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ABSTRACT

We report measurements of the induced polarization P of protons knocked out from 2H and 2C via
the A(e,e’p) reaction. We have studied the dependence of P on two kinematic variables: the missing
momentum pp;ss and the “off-coplanarity” angle ¢,q between the scattering and reaction planes. For
the full 360° range in ¢pq, both the normal (Py) and, for the first time, the transverse (Pyx) components
of the induced polarization were measured with respect to the coordinate system associated with the
scattering plane. Py vanishes in coplanar kinematics, however in non-coplanar kinematics, it is on the
same scale as Py.
We find that the dependence on ¢pq is sine-like for Py and cosine-like for Py. For carbon, the magnitude
of the induced polarization is especially large when protons are knocked out from the p3/, shell at very
small ppiss. For the deuteron, the induced polarization is near zero at small |pmiss|, and its magnitude
increases with |pmiss|- For both nuclei such behavior is reproduced qualitatively by theoretical results,
driven largely by the spin-orbit part of the final-state interactions. However, for both nuclei, sizeable
discrepancies exist between experiment and theory.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

Within the shell model a spin-orbit term is required in the
mean-field potential of atomic nuclei in order to explain the en-

1 Present address: UC-Riverside, Riverside, CA 92521, USA. ergy splitting of the single-particle levels for reproducing the
2 Present address: MIT-LNS, Cambridge, MA 02139, USA. magic numbers [1-3]. The spin-orbit interaction also plays an im-
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portant role in optical potentials which describe scattering pro-
cesses. These have a strong influence in the final-state interactions
(FSI) affecting quasi-free A(e,e’p) scattering [4-8], as well as var-
ious other types of scattering processes [9-12].

In elastic ep scattering, within the one-photon-exchange ap-
proximation, the induced polarization of the proton vanishes. Con-
sequently, it is the FSI which in the A(e,e’p) reaction gives rise to
a non-vanishing induced polarization of the knocked-out proton.
In view of the fact that it is largely insensitive to details of the nu-
cleon electromagnetic form factors, the induced polarization serves
as an effective probe of FSI effects in quasi-elastic A(e,e’p). Here
we present measurements of the induced polarization of quasi-
elastic protons from 2H and '2C over a wide range in the missing
momentum, pmiss-

Previous measurements of the normal component, Py, of the
induced polarization have been performed at MIT-Bates on 2H [13]
at low pmiss and '2C with large pmiss in coplanar kinematics [14].
Measurements of P, were also performed on 4He at Jefferson Lab
(JLab) [15,16] over a wide pmjss range.

In Ref. [14], it was found that the induced polarizations of pro-
tons knocked out from the s shell of 12C show a different behavior
from those knocked out of the p shell. This difference was at-
tributed to the spin-orbit (L - S) interaction. The measured values
of P, for 2H at low pmiss in [13] were much smaller than those
measured for other nuclei in [14-16]. All measurements prior to
those reported here were restricted to almost-coplanar geometry.

The induced polarization measurements presented here were
performed at the Mainz Microtron (MAMI), during four run peri-
ods from 2012-2017. Our measurements for both nuclei cover a
large range in pniss, and the full 360° range in the off-coplanarity
angle, ¢,q (See Fig. 1). Calculations predict a dependence of the in-
duced polarization on ¢pq largely due to the L-S interaction which
hitherto has remained unexplored. Our 2H data greatly extend the
range in pmiss compared to the previous measurements in [13],
while our 12C data significantly improve the statistical precision
and the range in ¢,q compared to the existing data [14]. Further-
more, we measure not only the normal component, Py, but also,
for the first time, the transverse component, Py, which vanishes in
coplanar kinematics (¢pq = 0° or 180°). The transferred polariza-
tions measured in our experiments were reported in [17-19] for
2H and [20-22] for 12C.

Section 2 describes the experimental setup, the measured reac-
tion, and the kinematic settings. The data analysis and extraction
of the induced polarization are described in Sec. 3. The details of
theoretical calculations, to which we compare our data, are given
in Sec. 4. We then present the data for both nuclei and their de-
pendence on ¢pq and ppiss in Secs. 5 and 6, and conclude in Sec. 7.

2. Experimental setup and kinematics

The experiments were performed at MAMI using the A1 beam-
line and spectrometers [23]. For these measurements, a 600-690
MeV polarized continuous-wave electron beam was used. The
beam current was ~10 uA. Due to the frequent flipping of the
beam helicity (about 1 Hz), the average beam polarization in our
event sample is zero, as verified by internal checks on the data.

The targets used for the 2H and '2C measurements were a 50
mm long oblong cell filled with liquid deuterium [17-19] and a set
of three 0.8 mm-thick graphite foils [20-22], respectively. We also
performed calibration runs using a liquid hydrogen target.

Two high-resolution, small-solid-angle spectrometers with mo-
mentum acceptances of 20-25% were used to detect the scattered
electrons and knocked-out protons in coincidence. Each of these
spectrometers consists of an momentum-analyzing magnet system
followed by a set of vertical drift chambers (VDCs) for tracking,
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Fig. 1. Kinematics of the reaction with the definitions of the kinematic variables.

and a scintillator system for triggering and defining the time coin-
cidence between the two spectrometers.

The proton spectrometer was equipped with a focal-plane po-
larimeter (FPP) with a 3-7 cm thick carbon analyzer and a set of
horizontal drift chambers (HDCs) [23,24]. The spin-dependent scat-
tering of the polarized proton by the carbon analyzer allows the
determination of the proton polarization at the focal plane. The
polarization at the interaction point is then determined by cor-
recting for the spin precession in the spectrometer’s magnetic field
[24]. More details of the experiment can be found in [17-22].

The kinematics of the measured reactions are shown in Fig. 1.
The electron’s initial and final momenta are k and k' respectively,
which define the scattering plane of the reaction. The reaction
plane is defined by the momentum transfer ¢ =k — k’ and the
recoiling proton’s momentum p’. We refer to the angle between
the scattering plane and the reaction plane as the “off-coplanarity”
angle of the reaction, denoted by ¢;q.

Following the convention of [15], we express the components
of the induced polarization P in the scattering-plane coordinate
system, such_that y is normal to the scattering plane (along the
direction of k x k'), z is along the direction of the momentum
transfer ¢, and X = y x z, forming a right-handed coordinate sys-
tem.

The missing momentum Priss =g — p’ is the recoil momentum
of the residual nuclear system. Neglecting FSI, —Pmiss is equal to
the initial momentum of the emitted proton, p;. We conventionally
define positive and negative signs for pmiss by the sign of Pmiss - q.

Our 2H measurements were performed at six kinematic set-
tings, labeled A through F, with varying ranges of ppiss and invari-
ant four-momentum transfers Q% = —q?. Settings A and F were
both centered at pmiss = 0, and have Q2 = 0.40 (GeV/c)?. Set-
tings B and E covered large positive ppiss, at Q2 = 0.40 and 0.65
(GeV/c)?, respectively. Settings C and D covered small and large
negative pmiss, respectively, and were both at Q2 =0.18 (GeV/c)2.
Details are given in Table 1.

Our 2C measurements were taken at two kinematic settings.
The first is the same Setting A of the deuteron measurements
(centered near pmiss = 0, at Q2 = 0.40 (GeV/c)?). The second
is Setting G, which covered a region of large negative ppiss at
Q2 =0.18 (GeV/c)?; this is similar to Setting D of the deuteron
measurements, except with a different beam energy and the other
kinematic variables modified accordingly.’

In each of the kinematic settings presented in this work, the
spectrometers’ reference trajectories form a parallel reaction (p’ ||
G ). However, due to the spectrometer acceptance, our data sample
included reactions with 6,4 (the angle between p and g) up to
~ 8°, with the full 360° range in the off-coplanarity angle ¢pq.

3 In our earlier publications [20-22] on !2C, this setting is referred to as Setting
B. We refer to this setting as Setting G in this work in order to distinguish it from
the Setting B of the deuteron measurements.
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Table 1
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The kinematic settings in the 2H(é, e’p) and '2C(é, ¢’p) measurements. The angles and momenta represent the central values for the two spectrometers: pp and 6, (pe and
0e) are the knocked out proton (scattered electron) momentum and scattering angles, respectively. The number of events passing the event selection cuts are also given.

Kinematic setting

A B C D E F G
Epeam [MeV] 600 600 630 630 690 690 600
Q2 [(GeV/c)?] 0.40 0.40 0.18 018 0.65 0.40 018
Dmiss [MeV/c] —80 to 75 75 to 175 —80 to —15 —220 to —130 60 to 220 —70 to 70 —250 to —100
De [MeV/c] 384 463 509 398 464 474 368
Be [deg] 82.4 73.8 434 494 90.9 67.1 529
Pp [MeV/c] 668 495 484 665 656 668 665
Op [deg] —34.7 —433 —53.3 —391 —33.6 —40.8 —378
Nucleus shell # of events passing cuts (x103)
2H 68 19 438 201 10 232 —
12C $1/2 268 — — — — — 274
12¢ P32 160 - - _ _ _ 436

3. Data analysis — sin ®ppp

3.1. Event selection

Software cuts were applied to the data, in order to ensure good
tracking, time coincidence, and event quality. These cuts applied
here are identical to those of the earlier publications [17-22] on
the transferred polarization, unless otherwise noted below. The full
list of these cuts from the earlier analyzes, is listed in the supple-
mentary material.

We applied additional tracking cuts to the proton’s trajectory,
requiring it to be within the part of the spectrometer where the
precession of the proton’s spin is well known and the false asym-
metry could be determined using dedicated elastic ep measure-
ments. In order to reduce false asymmetries, we also removed
events where, if the proton had scattered in the azimuthally op-
posite direction in the carbon analyzer, it would either be outside
of the geometric acceptance of the detector or hit a malfunctioning
channel of the HDCs. Additionally, the polar angle ®gpp of the sec-
ondary scattering was required to be greater than 8° in order to
avoid spin-independent Coulomb-scattering events, and less than
23° in order to improve the stability of the false-asymmetry deter-
mination (see note in supplementary material).

Following [17-19], we required the missing mass of the
2H(e, ¢'p) reaction to be consistent with the mass of a neutron.
For the '2C sample, we distinguish between protons knocked out
from the s and p shells, following [20-22], by using cuts on the
missing energy, Enjss in the reaction, defined as [25]:

Emiss=w — Tp — Tug, M

where @ = k% — k'? is the energy transfer, T, is the measured
kinetic energy of the outgoing proton, and Tup is the calcu-
lated kinetic energy of the recoiling residual system, assuming it
is 1B in the ground state. For the s-shell sample, we used the
cut 30 < Epjss < 60 MeV, while for the p-shell sample, we used
15 < Emiss < 25 MeV [20-22].

The p-shell cut accepts events in which the residual A — 1 sys-
tem is left in one of several discrete states, including the ground-
state of 11B as well as a few excited states. The s-shell selection cut
is much wider, comprising a broad range within the continuum of
unbound residual A — 1 states.

3.2. Polarization fitting

Before extracting the values of Py and P, for 2H and '2C, we
first determined the false asymmetry using elastic ep events (for
which the induced polarization is expected to be zero). This was
accomplished by maximizing the log likelihood

logL = Z log l-f—AT- c0S Pppp s (2)

events

for the ep event sample, where ®ppp is the azimuthal angle of
the secondary scattering and A is the false asymmetry in the focal
plane coordinate system, parameterized as

. a)é/ + i dvtn
A= ap + a{evth s (3)
0

where 6y, and ¢y, are the incident angles of the proton trajectory
extrapolated from the VDCs to the HDCs. af, a%, a}, and a} are the
fitted coefficients. We then extracted the induced polarization for
2H and !2C by maximizing the log likelihood

. . —sin Drpp
logL= ) log|1+(@S-P+A)"-| cosPep , (4)
events 0

where S is the calculated spin-transfer matrix for the proton tra-
jectory of the event, and a_is the analyzing power of the event
(as determined by [26,27]). P is the induced polarization. We con-
strain P, to be zero in order to improve the stability of our fit. This
constraint has a negligible effect on the fitted Py and Py except in
bins with very poor statistics.

The corrections for false asymmetry are larger for P, than for
Py, the r.m.s. values of these corrections are ~20.20 and ~0.04 re-
spectively. This is because |Ay| is generally larger than |Ax|, and
the off-diagonal terms of the spin-transfer matrix, Sx, and Syy,
dominate over the much smaller diagonal terms Sy, and Sy. De-
tails of the false-asymmetry determination, and the checks we
used to validate its long-term stability, may be found in the sup-
plementary material.

3.3. Systematic errors

The systematic errors in these measurements are due to a few
sources, which are presented in Table 2. They are dominated by
the uncertainty on the false asymmetry of the FPP. This is due to
the limited statistics of the elastic ep sample used to determine
this false asymmetry, and it contributes 0.012 to the systematic
error on our corrected results for 2H and 12C.

The analyzing power of the carbon secondary scatterer is
known to about 1% in this kinematic region [24,26,27]. It leads
to a relative error of the same size on each component of P. The
uncertainty on the precession of the proton’s spin introduces an
additional 0.4% relative error. The systematic error due to the un-
certainty of the alignment between the HDC and the VDC detector
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Table 2
Sources of systematic errors on Py and P,. We distinguish between sources of

systematic errors that do not scale with Py (absolute errors), and those that do (rel-
ative errors). The total systematic errors are then APy = /AP2_ + (APy re Px)?

x,abs
and similarly for APy.

APx,ahs APy,abs Any.rel
False asymmetry 0.010 0.012 —
Software cuts 0.005 0.006 -
Detector alignment < 0.001 < 0.001 —
Kinematic setting 0.001 0.001 —
Precession - - 0.4%
Analyzing power - — 1.0%
Total 0.011 0.013 11%

systems was investigated to be less than 0.001, absolute, for both
components. This was determined by repeating the analysis with
each of the alignment parameters modified by plus or minus its
uncertainty. In a similar manner, we estimate the uncertainty on
both components due to the uncertainty on the kinematic settings
(i.e. the beam energy and the two spectrometers’ angles and mo-
menta) to be about 0.001.

The software cuts, described in Sec. 3.1, introduce an additional
absolute uncertainty of ~0.006 to the overall systematic error. This
was determined by performing slightly tighter cuts on each of the
software cuts and then extracting the polarization as described
above. The systematic uncertainty due to the cuts is then the
quadrature sum of the deviations between the measured polariza-
tions with each of the tightened cuts as compared to the standard
set of cuts.

4. Calculations

For comparison, theoretical calculations of the induced polar-
ization for 2H and '2C have been performed. For 2H we have used
a non relativistic calculation [28] including a realistic nucleon-
nucleon (NN) potential, meson-exchange (MEC) and isobar (IC)
currents, and relativistic contributions (RC) of leading order. For
the bound and scattering states the realistic Argonne Vg potential
[29] has been taken. As nucleon electromagnetic form factors we
used the parameterizations from [30].

For 12C, calculations were performed using a program [7] based
on the relativistic distorted-wave approximation (RDWIA) where
the FSI between the outgoing proton and the residual nucleus are
described by a phenomenological relativistic optical potential. The
original program [7] was modified [22] in order to account for
non-coplanar kinematics, by including all relevant structure func-
tions [6]. In the RDWIA calculations, only the one-body electro-
magnetic nuclear current is included. We chose the current opera-
tor corresponding to the cc2 definition [31], and we used the same
parametrization of the nucleon form factors [30] as in the 2H cal-
culations. The relativistic proton bound-state wave functions were
obtained from the NL-SH parametrization [32] and the scattering
states from the so-called “democratic” parameterization of the op-
tical potential [33]

We found that for both nuclei, the calculated induced polariza-
tion has very little sensitivity to the details of the nucleon form
factors. A change of 10% to the form-factor ratio Gg/Gpy in the
calculations affects the induced polarization by less than 0.005.

In order to examine the influence of the L- S interaction on the
induced polarization, we repeated these calculations while switch-
ing off this part of the potential. As we will show in Secs. 5 and 6,
the L - S interaction is the dominant source of the induced polar-
ization.

Physics Letters B 811 (2020) 135984
5. Dependence on off-coplanarity

In order to study the off-coplanarity behavior of the induced
polarization, we performed fits of the polarization components Py
and Py as functions of ¢pq. We present first the off-coplanarity
behavior measured for 2H and '2C for each kinematic set over the
entire measured ppiss range. The ¢,q dependence affects the inte-
gration in each ppiss bin as discussed below in Sec. 6.

The results for 2H at the negative pmiss settings (C and D)
are shown in Fig. 2. The statistical (systematic) uncertainties are
shown as error bars (gray band). These are the only settings for
which we observe a significant dependence of the induced polar-
ization on ¢pq. In these settings, the Py component has an oscil-
latory sine-like behavior, with an amplitude of about 0.1. The P,
component, on the other hand, shows no statistically significant
dependence on ¢pq in any of the 2H settings. For completeness, the
results the other settings which cover the ppiss &~ 0 and positive
Pmiss regions are shown in Fig. S2 of the supplementary material.
For Settings B and E (positive ppiss) some ¢pq dependence can-
not be excluded, however, the limited statistics do not allow us to
draw a firm conclusion.

The data are compared to the calculations, which were per-
formed using the kinematic parameters of a sample of the events
in each bin (solid black curves). The calculations underestimate the
amplitude of the ¢pq dependence of P for the two settings where
this component is statistically significant. For P, the calculations,
similar to the data, predict very little variation of with respect
to ¢pq. The calculations were repeated with the L - S part of the
potential switched off (green dashed curves), which causes the cal-
culated polarization to nearly vanish, indicating that the induced
polarization is due to the L-S part of the potential. We discuss the
comparison between the data and calculations in further detail in
Sec. 6, where both are compared as functions of pp;ss.

The results for 12C are shown in Fig. 3. The polarization com-
ponents Py (left-hand side) and P, (right-hand side) were de-
termined for each data set, both for s- (top panels) and p-shell
protons (middle and bottom panels). The Py components for both
shells have an oscillatory sine-like dependence on ¢pq, similar to
that of the deuteron (although with a larger amplitude). While
the s-shell knockout data show no significant variation between
the two kinematic settings, one notes for the p-shell knockout
a sizable difference in the amplitudes, significantly larger in the
low-ppss region (Setting A).

The P, component for the s-shell protons shows no strong de-
pendence on ¢, (similar to the 2H data), with Py, ~ —0.03 over
the entire ppiss region. On the other hand, one notes for p-shell
protons quite a different behavior for P, between the two set-
tings, A and G. While at low pp;ss (Setting A) Py, has a pronounced
cosine-like ¢,q dependence with a sizable amplitude, it is fairly flat
and small (& —0.05) in the higher |pp;ss| region (Setting G).

The calculation of the induced polarization for '2C was also
performed using the kinematics and statistics of the data sam-
ples in each bin. For the Py, component, the theory predicts much
smaller polarizations compared to the measured data with one ex-
ception. For s-shell knockout the calculations, like the data, display
an almost identical behavior for both settings with a sine-like de-
pendence. However, the predicted polarizations are much smaller
with an opposite sign to the data. For p-shell knockout the sit-
uation is different. While the calculated P, shows for Setting A
at least a qualitative agreement although with a slightly smaller
amplitude, the theory predicts an almost vanishing P, for Set-
ting G.

With respect to Py, it is interesting to note that for p-shell
knockout the calculation is in very good agreement with the data
for both settings, predicting the same ¢, dependence as well as
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Fig. 2. Comparison of the ¢,q dependence of the measured induced polarization components Py (left panels) and Py (right panels) for 2H to the theory for selected kinematic
settings. Symbols are explained in the inset of the right bottom panel. The calculations with (without) the L - S potential are shown as the solid black (dashed, green online)
curves. The gray band centered around y=0 represents the systematic uncertainty; see Sec. 3.3.

the size. For s-shell knockout, there is some deviation between the
data and calculations, which is largest at |¢pq| near 180°.

Switching off the L - S part of the optical potential results in
much smaller or vanishing induced polarization for both compo-
nents, indicating that the induced polarization originates primarily
from the L - S part of the optical potential.

6. Missing-momentum dependence

The induced polarizations were also analyzed as functions of
Pmiss- We note that our determination of the ppjss dependence
is affected by the ¢, dependence of the components. For Py,
the nearly flat behavior with respect to ¢, in all regions (ex-
cept for low-pmiss p-shell knockout) allows us to determine the
polarization values in the pniss bins, with little effect of the vari-
ation over ¢pq. Since Py displays a sine-like behavior, it almost
vanishes when averaged over ¢,q. Hence, one may obtain small
values of Py, even when a large-amplitude oscillation is observed.
Furthermore, even a perfect sine behavior will result in a nonzero
measured value when the polarization is obtained over a ppjss bin
without a proper statistical weight. The values obtained for P, for
both 2H and '2C are shown in the supplementary material, Fig. S3.
These effects are much reduced but still may exist for the P, com-
ponents.

The P, components for 2H and '2C are shown in Figs. 4 and
5, respectively. For 2H, the induced polarization is near zero for
Pmiss ~ 0, where the deuteron can be considered a “weakly bound”
system, and increases in magnitude with higher positive or neg-
ative pmiss. Furthermore, we note this is consistent with earlier
measurements of P, from MIT [13] (open gray triangles in Fig. 4),
which have near-vanishing Py in a region near pp;ss = 0.

For 12C we observe no significant variation of Py over the pmjss
range for s-shell protons. As observed in the ¢,4-dependence anal-
ysis, the p-shell protons show a variation with respect to pmiss.

A comparison of our 2C data for Py with the earlier MIT mea-
surements [14] is shown in Fig. S4 of the supplementary material.
For this comparison, we restricted the range of ¢pq in our data
sample to match that of [14] (i.e., near 180°) and compared them
at the same |ppiss|. The agreement between our p-shell data and

those of [14] is very good, in spite of how different our kinemat-
ics are from theirs. There are some discrepancies between our data
and [14] for the s-shell, particularly at small Epjss and large |pmiss|-
The discrepancy at large |pmiss| may be related to the fact that our
high-|pmiss| setting (Setting G) has very different four-momentum
transfer (Q2 = 0.18 (GeV/c)?)) from that of the MIT measurement
(Q? =0.49 (GeV/c)?), whereas for our low |pmiss| setting (Setting
A, Q2 =0.40 (GeV/c)?), the difference in Q2 is much smaller.

The calculations were performed as before, using the kinemat-
ics and statistics of the data in each pp,ss bin. The calculations for
2H show the same increasing polarization with |pmiss|, and vanish-
ing at pmiss = 0 as would be expected for a “very weakly bound”
proton. Overall the calculated P, agrees well with the data except
in the negative ppnss region (Settings C and D). The deviations of
the calculation from the measured polarization, while small, may
point to a need for a fine tuning of the NN potential. We note
that there were also discrepancies between data and calculations
observed in the same region of negative pniss for the transferred
polarization [18]. One may speculate that the discrepancies in the
transferred and induced polarizations may be related.

For '2C calculation we note the positive P, obtained for the s-
shell protons. Examining the ¢p,q dependence of the calculation, we
can attribute this to the fact that this event sample is dominated
by events with large |¢pq| (where the calculated Py is positive).
For the p shell, the agreement is good.

To describe the ppiss dependence of the Py and P, components
for p-shell protons from '2C we first obtained the ¢pq distribution
for each of the ppiss bins. Then we parameterized the data assum-
ing Py = ay + by sin(¢pq) and Py =ay + by cos(¢pg). The data for
each bin along with the fit are shown in the supplementary mate-
rials, Figs. S5 and S6. The “amplitudes” (bx and by) are shown in
Fig. 6.

Both, Py and Py show a similar behavior of increasing ampli-
tudes towards small ppnss (reaching values of ~ —0.3 and ~ 0.4
respectively), and become small at large ppiss. However, the rise
for by as pmiss approaches zero appears to be sharper than that
of by.

We note that the amplitudes by and by, are of opposite signs,
negative and positive respectively, and that their magnitudes are
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similar at low |pmiss|. Our results are presented with respect to
the coordinate system in the scattering plane (see Fig. 1). In the
low-|pmiss| region, they seem to be consistent with projections of
a vector which is normal to the reaction plane on the x and y
axes defined in the scattering-plane coordinate system, which are
proportional to —sin(¢pq), and cos(¢pq) respectively.

7. Conclusions

We have measured the induced polarization components, Py
and Py over the full azimuthal-angle range for 2H and '2C. The
off-coplanar measurements provide new data which show the az-
imuthal dependence of the induced polarization components, par-
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ticular, the Py which vanishes in coplanar kinematics. These are
the first measurements of Py, and cover a large extended kinemat-
ical range. The statistics obtained in these measurements is signifi-
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cantly improved over previous measurements, allowing meaningful
comparison with state-of-the-art calculations. In general, the calcu-
lations are in good agreement with the measured P, components
in contrast to their predictions for Py.

The theoretical predictions for Py in both nuclei are consid-
erably smaller than the measured data and in some cases have
the opposite sign. The fact that induced Py is not well described
in the calculations has probably little effect on the prediction of
other measured polarization observables (which are coplanar or in-
tegrated over the azimuthal angle).

For 12C, the calculations for the p-shell knockout are in bet-
ter agreement with the data than those for the s shell. This may
indicate that the transitions to discrete eigenstates of the resid-
ual nucleus may be better described by the theoretical calculations
than the s-shell knockout with final states in the continuum. The
large polarization values observed in 12C near ppiss = O (for both,
Py and Py oscillation amplitudes) may be attributed to the min-
imum in the momentum distribution of the p-shell protons. A
singular steep minimum may affect polarization observables. This
may be also the reason for the enhanced oscillations of Py near
Pmiss = 0. The P, component, which vanishes in PWIA, is entirely
due to final-state interactions, and, as shown, stems mainly from
the spin-orbit part of the optical or the nucleon-nucleon potentials,
in 12C and 2H, respectively.
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The new data presented in this work provide a new and more
detailed testing ground for theoretical models of the nucleon-
nucleon interaction and nuclear structure.
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