
Figure 3 shows the relative timing spectrum between the K600 arm and the LSAA 
with no software cuts obtained with 5 nA of beam incident on a 16.9-mg/cm2 40Ca target. 
The ratio of real coincidences to accidental coincidences was always better than 5:l. The 
segmentation of the NaI array prevented the charged-particle singles rate in any one crystal 
from exceeding 16.5 kHz for the luminosity quoted. The trigger rate from the OR of the 
three AE paddles was 500 kHz. 

The NaI detectors provided stable performance over the entire course of the production 
running. Figure 4 shows a missing mass spectrum summed over the 24 NaI crystals. The 
missing mass resolution is 1 MeV (FWHM), sufficient to clearly separate the 39K 3/2+ 
and 1 /2+ hole states. Accidental coincidences are responsible for the small background 
observed in the spectrum. The peak at negative missing mass is due to a small hydrogen 
contaminant in the 40 Ca target . 

Data analysis of the results is presently proceeding. Data from the experiment will 
be the subject of Ph.D. dissertations for four graduate students: Ben Markham and Ping 
Li from IUCF and Jeff Huffman and Tao Gu from the University of Maryland. 
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The purpose of experiment E329 is to study the mass dependence of A(S, np) quasifree 
scattering analyzing powers from deuterium (CD2 -C), carbon, and tantalum. The experi- 
ment was performed in the Polarized Neutron Facility, detecting neutrons and protons in 
coincidence with the left-right symmetric detector apparatus developed previously in the 
charge symmetry breaking experiment (CSB) .' Results of the analyzing powers for those 
events that pass the same kinematic cuts, especially on the opening angle between the two 
detected nucleons, that were used in the CSB experiment to select free scattering were 
presented in a previous report.2 These results are shown again in Fig. 1, together with a 



phase shift calculation3 (solid line) which reproduces the free fi - p scattering results of 
Ref. 1. As can be seen, there are small but significant deviations from the free analyzing 
powers for deuterium, especially at the larger angles. Progressively larger deviations from 
the free values are seen for the carbon and tantalum. 

A significant amount of time has been devoted during the past year trying to account 
for the observed deviations from free scattering and for the variation of the measurements 
with the quasifree phase space region selected by cuts, by performing calculations similar in 
spirit to PWIA calculations. Our calculations do not employ a t-matrix (i.e., they assume 
that on-shell free-scattering amplitudes are applicable in the medium) but they offer the 
distinct advantage of facilitating the inclusion of the effects of detector geometry, software 
cut acceptances, and detector efficiencies. For example, an effective analyzing power is 
calculated by averaging over the momentum distribution of the struck target proton in the 
following integration: 

where the analyzing power appropriate to on-shell free scattering from a moving target 
nucleon of momentum A,, is weighted by the probability that such a scattering would 
contribute to our measured yields. The weighting factor W(ptar) includes the momentum 
distribution of the target nucleons, as well as the experiment a1 acceptance and efficiencies 
for both the scattered neutron and recoil proton at their respective laboratory energies 
and angles. The free-scattering observables are evaluated from phase shift calculations at 
the energy and scattering angle in the NN cm frame appropriate to the observed Ofab and 
chosen &,, values. The integral in the denominator above, when multiplied by d o t b ,  can 
also be compared to the observed quasifree scattering yield as a function of flyab. 

In Fig. 1 the results of the calculation employing a Hulthbn wave function for deu- 
terium (dashed line) can be seen to reproduce the measured analyzing powers very well. 
However, by applying free scattering kinematic cuts, we have restricted the region of the 
struck proton momentum distribution we sample. We can test the model for different 
regions (and thus different effective cm energies and angles) by looking, for example, at 
different ranges of the opening angle. We show the results of the measurements and calcu- 
lations for three different opening angle ranges, with all other kinematic cuts remaining the 
same as in Fig. 1. The model does an excellent job of reproducing the data for the middle 
and highest Bopen ranges. The small discrepancies seen for the lower Bopen range at large 
proton scattering angles may be due to multiple scattering effects on the recoil protons of 
lowest lab energy. The overall agreement suggests that the model accurately incorporates 
Fermi motion smearing on quasifree scattering when the target nucleon density is low. 

As illustrated by the carbon results presented in Figs. 1 and 2, analogous model calcu- 
lations do not reproduce the experiment a1 results for the heavier nuclei, although they do 
account for the general trends in the measured analyzing powers as the eopen cut is varied. 
We are in the process of trying to understand the source of these substantial discrepancies. 
There are potentially many new complications that can arise for the multi- nucleon targets, 
ranging from mundane kinematic ambiguities to non-trivial medium modifications of the 
effective NN interaction. 



Figure 1. Quasifree n-p analyzing powers for events that satisfy free-scattering software 
cuts. The sign is determined by whether the proton recoils to the left or right of the 
neutron beam direction. The solid curve represents free n-p scattering results and the 
broken curves are results from the quasifree scattering model described in the text. 

The kinematic ambiguities arise from the unknown missing mass distribution of the 
unobserved multi-nucleon recoiling system, to be contrasted with the case of the D2 target, 
where the recoiling system is a single nucleon. We have handled this ambiguity in the 
calculations shown here via a simple Fermi-gas model. The struck nucleon density is taken 
to be uniform within a Fermi sphere of radius p~ = 260 MeV/c and zero outside. The 
quasifree scattering is treated as a one-step knockout process populating one-hole states in 
the residual nucleus at an excitation energy varying linearly with the distance of the hole 
from the Fermi energy. With the momentum and mass of the recoil nucleus thus fixed for 
a given struck nucleon momentum, three-body kinematics yields an effective cm energy for 
the interacting nucleon pair that differs somewhat between the entrance and exit channels 
(since the binding energy of the target nucleon has not been properly treated); we use the 
average of these two values in our model calculations. We also approximately incorporate 
effects of Pauli blocking by eliminating contributions to the integral from regions where the 
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Figure 2. Quasifree n-p analyzing powers for Dz and C targets for different np opening 
angles. The broken curves include calculated corrections to the free analyzing powers . . .  . .  . . . .  . . -  



momentum of either final-state nucleon relative to the recoiling nucleus is less than p ~ .  We 
have examined the sensitivity of the calculations to the details of the above assumptions. 
While we find non-negligible sensitivity, it tends to be smaller than, and of a different 
character from, the discrepancies between calculations and measurements seen for the C 
and Ta targets. 

Another class of possible complications for the A > Z targets arise from final-state 
interactions (FSI). For example, the presence of a multi-nucleon system should introduce 
absorptive FSI. We have included absorptive distortion effects crudely in our calculations by 
considering the number of (energy-dependent ) attenuation lengths through nuclear matter 
that each scattered nucleon must traverse if the scattering occurs at the center of the 
target nucleus. The effect on the calculated analyzing powers in Figs. 1 and 2 is quite small, 
mainly because each calculated point involves an integral over a very broad range in energy 
sharing between the outgoing neutron and proton. For the same reason, we expect little 
influence from the so-called Maris e f f e ~ t , ~  whereby absorptive (or other) distortions are 
known to produce sizeable quasifree scattering analyzing powers when the energy sharing 
is well defined and the interaction is confined to target nucleons residing in a specific 
j = l + 112 or j = l - 112 shell model orbital. We have analyzed our measurements for C 
(where p3/, target protons strongly outnumber pllz protons) separately for En - Ep > O 
and En - Ep < 0, and found the Maris-type differences to be considerably too small to 
account for the discrepancies in Figs. 1 and 2. 

It is also possible that explicit multi-nucleon or multi-step processes (e.g. nn scat- 
tering followed by charge exchange of one of the neutrons or a target proton) contribute 
significantly to the observed yields at large BL,,, where the discrepancies from quasifree np 
expectations are largest. To investigate this possibility, we are currently comparing the 
yields calculated in our model to the measurements as a function of proton scattering angle 
and target mass. For this comparison, we have concluded that it is important to incorpo- 
rate our detector resolutions (in angle, energy, and flight time) when we evaluate whether a 
given event would fall within our cut acceptance. This work is currently in progress, along 
with a reanalysis of the data to extract directly yields and analyzing powers as a function 
of struck nucleon momentum (under the single-step quasifree scattering assumption). 

In summary, we have quite successfully accounted for the observed yields and analyzing 
powers in our coincidence measurements of 'H(ii,np) in a simple quasifree scattering model 
that incorporates our experimental acceptances and efficiencies. It remains to be seen 
whether the sizeable discrepancies between these calculations and measurements for heavier 
target nuclei manifest medium modifications of the np interaction or can be explained by 
more mundane reaction mechanism complications. 

1. L.D. Knutson, e t  al., Phys. Rev. Lett. 66, 1410 (1991). 
2. C. Whiddon, e t  al., IUCF Sci. and Tech. Rep., 1989-90, p. 34. 
3. R.A. Arndt, e t  al., Phys. Rev. D 35, 128 (1987). 
4. Gerhard Jacob, e t  al., Nucl. Phys. A257, 517 (1976). 


