
seen recently (21.4 MeV in 13c and 23.2 MeV in 14c) by 

Korkmaz et al.ll which have similar angular 

distributions of cross section and Ay. It is also 

tempting to associate them with the expected (p312)-1 

(d512)2 transitions, since those in 170 match the 

excitation of the M4 transitions observed in inelastic 

scattering. If the latter identification were to hold, 

however we would have to understand why the cross 

section distributions are so different for these states 

compared to the 1112' state in 170. 
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We have seen considerable evidence accumulated in collision vs. one ocurring inside a nucleus.8 We have 

recent years that pion production reactions on nuclei recently studied (;,nr ) reactions on ,13c targets, 

A(p,n)A+l are dominated by a two-nucleon mechanism with results bearing on two separate aspects of free 
i- 

(TNM), i.e., by NN + NNn processes ocurring within the NN + NNn processes that are reasonably well established 

nuclear medium.l-7 While the arguments made in near threshold: the analyzing power behavior and the 

conjunction with these studies do depend on the isospin dependence of the amplitudes. We focus on the 

explicit participation of two nucleons (one from the striking results of the former in this contribution, 

target nucleus), they do not require treating pion which has been the subject of a recent publication.9 

production as a quasifree NN i- NNn process. Indeed, IT+ and n- continuum analyzing powers at several 

one might expect a priori quite different off-shell values of a,>, and for various targets are displayed 

behavior for pion production in a free two-nucleon in Fig 1. The negative going shape of Ay(0) for 
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(i,n+) has been observed in earlier studies,1° but is 

confirmed by more recent work9 to be a characteristic 

and stable feature of most all (;,rr+) discrete 

transitions as well as the continuum. Representative 

Ay(0) *'slices" of rc+ continua from a "C target are 

displayed in the lower portion of the figure. The 

dramatic new results are for the rc' continuum, 

displayed in the upper portion of the same figure, 

where Ay(0) is showng to exhibit a stable 

positive-going shape independent of target and 

excitation energy (a feature not generally shared by 

discrete (p, rc') transitions). From earlier studies, 

it is known that the two nucleon transition pn + ppn', 

not yet studied with polarized free nucleons, is the 

dominant process occurring inside nuclei in 
9 

near-threshold A(p, rc-)A+1. For discrete (p ,rc') 

transitions, singularity of the reaction path 

for this large q reaction process makes momentum 

matching considerations dominant, s 4  causing large 

state-to-state analyzing power differences. In 

contrast, we expect that transitions to the (p,rcm) 

continuum will average over many final nuclear states, 

resulting in a "cancellation" of state-to-state 

differences, thus revealing the nature of the 

underlying fundamental (quasifree) amplitudes. 

Thus we are motivated to relate these stable 
-f 

(p,n-) continuum results to the behavior for the (as 
+ 

yet unmeasured) free pn + ppn' reaction near threshold. 

Analogous (:, IT+) data closely resemble measured11s12 

Ay(0) for the corresponding free processes Gp + drr' and 
+ 
pp + (pn)T=O~+' The rc+ data are transformed to the 

p-nucleus frame as appropriate9 for an on-shell 

two-body reaction with a target proton moving toward 

the projectile. (Note: the growing deviation seen at 

large angles between the nuclear data and quasifree 

expectations may reflect certain inadequacies - the 

neglect of distortions and the full momentum 

distribution of struck protons -- in our simple 
kinematic transformation.) 

Piasetzky et a1.13 have recently reported a 

phase-shift analysis of cross section data for the 

quasifree absorption (in 3 ~ e )  of 62.5-MeV n- by a 

proton pair. The analysis produces five discrete 

possible solutions (for ( 2), yielding quite 

different predictions for the polarization Py(0) of the 

outgoing nucleons. We believe that the stable 

continuum analyzing powers Ay(O ) measured for (p ,rc') 

reactions on nuclei provide the (quasifree) 

polarization data needed to distinguish the correct 

solution. By time reversal and rotational invariance, 
+ 

Py(0) for n-pp -+ pn equals Ay(0) for rc' production at 
+ 

the same c.m. angle via pn + pprc-. We have further 

applied the kinematic transformation described above to 

the phase-shif t predictions of Piasetzky et a1.13 for 
+ 

comparison to the (p,n-) continuum data. Of the five 

phase-shif t solutions obtained, only one ( #  2) yields 

Ay(0) remotely resembling the transformed nuclear data. 

But here the agreement (Fig. l(a)) is excellent at 

forward 0, deteriorating slightly at large angles in a 
-b 

manner akin to that observed for (p,n+) in Fig. l(b). 

All other solutions are quite different, with large 

negative lobes in Ay(8) and a zero-crossing near the 
-+ 

observed (p,n-) Ay maximum. We believe that these 

qualitatively striking results strongly support the 

quasifree mechanism for (p,n-) and solution #2 of 

Ref. 13, dominated13 by the pp + 3 ~ 1 ,  T=O np 

transition. This tentative conclusion demonstrates a 

rewarding complementarity between pion production and 

pion absorption probes -- one that should be exploited 

more fully in future studies. 

As a cautionary note, we must point out that two 

important assumptions, over and above that of a 
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Figure 1. Comparison of 200-MeV A(~ ,x')A+~ continuum 
analyzing powers9*16 with quasifree expectations based 
on a) two a'pp -+ pn phase-shift solutions (including 
only s-and p-wave pions) from Piasetzky et a1. ,I2 and 
b) 7pp + dx+ measurements. lo 9 l1 3 

I a) 13 + C(P,T-) l40 1 
r - 

A <Ex> =I9 MeV - .- - 
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quasifree two-nucleon x- production mechanism, underlie 
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the above comparison. We expect here that the 
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undetected low-energy proton pair will be constrained 

to a state, not by nuclear structure (as in the 3 ~ e  

case), but rather by the short-range interaction 

causing the high momentum transfer (450-700 MeV/c) 

(p,n) reaction. (However, a similar assumption, with 

regard to the 3 ~ 1  np state, appears successful in the 

(P, n+) comparison. ) We have further assumed that the 

pn + ppx' does not have a srong energy dependence so 

that predictions for a single bombarding energy 

( T ~ ~ ~ ~  = 412 M ~ v ) ~ ~  can be applied without 

modification over the entire range (325-390 MeV) 

relevant to the quasifree x- production in our 

kinematic transformation. (Over the same range, for 

example, measuredl5 Ay(0) for pp + dx+ undergo little 

change in angular shape.) While we believe these 

assumptions may leave some room for reservation about 

the comparison presented in Fig. l(a) they do not 

undercut the significance of the conclusions. Clearly, 
+ 

further experimental results for near-threshold NN + 
-b 

NNx, in particular pn + ppn-, as well as polarization 

measurements16 for X" absorption on 3 ~ e  will be 

particularly helpful in further establishing these 

claims. 
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