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It is shown that the phases of inelastic 7 N partial-wave amplitudes can be absolutely determined, using results
from photoproduction. The signs obtained for the resonant amplitudes confirm the agreement with the
relativistic quark model, the Melosh transformation, the broken SU(6)y, scheme, and vector dominance in the

comparison with photoproduction.

Recently, from a partial-wave analysis of the
reaction 7N - 77N the resonance amplitudes in
the reactions

aN—~N*-~7A(1236), (1)
and
TN—=N*-~pN (2)

have been obtained.! The signs of these SU(3)-in-
elastic amplitudes are of particular significance.
They are characteristic of the quark-model state
assignments of the N*'s and allow stringent tests
of symmetries, of the transformation from current
to constituent quarks, and of vector-meson dom-
inance by comparison with photoproduction.? In
these tests, however, one had an over-all * sign
ambiguity in the amplitudes of (1) and (2), and the
same ambiguity in the comparison between (2)

and photoproduction. We resolve these ambiguities
[i.e., we determine the phase of the resonant am-
plitudes of (1) and (2) in an absolute sense], with
the help of measurements of the photoproduction
reaction

YyN—-7A. (3)

We first have to adopt a convention for the (un-
observable) relative phase between the ground
state [8] and [10] baryon states. We do this by
defining the NN7 and AN7 coupling constants, g and
g%, to have identical signs.® This convention im-
plies the customary choice of phases of the quark-
model wave functions (as used, e.g., in Ref. 4),
if pionic transitions are calculated from matrix
elements of the divergence of the axial quark cur-
rent.

With this convention the Born terms for the re-
actions yN—- 7N and yN— 7A have well-defined re-
lative signs. Therefore, observation of an inter-
ference of any s-channel resonance with the Born
terms in both of these reactions will tell us the
relative sign of the amplitudes for decay of this
resonance into 7N and mA. Since the 7N - 7N signs
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are fixed by the optical theorem, the sign of the
resonance amplitude in reaction (1), and with it
also the signs of all the interfering amplitudes in
reactions (1) and (2), are then unambiguously de-
termined.

Results from our measurement at DESY of re-
action (3) in the charge state 7~ A™", in the energy
region 1.3<V's <1.8 GeV, are shown in Fig. 1.3
The interference pattern observed can be uniquely
attributed to the D,,(1520) interfering with the
(large) electric Born partial wave in the J* =37,
final S-wave state.® We calculated this gauge-
invariant Born partial wave as well as the cor-
responding one (J¥ =37, final D wave) for the re-
action yp— 17+n; they turn out to have the same
sign. From the analysis of single-pion photopro-
duction” it is clearly established that the D ,(1520)
resonance interferes with the electric Born term in
the reaction yp~7"n with the same relative sign
as in Fig. 1. Dividing out the isospin factors (1/V2
and 1/V'3, respectively®) the amplitude for the
reaction
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FIG. 1. Total cross section o(yp — m~A**) with the
electric Born cross section subtracted (see Ref. 5).
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7N - D ,(1520) - 7A(l = 0)

is therefore found to have sign “up” (Im 7>0 at
resonance). With this established, the phases of
all the mutually interfering amplitudes measured
for the reactions (1) and (2) are absolutely cali-
brated. They are summarized in Table I.°

The comparison with the theoretical signs is now
unique. In the quark-model calculations by Moor-
house and Parsons'® the phases were chosen in ac-
cord with our convention on g and g* so that the
results can be directly compared. In fact, all their
unambiguously defined signs agree with the ex-
perimental ones. The phase convention adopted in
the predictions from broken SU(6),, and from the
current to constituent quark transformation, of
Refs. 11 and 12 amounts to an additional over-all
factor — 1 in the amplitudes for reaction (1). Re-
moving it we again obtain agreement in absolute
phase.

We proceed to a comparison of the amplitudes
for the reaction 7N-p N with the photoproduction
amplitudes for isovector yN— 7N, to check whether
p dominance holds. We now no longer® consider
the A a stable particle but include its decay am-
plitude. We note that the phase of the amplitude
for the reaction yN- 77N via an intermediate
D ,(1520) - 7A(l = 0) is absolutely determined in-
dependently of any assumptions, since the electric
Born term with which it interferes depends on the
product eg*? of coupling constants and is therefore
absolutely known. It then follows from our discus-
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sion above that the sign of the amplitude for 7N

- 77N via this same intermediate resonant state

is determined relative to sign g (as the relative
sign of the resonance decay amplitudes into the

@N and YN channels is defined relative to sign g
which occurs in the yN- 7N Born term). The

same holds then for all the resonant amplitudes for
the processes

TA
nN»[pN]*an. (4)

Converting from an amplitude for
TN=p, N=mmN

to a photoproduction amplitude using p dominance
involves a factor

emp _ emh
T y2
2%08pnr &onn

and replacement of the p° polarization vector

(@r, =9x,)u bY €; here m, (m,) has charge +e
(=€). In the partial-wave analysis'''® of reaction
(4) the p° polarization (and helicity) states and the
isospin Clebsch-Gordan factors were defined such
that 7, is the 7*, thus e=+|e|. The phases of the
predicted photoproduction amplitudes are there-
fore also relative to sign g. On the other hand,
the measured photoproduction phases’ are also
relative to sign g as contained in the Born term;
thus this unknown sign drops out from the com-
parison. p dominance therefore requires absolute

TABLE I. Signs of the residues of the resonance amplitudes in the reactions 7N — mA and
TN —pN (see Refs. 1 and 2). A question mark implies sign not determined as reliably as the

others.
TA TA PN 2 PN @
g multiplet Resonance lower I higher ! S=3 S =2, lower !
{70,17} D45 (1520) + + +
S 11(1520) (+?)
S 31(1640) + (-=?)
D44 (1670) - =?)
D45(1670) -
D5(1700) + (=?) (=?)
S 11(1700) -
{56, 2*} F;(1688) + (=?) +
P5(1700) -
F4,(1930) - =?)
F45(1880) - -
{56, 0%}, = P1(1470) - (=?)
P35 (1700) -
{56, 0%}, -4 P;(1700) (=?) (+7?)

28 is the total spin of p and N, §:§p +§N. The LS states are defined as in Jacob and Wick,
Ann. Phys. (N.Y.) 7, 404 (1959) (and in Ref. 13); in the isospin Clebsch-Gordan coefficients

the baryon-first ordering is used.
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agreement of the signs of corresponding ampli-
tudes. Table 4 of Ref. 2 in fact shows such an
agreement for all the well-determined signs.

Thus, the determination of the absolute phase of
the inelastic 7N partial-wave amplitudes confirms
the agreement already noted in the relative phases
for different resonances, with the predictions

from the relativistic quark model, broken SU(6),
and the Melosh transformation, as well as from
vector dominance for the relation between p and
v transitions.

I wish to thank Roger Cashmore for useful com-
ments.
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