)? - ¢?)] ™" is a kinematic factor which depends on

¢?, m* (the A* mass), and m (the nucleon mass); Ap and Aa are the helicities of the

proton and A% respectively; and h;, h,, h3 induce scalar, transverse %, and % tran-

sitions respectively in the rest frame of the isobar (A%). Also hy, hy, and h3 are
related to the more familiar form factors G3};, G%, and G by the relations: hy =
_Umdm) Gy, 4 Gy) Lhs = —AZIM Gy, — 3GE), and by = A= HmGe | Gy, GE,

and Gz induce magnetic, electric, and coulombic multipole transitions. For the process
P — P+, we have (P(F, i (O1PG " 3)) = i1/ 5o 8p (. MIT,up (57, ), where

_1 . - = - N
I, = [1 - ;7;%7] (2 Gmen(PdY)rs + 7=GgP,],and P = p+ p*. Gy and Gg are the
familiar Sach’s form factors.

3 The Tabulated A%_ and A% Helicity Amplitudes

The total At radiative width = I‘,’f, for decay into P + 7 is given by* :

T mq. 2
Iy = gmr 2 A (3)
=1
where?:6:7:8:9 N
\/5 3 mt? _ m2 2 . .
Ay = —e (-15 2 | [GM(0) = 3GE(0)], (4)
g. = magnitude of the CM three-momentum, and
i
1\ [3m*2 —m?|% _, .
Ag = ¢ (Z) [57] [G(0) + GE(0)) (5)

Experimentally? A; = (—1414£5) x 1073 GeV~1/2 and Ag = (-258%11) x 1073 GeV~1/2,
2
In the naive quark model, it can be shown that the quantity (Ey+/Mj+)z=0 =



—G%(0)/G34(0)= ratio of the electric quadrupole moment to the magnetic dipole moment
= EMR = 0, whereas in the Skyrme model?, the EM R is large and of the order of —5%.
Experimentally?, however, EM R =~ (—1.3 £ 0.5)%. Clearly, the viability of any particular
theoretical model (including ours) to yield non-zero EM R values of the right sign and mag-
nitude will be greatly enhanced by a successful calculation. As has been noted, the EM R
ratio is especially effective for testing effective quark forces such as occur in QCD one-gluon
exchange tensor interactions, various types of enhanced quark models, symmetry schemes
such as SU(6), U(6,6), Melosh transformations, dispersion relations and sum rules (where
the A always plays an important role). If one uses!® the following commutation relations
judiciously, namely [A,+,A,-]1= 2V, , [AM,, A, -] =2V) = 25 , [Ap, AL ] = Vi | then
one may obtain!! the following important relation:

(PG AT 1,1 = (P4, EI5Y | P 1,2, (6)

where ], |k| — 00, € = calculable, fixed, pure number, {} ~ helicity = +2, I ~ helicity
= —7, and Ju is the vector part of the electromagnetic current. We also find two solutions 12
(up to a sign) for e € = 2/2 or 5\/— It turns out that € = 5\/— 2 yields good agreement
with experiment when one uses the transverse (¢ = 1,2) components of the electromagnetic
current.

From equation (6), we can extract hj(¢?) = — -(m"’r—m,)hg(f) as a function of the vector

part of Gp(§?) = GY((¢?) by considering matrix elements of 7(]1 — 1j2) (correspond-

ing to a helicity +1 photon moving in the +z direction) and Lorentz transformations
("Z-boosts”) G and G such that G : {p“‘ = (p*%,0,0,k) — p*'* = (m*,0,0,0), p* =
(°,0,0,k) — p* = (—*—2 =,0,0,7555m0)} and G : {5 = (570,0,0,k) — 5 =

2rm* 2rm‘
(m,0,0,0), p* = (3°,0,0,7k) — = (ﬂ(r—ﬂ 0,0, —M)} where k — oo. We find

that ¢% = (1—:—rl(m*2r -m?), @ = —il—r—r)— . When r = ro = m?/m*?,
2 =0and ¢ = G =~ —0.2342 GeV?/c?, where the pole mass value m* = 1.211 GeV/c?
was used. After some algebra, we obtain:

5v3my/—§%

3(m* 4+ m)[(m* - m)? - ¢?]

ha(¢*) = Gu(a®) - 3GE(d") = [ —7| Gm(@) (7)

: V (52) A _ % : )
Using G,(¢*) ~ 2.35 [l ‘71} , we calculate numerically that:

h5(0) = G3(0) — 3G%(0) =~ 2.9718 (8)
This then implies that:
Ay = —0.1340GeV ™/, (9)
From equation (7), we can now calculate the EM R as a function of G},(0), and find that:
1 2.9718
EMR~ —- |1l - ——
3 [ G;‘W(O)] (10)

If we take G34(0) ~ 3.0, we obtain EM R ~ —0.3%.
Note that while the EM R is a very sensitive function of G3,(0) and the A+ mass, A;

is not. In addition, we point out that Eq.(7) predicts a faster than dipole fall-off behaviozr
for G3;(¢%) consistent with experimental data in the region where G’ is known to be small.
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4 Summary

The transverse 1/2 helicity form factor ha(g?) or the tabulated A, photon decay
amplitude can be calculated and is in good agreement with experimerft. A more rapid
fall-off in ha(q?) ( and Gj; if G}, remains small compared to G}, ) than the nucleon
dipole form factor as a function of ¢? is confirmed;

Gu(0) = 3GE(0) = 2.97 = G (0) = 3 if |GE(0)/G(0)] < 0;

Our treatment is completely relativistic. Current conservation is guaranteed. Addi-
tionally, the correct transition operator is used in all calculations;

Our treatment is also non-perturbative and performed in a broken symmetry hadronic
world. We do not require the use of “mean” mass approximations. Physical masses
are used at all times. Thus, G} is not forced to equal zero as in the Skyrme model
and in the naive quark model,;

The FMR is calculated as a function of G}4(0). Its value is very sensitive to the A
mass;

A, is computed in good agreement with experiment.
2
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