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We performed the first neutron knockout 

measurements at IUCF in July 1980 when we studied the 1 20011--r- 1 I I I I I 

(p,pn) reaction on 4 0 ~ a  and 4 8 ~ a  at 150 MeV. These 4 0 ~ a ( p . p n ) 3 9 ~ e  1 I 1 5 0  MeV 0, = 44.3- .en= -36.15. 
measurements were performed in the QDDM spectrometer I 2S112 

V) 
8 0 0  

hall with a small scattering chamber installed at an I- I I 
I 

intermediate focus on the beam line that goes into the 0 d3/2 d5/2 I 
swinger hall; the swinger system was used as a beam 

dump. The proton detector telescope consisted of a 2 

mm silicon surface-barrier AE detector plus a 10 mm and 0 

a 15 nrm intrinsic germanium detector. Neutron energies 0 1 0  2 0 3 0  4 0  

were measured by the time-of-flight method. Two 20 in SEPARATION ENERGY (MeV)  

x 40 in x 4 in mean-timed NE-102 plastic-scintillation 
Figure 1. Separation-ener spectrum for the 

neutron detectors were used in a 40 in x 40 in array neutron-knockout reaction fBCa(p, pnlggCa at 150 MeV, 
for ep=44" and 0,336'. 

which was placed 19 m from the target at a fixed angle 

of 36' (near the QDDM spectrometer). Using this flight 
- I T - -  

I l- 
path, we obtained both the solid angle (2.86 m s r )  and 

150 MeV 
the energy resolution (-1 MeV) required for these 

measurements. 

Figures 1 and 2 show separation energy spectra for 

the 40~a(p,pn)39~a and 48~a(p,pn)47~a reactions, 

respectively, at 150 MeV with ep = 44' and ep = 47'. 

In Fig. 1, the 2s112, ld512, and Id312 hole strengths 0 10 20 3 0  4 0  

SEPARATION ENERGY (MeV) 
in 3 9 ~ a  are clearly identified along with probable lp 

hole strength near 30 MeV. In Fig. 2, lf712, (29112 + 
Figure 2. Separation-energy spectrum for the neutron- 

ld3/2), and ld512 hole strengths are identified. The knockout reaction 48~a(p,pn)47~a at 150 MeV, for ep-47' 
and en=36'. 

overall separation-energy resolution for these 

measurements, combining both the proton-energy This resolution is comparable to that obtained in 

resolution and neutron-energy resolution for a range of medium-energy (p,2p) and (e,elp) experiments prior to 

proton and neutron energies, is about 1 MeV (FWHM). the recent work at the IUCF, and is a factor of five 



better than that achieved previously in (p,pn) work at 

other medium-energy laboratories. 

Figure 3 presents "energy-sharing" spectra for 

16312 and 2s112 neutron knockout from 40~a. Also shown 

are Distorted Wave Impulse Approximation (DWIA) 

calculations made with the code THREEDEE~ using Indiana 

"global" optical potentials, Elton and ~wif t3 

bound-state parameters, and final-energy n-p cross 

sections. These calculations, normalized with the full 

2j + 1 shell-model strengths of 4.0 and 2.0, 

respectively, fit the data for the 2s112 state, and 

reproduce the shape of the ld312 state reasonably well, 

indicating that the medium-energy (p,pn) reaction is 

now a viable spectroscopic tool for studying neutron- 

hole states in nuclei. Beam time was approved at PAC 

XI1 for the study of additional targets with polarized 

protons. 
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Fi ure 3. Triply differential cross sections 
h h p d E  for the 40~a(p,pn)39~a reaction at 150 
MeV for knoc~out of 2s1/2 and id312 neutrons, with Bp = 
44.3" and 8, = 36.15'. The solid lines are DWIA 
calculations with Elton and Swift (1967) bound-state 
wave functions, Indiana global optical parameters of 
Nadasen et a1 (1981) and final energy free n-p cross 
sections. 


