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Abstract

It is shown that the phases of inelastic TN 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)w

scheme, and with vector dominance in the comparison with photoproduction.



Recently, from a partial wave analysis of the reaction 7N - TN the

resonance amplitudes in the reactions
N > N> wA(1236) (1
and N+ N° > pN (2)

have been obtained.1 The signs of these SU(3)-inelastic 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
dominance by comparison with photoproduction.2 In these tests, however one
had an overall * 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 amplitudes

of (1) and (2) in an absolute sense), with the help of measurements of the

photoproduction reaction

YN -+ 11[},. (3)

We first have to adopt a convention for the (uncbservable) relative
phase between the ground state [8] and [10] baryon states. We do this by
defining the NNw and ANT coupling constants, g and g*, to have identical
signs.3 This convention implies 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

current.

With this convention the Born terms for the reactions yN -+ 7N and
YN > w4 have well defined relative signs. Therefore, observation of an
interference 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 resomance into 7N and mA. Since the 7N -+ TN signs 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 determined.

Results from our measurement at DESY of reaction (3) in the charge
=, t+ . .
state m A, in the energy region 1.3 GeV < V5 < 1.8 GeV, are shown in

fig.1. 2 The interference pattern observed can be uniquely attributed to the
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Converting from an amplitude for

tc a photoproduction amplitude using rho dominance, involves a factor

2 2
em em
P _ 0
2 2
YO g,omr gpmr
and replacement of the p° olarization vector ( - )b E(Y)' here w_ (r.)
* P =ik P q'n'] q-n-z U y u 3 1 2

has charge +e (~e). In the partial wave analysis]’!3 of reaction (4) the

0° pelarization (and helicity) states and the isospin Clebsch-Gordan factors
were defined such that e is the ﬂ+, thus e = +|e¢. The phases of the pre~
dicted photoproduction amplitudes are therefore also relative to sign g. On

the other hand, the measured photoproduction phases7 are also relative to sign 4
as contained in the Born term, thus this unknown sign drops out from the
comparison. Rho dominance therefore requires absolute agreement of the signs

vf corresponding amplitudes. 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 mocdel, broken SU(6)W, and the Melosh transformation, as well as from

vector dominance for the relation between o and ¥ transitions.

I wish to thank Roger Cashmore for useful comments.
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Table 1. Signs of the residua of the resonance amplitudes in the

reactions N -+ w4 and TN =+ oN  (Refs. 1, 2)

mh TA pN” * 4pN *
q multiplet resonance

w
i
P

lower & higher & S = , lower 1%

70, 1} D,,(1520) + + +
5, ,(1520) (+7)
54, (1640) + (-7)
D33(1670) - -7
D, (1670) -
D, 4(1700) * -7) (-7)

811(1700) -

(56, 2} F (1688) - (-7) +
P13(1700) -
F,,(1930) - (=7)

F 4 (1880) - -

+
{56, 0} _, P (1470) - (-?)

P33(1700) -

{56, 0} _, P, (1700) -2 (+7)

(?) implies sign not determined as reliable as the others

* g is the total spin of p and N, 3 = gp + § . The 2S5 states
are defined as in Jacob and Wick, Annals of Physics 7, 404 (1959) (and
in ref. 13); in the isospin Clebsch-Cordan coefficients the baryon~
first ordering is used.




Figure Caption

. . =, t+ . .
Fig. 1 Total cross section o(yp + 7 4 ') with the electric Born cross

section subtracted (ref. 5).
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