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A simple relation, involving only experimental quantmes, for the effective polarizations m quasi-free (p, 2p) scattering 
on closed shell nuclei IS tested for recent TRIUMF (p, 2p) experiments with 200 MeV polanzed protons. 

In quasi-free scattering experiments [ 1 ] the ejected 
nucleon is in general polarized [2] before it is knock- 
ed out. There are cases in which the combined influ- 
ence of the nuclear spin-orbit  coupling and the effec- 
tive absorption by multiple scattering [3] causes this 
polarization to be nearly complete. It can be mea- 
sured [41 using a polarized proton beam, because the 
medium energy p - p  cross section is sensitive to'rela- 
tive spin orientations of the bombarding and target 
protons. 

There is a simple prediction which one can make 
for the case of good shell nuclei like 160 or 40Ca, 
namely, that the average effective polarizations of the 
protons in two sub-shells, split by the spin-orbit cou- 
pling, should vanish [5,6] to a good approximation: 

1 
( l+ l ) P e f f ( j = l + ½ ) + l P e f f ( 1 " = l - i ) = O  (1) 

This relation agrees with actual distorted wave calcu- 
lations [4,7] but is quite independent of the optical 
and shell model potentials which generate the distor- 
tions and single particle wave functions. In the deri- 
vation of relation (1) the impulse and factorization 
approximations are used and the spin-orbit distortion 
is neglected, which should in our case introduce only 
a small error [7,8]. 

Recently a TRIUMF group [9,10] has performed 
an extensive series of measurements of the asymmetry 

d o / d ~ l d ~ 2 d E ( t  ) -- da/dt21d£'22dE(~ ) 

A = da/d~21d~2dE(¢ ) + d o / d ~ l d ~ 2 d E ( l )  (2) 

for (p, 2p)-scattering on the two p-states of 160, for a 
coplanar geometry with 200 MeV incoming protons 
with polarizations orthogonal to the scattering plane 
(normalized to 100% and denoted by the arrows in de- 
finition (2)). 

The effective polarization of the nuclear proton 
involved in the quasi-free reaction can to a good ap- 
proximation be calculated from the asymmetry, de- 
fined in eq. (2), by the relation [6] 

Peff = (A - P)/(Cnn - PA ) (3) 

Here P and Crm denote the coefficient functions in the 
, expression for the cross section of the scattering of 

free protons, with polarizations P0 and P3 orthogonal 
to the scattering plane [11,12]. 

(d°/d~'2)free = /0 [  1 + (e0 +P3)P+PoP3Cnnl (4) 

We have compared the values of Peff( J" = ~) and 
-b, -2Peff(j  = following from eq. (3) and the TRIUMF 

values [10] for A, which should be equal according to 
relation (1). For the calculation of the functions P 
and Crm we used the phase shifts of Arndt et al. [ 13, 
14]. We checked several resulting values for P and Cnn 
directly with available data for free polarized p - p  scat- 
tering. The kinematics of the free process correspond- 
ing to the quasi-free one was defined by the initial 
proton momenta. We have selected kinematical situa- 
tions for which one expects that the impulse and fac- 
torization approximations [1] are good [6] and the 
off-shell effects small. 
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The resulting values for the effective polarizations, 
in dependence of  the angles 01 of  the two outgoing 
protons with the beam direction and of  the kinetic 
energy T 1 of  one of  these protons,  are shown in fig. 
1. For the cases 01 = 0 2, the agreement is excellent. 
(Incidentally,  in these cases, the experimental  asym- 
metries and calculated effective polarizations should 
be antisymmetfical  in respect to the point  T 1 = T2, 
as follows from the symmetry  under a 180 ° rota- 
tion about the beam direction.) However, there are 

appreciable differences in the cases 01 :/: 02" We have 
checked that these properties of  the curves of  fig. 1 
are indeed insensitive against off-shell corrections (by 
comparing the result of  initial and final state prescrip- 
tions), against the uncertainties in the functions P and 
Cnn for free scattering and against corrections stem- 
ruing from the neglected sp in -o rb i t  optical potential  
(by taking the nuclear depolarization into account).  

The question then arises, which corrections to the 
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Fig. I. The effectwe polarization calculated from TRIUMF mea- 
surements [10] of 200 MeV coplanar (p, 2p) scattering on 

_ 1  160, resulting m t h e / -  ~ ground state and the/= 3 first ex- 
cited state of 1aN. The energies and angles with the beam direc- 
tion of the two outgoing protons are denoted by T 1 and 0 r 

factorized DWIA are responsible for the deviations in 
the 01 @ 0 2 cases and do not  spoil the agreement for 
01 = 0 2. Although we have no definite answer to this 
question, we would like to make a few remarks 

(1) We found that a good fit in all cases could be 
achieved by a strong reduction of  the used value of  
the function P, defined in eq. (4). For  01 = 0 2 the 
value of  P is for symmetry reasons anyhow small and 
therefore the agreement is there maintained. However 
the assumption that the effective value of  P may be 
strongly reduced for nuclear protons,  as compared to 
free ones, has to be explained and reconciled with the 
2s-knockout in 40Ca, where a much smaller reduction is 
observed [8]. 

(2) We have not found any other mechanism for the 
reaction than the quasi-free one, which would explain 
the observed strongly ]'-dependent asymmetries and it 
seems to us therefore clear that these are essentially 
caused by the effective polarizations of  the knocked- 
out protons. 

(3) The first tematk illustrates the fact that quasi- 
free scattering with polarized protons at suitable 
geometries may offer the rare possibility to observe 
quantitatively deviations from the predictions of  the 
factorized DWIA. In nearly all known cases, suspected 
deviations can be explained away on the basis of  un- 
certainties in the nuclear wave functions and distorting 
potentials,  which may have strong geometry-depen- 
dent effects. In our case such uncertainties cancel to a 
high degree in the ratios involved. 

(4) A measurement of  the (p, pn) reaction with 
polarized protons, corresponding to the discussed 
(p, 2p)-process, would give a new condit ion to be ful- 
filled by any explanation of  the observed discrepancies. 
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