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Polarizations for proton knockout reactions from s, orbits at 1 GeV
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The polarization of protons emitted ifp,2p) reactions has been measured for three kinds of targets at
1 GeV. The values of the polarization that we obtain are significantly smaller than the values predicted using
the nucleon-nucleofNN) interaction in free space, and the discrepancy between the two is seen to increase
monotonically as a function of the effective mean density, which is defined as a measure of the sensitivity of
a reaction to density-dependent terms of the interaction. The experimental data are also compared with a model
calculation that includes a relativistic effect, and it is found that inclusion of this effect is able to account for
about half of the density-dependent discrepancy between the experimental results and the values predicted with
the free spac@IN interaction. These results, in conjunction with the previous results at 392 MeV, indicate that
this discrepancy is not caused by a contribution of multistep processes and provide further evidence that there
exists a medium effect.
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I. INTRODUCTION meson masses in tidN interaction are necessary in order to
L i , obtain predictions consistent with their experimental data in

The modification of basic properties of nucleons and mehe case that the relativistic impulse approximation is em-
sons in nuclear fields is one of the most interesting currentoved. For inelastic scattering, various kinds of medium ef-
topics in nuclear and hadron physics. It has been predicted i cts have been examined using experimental data that in-
the framework of quantum chromodynamics that nucleon,qge spin observables by Sammarruca and co-woikéls
and meson masses are modified as a result of the partighere are also works in which the relativistic effect on the
restoration of chiral symmetry in nuclear media-3. From  effective interaction is examined for both elastic and inelastic
a different viewpoint, it has been conjectured that a nucleoRcaitering consistentljt1,12.

Dirac spinor _is modified in nuclear matter due to the Iarge Another type of nuclear reaction suitable for studying in-
scalar potential in the framework of quantum hadrodynamic$yegium NN interactions is nucleon quasifree scattering
[4]. This modification, a lower-component enhancement ofyhich is, in a simple picturé\N scattering in a nuclear field.
the Dirac spinor, is aI§o expressed as a decrease of_ nucle@nyas first pointed out clearly in a theoretical pagé,
masses in a nuclear'fleld. Because nucleon-nualld in- based on LAMPF dat413] from inclusive measurements,
teractions are described as meson ex_change forces betwegit the analyzing poweA, values measured are smaller
nucleons, it is expected that such medium effects at the haqpan those predicted using the frédN interaction. It has
ron level cause modification &fN interactions that is detect- pgap suggested that this decreaséyjris a signature of the
able with some nuclear reactions. _ relativistic effect mentioned above. This decrease has also
Intensive efforts have been continued to sty inter-  peen found to be much more distinct, fol(@ 2p) reaction
actions in the nuclear field and to investigate the effects Of:orresponding to proton knockout from the, 4 orbit of a
possible mod_lflcatlon qf hadror_]_propertles. In the study ofien target in a TRIUMF experiment with an incident energy
nucleon elastic scattering, significant success has been regk 5o MeV [14]. Maxwell and Cooper analyzed these data
ized with the relativistic impulse approximatid®—7], in it a relativistic distorted wave impulse approximation
which a modification of the Dirac spinor is implicitly taken  pyya ) formalism that includes both dynamic and kinemati-
intoaccount. The eff_ect of Meson-mass modification ofy| recoj effectg15]. Although their formalism exactly in-
proton-nucleus scattering has been investigated by BEIWN |, 4es the relativistic effect that was crudely treated in Ref.
al. [8], and they found t_hat the theorencal prediction is im- [4], yet the calculated, values for knockout from thesl,,
proved when this effect is taken into account. Recently, Sakgiate and the experimental data are in significant disagree-
aguchiet al. [9] studied this effect experimentally and con- et They also found that the elimination of the spin-orbit
cluded that modifications of the coupling constants angy,s of the Schradinger phase-equivalent distortion potential
gives moderate outgoing-proton energy dependence of the
calculatedA, for 1s,,, knockout, which is closer to the ex-
*Electronic address: noro@nucl.phys.kyushu-u.ac.jp perimental data. On the other hand, Kreinal. have inves-
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tigated the effects of modifications of meson masses and TABLE I. Properties of the magnetic spectrometers.
coupling constants oNN interactions in nuclear field. They

have found that the effective polarizations of the target MAP NES

nucleons derived from data fdfO(p,2p) reactions at an )

incident energy of 200 MeV leading tps, and p;,, hole ~ Maximum momentuniGeV/c/2) 17 1.0

stateg16] can be consistently accounted for if such modifiedCentral orbit radiugm) 5.5 3.27

NN interactions are employdd.7]. Deflection anglgdeg 24.0 37.2
Experiments orip, 2p) reactions have been made for sev- pomentum dispersiotim) 2.2 2.4

eral types of target nuclei at 392 MeV by an experimentalsiq angle(ms 0.40 3.1

group at RCNH18]. As in the case of the above TRIUMF
data, theA, data for X,,, knockout are found to be smaller
than those estimated by usifNN interactions in free space.

In addition, they found that the decreasing rates are signifi- . . .
cantly target dependent. They defined an effective mean defiuclear Physics InstitutePNP), Gatchina. The accelerated

sity that provides a good measure of the sensitivity of geroton beam was focused on the center of the scattering
(p, 2p) reaction to the density-dependent term\M interac- chamber of a two-arm spectrometer system. The diameter of
tions and showed that the observed decreagg afonotoni-  the beam was about 10 mm. The £FALi, C, and Ca targets,
cally depends on the mean density. This result strongly sug¥ith @ typical size of 8 mm wide<12 mm high X4 mm
gests the existence of a medium effectMN interactions in  thick, were held by a system of fibers.
nuclear fields. It has also been shown that this density- Two outgoing protons irip,2p) reactions, as well as the
dependent reduction cannot be accounted for by a mediu-p scattering in the case of the Glrget, were momentum
effect in the nonrelativistic framework, which is inclusion of analyzed in coincidence using the spectrometer system that
the Pauli-blocking effect19]. In a recent paper, Milleet al. ~ consists of a pair of QQD-type magnetic spectrometers,
compare the TRIUMF data with results of “the best availablecalled MAP and NES. The ion-optical properties of these
DWIA reaction models20]. They conclude that the exist- spectrometers are listed in Table I, and a schematic depiction
ing density-dependeritiN interactions are not adequate for of the experimental setup is given in Fig. 1. In the focal
nucleon knockout reactions and the p055|b|l|ty of a mor lane of each spectrometer, two sets of multiwire propor-
intere_sting mechanism, such as a hadron level medium efignal chambersMWPC's), labeled PC1 and PC2 in the fig-
fect, is implied. ure, were used to measure positions and with this informa-
In this paper, we present the results of new measurements,, the momenta of detected protons were deduced.
of the polarization parameteP for (p,2p) reactions at Throughout thep, 2p) measurement, the angles and field
tlheGeév\;g&'ghn::azj;gmgﬁ?:%’aggg?r_l%r}gr'a){:tgﬁg Qg;%()f trengths of the spectrometers were set at those correspond-
ep A '61 g to the zero-recoil condition fos-shell knockout from

this energy, the polarization for the knockout®s$hell and o " )

each target nucleus. This is the condition for which the cross

p-shell protons in théLi(p, 2p) reaction were recently mea- . : : .
sured, and found to be suppressed, especially significant fc§lectlon 'for S.’She" knockout is ma>§|mal and the reaction
mechanism is expected to be the simplest.

s-shell knockout, compared with values obtained with a s > displ ical for the f kinds of
simple impulse approximatiori21]. One purpose of the 'gure Isplays typical spectra for the four kinds o

present study is to investigate the target dependence, whidBrgets. Because thick targets were used in this experiment,
essentially represents a density dependence, of this suppres-
sion fors-shell knockout. In addition, we have measured the
angular distribution of polarizations for #C target for an 28N
angular range where outgoing energies change significantly: PCLVs2PC3
from 750 MeV to 890 MeV for forward outgoing protons
and from 130 MeV to 210 MeV for backward outgoing pro-
tons. The second purpose of this experiment is to study this M3 o
phenomenon over a wide range of energies, in which the iy
contributions of multistep processes are believed to vary sig- ;
nificantly. This angular distribution gives the polarizations  cblockg»S1 f Scatering chanber
for a significantly wide range of the recoil momentum values \

compared with the scale of typical meson-mass values in the
meson exchange model of tiNN interaction. It is also in-
tended to provide a test for examination of theoretical mod-
els that predict modifications of the in-mediuxN interac-

tion, which may be related to medium effects at the hadron FIG. 1. Schematic diagram of the two-arm spectrometer system
level. at PNPI. Four sets of MWPQ®C1—-PC4, two trigger scintillators

(S1 and S® and a carbon analyzer block form a focal-plane polar-
Il. EXPERIMENTAL DETAILS AND RESULT imeter system on each spectrometer. Each of PC1-PC4 consists of
two MWPCs for measurements of horizontal and vertical positions.
Collimators(Col) are positioned in front of the spectrometers, and
The experiment was carried out using a 1-GeV protornthe luminosity is monitored using a beam monitor that consists of
beam produced by the synchrocyclotron at the Petersburfree scintillatordM1—-M3).

Momentum acceptanaéb) 8.0 8.0

A S
MAP spedrometer] ~ 1GeVbeam

A. Beam and spectrometers
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) ] 6 . 5 Ni+a 1 Na
~ pp 312 Li(p,2p) He E cos ¢i _ _E cos ¢i
= 32+ i=1 Ni=1
:t P = n n. !
% t+a 1 a
z 2 A(B)c0S i = = 2 Ay(6)coS ey
£ i=1 i=1
T T where n,, is the number of events that correspond to the
“true” beam-bunch peak in the distribution of the time dif-
_ ferences between the MAP and NES signals, which include
£ both true and accidental events. The number of events that
; correspond td\ accidental beam bunches is denotedhas
< The scattering angle and azimuthal angle forph@ scatter-
5 ing of theith event are represented Byand ¢,;, respectively,
- andA(#,) is the effective analyzing power of the analyzer.
4 ‘ The actual ranges of used depend on the energy of the
0 20 40 6 80 protons and also on the interaction point in the analyzer,
_ pp 40ca(p.2p)3%K because the acceptance angle depends on the position. The
£ maximum ranges for the MAP and NES spectrometers were
3 3.5°-18° and 5.5°—-22°, respectively. The thickness of the
g carbon block was varied between 3 cm and 20 cm related to
2 the energy of detected protons. F&(6), the compiled re-
> sults of a PNPI group22] and a TRIUMF grouf23] were
used.

-20 0 20 40 60
Separation Energy (MeV)
C. Experimental results

FIG. 2. Separation energy spectra fBp scattering andp, 2p) o
reactions. The shaded areas were used for data analysis. The acci- | N€ results of the polarization measurement are tabulated

dental coincidence events have been subtracted and a correction HBsTable Il In the table, values of the effective mean density
been made for the energy-loss effect. See the text for the explan#/ po, Which is defined in Ref.18], and the momentum trans-
tion of the unphysical position of the-p peak in the bottom panel. fer g are given, as well as detection angles and energies. The
actual calculation of the effective mean density was carried
both the incident and outgoing protons suffered significanput following a procedure described in R¢L8] using the
energy losses. All the spectra shown are those after theomputer codeHREEDEE [24], with minor modifications.
energy-loss effect, typically 3—4 MeV in total, is corrected. In Fig. 3, some of the data for four kinds of targets are
In the case of théCa target,p-p scattering from the sup- plotted as functions op/p,. The data plotted here corre-
porting fiber was observed simultaneously. Because the espond to a detection angle of the NES spectrometer of
ergy loss occurring in these events is significantly smalle@round 53.3°. As described above, the angle of the MAP
than that in(p,2p) events taking place in the target block, Spectrometer and the fields of both spectrometers were ad-
and because the correction for the energy loss was madeusted so that the two protons that pass the central orbits of
assuming that all the events occur in the target block, théhe two spectrometers correspond to those resulting from
position of thep-p peak is shifted to the left relative to the (P,2p) reactions that lead to the peak of thg-hole states,
actual energy in the figure. The overall energy resolution foflsy, for °Li and *2C targets, and €, for “%Ca, with the
the p-p measurement was 4.3 MeV, as shown in the figurezero-recoil condition.
The number of accidental coincidence events was estimated Figure 4 displays the angular distributions for the
using coincidence events between adjacent beam bunchéC(p,2p) reaction ancp-p scattering. The data correspond-
and this number has been subtracted in the figure. Typicahg to NES angles of 63.9°, 59.7°, and 53.3° are plotted as
ratios of true to accidental events for the shaded area are 15fanctions of the transferred momentum The MAP angles
and 1:1 forLi and '%C target nuclei, respectively. The data and both fields were set to yield conditions similar to those

from the shaded area were used for further analysis. described above.
o For p-p scattering, the polarization of forward outgoing
B. Polarization measurement protonsP; should be the same as that of backward outgoing

Besides the two sets of MWPCs mentioned above, a caprotons P, excluding a minor contribution resulting from
bon block was placed for polarization analysis of detectegarity-violating interactions. As seen in the figure, at each
protons. Thep-C scattering off the carbon block was traced value ofg considered, the measured valuesPgrand P, for
using two additional sets of MWPCs, PC3 and PC4, and th@-p scattering are equal within the statistical errors of
polarization of detected protons was deduced from the 1eftd.01-0.02. Moreover, these data are consistent with the re-
right asymmetry of the scattering. The polarizati®ior the  sult of a phase shift analysj25] for p-p scattering, that is
(p,2p) reactions was calculated as represented by the dot-dashed curve in Fig. 4. The agreement
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TABLE II. Detection angledd; and ®,, kinetic energiesl; and T,, and measured polarizatiois and P,, of forward and backward
outgoing protons measured in the present experiment. The values of the momentum trangfeyréorward scattered particles and
estimated mean densipyin units of the saturation densitp,=0.18 fn3) are also given. The recoil momenta for thépe2p) conditions
are effectively zero. Thép, 2p) data forSLi and 1C targets at an NES angi®,=53.3° represent the mean values of the measurements at
53.1° and 53.5°, while the correspondipg data are listed separately. THE data at 63.9° also represent the averages of values measured

at 63.7° and 64.0°.

Target 0,(deg 0O,(deg Ti(MeV) T,(MeV) g (fm™h P, P, plpg
IH 17.6 64.0 866 134 2.63 0.445+0.011 0.453+0.023
20.9 59.7 817 183 3.1 0.428+0.010 0.437+0.010
25.8 53.5 737 263 3.80 0.326+0.012 0.327+0.008
26.1 53.1 730 270 3.86 0.338+0.006 0.320+0.007
6Li 24.0 53.3 741 238 3.58 0.305+0.019 0.260+0.019 0.19
2c 13.2 63.9 878 87 2.02 0.274+0.059 0.34
17.1 59.7 833 132 2.60 0.296+0.032 0.198+0.068 0.32
22.7 53.3 747 218 3.42 0.270+0.032 0.194+0.032 0.31
Ca 25.1 53.1 734 255 3.74 0.305+0.034 0.269+0.031 0.07

found between these results indicate that the effective anaHl. COMPARISON WITH THEORETICAL PREDICTIONS
lyzing power used is sufficient, and systematic errors are not AND DISCUSSIONS

domlnant.' i ) . In this section, first the data are compared with the results
~ In the situation depicted in Fig. 3, the values of the polar-,¢ honre|ativistic PWIA, plane wave impulse approximation,
ization for the(p,2p) reactions are smaller than those for 54 DWIA calculations employing an on-shell factorized ap-
p-p scattering by an amount that increases and becomes sigroximation. The dashed curves and solid curves, corre-
nificant with increasing effective mean density. TR€ data,  sponding to PWIA and DWIA, respectively, in both Figs. 3
which correspond to the largest densities, are plotted as &nd 4 represent the results of the calculations, which were
function ofq in Fig. 4. obtained using the computer coderReeDEE [24]. A global
optical potential[26], parametrized in the relativistic frame-
work and converted to the Schroédinger-equivalent form, was
used to calculate the distorted waves of incident and outgo-

0al ing protons in the case of DWIA, and a conventional well-
depth method was used to construct bound-state wave func-
& tions. Because the difference betwepand P, values in
<
o
= o
IS £
N2t =
© 6 -
> Li
o] 2 L
o @ (Isy) 12 c 04
o
0P (1s) E
L R —— ks
0 0.1 0.2 0.3 g o2t
Effective mean density(p,)
. pJPP
2
FIG. 3. Target dependence of the polarization datgfprscat- © Pl} (©.2p)
tering and(p, 2p) reactions. The polarizations of forward and back- 0 * P ‘ ‘
ward outgoing protons are denoted By and P,, respectively. The 2 3 4

data are plotted as functions of the effective mean density defined in Momentum transfer q (fih)

Ref.[18]. The data points foP, are shifted slightly to the right to

avoid overlapping. The dashed curve and the solid curve represent FIG. 4. Angular dependence of the polarization fep scatter-
results of the PWIA and DWIA calculations with théN interaction  ing and the'?C(p, 2p) reaction.P; and P, are the polarizations of

in free space, respectively. The dashed curve is extendedglp  forward and backward outgoing protons, respectively. The data are
=0 where the value of the polarization is obtained from phase shifplotted as functions of the momentum transfer. The dot-dashed
analysis[25] for p-p scattering. The dotted curve is the DWIA curve represents the result of a phase shift analygh for the
result, in which the relativistic effect is taken into account in a p-p scattering. The identifications of the other curves are the same

Schrédinger-equivalent form. as those in Fig. 3.
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the DWIA calculations was found to be small, typically wave function of the bound nucleon. The Lorenz invariant
Smallel’ than 0.01 and no more than 002, 0n|y|-’f‘|’1le/a|ues NN amp"tude is represented U,.;y' and Fk is a kinematic
obtained from DWIA are plotted in these figures. As seen infgctor.

the figures, the difference between the PWIA and DWIA  Now, we express thi§ matrix in Schrédinger-equivalent
results is quite small. This result suggests that the distortiofgrm as

in a conventional nonrelativistic framework, does not play an

essential role in the polarization for the kinematic conditions _— .

employed in the present work. It is noted here that the dif- T= FkJ XA XA )(U1U|FlU3Ug) (1) xolr)dr .

ference between the dot-dashed curve and the dashed curve

in Fig. 4 is caused by the difference between the two-body,ere the quantitieg;(r) and 4(r) are two-component wave
kinematics ofp-p scattering andp, 2p) reactions with finite functions, andU; are defined by®,(r)=U,x(r) and d(r)

Q values. The final energy prescription was used for the. () This expression is obtained when we replace the
impulse approximatioiilA) calculations. We also found that momentum operator in the lower componentlbfwith the

the dnfference b.etvveer_] the |.n|t|a| and final prescriptions wa orresponding asymptotic momentum values. Then the quan-
small in these kinematic regions. The strong positive slope of = — —

the polarizations predicted by these calculations in Fig. 3 idity (U1Uz[F[UsUo) is simply equated with the matrix in-
caused by the kinematic effects of the binding energy of thdhe Schrodinger framework in _free space. Ina n_uclear field,
struck proton. the effect of the nucleon effective mass is taken into account
The difference between the values from the IA calcula-throughU;, while F is assumed to be unchanged, indepen-
tions and the measured polarizations, botlPpandP,, are  dent of the nuclear density.
monotonically increasing functions of the effective mean In the present calculations, a linear dependence of the
density. This result is similar to the corresponding result ob-effective mass of nucleons on the nuclear density is assumed,
tained at 392 Me\[18] with regard to the analyzing power and the value of the mass corresponding to the effective
and it provide further evidence that there exists a mediunmean density, represented by the abscissa in Fig. 3, is used
effect. In this figure, it is seen that the experimental values ofor each target. The value of the effective mass at the satu-
P, and P, are, respectively=63% and 45% as large as the ration density is taken to be 0.56 of the nucleon mass in free
IA values for'°C(p, 2p). These differences for thHéC(p,2p)  space27]. The results of the calculations are plotted in Figs.
reaction are essentially constant over the entire range &} and 4 by the dotted curves. It is found that the discrepancy
angles for the data plotted in Fig. 4, where the mean densithetween the predictions obtained from those calculations and
is also almost constant. Note here that there is a systematibe experimental values is roughly half as large as that be-
difference between the; and P, values, though they have tween the predictions obtained with the frisi&\l interaction
the same value in the case of elagtip scattering, as men- and the experimental values. The result is also similar to that
tioned above. Possible origins of the finite difference befound at 392 MeV for the analyzing pow§28] and thus it
tween these values include nonrelativistic and relativistic disimplies that the same kinds of mechanism causes the density-
tortions(though the former is excluded if the present DWIA dependent modification of these observables at both energies.
calculations are valig contributions of multistep processes, It is also to be emphasized that this calculation gives an
and even nontrivial modification of nucleons in the nuclearalmost constant reduction rate in Fig. 4, where the effective
field. However, the differences are within twice of the mag-mean density is practically the same.
nitude of the statistical errors and are considerably smaller Itis noted here that this treatment of the relativistic effect
than the differences between either dataset and the results dées not necessarily yield predictions consistent with experi-
the DWIA calculations. In this paper, therefore, we trBat  mental results for other kinds of spin observables for this
and P, equal and consider only the main features of theirreaction. At 392 MeV, several kinds of spin transfer coeffi-
discrepancies from the theoretical predicted values. cients have been measured and compared with the results of
Next, the data are compared with a theoretical result irsimilar calculationg29]. In some cases, the calculation gives
the case that a relativistic effect, the distortion of the nucleopredictions that deviate from the experimental values by
spinor, is taken into account. The calculation was carried ougven more than predictions obtained from simple DWIA cal-
in the Schrodinger-equivalent form. More specifically, thisculations with theNN interaction in free space. At present,
calculation consists of a nonrelativistic DWIA calculation however, this kind of medium effect is the only mechanism
with a nucleon-nucleort matrix, that is modified in the known to account for the discrepancies: strong density de-
nuclear potential following a procedure similar to that pro-pendence, weak momentum-transfer dependence, and also

posed by Horowitz and Igbd#]. weak incident-energy dependence. It is important to note that
In the relativistic framework, th@ matrix for a(p,2p)  the nonrelativistic medium effect fails to account for these
reaction is given by featureg[19]. X
Another possible medium effect is the modificationFof
_ T Krein et al. have shown that modifications of exchanged me-
T= ka Wa(r)Wo(r) PR Wo(r)dr, son masses and coupling constants in the relativistic Love-

Franey(RLF) model [30] cause significant changes in spin
whereW(r) is the four-component wave function of an in- observables which include suppressionsApf Because pa-
cident(i=0) or outgoing(i=1,2) proton. Here®(r) is the  rameter values for the RLF model valid in the 1-GeV region
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are not known, such a calculation is not presented in thiDWIA calculations employing free spad€N interactions.
paper, but this effect is expected to lead to smaller predictetiVe also found that the discrepancy between these theoretical
values ofP. values and our experimental values increases monotonically
In this kind of medium effect, the discrimination of with the effective mean density, which is a quantity that pro-
meson-mass effects and coupling constant effects may bddes a means by which to measure the sensitivity of the

important. In the RLF model, the amplitudEsare written as ~ Cross section to the density-dependent ternNbf interac-
sums of Yukawa functions with cutoff parameters in momen-ions. The data were also compared with the results of a

tum space, calculation in which the relativistic effect is taken into ac-
) count with a Schrédinger-equivalent form, and it was found
9 (1+ A2 that _the effective mass accounts for almost hglf of the

R+ mJZ 7o density-dependent discrepancy between the experimental and

theoretical results. These results are similar to the results of
wherem; is the mass of an exchanggdmeson,q is the  previous works investigating the analyzing power for the
transferred momenturrgj2 is the coupling constant of this same reactions at an incident energy of 392 MeV.
meson exchange force, andg is the cutoff parameter. Itmay  For the polarization o¥2C(p, 2p), the angular distribution
be pOSSible to make the discrimination between these eﬂ:ectﬁas also measured. The data ShOW almost constant reduc-
by comparing the results of calculations with data over ajons from the IA calculations, independent of momentum
wide range of values af. Because the range of values®f transfer and outgoing energies. In this case as well, the rela-
in Fig. 4 is significantly wide compared with typical mass tjyistic effect accounts for half of this discrepancy.
values of exchanged mesons, the comparison of experimen- From the fact that essentially the same reduction rate has
tal data with the results of calculations allows us to discrimi-neen observed over wide ranges of incident and outgoing
nate modification ofg; and m; from the q dependence, al- protons, in which contributions of multistep processes are
though it may be difficult to extract such information from expected to vary significantly, it is concluded that this phe-
the present data because of their fairly large uncertaintie,omenon does not originate from the reaction mechanism. In
Further experimental studies at this energy should provide grder to extract a definitive conclusion regarding the medium
good test to identify the origin of the density dependence. modification of interactions, more theoretical works are
needed. The data presented here should provide a good test
IV. SUMMARY AND CONCLUSIONS for such works.

We have measured polarizations of forward and backward
outgoing protons irip, 2p) reactions at an incident energy of
1 GeV. The measurements were made for proton knockout We thank the members of the accelerator group at PNPI
from thes,;, orbits of 6Li, *°C, and“°Ca target nuclei, &,,  for their support. The Japanese authors of this work are in-
for 6Li and 1%C targets, and €, for 4°Ca. The kinematics for debted to the PNPI staff members for their warm hospitality
the measurement were selected to satisfy the zero-recoil coduring the time that the experiment was being conducted.
dition, in which case the effects of ambiguities in the nuclearThis program is supported by grants-in-aid from the Ministry
structure and the reaction mechanism are expected to ke Education, Science, Sports and Culture and from the Ya-
small. mada Science Foundation. It is also partially supported by

The values we measured for the polarization are signifithe Russian Foundation for Basic Research Grant No. 02-02-
cantly smaller than those obtained from the PWIA and17142.
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