
 
 
 
 
 

3.  Measurements of Everything 
Single pseudo-scalar photoproduction is described by 4 complex amplitudes. A mathematical solution 
for the amplitude would require angular distribution measurements of at least 8 carefully chosen 
observables at each energy for both proton and neutron targets [13]. The lack of such experimental 
information, despite 50 years of photo-production measurements, has created ambiguities that could 
easily account for the difficulties in locating N* resonances. To address this shortcoming, a sequence 
of complete experiments have been completed and are now under analysis at Jefferson Lab [14,15], as 
well as complementary experiments at Bonn and Mainz, with the goal of obtaining a direct 
determination of the amplitude to within a phase, for at least a few production channels. 

In single-pseudoscalar meson photoproduction there are 16 possible observables, the cross section 
(*), three asymmetries which to leading order enter the general cross section scaled by a single 
polarization of either beam, target or recoil (+, T, P), and three sets of four asymmetries whose leading 
dependence in the general cross section involves two polarizations of either beam-target (E, G, F, H), 
beam-recoil (Cx’ Cz’, Ox’, Oz’) or target-recoil (Lx’, Lz’, Tx’, Tz’). However, each of these observables 
enters the general form of the cross section scaled by two terms containing different combinations of 
beam, target and recoil spins [16]. This leads to two distinct ways to measure each observable. The full 
set are summarized in Table 1. There, a caret (^) is used to designate the numerator of an asymmetry, 
Â = A !"

o
. The bottom four rows correspond to different states of beam polarization, either without 

regard to incident polarization (unpol) or in one of the three standard Stokes conditions that 
characterize the possible polarizations of an ensemble of photons, linear with a sin(2!") dependence 
relative to the reaction plane, linear with a cos(2!") dependence, or circular. The columns of the table 
give the polarization of the target, recoil, or target+recoil combination. The signs indicate the sign of 
the corresponding term entering the general cross section. One can readily construct from this table the 
terms that enter the general cross section for any given combination of polarization conditions. For 
example, with linear beam polarization in or perpendicular to the reaction plane, a longitudinally 
polarized target (along z) and an analysis of recoil polarization along the meson momentum (z’), the 
general cross section is given by terms in the first (unpol) and third rows that are either independent of 
target and recoil polarization (*0, +) or in columns associated with polarization along z and/or z’,  

 
 
Table 1. Polarization observables in pseudoscalar meson photo-production. Each appears 
twice here. Carets (^) designate the products of asymmetries with the cross section, Â = A !"

o
. 

The 16 in black indicate the leading polarization dependence of each observable to the cross 
section. The three in red (P, T, +) are nominal single-polarization quantities that can be 
measured with double-polarization. Those in blue are the unpolarized cross section and 12 
nominal double-polarization quantities that can be measured with triple-polarization. Signs 
indicate the sign of each term as it enters the general cross section (from [16]). 
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