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It Is shown that quasi-free electron scattering in a suitable geometry takes place on strongly polarized nuclear 
protons. A calculation for the single particle model of 160 predicts large asymmetries for the scattering of polarized 
electrons. 

Soon after the first quasi-free (p, 2p) experiments were performed, it was recogmzed that in these processes the 
incoming proton scatters on a nuclear proton which is m general polarized [1] by the nuclear spin-orbit force. In 
an asymmetrical situation this polarization does not average out, because the multiple scattering of the emerging 
proton pair suppresses the contributions of  certain regions of  the nucleus to the quasi-free cross section. 

Recently it has been theoretically [2, 3] and experimentally [4] shown that one may measure the effective 
polarization in quasx-free scattering with the help of  polarized incoming protons, making use of  the large differ- 
ence of the cross sections for scattering of medium energy free protons with parallel and opposite spins. The first 
experimental results [4] agree well with the theoretical expectations. 

It is the purpose of this letter to show in a simple but rather realistic model that the polarization of the nuclear 
protons may also g.ive interesting effects in (e, e 'p) quasi-free scattering. We discuss as an example the kinematical 
situation sketched in fig. 1, which is convenient from a theoretical point of  view, although experimentalists may 
judge differently. 
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Fig. 1 The geometry of the proposed experiment. 

In fig. 1 (k 0, EO), (k 1, El)  and (k2, E2) denote the momenta  and energies of  the incoming and emerging elec- 
trons and of the emerging proton, respectwely. Initially, the momenta  are chosen such that k 0 = k 1 + k2, and one 
is therefore essentially scattering on nuclear protons in rest. For the nucleus we chose 160, considered in the ex- 
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treme single particle model, and the energies E i are so selected that one is observing protons knocked-out of either 
the Pl/2 or the P3/2 subshell with separation energies of 12 or 18 MeV, respectively; for the kinematics we took 
an average separation energy of 15 MeV. We vary the direction of the proton momentum, moving it through an 
angle ¢ in a plane orthogonal to the plane of the electron momenta; k0, k 1 and Ik21 are kept fixed. In this way the 
original momentum of the outgoing proton obtains an addition zXk and one is now observing nuclear protons hav- 
ing approxmaately momentum Zkk. By varying ~ one is thus able to measure a distribution of nuclear proton mo- 
menta which are about orthogonal to the electron plane. 

A simple physical consideration [2, 5] suggests that the knocked out proton was effectively polarized in the 
nucleus. Formally this polarization is given by [ 1 ]: 

2 R e ( m ~  '(+)~'(-)~'~ gm ~;m ] ' ~ I m ( m ~  '(+)~'(-)~" --[gm 1)  gm ~;m )' ~m ([g~+)12 ,(-, 2. 
(1) Peff= ~ ~ [g~n) 12 

m r/ 

As indicated in fig. 1, Peff is orthogonal to the plane in which we vary the proton momentum, because this is a 
plane of mirror symmetry for the calculation of the effective polarization, the electron only entering by its ener- 
gy and momentum transfer which is in that plane. In formula (1), g~-+) represent the two spin components of the 
distorted momentum amplitudes gm; the quantlzation axis is taken in the direction k 2 X ti, where ti is the unit 
vector parallel to k 0 X k 1 . 

We have calculated expression (1) in the WKB-approxtmation [I ], using the following parameters. Energy of 
emerging proton: 84 MeV. Square well nuclear wavefunctions with correct binding energies. Square well optical 
proton potential: V = (-32.9 - i 13.0) MeV. Radii of both square wells: 3.41 fm. 

The resulting effective polarization and distorted momentum distribution for the Pl/2 states are given in figs. 
2a, b. The effective polarization at the maxima of the momentum distribution is about 80 percent! The real part 
of the optical potential is important, as it is in the (p, 2p) case [2, 6] ; without it the polarization turns out to be 
about half as large. The maxima of the distorted momentum distribution are 0.68 times the ones of the undis- 
torted distribution, in agreement with earlier calculations. The value of Peff for the P3/2 states is half as large and 
of opposite sign, because there are twice as many particles in this subshell and the effect averages out for the com- 
plete p-shell. 

The expression in the DWIA of the quasi-free cross section for the present geometry is in the usual notation [7] 

/" . _ . ,  dg21 a/z i dg22dE2 d E s d U  = [do]freek2(MpC 2 + 2E 0 sin2(O~))~[g~n)(kl+k2 - k0)l 2 . (2) 
~d~ 1] h2c 2 m n 

(do/dg21)free is m our case the cross section for elastic scattering of electrons on protons with the polarization 
Pelf of eq. (1), orthogonal to the proton momentum and parallel to the scattering plane; a sum over final spins 
has been performed. Because of the special geometry, the dependence [7] on the angle ¢, between the proton mo- 
mentum and the electron plane, is to a good approximation only contained in Y.[g'l 2 and in Perf" One has [8] for 
incoming electrons with polarization PO suffering a four-momentum transfer q: 

( do,free 
= ~ - ~ ) 0  [1 + (Po • ko)(Peff"/~o)M11 + (Po" ~:o)(Peff" ("X ~o))M13] , (3) a-a-;j 

(d--~)0 e 2 2 2 do = ( _ ~ ) ( / ~ c )  
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M13 = pr/(~-1 - / . t ) ,  

F2(q2) 
u(n) - - -  

Fl (q2)  

2(1 +/l) tg(01/2 ) E0 ~2 sin 2 (01/2) 
p =  ; ~ -  ; n = ; 

1 + r//l 2 + 277(1 +/a)2tg2(01/2) MpC 2 1 + 2~ sin2(Ol/2) 

From eq. (3) follows that the proton polarization can be observed with (longitudinally) polarized electrons. As an 
example we consider 500 MeV incoming electrons, scattered through an angle of  57 °, resulting in 84 MeV protons 
emerging under an angle of  50 °. Using experimental proton form factors [9], one finds: 

Ml l  = - 0 . 5 3 3 ,  M13 = 0.035. (4) 

The combination of eqs. ( 1 ) - ( 4 )  gives the quasi-free cross sections for incoming longitudinally polarized elec- 
trons. These are shown for the Pl/2 states in fig. 2c, in dependence of the angle ~. The P3]2 states give an opposite 
and half as large asymmetry effect. Calculations for other medium electron energies and (suitable) scattering angles 
give results of  quite comparable size. 
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Fig. 2 (a) The effective polarization of the nuclear proton m the Pl/2 subsheU of 
160 m dependence of the angle • between the proton momentum and the electron 
plane. (b) The distorted momentum distribution. (c) The quasi-free cross section 
for electrons, longitudinally polarized in the direction of (+) and opposite to (-)  
the beam momentum. 
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The predicted large polarization effects are determined by the assumed models of the reaction and nucleus. A 
comparison with future experiments would constitute a significant test of  the generally assumed quasi-free reac- 
tion mechanism and sufficiently accurate measurements would lead to detailed information on the distortion of  
the proton wave as well as on the nuclear states involved. It would also be interesting to see a new case in which 
nuclear protons function as a naturally polarized target and this might suggest other applications. 

We make some final remarks: 
(a) Mirroring the process of  fig. 1 through the electron plane, one sees that the curves (+) and ( - )  in fig. 2c are 

each other mirror images (up to the accuracy of  parity [10] conservation). 
(b) We have estimated the depolarization of  the incoming electron in the nuclear Coulomb field by a WKB ap- 

proximation of  the relevant Dirac equation. For 160 this turns out to be an effect of  a few percent and we have 
neglected it. But already for a nucleus like 40Ca the depolarization becomes appreciable and should probably be 
taken into account. 

(c) The spin-orbit coupling of  the outgoing proton has been neglected. If  one would measure the final proton 
spins, the resulting error could be serious. However, because we sum over final proton spins, the error is expected 
to be small; the spin-orbit distortion mainly rotates the spin of  the proton, approximately acting as a umtary oper- 
ator in spin space, which has no effect after spin summation, because of  conservation of  probability. 

(d) We have neglected the possibihty that the final proton results from a (e, e'n) reaction followed by a charge 
exchange, because this process is unlikely to result in the final one-hole state of  interest. In a pure single particle 
model and with a single charge exchange, this would demand that the neutron be knocked out of  one particular 
state and then exchange with the proton in the analogue state. 

(e) We have neglected off-energy shell effects in the e - p  matrix element. Because in the chosen geometry the 
nuclear target proton moves almost orthogonally to the electron plane, this effect cancels essentially out in the 
relative cross sections. 

We thank C. Schneider for discussions. 
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