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Alistnift

Mnlilim liirMlifirstions of I lie |>ri>|N'rtirs of IH>IMII| tiiii|ii>n.s ami in<-si>ns ate-

invrsltn.ilrd by HUMns of miilinin cni-r^v <|iiiksi ft.-»- pr•>)•>•• knin kont »•»• -linns

with polarized inriilrnt pmliins. Thr wnsilivily «»f I In* s|>in nbstTvaMi-s i>f

tlirsrrrartions torm«li(iralii>nsi>f I In* IMIIIIIHI aii'l mi-son |)rn|nTlii's is st mliitl

using the Bonn one-boson rxihan^p IIHMII*! of tin- nm ln>ri nm Iron inii-riirtion.

A niPthnfl prnposrtl to rxlrail tin- pp analysing |M>WIV in nioltmii Inxn tin-

[p, 2p) axyniniftrirs imlii ;>li-s ;> ntlnrlinn nf Iliis <|ii;inlily nimparei In il> in-i-

spare vatiir. I his rivlnrlion is linlcril In liunlili< alions of in iss«-s anil i onplinc

ronstants of ihr niirli*ons ami mrsims in Ihr nurlfiis. Thi* imi>liia(i«»ns n(

\\\rw niinlifii «lions for anotlirr spin obscrvalilr Io be iiicaMirnl in tin- I'liliin*

arc l

HI'A



1. INTRODUCTION

In recent years the question of medium modifications of nueleons and mesons properties

has received a great deal of al trillion (I I2|. There have been speculations on modifications

of nncleon «tinI meson masses and sizes, and of meson-nucleon coupling constants. These

speculations have been motivated from a variety of theoretical points of view, which include

«•normalization effects due to strong rclativiütic nuclear fields, Heconfinement of quarks, and

«liiial symmetry restoration. lndr-|>en<lently of the throretical explanation, it is important

to !i;iv<- dim-rent experiments which might provide information on this issue.

Qtiasi-free (x.xN) reactions represent probably the mmt direct manner to measure single-

particle proprrlics- in rtnrlrt. lleriee, it is a suitable tool to observe medium modifications

of inn Irons ami mesons proiiertics and their ionstt|ueiices on physical observables of these

experiments. In this pap<-r we propose to use quasi-free (p,2p) reactions' with polarized

incident, protons to investig;ilr uirdiiiiii iiKMlifirations of bound tiucleons.

In a quasi-free (p,2/>) s< altering an in< i<lent proton of niedimn energy (200 ~ 1000 MeV)

knocks out a IMHIIUI prottHi \\'\]. The only violent interaction of this process occurs between

the incident partirle an«l the ejected one. The incoming and outcoming nucleons wave

fund ions are just, distorted while traversing the nucleus. By measuring in coincidence the

energies and iiHini.mta of tin- emerging niii'leons, these processes provide a direct information

on single particle separation energy spectra and momentum distributions. In the last three

decades quasi-free scattering experiment* have been performed with this basic purpose. For

an overview of this topic see lief. [14,15].

The formalism generally used to describr 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 (;>.2f>) react ions is sensitively dependent, on these distortions. In particular, the imaginary

'The arrow over p iiiffiralcs a iH»lariwr| inriiU-nl Itrnm.



part of the optical potentials, representing tin- multiple scattering, may i> >lmr the I | I I ; IM

free cross section by an order of magnitude. As a consequence a ri>l:tliv»-ly sin.ill change

in the somewhat uncertain imaginary optical |x>ti-ulials may spoil .1 H'»»l description «if an

experimental result. In other words, a good til I» an experimental result may partly 1><- due

to a fortunate adjustment of the distorting potential. A n«'w |»ers|M'ctiveiii t in- lield has I HTM

opened by the possibility of exploring spin and isospin degrees of freedom [Hi. 17], spt-cially

due to the fact that comparingdifferent processes (dy ihanginK tin- spin m isuspin variable)

in a single kinematic») ami geometrical situation, tin-uncertainties related 1,, tin- distortions

may to a large extent he eliminated [18], Hence, using I his kind of roínparisoiiniii- may 1 lu-i k

whether and to which extent the nutliiini nuxliliiaMons nf iturU^m ainl IIK'M>HS piti|Mttt<-s

are reOected ill the spin observable* of «|iiasi free si-altfring. One SIM li a i w is ^ivi-n l>\

coplanar quasi-free scattering with |x>lari/ed incident protons in a single kiueiiuilii.il and

geometrical situation by varying the polarization of the incident pinion

The effect of medium modification of the IMICIIMMI ÍI IKI mesims massf, on t In- iliUrn-iit 1.1I

cross sections and on spin olwM'rvalilcs of proton-nmli'iis flaslii M allcnn^ has l inn »•• rnllv

investigated in lief. [f>| by using the Drown and Kho hadroni* saaling law (7). I In- iiiml

ification of the meson masses removes the nuclear radius disire|iaiii v whii-b pirsislentlv

occurred in analysis with the non-rclalivislic itnutilse approximation (NIIIA) when empiri-

cal nuclear densities obtained from elétron sciltcrinn uri-mipluvril Moicuvrr. tin- mi»lifii-d

meson masses do not spoil the successes achieved with the relalivistic impulv appn>\iinaiinn

(MA) of Ref. (19] on spin observable».

The relative successes in accessing medium modifications by means <>l elastic |Jll| and

quasi-elastic ['21,22] proton scattering motivated us to consider iinasi f u r I/'.'-'/') si,it lei ing

to investigate the liiediitm effects o» the .spin ol>.serviil>les JL'l.^lj. ('• >nt;>.i 1 ••>! with elastic

nuclear scattering, the quasi-frer processes are very simple; while the lirst mie ilcals with

the superposition of scattering amplitudes uf all IIIKICUIIS of (he nucleus, the last one ilenl

basically with the scattering amplitude of a single nncleon in the nuc lens.

Medium effects havel>ern introduced |25] in the treatment of quasi free processes using



tin- d i u s i l y III-|M ntleiit I i i ' . i l i i \ in l t t . i - i ton Lv Vim I •• i .ui i l i .mil N a k a n o . II « i s f o u n d t h a t

tli*-\ I I I I H Ü M ' t h e t l o s s si-i l i o n s s o i m i \ l i . i l . Iml si a n ely • liiiliRe t in- a n a l y s i n g | « > W « T S . In t h e

|>n-s> ill |i;i|M-r «••• . ire I-SM-IIIMIIV • o n . • int->l w i l d I lit- . in . i lvsni i ; p o w e r s s u i t e then* s e e m t o

exist disi r e p a m ies IM-IWO-II t h e r \ | » - i 1111t11t.1l resu l t s .IIMI l l ieort l i t i d p r e d i c t i o n s |"JG|.

A Mi'-lil n e w t leve lopnie i i t in t h e I n-.il m i n t of I / ' . - / ' ) r e a c t i o n i s t h e IIS4- o f r e U l i v i s l i c

• l i . l o i l e t l i i i i |nil • a p p r o x i m a t i o n - ( | { l > l . \ ) j _ 7 | . Tin- i i t . i t i \ istit r.ili i i L t i o n s i u i l u i l e e l a s t i r

•li I..j I II HIS th • n l . e t l l«\ irl,Mr. i I ii • op i h .il p o t e n t i a l s u i l h «oinplt-N v e t l o r . i i n l M . i l . i l | x i l e n -

ti.tls. .intl D i i .n l l . i r l i t i - lil.i- n u . i n lit'i-l j iol i iiliiils for t h e n n t l e a r s lr i i t i i ir» M o r e r e t i u l l y

(_' s | H I o i l i l l r . i h.ut- di i -n i i t . 1 . 1 | » . i t ! . . I in I lir | { D I \ i.ilt ul.it ion. I'hi- iM-nei.il result o f

lh>- I. Lit l\ i s ln • .I|I iil.il u n i . is lli . il i l l . - , i l . - . t i lv i u i p i i i v e (hi- t l n - o i . 1 » id il.-.i riplioK o f s e v

I I . , I ,e.|H-rts o | tin- re;i> l i o n s llovvt-M i. i l n i e rem.iiii ilisi i< (i.uit ies main ly relatei I t o s p i n

t i l . s e n . i l i les at •••in.- pe. . i i i i l i !•• • In t in . . M I . our >tiii ly is t iMiiple inei i tary !•> t h e r e l a l i v i s l i c

i .ilt i l la t ions a n d might iudii a t e I lie nii |">it . i in « o f i i i t . l i i i i i i i i iodi l i i i t t i o n s o f t h e l i a s i r i i n i l e o n

|uo |H- | l i e s l o In- itii Illiletl in a l o l l l p l e l i ' i .ili ill.it loll

In the following settion «•• l>riell\ review the usual forma I ism for treating quasi-free

{/>*.'-'/>) sralteriiu', .Hid tonip.iri- tin- e\|>i-riniental ilata wild lhe tlieoretital preilitlions. In

sei I inn III we MM- the one Ixison e\< Ihiuge liotiu |'J!t.:JU| potential model U> investigate the

iiilliirtKcs ÍVIIKII I lie dilfcreiil III<-MOII> |»l.n lor tlir s\>m u|>sirrval>|i.-s relevant tu quasi-free

si . i l lei ing. Tin' elfii Is of iiio.lifii.it ími. of the niiisses of the mil leolis a ml (((«-sons ami of

tin- meson inn lion inupliuK 'onslaiil on lln- spin nl»M-rval>les are investi^ati'tl in sertion

l \ I here v<-e ilso study tin- imputations id these iiiiuliealioiiN for the interpretation of

llit- available experimental tl.it.i Oni • i>m ln-iuiis and future pirspei lives ire piesenl id ill

set lloll \ .

II. QUASI-FHKE [p,ltA SCATTEHINO

In lllis section we luiefly siiniliiari/i' I lie forinalisni generally IIMMI lo < ;d> ulale the 'jijasi-

free iiirreliilion tross section |l l.lri| to make the present paper self rout ain--«l ami lo clarify



our later arguments. Therefore, we focus our attention just on those aspr-cts relevant to

these purposes. We also show that in some special cases the pp analysing itower in medium

is directly given by the asymmetries of the (p,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 «|iiasi-free scattering in the factorized distorted wave

impulse approximation (I)WIA) is given by:

H e n * Kl'' i s a k i n e m a t i c a l f a c t o r . Tin- i n d i c e s 0 . I a n d '2 r e f er li> l l i e i m o m i i i K . u n l t h e I n

emerging particles, res|>er lively, and :i to lhe nuclear (ejected) proton. Hie mu leonHIM leon

cross section, J;;;I> fF k,—;. is taked at energy !•!„ and anglr 0 «li-liiiftl in the renter of

(IM[tf,tfl fj)
mass system rorrrspoiuling to I lie (|ii.isi fri'C collision. l\{l.,) is the ilistmleil tnoiiieiitiiin

iliütrilMition of the mirleiu proton, with Â-, - l,x I /... - klt (eipiiitinn 'I"' iH'g'ttive reroil

liionwnlilin of the resiilunl nmleiis) l>\ mollH'iilmii roiiserviitioii.

In the impulse approximalioii, one assumes that the ntu leiir tnetliutii iloes not iillerl

the violent nucleon-niiclron kiuxkout priwess. In this case, —rJP is tin- centet of mass free

cross section for nuclcons 0, I and 2 with their actual nioincnta and polarizations in the

laboratory system, while the ejecteil iniileon, '.\, h;is an effective pohiri/.itioti inside ilie

nucleus, represented by l',jj.

A free pp cross section has been useil to <al< nhile the «piasi free cross wi lions along the

years [14,15,18], In this |M|MT we perform an exploratory stmlv aliotit the •onseipienres

of relft.xing the impulse approximation by nsinp a nieilium inoi|ifie>| ;i;i i m « MI (ion. An

attempt in this iliredioii, made by Kiwli. ami Miva/aki |'Jr>) l>v iril nniui inp; iiieilinm elfn Is

Using a density «lependenl f matrix, has si aricly <-lianged the analvsinK power.

Ill the derivation of the cross section (Kq.(l)) lusides the impulse approximation for the

scattering matrix element of the kin»koul process, also the fai luri/ation assmiipiion has

been used. That is, fixed average values for the mu leon IHUII-UII rtialiix elcmt-nts have been



take-, in spite of the fact that, because of the distortion, the momentum and e m u » '

of lhe nueleon-nuclron collision in tlie nucleus have a certain spread around the asywntotic

ones. For nucleon-nucleon quasi-free scattering at a few hundred of MeV the factorisatioa

approximation has been shown to be a good approximation, as long as one avoids those part*

of tlie momentum distributions which are mainly made up of multiple scattered n u i l u i i .

These are the regions where tlie iinttislorted momentum distributions vanish or are very

small ||fi|. This is an important restriction which shall come up again when we analyse the

;iv;iilal>le experimental data.

These ami others assumptions ami approximations used to deduce the factorized cross

s- (I inn given by lii|.( I) are extensively discussed in the literature. They include the distor-

tions of the incoming and outgoing urn leons, thr off-shell effects and short range correlations.

I'roni llir drtailrd studies over the years, the pirtnre which comes out is that the most doubt-

ful approximation refers to the strong distortion* for the incoming and outgoing nuckons.

Tlie-Nf have Int-n treated via o|>tii al |n>lentiitls, with or without the spin-orbit term. The

distorlioii may redure the «piasifree < ross wi lion by one order of magnitude? In contrast,

in most cases the spin dependence of the distortion is not too strong (31 ] and the off-shell

effects are relatively small [14 IS).

To avoid uncertainties caused mainly by lite distortion, it is desirable to work with ratios

of «pirtsi free processes with similar geometrical and Itinrmalical conditions. That is the case

for different nnMsiireiM-iils iii a single kiiiematical and geometrical situation by varying the

polarization of the incident beam or the isos|Mii of the ejected mirleon (18). In case the

incident polarization is changed, a suitable experimental quantity is the asymmetry defined

by

where the 4 'Hid - signs indicate the spin direction of the incoming proton. Using the

for tori/ed DVVIA. the asymmetry is given entirely in terms of the ratio of proton-proton



cross sections, with polarizations /« and /*,// orthogonal to Ihr Müil«-riiiR piam-1 |:|

ia

35 '

is Ibefirr iinpolarizrd »j»«mss sr« lion, and /'(*,7rri) and < ,H(*./'.,,) an*

«pin observable» for fore polarizrd pf> sratlrring taking at I In' «-rntrr of IIMSS an^k- < ami

at the reUtiw kmetkr «nrrgy 7'.̂ - Tin» cff« !•»•»• polarizaiMMI ( / ' / / ) of I In- ••j.i •••»! l.i>n.

caincd by tin? combined inflnrmv «»f tbr nw k-ar X|HII-CHIHI <<>ii|>liii|; MIHI tin- itishtrtiuti l>y

multiplescatterings, can hpqnitr large in i-rrlainKi'vHWtriralsilimlioii.s. In >m li .1 < a v ihr

matrix demrnt of the rorrrsponding fn-r s*-atlfTÍiif; is. in groi-ral, Iwavilv •!• |H-IHI«-III 0111 1M-

polarization of the incominK proton. In this st-nsr I IK- distort inn Is a tU-siriil.lt- iwrlianistn.

The ohscrvabks P[9,J'Tti) ami Cnn(9,TT,i) an» giv<nt in li-rinx <»f • It»- in.iiti\ r-lfiiM-nis of

the Wollenstrin matrix a» follow j.1,1):

)

Another spin observaMe whirh wr roi»idrr in ^rrtion IV is the (b-|N>Liri/iitiiHi tnisoi.

m{9,T,tf) which is given by:

« i 2 + 1 1 > \' I <• I 1

Substituting Eq.(3) in ¥A\.(2), wr i>blain fur I In- asymmetry 11>'- íolliminr

Hence, the effective polarization of thr inulfHr parlirlr involvol in 1 In- i|ii.isi fr<-c s< ut-

tering can be calculated t o a good appnixiniHlion from the experimental itsynnnrlry \\,rp)

by inverting Eq.(7):

3We eomiâer roplanar qmuúhep «rallpri»g.



a >ini|tle predii IKMI which ••«•• ran make ANT lhe rasei»f good shell I IMMIH nuclei,

sin h us ' *O and " ' ( ' * . naiiM-ly I IM- effective |*tlariz*lions itf the I I I H lr»»ns in twu sub-shells

split by thr spin orbit interaction should vanish, lo * fpuxl approximation, that is (34):

I hi> n-lalhrtiapri-fs with m< lu,il i|i-.ti»itr-i| ivAvrraliulatiiHisaii«l i> nearly in

i>l>li<ril ami shHI IIHHI<-I |M>I>-IIIMIS win. h ̂ t intatr tin- iliMi.rliiHis ami sin|;b--partkle wave

flllll lillllS.

l'|) I » now in- havr just n-vn-wnl tin- I IMI . I I ilmtri-liral trt'alimiit ofqiiasi fre*scallcriiig.

An inltTi-slini; |H>int as|Mil imi Millii itiil Iv i-x|>lonil in lhflit«>r;ttiirr||.'»,2f»,3'»|i:i lorutisnlrr

s|utiul fasrs fur uhirli tin-Hfi-ilivr |M>l.iri/.ili<>ti of l l i f rjtt tttl I I I ICUMII is zero. In these cases

|-:t|.(7) h-w<l.s to':

I his iiH-ans lli.il il is |H»ssil.li- Io i-sirüil fhr ;»;» HiMlysiiig |M>wer (l'(9,'l',,i)) in nwrfimn

from tin- asyiiiiiirlrM*s of «piiisi fro* (/>.'-/») n'artion^. This r<-|>r»-siMils prolMMy the most

ilirti I iiiiiniKT lo get iiir«>rm.ilii>ii of I In- />/» .ui.ilyxing |M»w«-r in ineiliinn.

()•••' |msNÍl>ilil v is In «i>iiMi|rr I In- kii>« koul of 5-slatr prol i MIS. The irflii l ivf |M>larization

iff.i > -.liilc mi< Icifii is /»T<> siii'i- lli'T*' î  H" >|>ili orliil roilltlilif;. However as I lie liMHllcnllllll

<l(>f rilnii inii for .s st i»l i- ; :'*ik* .il nioiii>-nliiiii smaller lli.ni for others stale-. I lie kmirkoiil

hikes |>liu«- in less denser regions »n>\ u<- do not ex|»ert ;> liirge medium elferl in lliesr states.

Aliollier prolitein is lliitl volkiiiH oil lln' -li'i |> slo|ie of the .« sl.ite Illollieiilillll ilistriblllion

curve it is not s.ife to negle* I I lie spin oiltit ilislurlioti.

Let iM ronsider then olln-r slates .m>l look for special kinematii'iil and ^eoinrtrical con-

ditions such thai / ' , / / = M. For H lixed geometry and kineiiwlirs the values of 8 and T,a

'(''or polarizrd iriridriil lieam noriiMli/cl lo 11)11% (/Ji - I ) .



nrrrssary to ralrwUtr thr asymmrlrirs «»f tbr I + 1/2 awl I — 1/2 sla.tr* an- wit exarlly thr

sunr, <har la tin? «JMrrrat himBwn rHrmirs «I thrw stairs. Ihtwrvrt, xim r this tliWrnwf

b smafl MMI CM,(#,7W<) » M Í 1 ' . 7'w) «te smooth hwiiums *4 rmrmy ami anglr. w r has

thai CÍ» 1" * C£» and I"1*"1 as I"-"» to a Rwxl ai>tm>»mal»Hi. (lien- i * » " 1 mrw»

the vahje of Cw(#.T,w) whirk mlrrs in Fq.(7) tw rakrwbtc thr asvimiiHrv <>f ibr (/ 4 1/2)

srtate, and *o on.) Within Ifcw

in nmtrsMlii turn with K«| (•»). rs«-|rt WIH-II /fy,"1 - I*'}}'* ~ •» I h w . h* lht««- kint-}}

Iliatiral awl gromrtriral rnwlilitMix fi»f «rliith I I f asyiiiim-l rii'% ••( ipiAsi frn- »alli-rinR in

tw»» sab-shells split hy Ihr s|iin -«trliil inl»ta«-li«>n an- «t|iial f .1* */'* - Y,]'r'
!)- UH- i-fftitivf

INdarizatNHi iif Ihr mirlriHis invi»lvt-»l in llir i|M.î i fr»-«- •i>llivion sliti •' I Iw It. n &**\ |̂n»n»\

iinatMHi njtial It» xrt» ( l ^ 1 ' 1 — / ! * / / l / ' ~« ) ( h r may thrr'W-rstraf-l frttm K>|. (|0>llir

pp analysinfr pnwrr in nirtliiiiii from I|M> «•x|N-riim-iilal ()«.?}>) a-vniiiit-lii»^. l.v hulking for

thnsr puinls wlmrr thr rnrvr for .-It*''* «rosst-s ihr mrvr for \',~l'''' Al lli«~-i- s|»-i ial |>oili»s

A'^l11 = -Uíí '1 = ''(*rT'rw) whrrr /'(•.'/•„!) is Ihr ;»» analysing |<t»vvri in moliiiiti

Kitrhing rt al. (Hf»| has |>rrf»riiH-<l an «-xlf-nsiv»- »-tii-> of iiMMsiir>-tin-iil s i>f I lie »svtuiiH-t ry

for the IR()(p,2|>)><(N rrarlion in a ro|>l:niar |»n»iiH-ltv vvilli "JWI M*-V iiit i>muiy> |III>IIMIN with

polarizatH>n5orllH>f;(Hial t» thr M «tlrriiiR planr (ni»nu;ili/<i I to MM»' Í V St.rn»- ..f iln- IHII 'MK

cxperíturtitalasyminrtrirs |-K>| for 200 \lr\ i>!\>)nt>ai [p.'Ip) sriillrrinK oit ' ' ( ) . n-sultiii){ in

lhr j = 1/2 griMiml staff* antl tlir j--3/1? first rxritr»! stair uf'"N ;ir»'slum n in Fin I1. I In-

li-ailrr may M-r in Kig. I Ilia) tlirrr- i> iin H|>|irr< i;tl>li- t'-i|n> lion of I In- ;in;ilysin>; jMnvtr in

inrtlillin looking f«»r thr s|K-iial u m wlw-rr .IJ'J - .-V^J. Al ill»"*- |H>inls tin- iisvmiiM-lrir-s

yirl«l the analysing power in in«»linm. ;m online to 1-.«| f 1II). On tin- otlxt li.nitl, tin- fr.-i-

V{0,Trri) valursarr itiilicMlril Itv I lit-iLi>lirt| <urv> in lliis siiiiir IÍRIIH- .IIHI il is • |r,ir I I IHI llir

in nmliiim valnr is smaller than the fit-»- i»n«- for I I f non svmiii<-iii« ,il (jr-.m» ir'»-s Iff, 4 0t).

*\Xt> srlert rüfirs for whirl» must of lhe r\|H-riinriil.il .|,il,i .iri- not A\ rhe inomenruni rlrslri'Hiliofi«

niintma, lo avojrl •incrrlaiiili» roniine from lhe iiinlripl'- siiiiierine-- ['.'»>[



= i j thr frrr f f f . T ^ ) vamrs arr amh»w small ami not kw rnwch CMI he said.

Thr rfrrtivr polarization ralrwlatnl fZS| from these enperimrnlal «symmetries using

Fj| (8) with / ' ami C far frrr srattrr ing Mr npiodwred in F i j . I . In UNS figure the eft* the

pularizatmiaf thr 1/2 stair b already mmtiplird by - 2 to check wheter f^/J = - 2 J * £ a«

pmbVtrd hy R|.(9). Foe the rases §t •= §j thr agrrrmrM b MCtllrwt. F»r #| fl •» Ihnr we

«Ibu rrpanrirs. As was rrmarkrH. fut sy mmrlriral aagh-s, lor R M M B of symmetry, P(#. T'ni)

is MIMII . Kir a*vnimrlrif-al an^lrs. /'(#,7"rW) is lypiraly 0.3 UMI thr thr fits air poor. (Sec

Ibi- ilaslml r«rvt-> in Fijç.l).

In Rrf. \'*C\ an ttii|Hriral «Jwrtvulii^i was iiKuir: ifnnr »rU arbitrarily P[9,Tr^) = 0 and

«Im-s mrt rbam;i- llir valw* wf f"»»('. 7',,j), K«|.|^) drsrrilir» quitr wrll Ibr experimental ilata

for U»lli thr axynimrtriial ami syninirlriral rasrs. In fart, assmmiiiK l'{9,TTtf) as 0 i» Ei| (7),

Fur iHHi-vanisliHiKf-ffniivr |NrlarizalMHi. «HIT has (/*„ = I):

This mranx ( I M I lh#- agn-tiurnt U-twrmi llirory ami rxprrimrnl arhievrd in Ref. |26]

Irnr vxm if ('\^IJ[^,T,,i) is IIOMIÜÍOI in nirtliiiNi as long as thr C«'s ratii> br

j = f 4 1/2 ami j = I - 1/2 rritiaiiis a|»|»roxiiiiatdy rqnal to unity.

I IK- silualHHi <!rsrril>cil jtlmvr n mil rrslrirlrd to thr | K 0 nucleus. The measured asym-

nwlrirs |37| fur llw n*arlinn *'('a(p.2;»)"K ai .1W MrV imliralr als«.«mlurtion of P[9, Trf|)

in inrtliuni for mm <vmn»rtriral n»i»iiH-lry, ii« ran In- srrii in Fifj.'l. Again the values for

' ' /P - t?'J' wliii-h givr /'(fl. 7'rr|( in mnliiiin, are nnirli smallrr than the free P{9, l'rti)

vain»-?» Morrmrr. Ihr rlfrrlixi- |»«>l,irizHtii»M i-strartrd frmn Ihrsc nsyinntrlrin using R>|.(8)

sin>w a similar l«-li»vitnir as for I lie "'(). Iliiil is for tlir symim-lriral angle (small values

For l'[0.Trrl)) r.<| (S) ilrsrril»-* vvi-H \\w rmnlls while For the asymmetrical situation the

agr'Titiritt is |«»>r. as ran Iw SITU in I IR I.

I hr asyimiiilrirs bavr also \nxn iiH-aitiiml fur **Ca(p,2p) populating the 2* | / j hole Mate

in r'K. In lliis r;isr llurr is A mmli MIMI I ' I rrrlnrtinn (if any) of f'{ff,Trfi) in mrrlrrim.

llowrvcr, as liiis lnfH iiH'iilionrd, I In- kmnki'iil of 2« sliilfs orriirs in Irss tlrnftf* rrgiont of



the nucleus and the effect of the nuclear medium is not expected l>> IM- huge (:l'>|

The analysing powers and cross sections for these reactions have l>»vn < al< ul.ttni [27|

within the framework of the DWIA, including bolh the «If.-. I of the spin ..il.il inlerai lion

for the distorted waves and off-shell effects in the proton-proton s<altering using aiitisvm

metrized t-matrix elements calculated with an effective relativist ir l.ove 1'ianey mi< Icon

núcleon interaction. The results of the calculations agree reasonably well with tin- il.ita

However, it appears that for the M'O(/7,2;») read ion the uon syinnu-tiiial geometry cousid-

ered (2CP —65°) shows an agretrment of less quality than tin-1 wo syiimiittn al <>nrs (:tll" -W"

and 4(f — AfP). For the mCn(p,2p) reaction the situation is not so «leu It would hi- inter

esting to know the results which one would get with this treatnu-nl for tin- < uses showing

discrepancies in our analysis (30° - 40" and MP - 15° Tor '"<), ami W .VI" for "'(a) , as

well as for the 2s state in <°Ca.

The experimental evidence of a reduction of l'{0,'l'rrl) in ni<-diiitu sets stmng ronstraiuts

on medium modifications of the niiclenn-iuicleoii interaction, as we shall now ilismss. In the

next section we use the Bonn OIIP-IIOSOII exchange model of the nu< Icon nurlii >n in) IM .«< t ion to

relate the spin observablcs relevant to «ptasi-free scattering to t lie |>ro|>erl i<-s of t he ex» hanged

mesons.

III. THE NUCLEON-NUCLEON INTERACTION, MESON PltOI'KKTIES A N D

SPIN OHSERVADLES

The free NN intctaction is well ilescril>eil l>y potentials ileiiveil from mrsou r\< li.iiif^r

models. In this paper we use one of the most successful meson <exch;iuge moid-Is, nanu-lv the

Bonn potential [30]. For the present purposes, it is sufficient to use the om- Imsou ex* liiinge

potential (ODEP) which includes ff,S,ii,if,u, and p meson exchanges.

In order to get some understanding of the contrihution of'-aid excliaugnl mi-son to the

spin observables, we do the following. We user the parameters of tin- Itoiin potent ial which fit

the experimental phase shifts (table 5 of Ref. (2!)]) and calculate the observuMes /' and (',„,.

I I



I In n. we recall ulale llic s|iin i>l>si-rv.ii>l<-s setting l|i.- coupling constant of it given meson

rt|ii,il lo /«To, without changing any oilier |i.tiiinirl«T. In this way, it is |M>ssihle lo evaluate

lli>- importante >>F any pariu ulai tn>- >>n In / ' ami ( '„„. I IK* results are shown in Fig.5.

I In' lirst fart ulni li Kin- Icarus from tin-, ligure is that, no) surprisingly, the most important

contributions In t In-*»' ol>serval>les comes l>,i .i< ally from two im'sons. from the a and the u>.

( 1 1M- IT IIICSOII • i.nlrihnles lo tin' olisi-n.ililrs at low energies only; mainly to f ' „ „ . ) The other

ilii|>ortalit conclusion is that the n nn-oii is the crucial nlli' lor /'. Although t he absence of

tlii- „• meson tn.il.i-s the absolute i.ilm1 n\ I' Miialler than its ••X|MTÍIIII 'III;I| value, lhe abseme

• •I the rr 1 liaiif.'! . the si^n of / ' with ti".|<ri t to its true value. The oltservahle ('„„ is sensitive

to holli ft ami n- mesons; the n meson is 11|<-\ .ml at relatively low I'litrgies only.

I he 1 riK'i.il ..li-.civ.ition that tin- n IIH-MHI IS the most important meson for the observable

/ ' may lead us t<> imilrislaml tin- mini lion nl' / ' in medium disrussed in the section I I . The

potential geueiainl |>y this meson has ri'i i iral HIMI spin-orbit components. Since a central

potential 1 amioi proiluce a polati/alioti. it ,i|>|>ears that the spin-orbil roinpoiient of the

uni Iron-niicleoii potential should In- min li weaker in the lindens than in free space.

It serins thru that a reduction of / ' in meiliuin may l>e associated to the change of the

pmperlies of tin rr meson in I lie inn Imv It is interesting to note that in a recent relativistic

density dependi 11I llailree appiom h i"l linile nuclei, where the (oupliug constants of the

|i l.i I i vis lii Hint ire l.i^ian^i.ili an III.KII' density deprudelil | l I) it was found thai I/,T/\//V and

1). \ v are of the <irder of III1'! Miiiilh'i in inidiiini than in free space.

In order to investigate medium rll'-i Is on / ' and ('„„ vve use the Honn potential |'tll) to

jrriii'iale ;»;» pha .e shifts to be used in the cab 'Illation of / ' and ('„„. However the input

p.uameters (111.1 -rs and/or 1 -•nipling rotistaiils) are changed according to some prescription.

Although mm h effort [I II.'| lias been devoted to the question of medium modificai ions of

the liHilronic properties, not too inmli has bem concluded yet. There is a scaling conjecture

for liadron properties at finite densities suggested by Drown and Itho [7] based on arguments

of partial rrsior.ilion of chiral symmetry in nuclei which lead» to the following scaling law

for the masses:

IL'



" ' • * *

2 ^ * 1 . (12)
m,

where / » is the pion decay constant, TMJV, »», , » I U ami m , are lhe masses of the núcleo», p,

u) and if mesons, respectively, ami »«„ lli«* mass of tin» elfertive scalar a nifson. Thr asterisk

denotes I lie value of these «pianlilies in mi< linr metliiiiii.

Other authors have also <lis<uss>il li;iiln>nii sniling law for the niiissrs II.IMMI mi (}<'|)

arguments |2.1,0,10,12). Kusaka nn<l Wcisi- (!>] \\,w<- ionilu<leil lli.il tin- Urown ,m<l Who

s<aling law is not realized for reasotiiiMe |>.n ;uinl«-i rlinti^cs. ||o\vev«>r (Uw >/ <// \\'2\. I'.i'-fil

on the tlirrinofield «lynamii al llit-ory, have ram Imleil thai fur ,< - I,;,,, vvlifir />,, is llie

saturation density, Drown and Rlio <iitiji-rture should lie rorreil. l lalsmla and Lee [!()|

have olttaineil a linear decrease of I he masses as ;i fuiMlioii of densily: I Inn lesnlls seem to

support Urow11 and l iho sralifiK ' i i u AIIIIOIIKII 'lie vnli<lity of Hnnwi an<l Kin» law is ^till

rontnjverlial, we take it :>s a slarliiif; |K»int to itixesfigale the lieliavioi <>f fh»- ol»serval>le.s

wiih rhangetl hadrouir mass.

Another O|K«II question is the value assniued l»y ( in Ki|.(l'J). We have taken il in the

rhnge 0.6 t o O.f».

VVit.li fespert. to the variations of coupling ronstaiits, the situation is even more ion

trovertial (8,11). As lias l>eeu mentioned, it was fmind liv Hroikmann ami loki [ l l | in a

relativistic density-depeii'leiit llartree approach that lhei / . , : v\ ami»/, v.v are— lll''í smaller

in medium than in free space. I lie Hatierjee's toy model, liased on tin- chital confinr-d moilrl,

leads t o a re<liirtion of r/njv.v with density, while v^.v.v «iinl '/,..v\ increase al some low rale

with the density. There is still a scaling law derived l>> Maneijee |s), nsin>; the results of

McOovem, Hirse and Spauos |.ri|, which leads to an im tease of f/,..w and '/̂  v v in mediimi.

Aft we do not have a deliuilivr prescription for (liaii^ing lhe coiipüiiK constants in medium.

we assume that I^/VN and </U,VN de< rease in tneilitiiii fl l | acrordiiiR to:

I t



wlu-;.> \ is assumed in the range 0.6 < \ < 0.9.

We also consider simultaneous variations of masses and coupling constants hy taking

Fq.(12) and Rq.(l3) simultaneously.

In summary, we consider three prescriptions:

i) only the masses are changed according to Eq. (12).

ii) only tln% n \ N and u-'.'V.V coupling constants are changed according to Kq. (13).

iii) the ttNtX and wNN coupling constants and masses are changed simultaneously ac-

cording to l'.<| (12) and Kq.(|:t)

We have not Mmsidered m<>diiiii» modificai ions of masses and/or coupling constants of the

mesons />, T) ami fi since their contrihutions to / ' and ('„„ at the energies we are considering

are nun Ii smaller lliiin the ones from rr and u.'. as ran lie seen in Fig. 5. With rrspext to the

l>ion shin- it is ;i (.'oldsloiH' Ixison. its mass iircsninably ihanges only slowly with density

(:!.(>) ,-iiifl »»>ilili( iit ions on I IK- f/,/v,v nlffi I I lie spin ohs<Tval)les only at low energies (Fig. 5).

\VV liavc rhrckcil our results against variations of the pion mass and coupling constant and

they do not change our conclusions.

In Tig. f> w<> show the cfinl on t lie ohsrrvaMrs / ' and ('„„ of changing the masses and/or

coupling const ants according to th<- thr«i- prcsi riplions above, taking ( = 0.7 and \ — 0.75.

I lie lignrcs show that in all flinv prt-s<ri(>tioiis there is a reduction of P(6,Trri) in medium

iDinparrd to the free value Tor ollx-rs values off and \ the results are basically the same

«wrpt Ilia». I In- curves cross the axis in slightly different places. The reduction increases, as

(, and/or \ <!«•< n a s c ('„„ is redun'd for IV < 0m £ 135" and enhanced for other values of

0rm in all tfirv prescriptions.

IV. MEDIUM MODIFICATIONS AND QUASI-FREE REACTIONS

In this wet ion we analyse the implications of the medium modifications for the [p,2p)

asymmetries.

II



We have calculated '.he values of / ' ami ('„„ with the thr i f prescriptions explained in

section I I I taking 0.6 < { , x < 0.9. The effective polarizations are tlu-n calculated l>y

using the experimental asymmetries in Kq.(K). A remarkably RIUMI agreement l>eliveen these

effective polarizations and the theoretical prediction, K<|.(!>), is obtained when out-changes

simultaneously masses and coupling constants an<l takes ( -- <)." and \ ~ I) .75. M M - results

are shown in Fig. 7 and Fig. 8 for tin- '"O(;7,2;»)l!kN and * 1 (> I I ( ;7 , '2JI ) : K IK. respectively

The conclusion one ran draw from these figures is that the modilic.it ions of HIM lion

and ineson properties clearly affect the spin oliservables of I!>«• reaction in .> i^nilii iinl way.

As mentioned in the introduction, although relativistii: elfn Is in«lu>liiig ret.irihilion I<-.MI to

improvement on the calculatetl {p,2p) cross-sec lions, there still r<-niiiiii ili.srie|iain ie* for spin

observables in some geometrical regions. In tliis sense, the inclusion of metliuiu tnoililiiatious

on the basic interaction process might be worthwhile to l»e investigated

As has been mentioned, in Ref. (26] the discrepantii-s have IMIMI <-liinin.it<-d l>y taking

P arbitrarily equal to zero and using the free space value of (',„,. In our i alculalinn, for

consistency, we assumed that both P and (",,„ arc modified in medium The value of / '

turned out to be drastically rrducrd in medium, hut it does not go exarllv to zero. 'Die

value of Cnn is a l * ° changed in medium, however il is stilt a smooth function of energy and

angle. As a consequence, the ratio ('Z*1**1'/*'™' >ri "* ' " '" ' ln<" ««rifiuenl is achieved

rather independently of the fr«T ('„„ value.

In an early attempt |2t] thr reduction of / ' in inediuni was invest igated n,in>' a foiniiilism

developed by Horowitz and Iqbal [21]. In their formalism, lhe medium modification are

evaluated in a relativist»- model where the ;V,V inleradion is iissiimed to depend on the

enhancement of the lower components of the micleon Dirac spiuor due lo stiong sr.dar and

vector components nuclear potentials. Although this formalism also leads to a reduction

of the pp analysing power in medium, the rlfect is loo small to eliminate the observed

discrepancies. The influence of a depolarization of the incident beam as well as off-shell

effects have also been investigated a long time ago [.18] and do not explain I he discrepancies.

There is still lacking a clear explanation of the fad that in the 2«-knockout from "'('a



llit- M'IIM lion .>l li»' analysing power is mi» I. -in.illei ilian in the l)> anil 11/stales studied

here. B.tM-il on tin- argument that tit*- '2s -l.. ir knockout occurs in less dense regions of the

niirli-iis onr would expect to I I I M IÍIM- thi- il-ilit witli our approach using larger values for {

and/or \ compared to tlu* values U M I I Tor ;> and dstates. Our analysis for this case intiicates

thai ( ami \ imisl lie larger than '111

I l> lo now we IIHVT ilisi iisscil tin- -.pin .il.scrvaMcs wliii li enter in the roplanar {p,2p)

<|ii.isi frei- i Toss M I lions, I I . I I I I .K / ' aiul I ',.,. \ \V ul.st-rvi'"! ll:-il til.- tlini- pirsrripLiolls

lui liititioiiM s< .iling laws atfi-i I (I» < UIIMH,II>ICN. ||mvfi«>r, »»•<• ili> not i'X|utt lo Ix* able

I D ilisi riiuili'il'' lx lwftn tin' tlurr |ni-si ii|>li.iiis lliroiigli I I I I -M' ol>srrvi>l>l«-s solely since the

t HIM Is go always in the same <lin-< I ion. lli.il is when a prrsi riptiuii Icails to an enhancement

(n-diii I ion) of I' >>r ('„„ I lie oilier two piesi iiplions Ir.ul I o an eiilianietnent (reduction) loo.

llowevirr, the |>ro|>i>seil measurement of (j>, 'iff) quasi-fr*1»' reaction |>M>|H>MVII at IUCF and

IKIUMI-' will have iinlirei I an ess to another spin ol>serva!>le, namely the depolarization

tensor, l)nn- Ki»r this ol>serval»le. in contrast, the elferls of the thri-e prescriptions are quite

ililfercnt, as ran I"' seen in I'IM !' It is clear (hat such a measurement might provide severe

i imstriiinls on meiliiiin mollification* of hailu>n pro|MTliesr>.

V . CONCLUSIONS

Wr ll.ivr iisril <|i|asi 11 < •* • kliorkoiil I>M( I li'ir- to investigate Ilieili II III modilii illiolisof hotllld

liiicleons. Some i are in r, |w litken wlien I lie farloiized'' ijiiiisi fric \p,'ly) cross sections as

ill this paper are used.

'KIMIO ami TSIII IOIU [,'i!)| ti.nc i.ili nl.ilcl tin- 'li'|>olari/alioii Irusors for I lie \d;,/2. \ilyj anil ' i '

holi-states in lln- MICa(;7,?;i)1!lK at / >W M.V.

''The ipiiuti frii' cross serlion is f.n luri/rd into a proiliirt of I he iiionieiltUMi d istri billion of

tlie ejected riinlio» limes a j>p rtirst. snliini ;.l rixTgy and angles rorrt'spondilig lo the violent

íiiliTíiition.



The factorized farm of the cross srt-tions has been often checked7 anil il I iirned out that

the best way is to avoid the minima of the momentum distributions of tin- ejected uticleoti

(where a large smeaiing of the momentum hapiiens) iiml to work with ratios of «|nasi-frce

cross sections to cancel out uncertainties related with the optical potentials. With this

care in mind, the factorized cross section shows lhe advantage of making I lie physics of the

process transparent. Por instaure, an elfrclive polarization of the ejected uucleon (before

the knockout process) is understandable in trims of .1 combined elfect i>l tin- spin orbit

interaction and the absorption of the ejected mnl.-on [\.\]. As for medium energy, in the

angular region needed for the absorption elfei I, lti>- cross section for protons with paralell

spins is much larger than the one for op|n>sitr spins, an as<inmelrv is» X|MM led (and drlcitrd)

for (/Tt2p) prcjcrss with polarized incidrtit lieams.

There is also a theoretical prcd'u liuti nhii li relates theelfei-live polarizations for nncIrons

in two suh-shells split !>y the spin-orlút itit>*r;u tion. In principle, nur roidd doubt the

validity of this prediction since it is liasrd on I In- f;n lt>ri/.il ii>n ;i|i|in>sini.il H>II. llovvevi-r.

it is remarkable that tfie data a^n-e <|iiilr well ivith this I l imnl i i ;>l puilii 1 •• >n wlien the

angles of the tw«> emerging particles are eijnal. When the emerging angles are dilferenl

SO'ne discrrpancies show up. I li<-s<' discrepancies have been observed a long time ago ['Jfi|

and various attempts to explain them have heen made on the liasis <>\ off shell elfeds.

depolarization of the incident beam [ M | as well as by liiking into a< count the niicleon elfeclive

mass inside thr nucleus [23.2-1]. To our knowledge, none of these has been successful.

On the basis of a faclorized quasi free cross section, we have pioposed to extract the /»/>

analysing power in medium \f) througli the asyinmeliies of (;»._'/») processes. In parlicn

lar, / ' is e<|iial to the rxpi riliM-ntal asyumirtries for two sub -shells s|ilil by the spin orbit

interaction for geometrical and kirienialical situalions such that \' " ' / * ' \' ' *!*. From

the measurer) asymmetries for '1\W MeV coplanar {p,'l)>) on I/» stales nf '''() .nn! I>/slates

7sre Hef. [|H| ;m.| references therein.
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of '•"('a, we have observed a reduction of P in medium.

A reduction of the pj» analysing power in medium is also predicted by the Horowitz and

lf|l>al relativistic treatment [21) of proton nucleus scattering. In this approach a modified NN

interaction in medium is assumed due to the effective nucleon mass (smaller than the free

mass) which afferts thr Dirac spinors used in the calculations of the NN matrix M. Cross

s'-i tioiis and spin observabh*s are modified in niediiini. For instance, the analysing power is

found l<> decrease ||)% compan*d to the frn- value at 500 MeV for an ejfective nuclear mass

~ 15% smaller (lie free value. This treatment is unable to explain the discrepancies under

discussion in the quasi-free (;7,2JI) asymmetries (2.1,21).

In this paper we have performed an exploratory study towards a possible explanation of

the /' reduction oliserved in (j»,2p) scattering in terms of medium modifications of nucleon

ami meson properties. The first roiicliisio» is that theur and specially the <r meson give the

main contribui ion for this observable. The next step was to use hadronic scaling laws in our

i »l< illations. As this issue is still controverti»!, in this exploratory study we have considered

possible modifications of masses and/or coupling constants for the n and w mesons, which

in<• I lie most iniportanl for the spin observable*. It turned out that by scaling simultaneously

masses and coupling constants we have been able to eliminate the discrepancies observed

in I he asymmetries of (p,2n) reactions. We do not know of any other explanation for these

discrepancies.

Our results show that quasi-free (;7,2f) reactions might be a power full tool to investigate

medium modifications of bound nucleous and hopefully to discriminate different prescrip-

tions. More rx|>crimeutal data at higher bombarding energies are clearly needed.
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FIGURES

I IO. 1. P.x|MiimmUl asymmetric [.16]for 200 MeV coplanar (£2»)scattering on thr t stat»

ni ""(). The dashed curves correspond h> the free P[$,Trt{) valaes.

I ' IC. 2. The effective polarization cakaiated (26j from the TRIUMF !

M R I. I V effective polarizations of Ihr > = 3/2 «tale at» multiplied by -2 to check Eq.(9).

I K;. .1. Kx|x-iirnmtal a.symim-1 rii-s \.\~,] for 2WI MrV roplanar {p,2p) scatterinKon thr d-stetM

>f ""i";». Thr iliLslml rnrvrs fiHi>-s|M>n<l I» ihr frr»» P(#,7'rri) val»«.

;. I. Tli<- . I f i i i ivr |M>lari/4ti«>N •ulinUtitl fn»m Ibr ' IHU'MF im-asmrmer «.< shown in Fig.

:l. I In- flTprlivc |H>liirizalH>»s o( ))••• y - ">/2 Ktatc arr mnlliplinl by -.1/2 In check Bq.(9). «

I I C . 5. Tlir ol.siTval.lrs V(».TT,i) and ('„„(#. 7 r r l) ralciilatcd with the Bonn potential with '

hirh Tit thr «•xprrimrnl.il ph.xsp shifts for frre srallrrini;on protons (solid carves) and ,j
turning nlTilifTw-nt mrsons. '\

i

I « ; . 5. Thr ..1-srrvaWrs V[9,l\,i) »n<l <\n[*J',*) calnilatvd with the Bonn potential. The

solul riifvrs ri>rrps|Min«l lo paramrlrrs whirh lit the experimental phase shift». The dashed carvca |

ii>rn-s|Niml In sr.ilin)» the massrs (Fi|.(l'2) with Í = 0.7), dot clauhe»! mrvp* correspond to scal-

ing ronpling ri>nst»iits (Kq.(l3) with > - 0.7-r>) and dottnl riirvts, scaling masses and coupling

i itnsl»nls with f — 0.7 mui \ = 0.7V

I- Ki. 7. Klfii-live |M>lari7.MH>n.s for I;» -.lairs of " '0 obtainr<l from the experimental anymmetries "
I

shoun in I-i|f.I with masMV and n»i|>linc ronslaiits chan|(e<l arenrcfing In Kq.(l2) ( ( = 0.7) and |

K«|H1)(> =0.7.1). *

I Id M. lüfcrijv- |M.larizaii'»ns for l</ sl;ilr-s i>f w ( a ohtainrd from the experimenUl asymme-

Irii's sliimii in l ie :l with majws *n<\ t«n\,\\\\% <i>nslants changed arrording to Fq.()2) (( = 0.7)

ami f-Vf.fMHi «• * r ' ) .
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