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Abstract

Madiom modifications of the properties of bound nuclrons and mesons are
investigated by means of medinm energy gnasi free proton kneekont rearctions
with polarized incident protons.  The sensitivity of the spin observables of
these reactions to modifications of the nucleon and meson properties is stadied
nsing the Bonn one-boson exchange model of the nueleon-nacleon interaction.
A method proposed 1o extract the pp analysing powey in medinm from the
(72, 2p) asypumetries indicates o sedoction of this guantity compared Lo its Free
space value. This reduction is linked 1o modilicarions of masses aml conpling
constants of the nuclrons and mesons in the nuclews,  The implivations of
these modifirations for another spin olservable to be measwresd in the futnrre

are disrussed.
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1. INTRODUCTION

In recent years the question of medium modifications of nucleons and mesons properties
has received a great deal of attention {1 12]. There have been speculations on modifications
of nucleon and meson masses and sizes, and of meson-nucieon coupling constants. These
speculations have been motivated from a variety of theoretical points of view, which include
renonmalization effects due Lo strong relativistic nuclear fields, deconfinement of quarks, and
chiral symmetry restoration. Independently of the theoretical explanation, it is important
to have dilferent experiments which might provide information on this issue.

Quasi-free [ x,xN) reactions represent probably the imost direct manner to measure single-
particle properties in nuclei. Hence, it is a suiable loo) to observe medium modifications
of nucleons amd mesons properties and their consequences on physical observables of these
experiments.  In this paper we propose Lo use quasi-free (B, 2p) reactions’ with polarized
incident protons te investigate mediom modifications of bound nucleons.

In a quasi-free (p, 2p) seattering an incident proton of medinm energy (200 ~ 1000 MeV)
knocks ont a bonnd proton [13]. The only violent interaction of this process occurs between
the incident particle and the ejected one. 'The incoming and outcoming nucleons wave
Minctions are just distorted while travessing the nucleus. By measuring in coincidence the
energies and momenta of the emerging nucleons, these processes provide a direct information
on single-particle separation energy spectra and momentum distributions. In the last three
decades quasi-free scattering experiments have been performed with this basic purpose. For
an overview of this topic see Ref. {14,15].

The formalism generally nseld to deseribe quasi-free reactions is based on the impulse
approximation to describe the violent quasi-free collision, whereas initial- and final-state
interactions, or distortions, are described by complex optical potentials, The cross section

of (p,2p) reactions is sensitively dependent on these distortions. In particular, the imaginary

YThe arrow over pindicates a polarized incident heam.



part of the optical potentials, representing the wmltiple scattering. may veduee the gruasi-
free cross section by an order of magnitude. As a consequence a relatively small change
in the somewhat uncertain imaginary optical potentials may spoil i good deseription of an
experimental result. In other words, a good fit 10 an experimental result may partly be due
to a fortunate adjustinent of the distorting putential. A new perspective in this field has been
opened by the possibility of exploring spin and isospin degrees of fresdom [I617] specially
due to the fact that comparing different processes (by changing the spin or tospin variable)
in a single kinematical and geometrical sitnation, the apcertaimtios velatedd 1o the distortions
may to a large extent be eliminated [18]. Henee, nsing this kinel of comparison one may cherk
whether and to which extent the wiedimn modifivations of nucleon and mesons propetties
are reflected in the spin observables of quasi free seattering. One such a case s given by
coplanar quasi-Iree scattering with polarized incident protons in a single kinewatival and
geometrical situation by varying the polarization of the invident proton.

The effect of medinm modification of the puckon and mesons masses on the diffesential
cross sections and on spin ohservables of proton-muclens elastie seattering has bren recently
investigated in Rel. [6] by using the Brown and Rho hadronic seabing law (7). The madl.
ification of the meson masses removes the naclear radins dhiserepaney swhich persistently
occurred in analysis with the non-relativistic impulse approximation (NRIA) when empiri-
cal muclear densities obtained from eletron seattering are emplovedt, Moreover, the miodified
meson masses do not spoil the siecesses achieved with the relativistic impulae approsomation
(RIA) of Ref. (19} on spin observables.

The relative successes in accessing medinm modifications by means o ehastic {20 and
gnasi-elastic [21,22] proton scattering motivated ns to consider gnasi free [, 2p) seattering
to investigate the medinm effects on the spin observables [23.29] Compired with elastic
nuclear scattering, the quasi-free processes are very simple; while the irst one deals with
the superposition of scattering amplitudes of all nucleons of the nuclens, the last one deal
basically with the scattering amplitude of a single nuckeon in the waelens.

Medinm effects have been introduced [25] in the treatment of guasi-free processes wsing
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thes sdennity ebepemalent £opatain ateras son by Vo G and Nakano, Bt seas found that
they increase the cgoss sestions sotew hat, bat scars vely clhange the analysing powers. In the
present paper weare essentially coneerneld with the analysing povers since there seem to
exist discrepandies betwoeen the experinental results amld thewretical predictions {26).

A vevent new development in the tesatment of (5, 2p) reaction is the use of refativistic
distorted impule approsimations (RDEN) [27]. The eelativistie calealations include elastic
shtustims dess vibesd by relativiaie opri sl potentials with complex vector and sealar poten-
tiake, wned Divae Hartree e mivan beld potentials for the e bear stenctun. More recently
23] vl etfes o bapves bewen dmeeorgmoractoed b the BDEN vabinlation. The general result of
the relativistio oalenbations i that thes early impreove the theoretical decription of sev
eral peets of the eactions Howevor there remain diserepaneies mainly related to spin
abnervables it come geometeies b thi - wence, onr stdy is complementary o the relativistic
caleulations and might indicate the iportance of iedinm modifications of the basic nocleon
properties 1o be inelided in o complete calealation.

fu the following section we brictiv review the wsal formalism for treating quasi-free
(. 2 seattering s compare the experimental data with the theoretical predictions. In
section NI we wse the ome boson excumge Bonn [29.30] potential model to investigate the
influences which the dilferent mesons play lor the spin observables selevint to quasi-free
scattering. The effects of msdification. of the maxses of the nacleons and mesons aned of
the mweson mcleon conplimg vonstant- on the spin observarbles are investizated in section
IND There we also stidy the amplications of these mohications for the intespretation of
the available experimental datie. O vonclosions amd futisre perspectives are presented in

sechion V.

11. QUASLE-FREE (p,2p) SCATTERING

In this seetion we brieflly suamsiarize the formalism generally nsed to caleulate the qprasi-

free correlation cross section {1115) 10 make the present paper self contained and Lo clarify



our later arguments. Therefore, we focus our atlention just on those aspects relevamt to
these purposes. We also show that in some special cases the pp analysing power in medinm
is directly given by the asymmetries of the ($,2p) reactions. At the end of this section we
discuss the experimental data used to detect nuclear medium modifications of nucleon and
meson properties.

The correlation cross section for quasi-free seattering in the factorized distorted wave

impulse approximation (DWIA) is given hy:

Lild - -
i s e . T '——_‘ ‘I ” " ’\- % '
e = W oy e Byg) Ptk m

Nere KEF s a kinematical factor. The indices 0,1 amld 2 refer 1o the incoming and the two
emerging parlickes, respectively, and 3 to the nnelear (ejected) proton. The nneleon-miclenn
. do . . . .
cross section, ;’-—P—f——,-—- is taked at energy Py and angle 0 defined in the center of
W Lo 0, I'yy)

mass system rortespondding to the guasi-free collision. Ptk is the distortest momentam
distribution of the nuclear proton, with &y = ky + k; - kg {espating the negative recoil
momentnm of the residual nuclens) by momentmn conservation.

In the impnlse approximation, one assumes that the maclear medinm does pot affect

. . da,, .

the violent nucleon-nucleon knockout provess. In this case, _-76[ is the conter of mass free
cross section for nucleons 0, 1 and 2 with their actual momenta and polarizations in the
laboratory system, while the ejected nucleon, 3, has an eflective polarization inside ihe
nucleus, represented by Iy

A free pp cross section has heen used Vo calenlate the quasi free cross sections along the
years [14,15,18]. In this paper we perform an exploratory stinly about the consequences
of relaxing the impulse approximation by using o mediem odified pp cioss section. An
attempt in this direction, made by Kodo and Mivazaki [25) by introducing medinm effects
using a density dependent f-midrix, bas scateely changed the analysing power,

In the derivation of the cross section (Fa.(1) besides the impnlse approximation for the
scattering mattix clement of the knockont process, also the Tactorization assamption has

been used, That is, fixed average values for the sucleon nocleon matoix elements have been



tahes, in spite of the fact that, becanse of the distortion, the momentum and energy values
of the nucleon-nucleon collision in the nucleus have a certain spread around the asvmntotic
ones. For nucleon-nucleon guasi-fiee scattering at a few hundred of MeV the factorization
approximation has been shown to be a good approximation, as Jong as one avoids those parta
of the momentum distributions which are mainly made up of multiple seattered nucleons.
These are the regions where the undistorted momentum distributions vanish or are very
small [18]. This is an important zestriction which shall come wp again when we analyze the
available experimental data.

These andl others assmuptions wml approximations used to deduce the factorized cross
section given by Eq.{1) are extensively disenssed in the literature. They include the distor-
tions of the ineoming and outgoing nucleons, the off-shell effects and short range correlations.
From the detailed studies over the years, the picture which comes out is that the most doubt-
ful approximation refers to the strong distortions for the incoming and outgoing nucleons.
These have been treated via oplical potentials, with or withoul the spin-orbit term. The
distortion may redice the quasi-frer cross sevtion by one order of magnitude! In contrast,
in most rases the spin dependenee of the distortion is not too strong [31] and the off-shell
effeets are relatively small [11 18],

To avoid nncertaintics caused miainly by the distortion, it is desirable to work with ratios
of quasi-free processes with similar geometrical and kinematical conditions. That is the case
for diffecent imeasnrements in a single kinematical and geometrical situation by varying the
polarization of the incident beam or the isospin of the ejected nucleon {18]. In case the

incident. polarization is changed. a switable experimental quantity is the asymmetry defined

by
do\*) - do'-)
VE AN dal ) 2

where the + and — signs indicate the spin dircction of the incoming proton. Using the

Tartorized DWIA, the asymmetey is given entirely in terms of the ratio of proton-proton



cross sections, with polarizations I, and F.j; orthogenal to the scatlering plam? [32]
b » I » Bb . r M
E('irn') = 'J" Tn‘"l " ‘,. + ’rll'”'- 'rnl, + '.’»]]‘ -u“- ’--;’l . ‘:’"

where I8, 7,.) is the [ree unpolariand pp cruss section, aml P(0,7,,1) and (0. 7,,)) arr
spin obeervables for free polarized pp scatlering taking at the center of mass angh @ and
at the relative kinetic energy 7.... The effective polarization (£ ;7 ) of the ejpvies] nuckeon,
cansed by the combined inflwence of the nuclear spin-orhit conpling amsd the distortion by
multiple scatterings, can he gquite large in certain gronwtrical situations. ba such s case the
matrix element of the costesponding frre scattering is, in general, beavily sh-pendent on the
polarization of the incoming proton. In this sense the distortion is a desivalidbe nwchanisin.

The observables P(8, T,o1) amd Canl®, T.i} arv given in terms of the wmatris clements of
the Wolfenstein matrix as follow [13):

I L J
PlbmToe) = ooy 1l "
— l Y 2 _ 2 2 ‘ 2 e
ConlOm, Toat) = T {taP —1oP —1eP v LaP 11} (5)

Another spin ohservable which we consider in section IV is the depolarization tensor,

Don(8, T, ) which is given by:

i . . , ,
D..(O,..,T,,.): m{'ﬂ |7 + |b|’ - l.- 'l i 'll " t 'l I'} . {6)

Substituting Eq.(3) in Es.(2), we obtain for the asymmetey the followine expression:

P(”, Trd)il'fll('rm‘ao Trr.') ’

4= iy, (7)

YT A

Hence, the effective polarization of the nuclear pasticke involved in the gmasi free seat-
tering can be calculated to a good approximation from the experimental asymmetry (4,,,)

by inverting Eq.(7):

3We comider coplanar quasi-frer <rallering.
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There is a ssmple presiction which one can make for the case of goml shell simubel nucler,
such as "0 and ®Ca, nanwly the cllivtive pedarizations of the nnchuns in two sub-shells

split by the spin-orbit interactvon shonkl vanish, 1o a gl approximation, that is [34]:
INN NN N AN B 9)

This selation aprees with actual distorted wave calendations and i nearly independent of the
uptical and shell wnodel potentials which generate the distostions and single--particle wave
funetions.

Up to now we bave just reviewod the nsinal theosetival tieatuent of quasi free scattering.
Asonteresting poist aspert not sulliviently explored in the hterature {15,.26.35) is to consider
spevial cases for which the effective polarization of the ejevted nuchon is zeso. In these cases

Fep(7) beads to:
I"". .I""’ - -"rlp - (lo)

This mwans that it is possible 1o estract the pp analysing power (17(8.7,,,)) in medium
from the asynunetries of quasi free (7.2p) reactions. This cepresents probably the maost
direct manner o get information of the pp analysing power in medinm.

Oue possibility is to consider the kwkont of s-state protons. The effective polarization
of o s state nelenn is zero siore thepe 1< no spin orbit conpling. However as the momentwn
isteibntion for s states jcaks ot mowentum smaller than for athers states, the knockount
takes place i les denser regions wned we do pot expect o Bvge medinm eflect in these states.
Another problem s that working on the steep shope of the s state monwntam Jistribution
enrve i s ot safe to neglect the spin osbit distogtjon.

Let us consider then other states and look Tor special kinematical and geometrical con-

ditions such that Fopy = 0. For a fixedd geomelry and kinematics the values of @ and T4

Sor polarizer incident beam normalized 10 Y% (1 = 1).



wecessary to calrulate the asymmetrius of the 14 172 and I — 1/2 statex are ot exactly the
same, dur (0 the different binding roergirs of these statex. However, sinee this dilferener
is small and C.(0,7.0) and 10, 1..;) are smunth functions of energy and angh-, one has
that CHV2 o5 CI-/2 aud P2 = 1172 (g a gomd approximation. (Here (1292 peqpe
the value of C.. (0, T..;) which enters in Eq(7) to raleulate the asyumnetyy of the (F + 1/2)

state, and w0 on.) Within this approsimation. A2V2 = 12 jnyliec I'_';,'" = 'f}; "
in contradiction with Eq (), exerptl when I‘:;;" - If;," P Hemer, for these kinee-

matical and gronwtrical comlitions for which the asymmetries of gnasi-iev scattering in

v g-vi2 .
M ALY the effevtin

two sub-shells <plit by the spin-orlit interactom are evpal (A
pelarization of the nuckons invelvasl in the spiass Tree: collision sl ot Elwe B i gomed apprres:
imalion eyual to zrro “.:;’ll‘! ~ l:‘;;“ ~ 0). One miay thevefore extract from Fs. (10) the
pp analysing power in wedinm from the expetinwntal (7. 2p) asymmetries, by boking for
those points where the curve for U35 crocas the curve for 45190 A1 Hhese spevial points
ARYE = -2 = o0, T,,) where PUO.T,.) is the pp analysing power in melinm.
Kitching et al. [36] has preformel an extensive weries of meassurements of the asyuwnetry
for the " O(j5. 2p)'*N reaction in a coplinar gennwtny with 200 Me\ invcoming protons with
polarizations orthogonal te the scattering plane (normalized 1o 10077 ). Some of the TRIVMF
cxpetimental asymmetries [16] for 200 Me\' coplanar (5. 2p) sealtering on (), resulting in
the j=1/2 grovmd state awel the j=3/2 fiest exeited state of VN age shown i Fig 3'. The
reader may sev in Fig. | that there is an appreciable cesdiuetion of the analysing power in
medinm looking fos the special cases where A2 4120 A1 these points the asyimmetries
yickl the analysing power in mesdinm. avcording to Fa 010} On the other haned, the frer
P(0,T,0) values are insdicated by the shshed eneves in this st ignse and 0w eleac that e

in medinm value is simaller than the free one for the nen scimmetoical grotetries (0, # 0,).

MWe selert cases for which st of the experinental dista are wol af the momentsm distribstions

minima, to avewl ancertainties coming from the moltiple seatierings [26]



For 8 = 8 the free I8, T, ;) vatwes are anyhow smmall and not too much can be said.

The elfective polarization calendatesd [25] from these experimental asymmetries using
Ex.{8) with I and C... for free scaltering are reproduced in Fig.2. In this figure the elfevtive
polarization of the 3/2 state is alrrady maltiplird by —2 to cherk wheter P./] = —2P./] ws
preslicted by Eq.(9). For the cases 8, = 8 the agreement is excellent. For 8, # 6 ther are
disrrepancies. As was remarked, for symneinical angles, for reasons of symmetry, P(0.7.4)
ix small. For asymmetrical angles. (2, T..;) is typically 0.3 anel the the fits are poor. (See
the- ddashesd eneves in Fig.1).

In Rel. [26] an empirical olmervation was wade: if one sets arbitrarily P(0,7,4) = 0 and
chies not change the valoe of (. (0.7,.,), Eap(X) describes quite well the experimental data
for both the asyimmwetrival and symmetrical vases. In fact, assaming P(9, Toq) = 0 in Fay.(7),
for non-vanishing ~ffevtive polarization, one has (1 = 1):

A Y0, Ta)
AvE LT )

()

Thix trans that the agrevinent Intwern theory and rxperiment achieved in Ref. |26)
remains trae even il CIRY20.T, ) is wedified] in medium as long as the C,,.'s ratio for
7 =14 172 and j =1 = 1/2 remains approximately equal Lo unity.

The situation described above is il restricted to the "0 nuclens. The measured asym-
mwteies [35] for the reaction ®Cap. 2p} 7K at 200 MeV imdicate alse a reduction of P(0, 1.4)
in meddinm for non-symnetrical geometry, ax ran be seen in Fig.3.  Again the valuex for
ML = AE, which give P(0.T,.) in weslinm, are ninch smaller than the free P(0, 1,4)
valnes. Moreover, the effective polarization extracted from these asymmetries using Fo).(8)
show a similar behavionr as for the ™0, that is for the symmetrical angle (small values
fr 1'(0.7,,)) Fop(8) deseribes well the resolts while for the asymmetrical sitnation the
agreenwnl is poor, as ean be sevnom Fig b

The asymmwtrirs have also been measired for ®Ca(f, 2p) populating the 2sy/; hole state
in K. In this rase there is a wimch smaller reduction (if any) of P(0,7T,.) in medinm.

Nowever, as has heen mentioned, the knockont of 2 states ocenrs in less dense regions of



the nucleus and the effect of the nuclear medinm is not expected to be farge [35].

The analysing powers and cross sections for these reactions have been caleulated [27]
within the framework of the DWIA, including both the effect of the spin orbit interaction
for the distorted waves and off-shell effects in the proton-proton seattering nsing antisym-
metrized {-matrix elements calculated with an effective relativistic Love Franey nucleon-
nucleon interaction. The results of the calealations agree seasomably well with the data,
However, it appears that for the O(55, 2p) reaction the non-symmettical geometry consil
ered (20° — G5°) shows an agreement of less guality than the two synunetricalones (30" - 300
and 40° — 40°). For the ®Ca(p, 2p) reaction the situation is not so clear. 1t would be inter-
esting to know the results which one wonld get with this treatment for the cases showing
discrepancies in our analysis (30° - 40" and 307 — 45 for 'O, and 30° 51" for MCa), as
well as for the 2s state in “Ca.

The experimental evidence of a reduction of P(0,7T,.,) in mediin sets sirong constraints
on medinm modifications of the nuclean-nucleon imteraction, as we shall now disenss, o the
next section we use the Bonn one-hoson exchange model of the nucleon micleon imterctionto
relate the spin observables relevant to quasi-five scattering to the properties of the exchanged

mesons.

111. THE NUCLEON-NUCLEON INTERACTION, MESON PROPERTIES AND
SPIN OBSERVADLES

The free NN interaction is well deseribed by potentials derived from meson exchange
modcls. In this paper we use one of the most successfol ieson-exchange models, namely the
Bonn potential [30]. For the present purposes, it is sufficient to use the one hoson exchange
potential (OREP) which inchiudes .8, N, ®,w, and 7 meson exchanges.

In order to get some understanding of the contribntion of cach exchanged meson 1o the
spin observables, we do the following. We use the parameters of the Bonn potential which fit

the experimental phase shifts (table 5 of Ref. [29]) and caleulate the observibles I” and €',



Then, we tecalo ulate the spin observables setting the coupling constant of a given meson
eeptinl to zevo, without changing any other paameter. In this way, it is possible to evaluate
e portance of any particals meon to Pand €, The results are shown in Fig.5.
The first fact which one bearns from this figure is that ) not surprisingly, the most iimportant
coutribntions to these observables vomes basically from two mesons, from the o and the w.
{ he 7 meson contribites 1o the observables at low energies only; mainly 10 (...} ‘The other
nuportant conclusion is that the @ mewanis the cracial one for 2. Alhough the absence of
the o meson tahes the absolute value of £ spadler than its experimental value, the absence
ol the o changes the sipn of P owith secpeet 1o 8ts true value, The observable €0, s sensitive
to both a and o mesons; the 7 meson is elevant at relatively low energies only.

The erucial observation that the o meson is the most imsportant meson for the observable
P may bead us vo anderstand the reduction of P in medinm discussed in the seetion 11, ‘The
potential generated by this meson has central and spin-orbit components. Since a central
potential cannot produce a polaizabion, it appears that the spin-orbit component of the
mwcleon-mcleon potetial shonld be nmel weaker in the miclens than o free space.

It seems thes that o reduction of £ i medinm may be associated to the change of the
properties of the @ meson in the anelens, It is interesting to note that o a recent relativistic
density dependem Hatteee approach for fimte nuclei, where the conpling constants of the
relativistic Hatree Bagrangian are miade density dependent [11] 3t was found that goyny and
gy are of the ordes of 057 stalles inmedinm than i free space,

I order to ovestigate medinm eflects on 12 and ) we nse the Bonn potential [39) to
generate gy phice shifts to be vaed in the calentation of P oamd O However the input
parameters (maeses and for conpling constants) are changed according to some prescription.

Althongh mnch effort [112] has been devated to the question of medinm modifications of
the hadronic properties, not too mueh has been concluded yer, There is a scaling ronjecture
for hadron properties at finite densities suggested by Brown and Rho (7] based on arguments
of partial restoration of chiral symmetry in nuclei which leads to the following scaling law

for the masses:

12
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L x~], (12)
m,

where f, is the pion decay constant, my, m,, m, and m, are the masses of the pucleon, p,
w and ¥ mesons, respectively, and m,, the mass of the effective scalar o meson. The asterisk
denotes the value of these quantities in nuclear medinm.

Other authors have also disenssed hadronie sealing law for the masses based on QUD
arguments [2,4,9,10,12). Kusaka and Weise {9 have vonchuded that the Brown and Rho
scaling law is not realized for reasonable parameter changes, However Gao o al {12] bieed
on the thermofield dynamical theory, have concluded that for p - tpy. whete gy is the
saturation density, Brown and Rho conjecture shonld be correct. Hatsnda and Lee [10]
have obtained a linear deerease of the masses as o finetion of densit v their results seen to
support Brown and Rho sealing law. Althongh the validity of Brown and Rho Faw s <l
controvertial, we take it as a starting pomnt to investigate the behavior of the observables
wiith changed hadronic mass,

Another open question is the valie assumed by £ in Fa.(12) We have taken it in the
range 0.6 to 0.9.

With respect to the variations of conpling constants, the situation is even more con
trovertial [8,11]). As has been mentioned, it was Tonnd by Brockmann amd Toki [H] in a
relativistic density-dependent Hartree approach that the goay and g, vy are ~ 0% smaller
in medinm than iu free space. The Banerjee’s tov model, based on the chical confined model,
leads to a reduction of goan with density, while o vy and g0y increase at some low rate
with the density, There is still o sealing Tow derived by Banetjee [S], wsing the results of
McGovern, Birse and Spanos [5], which leads 1o an inetease of gogy and g,y v in meding.
As we do not have a definitive preseription for changing the conplimg constants in medinm,

we assume that g,vn and goan decrease in medinm [T according to:

gaan *
Jovn _ JuNN \. ()
fIaN N NN
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whes o y is assmmed in the range 0.6 < y < 0.9.
We also consider simultaneous variations of masses and coupling constants by iaking
Fq.(12) and Fq.(13) simultancously.

ln summary, we consider three prescriplions:
1) only the masses are changed according to Eq. (12).
it) only the a VN and wN N conpling constants are changed according to Eq. (13).

i) the e NN and NN conpling constants and masses are changed simultaneously ac-

cording to Fq.(12) and Fea.(13).

We have not considered medinm modifications of snasses and/or coupling constants of the
mesons 5, 9 and & since their contributions to P and (., at the energies we are considering
are wnech smaller than the oues from o amed W, as can be seen in Fig. 5. With respect to the
pion since it is o Goldstone boson, Hs mass pressmably changes only slowly with density
[3.6) aned modifications on the g,xx affect the spin observables only at low energies (Fig. 5).
We have checked our results against variations of the pion mass and coupling constant and
they do not change our conclusions.

lo Fig. 6 we show the effect on the observables P and C,,, of changing the masses and/or
ronpling constamts acrosding to the three prescriplions above, taking € = 0.7 and x = 0.75.
The fignres show that in all three preseriptions there is a reduction of P(8,T,.4) in medium
compared to the free valne, For others valnes of € and y Lthe results are basically the same
except that the curves cross 1he axis in slightly different places. The reduction increases, as
£ and/for y decrease. Oy, is reduced for 45" £ 0., < 1357 and enhanced for other values of

0. i all three preseriptions.

1V. MEDIUM MODIFICATIONS AND QUASI-FREE REACTIONS

fu this section we analyse the implications of the mediom modifications for the (5, 2p)

asymimetries,

n



We have calculated the values of P and €', with the three preseniptions explisined in
section 111 taking 0.6 < £, x < 0.9, The effective polarizations are then calenlated by
using the experimental asymmetrics in Eq.(8). A remarkably good agreement between these
eflective polarizations and the theoretical prediction, Eq.(9), is obtained when one changes
simultaneously masses and coupling constants and takes & = 0.7 and = 0.75. The results
are shown in Fig. 7 and Fig. 8 for the "%O(;7, 2p)'*N and *'Ca(p, 2p)*" K. respectively.

The conclusion one can draw from these figures is that the modifications of neleon
and meson propertics clearly afleet the spin observables of the reaction in o sgnilicant way.
As mentioned in the introduction, although relativistic effects ineluding retardation lead to
improvement on the calculated (7, 2p) cross-sections, there still rewiin disesepancies for spin
observables in soine geoinetrical regions. In this sense, the inclusion of medium modifications
on the basic inleraction process might be worthwhile to be investigated.

As has been mentioned, in Ref. [26] the discrepancies have been eliminated by taking
P arbitrarily equal Lo zero and using the free space value of (.. In onr valenlation, for
consistency, we assumed that both P and (., are modified in medimm. The value of P
turned out to be drastically reduced in miedinm, but it does pot go exavtly to zero. The
value of C,, is also changed in medinm, however il is still a smooth function of energy and
angle. As a consequence, the ratio (7752 (=103 o | and the agrecment is achieved
rather independently of the free O, value.

In an early attempt [24] the reduction of P in medium was investigated wsing o formalism
developed by Horowitz and Igbal [21]. In their formalism, the medimn modification are
evaluated in a relativistic model where the NN imeraction is assnmed 1o depend on the
enbancement of the lower components of tie mnclomy Dirac spinor due 1o strong sealar and
vector components nuclear potentials. Although this formalism also leads 1o a reduction
of the pp analysing power in medium, the effect is too small to eliminate the observed
discrepancies. The influence of a depolarization of the incident heam as well as off-shell
effects have also been investigaled a long time ago [38] and do not explain the discrepancies,

There is still lacking a clear explanation of the fact that in the 2s-knockont from *(a



the redirtion of the analysing power s pmecb smaller than in the p and d-states studied
here. Based on the argument that the 25 state knockont oceurs in less dense regions of the
nueleus one wonlid expect to deseribe the data with onr approach using larger values for £
andfor \ compared to the values used for pand d states. Our analysis for Uhis case indicates
that £ and \ must be larger than 0.4,

Vp to now we have dhisensseld the spin observables which enter in the coplanar (5, 2p)
wptist free eross sections, maely P oandd 0 We observed that the three preseriptions
b hindronie soading faws affert these obseovisbles. However, we ado not expect to be able
to diseriminate between the thiee prescriptions through these observables solely since the
¢ heets go alwavs in the siome direetion, that s when a preseription leads (o an enhancement
(reduction) of P oor C,, the other Do preseriptions bead (o an enhancement (reduction) too.

However, the proposed mcasiurement of (5, 2p) quasi-free reaction proposed at JUCF and
TIRIUME will have indirect aceess 1o another spin observable, namely the depolarization
tensor, Iy, For this observable, i contrast, the effeets of the three prescriptions are quite
ditferent, as can be seen in Fig.). 1 ois clear that sneh a measurement might provide severe

constraints on medinm modifications of hadon properties®,

V. CONCLUSIONS

Webave used guasi free knockont teactions to investigate imedinm modifications of bonnd
mncleons, Some cire o be taken when the factorized® quasi-free (5, 29) cross sections as

i this paper are wsed.

"Wudo and Tsunoda [39) bave calealated the depolarization tensors for the 1dy 5. 1y, and 23y,
hole states in the WCa(i 200K a0 F . 200 MV,

“The guasifree cross section is factorized into a product of the momentuwm distribution of
the vjected poclean times a pp comss section o) energy and angles corresponding to the violent

interaction.,

Hi



The factorized form of the cross sections has been often cheeked™ amd it turned out that
the best way is to aveid the minima of the momentum distributions of the ¢jected nucleon
{where a large smearing of the momentum happens) and to work with ratios of quasi-free
cross seclions to cancel out uncertainties related with the optical potentials.  With this
care in mind, the factorized cross section shows the advantage of making the physics of the
process transparent. For instance, an effective polarization of the ejected nacleon (before
the knockout process) is unederstandable in terms ol o combined eflect of the spin orhin
interaction and the absorption of the ejeeted nucleon [E3]. As for medim energy, i the
angular region needed Tor the absorption efleet, the cross seetion lor protons with paralell
spins is much larger than the one for opposite spins, an asynunetry is expected (and detected)
for (p,2p) process with polarized incident beams.

There is also a theoretical prediction which relates the effective polanzations for nueleons
in two sub-shells split by the spin-orhit interaction.  In principle, one could doubt the
validity of this prediction sinee it is based on the Tactorization approximation. However,
it is remarkable that the data agres quite well with this theoretical prediction when the
angles of the two emerging patticles are equal. When the emerging angles are differem
some discrepancies show up. These discrepancies have been observed a long time ago [26]
and varions attempts to explain them have been made on the basis of off shell effects,
depolarizationof the incident heam [38] as wellas by taking into acconnt the nneleon effective
mass inside the nncleus [23.24]. To our knowledge, none of these has been sueeessfol,

On the basis of a factorized quasi free csoss section, we liave proposed 1o extract the pp
analysing power in medinm (1) through the asymmetiies of (7.2p) processes, T particn
lar, P is equal to the experimental asyumnetries for two sulishells split by the spin-orhit
interaction for geometrical and Kinematical situations soel that V00072 0 1 By

the seasured asymmetries for 200 MeV coplanar (3,2p) on 1p states of 70 and 1 states

Tsee Ref. [19) and references therein,



of #Ca, we have observed a reduction of P in medium.

A reduction of the pp analysing power in medium is also predicted by the Horowitz and
lgbal relativistic treatment [21] of proton nucleus scattering. In this approach a modified NN
interaction in medinmn is assuined due to the effective nucleon mass (smaller than the free
mass) which affects the Dirac spinors used in the calculations of the NN matrix M. Cross
sevtions amd spin observables are modified in medinm. For instance, the analysing power is
found 10 decrease 1070 romparced Lo the free value at 500 MeV for an effective puclear mass
~ 15% smaller the free value. This treatment is unable to explain the discrepancies under
disenssion in the quasi-free (5, 2p) asymmetries {23,24].

In this paper we have pedformed an exploratory study towards a possible explanation of
the P reduction observed in (f, 2p) scattering in terms of medium modifications of nucleon
and meson properties. The first conclnsion is that the w and specially the o meson give the
main contribution for this observable. The next step was to use hadronie scaling laws in our
valenlations. As this issne is still controvertial, in this exploratory study we have considered
possible modilications of masses and/or conpling constants for the 4 and o mesons, which
are the most important for the spin observables. 1t turned ont that by scaling simultaneously
masses and conpling constants we have been able to eliminate the discrepancies observed
in the asymmetries of (i, 2p) reactions. We do not know of any other explanation for these
discrepancies.

Our results show that quasi-free (57, 2p) reactions might be a powerfull tool to investigate
medinm modifications of bound micleons and hopefully to discriminate different prescrip-

tions. More experimental data at higher bombarding energies are clearly necded.
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FIGURES
FIG. 1. Experimental asymmetries [16] for 200 MeV coplanar (5, 2p) scattering on the |- states

of 0. The dashel curves correspond 1o the free P(0, T, ;) valves.

FIG. 2. The rffective polarization calruiated [26] from the TRIUMF measurements shows in
Fig. 1. The effertive polarizations of the j = 3/2 state are multiplied by -2 to check Eq.(9).

FIG. 3. Expetimental asymmetries [33] for 200 MeV coplanar (5, 2p) scattering on the d-states

of "'Ca. The dashesd enrves correspoml 1o the free 10, T,.,4) valwes.

FIG. 1. The efivtive polarization calenlated from the TRIUMF measoremer i< shown in Fig.

3. The effective polasizations of the ; = 5/2 state are multiplind by -3/2 1o check Eq.(9).

FIG. 5. The olservables 1°(8.7,,1) and (o, (#.T,4) calcnlated with the Bonn potential with
parameters which fit the experimental phase shifts for free seattering on protons (solid cerves) and

turning off different mesons.

FIG. 6. The ubseevables (0, 1,,1) and (°,,(#, T,,1) calenlated with the Bonn potential. The
solild enrves correspond to parameters which ft the experimental phase shifts. The dashed curves
vorrespond to sealing the masses (Fop.(12) with £ = 0.7), dot-dashed cueves correspond to scal-
ing coupling constants (Fa.(13) with y = 0.75) and dotied rurves, scaling masses and coupling

vonstants with £ - 0.7 and y = 0.75.

VIG. 7. Effeetive polagizations for 1p states of %0 obtained from the experimental asymmetries
shown in Fig.1 with masses and coupling ronstants changed arcording to Eq.(12) (€ = 0.7) and

Fog 13) (x = 0.75).

FIG. 5. Elfertive polarizations for 1d states of #°Ca obtained from the experimental asymme-
tries shown in #ig. 3 with masses aned compling constants changed according to Fq.(12) (€ = 0.7)

and K (13) {y - 0.75).
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