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Differential cross sections and a complete set of polarization observables have been measured for quasielas-
tic (p,R) reactions on?C and*°Ca at a bombarding energy of 345 MeV. The laboratory momentum transfers
areqp=1.2, 1.7, and 2.0 fnt for *2C andq,,= 1.7 fm ! for °Ca. In these momentum transfer regions, the
isovector spin-longitudinal interaction is attractive where the one-pion exchange is dominant. The spin-
longitudinal and spin-transverse polarized cross sectiinsandID,, are deduced. The theoretically expected
enhancement in the spin-longitudinal mode is observegl,gt=1.7 and 2.0 fm®. The observedD is con-
sistent with the pionic enhancéd evaluated in distorted wave impulse approximatibiwIA) calculations
employing random phase approximati@PA) response functions. The enhandBq, implies the existence of
a precursor to pion condensation in nuclei. On the other hand, the theoretically predicted quenching in the
spin-transverse mode is not observed. The obsel@gds not quenched, but rather enhanced relative to that
predicted via the DWIA+RPA calculations. Two-step contributions are responsible in part for the enhancement
of IDp,.
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[. INTRODUCTION induced by the repulsion of the spin-transverse interaction
enerated by the short-range correlation and the exchange

The nuclear collectivity in spin-isospin modes has been ogf‘fects in balance with the one rho-meson exchange attrac-

considerable concern in nuclear physics. At fairly large mo-;
mentum transferg> 1 fm™, Alberico et al. [1] made a very

interesting prediction for the quasielastic region, based OReen re
S ; . ; ported by the Saclgy3-15 and Bates[16-19
the random phase approximati®RPA) including thed iso- - .5,h5 The electron scattering is a good probe for the study

lbar _d%gretlas of free?om.. ;hey cla|hme?jd tt)hat thhe SF(;'n'of Ry because the electron can survey the entire nuclear vol-
ongitudinal response functioR, (q,») should be enhance ume with little distortion. However, in a one-photon ex-

and soften(shift toward Iower energy transhewith respect change plane wave Born approximatidPWBA), it cannot

to the free response function, wheoes the energy transfer. o, -mine the spin-longitudinal respore

On the contrary, the spin-transverse response function The (5, ) and (B, i) reactions can investigate b and
R,T(q’w) should be q.uenched and harder(esdimm toward Ry, and a measurement of a complete set of polarization
higher energy transfgin the same region. The enhancementyansfer coefficient; allows us to extract them within a
of R, is attributed to the collectivity induced by the attraction ., mework of a plane wave impulse approximati@WIA)

of the one-pion exchange interaction, and has aroused MuGl, ejkonal and optimal factorization approximations
interest in connection with both the precursor phenomena °[f20—23]. Careyet al. [24], and later Reest al. [25], reported

the pion condensatiofil-5 and the pion excess in the 5 compete set ob;; for the quasielasti¢d, ') scattering on
nucleus[6-11]. The A isobar plays a crucial role for this 2H, Ca, and Pb at an incident beam energy Bf

collectivity [12]. The quenching oRy, on the other hand, is =500 MeV. Many other measuremer{®6—29 of a com-
plete set ofD; have been also performed for quasielastic
(p,p’) scattering at momentum transfep,, near the ex-
*Electronic  address:  wakasa@phys.kyushu-u.ac.jp;  http:/pected maximum of the attractive spin-longitudinal interac-
www.kutl.kyushu-u.ac.jg7member/wakasa tion (Qup=1.7 frY). Surprisingly, the experimentally ex-
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tractedR /Ry ratios are less than or equal to unity, which field is minimal for a nucleon kinetic energy of about

contradicts the theoretical predictions of the enhariRednd 300 MeV.

the quenchedR;. However, certain aspects of the estimation The differential cross sections and a complete set of po-

of these ratios are questionable beca(@ehe (p,p’) scat- larization observables are used to separate the former into

tering mixes the isoscalar and isovector contributionsnonspin (IDg), spin-longitudinal (IDy), and two spin-

[24,25,29,3D and (b) the method of reaction analysis does transversglD,, andID,) polarized cross sectionsee Sec.

not treat the nuclear distortions, especially the spindV). The spin-longitudinal and spin-transverse polarized

dependent distortions properly. Ichimuet al. [30] first  cross sectiondD, andID, respectively, are compared with

made a distorted wave impulse approximati®WIA) cal-  those calculated in DWIA+RPA in order to assess nuclear

culation in a primitive stage. correlation effects. The theoretical calculations reproduce
Measurements of a complete set@f for quasielastic 1D, reasonably well below the quasielastic peak, whereas

(p.n) reactions orH, '%C, and*Ca atT,=494 MeV and they somewhat underestimate the data beyond the quasielas-

6ap=12.5°, 18°, and 27° were performed at Los Alamos Me-tic peak. FolD,, the calculations significantly underestimate

son Physics Facilit(LAMPF) [31-33. Measurements at the data over the entire region. Calculations including two-

T,=346 MeV andé,,=22° were carried out later at the Re- step contributions account for the underestimation of the

search Center for Nuclear Physi@®CNP for 2H, 6Li, 12C,  spin-longitudinal cross sectiolD, beyond the quasielastic

40Ca, and?%%Pb targetg34]. Hautalaet al. [35] also reported  peak, and they partly account for the underprediction of the

on a complete set db;; for 1°C, 4°Ca, and?*®Pb targets at spin-transverse cross sectiti, in the DWIA+RPA calcu-

T,=197 MeV and#,,=13°, 24°, 37°, and 48° measured at lations.

Indiana University Cyclotron Facilityl UCF). These experi-

ments focused exclusively on the isovector contribution. The

ratios R /Ry of pure isovector spin response functions ob- Il. EXPERIMENTAL METHODS

tained from these measurements were also less than or equal

to unity. From these results, it has often been concluded thEEIight (NTOF) facility [39] at the RCNP, Osaka University

there is no enhancement R, i.e., no collective enhance- : .
R using the neutron detector/polarimeter NPQB2-41]. De-

ment of the pionic modeg36,37. Koltun [11] analyzed the . - -
data with help of sum rules and claimed that there is nOta|led descriptions of the NTOF facility and the NPOL2 sys-

collective enhancement of the pionic modes in contradictioc™ are foun.d n Refs[39_—4]]. The de_scrlptlon Qf the

to the prediction of the RPA calculations. present experimental setup |s'presented in the previous paper
However, before reaching such a conclusion, other queé—4 2,]5\ Thte ref|0re Vt\)/e O?Iy cé(etggrébo/eolyg ta-rt%EtS'th. K ¢

tions, such as the validity of PWIA with the eikonal approxi- hatural carbon targ : with a thickness o

mation, etc., should be answered. The experimental evalua}-72 mg/crﬁ was used for the measurement of cross sections
tion of spin response functions is based on PWIA with anand analyzing powers, wherea_s a target of 682 mg hvers
used for the measurement bf; in order to achieve reason-

effective nucleon number approximation for distortion ef- . .
fects [23]. In these approximations, the spin-longitudinal, able statistical accuracy. _Typ|cal beam currents were 10 and
50 nA for the cross section arid;; measurements, respec-

ID4, and spin-transversep,, polarized cross sections are ; o
@ p
proportional toR, and Ry, respectively. Recently, Kawahi- tively. we aIso_usedLl and _CDZ targets for norma_lllzatlon Of.
the cross sections and calibration of the effective analyzing

gashiet al. [38] elaborated DWIA calculations employing :

the RPA response functions designated herein as DwIAROWers of NPOL2, respectively.
+RPA. They showed that the proportionality betweén,

andR_ and betweerlD, and Ry does not hold well. They

also showed thatD, for *2C, “°Cap,n) reactions atT, l. RESULTS

=494 and 346 MeV and alj,=1.7 fm* were reasonably  The sidewaysS, normalN, and longitudinal. coordinates
well reproduce by the DWIA+RPA calculations. This result are used to describe the polarization observables. They are

is consistent with the predicted pionic enhancemenRjin defined by the proton and neutron momevﬁqg, andk’. in
However, thelD, are significantly underestimated in their PP Ry
the laboratory frame ad =kpp L fk'abi N=N’"=(Kp

calculations. They concluded that the relatively large exces TR O ~
of experimental versus theoretid@ , values is responsible X Ko/ [Kiap X Kpapls SEN XL, andS =N’ X L".

for the anomalousR, /Ry ratio. Excessive spin-transverse  The double differential cross sections as a function of
mode in the(p,n) reaction relative to that obtained via the energy transfew,,;, in the laboratory frame are shown in Fig.
quasielastic electron scattering has been n{3ge-34. 1 for the *2C(p,n) reaction atT,=345 MeV and6,,=16°,

In this paper, we present the measurements of a comple2°, and 27°. In addition to the statistical uncertainty, there is
set of D;; for the quasielasti¢p,n) reaction on'’C at T,  about 2% uncertainty in the determination of the integrated
=345 MeV andf,=16°, 22°, and 27°, which correspond to beam current. The systematic uncertainty in the cross section
Qap=1.2, 1.7, and 2.0 fit at the quasielastic peak. These also includes the uncertainties both of the cross section
momentum transfers cover the region of the LAMPF mea<{3%) and of the thickness of th&C target(3%).
surement afl,=494 MeV. However, the fre&N t-matrix The present differential cross sections were found to be
elements are significantly different from those aj, systematically smaller than our previous d§3d]. The dif-
=494 MeV. Furthermore, the distortion in the nuclear mearference is most likely due to the beam loss caused by the

The experiment was performed at the Neutron Time-Of-
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- €V and tap=10", » an - Ihe data are bInned N w0 126, 1) reaction aff,=345 MeV andfj,,=16°, 22°, and 27°.

1 MeV steps. The dashed and dotted curves correspond to the th"la'he data are binned in 5 MeV steps. The solid and dashed curves

oretical predlctlons. for the COﬂtll’IbUtIOI’]S from one- and two-steprepresent the DWIA+RPA calculations for analyzing powers and
processes, respectively. The solid curves are the sums of these ¢ duced polarizations, respectively.

tributions. The vertical dashed lines mark the energy transfer for the

free np scattering.
quasielasti¢p, n) reactions aff,=197 MeV[35]. A possible

multiple scattering effects in the previously used thicker tar-origin of these differences might be off-energy-shell effects

gets, as discussed in R¢#2]. in the quasielastic scattering process. These effects can be
The main feature of the cross section is the broad bumpepresented in part by the term in a Kerman-McManus-

due to the quasielastic process. The energy transfers for thihaler (KMT) [43] representation of the effectivéN t ma-

free np scattering are represented with vertical dotted linestrix. The quantity(P-A,) of the NN scattering is given in

The observed peaks of the quasielastic spectra are more thWIA by

20 MeV higher than those for the fragp scattering. The .

solid curves are the results of the DWIA calculations with p_p - MU(E-F)D] )

the one- and two-step processes. The DWIA calculations re- Y lo '

produce the experimental differential cross sections in shape, ) )

but they are much smaller in magnitude around the quasi/nereE andF are spin-dependent KMT amplitudes aligds

elastic peak. This discrepancy comes from the quenching df€ €ross section. Note that this quantity is zero in f¢

the spin-transverse mode, which will be discussed in Secs. ycattering wher®=0. Noroet al. [44] reported the measure-

and VI. ment of polarization observables for proton knockqut2p)
Figure 2 shows the analyzing poweks and the induced reactions from S112 orbits of nuclear targets withT,

polarizationsP as a function ofwy, The analyzing powers =392 MeV polarized protons. Th&lN amplitudes deter-

A, are significantly smaller than the induced polarizafoat ~ Mined from their data suggest a significahtvalue, which

all three angles in the whole energy transfer region. The valcorresponds to their positivP—A,) values. We could not

ues ofA, decrease with increasing,, beyond the quasielas- Use the(p, 2p) result directly for interpretation of ouip,n)

tic peak, whereas the values®fare always larger than 0.15. data because not only are the momentum and energy trans-

The solid and dashed curves represent the DWIA+RPA refers different but the relevant isospin is different also. Nev-

sults forA, andP, respectively. The calculations give almost ertheless the plausible contribution of theterm might be

the same values @, andP over the whole region and agree responsible fofP-A,)#0 in quasielasti¢p,n) reactions.

reasonably well with the experimental, data around the Figure 3 compares the polarization transfer coefficients

quasielastic peak. D;; for *2C(p,1) at 6,,=16°, 22°, and 27° with the DWIA
Similar differences betweeA, andP are observed in the calculations. The data #.,=22° were taken from our pre-

highest momentum transfer measurements reported farious paper[34]. The solid curves represent the DWIA
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FIG. 3. Polarization transfer coefficients for thC(p,n) reac-  meson parameters used by Alberiewal. [1], Dickhoff et al. [62],
tion at T,=345 MeV and 65,=16°, 22°, and 27°. The data are and Elsteret al. [63], respectively. The Landau-Migdal parameters
binned in 5-MeV steps. The solid and dashed curves denote thgre set to(gln» Gra) =(0.7,0.4.
DWIA+RPA and DWIA+free results, respectively.

A. Coordinate system
+RPA results, and the dashed curves are the results of the
DWIA calculations with the free response functions desig- The momentum transfer of the center-of-massn,) sys-
nated herein as DWIA+free. The effects of the RPA correlal€™M IS given by
tions are significantly larger foDg 5 and Dy than they are q=k’ -k ?)

for otherDyj’s. For Dg s and Dyy, the results with the free

response functions are closer to the experimental data thqpherek andk’ are the momenta of the incident and outgo-
those with the RPA correlations. For othigg’s, both calcu-  jng nycleons in the c.m. frame, respectively. We use the c.m.
lations with and without the RPA correlations reproduce the,qordinate systentg,n,p) defined as

experimental data reasonably well.

IV. METHOD OF ANALYSIS q= i (39
In this section, we compare the experimental polarized al
cross sections with the DWIA+RPA calculations in order to
. . . !
investigate the nuclear correlation effects. . _ kXk
A=, (3D)
|k < k|
TABLE |. Meson parameters used in the present calculations
[46]. Nucleon andA-isobar masses are 939 MeV and 1232 MeV, A A A
p=qgXxn. (30

respectively. The ratio of théNA coupling to the NN one is
f‘n’NA/f‘n'NszpNA/prN: \72/25=170 The ratio Of the rhO-meSOI’I
coupling to the pion one is CPE[(prN/f,TNN)(m,T/mp)]2

B. Polarized cross sections
:[(prA/faTNA)(mqr/mp)]zz2.94.

The unpolarized double differential cross sectidmr,y, in

Vertex m, fo A, Ny Fig. 1) in the laboratory frame is decomposed into the four
@ (MeV) (MeV) polarized cross section®; as

7NN 138 0.99 1300 1 | =1Dg+1Dy+1D,+1D,, (4)

7NA 138 1.68 1200 1

pNN 769 9.45 1400 1 where D; are the polarization observables introduced by

oNA 769 16.03 1400 2 Bleszynskiet al. [45], and they are related tB;; in the

laboratory frame a§23]
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1
Do= Z[l +Dyn+ (Dgs+ Dy )cosay

+ (D s~ Dgp)sin aq], (59
1

Dn= Z[l +Dyn~ (Dgs+ Dpr)cos ey
—(DLrs=Dgp)sin ay], (5b)
1

Dq = Z[l - DNN + (DS’S_ DL/L)COS 27
—(Dpis* Dgy)sin ay], (50
1

Dp = Z[l - DNN - (DS!S_ DLIL)COS ay
+(Dpg+ Dg)sin ay], (5d)

wherea; = 0,,+ ) and a, = 26,— 6,,— (). The angled, rep-

PHYSICAL REVIEW (569, 054609(2004)

resents the angle betweérandf), and(} is the the relativ-
istic spin rotation angle defined in R¢R3].

C. RPA formalism

The RPA formalism is that of Nishida and Ichimurb2]
and Kawahigashet al. [38], and the spin response functions
are calculated via the continuum RPA with the ring approxi-
mation including theA degrees of freedom. The RPA corre-
lations are taken into account only in the isovector spin-
dependent modes. For the effective interaction in these
modes, we employ ther+p+g’) model, in which it is writ-
ten as

Vel(g, 0) = VE(q, 0) + VE'(q, ), (6)

whereV‘Eff and V$ﬁ are spin-longitudinal and spin-transverse
effective interactions, respectively. They are given by

2, 2 . .
Vi'(g,0) = |:_'\2:\|(9NN+ T2 (0 ) W~ - mfr)(o-l Q) (o2-9) (11 )
fannfana [, 5 A .
T (Gt FWNN(qrw)FwNA(qaw)wz_q—z_mz {(o1-0)(S;-Q)(7 - To) + (1 2)}
szA 2 5 A X
t (9’AA+FwNA(q,w)m>(Sl-Q)(Sz-Q)(Tl-Tz) (7
and
ft 2 2 i . .
V?' (Qaw) = ;]2 (gl’\lN+ CprpNN(qyw) (1)2 _ qz_ mz)(o-l X Q)(0'2 X q)(Tl ! TZ)
™ P
fannfana [ C|2 . ~
+ 5| 0w+ C.l om0, )T jna (0, 0) S o X Q)(S; X §) (11 - T) + (1 2)}
m2 o=’ -
szA 2 q
+ m_i<9£m + CPFPNA(Qyw)m)(Sl XS xa)(Ty-To) |, (8
[
wherem, andm,, are the pion and rho-meson massesnd me—-A2 \M
 are the spin and isospin operators of the nucldpandS I'y= P—PoAZ) 9

andT are the spin and isospin transition operators fidno
A. The constants yn, fana, fonne andf s are themNN,

7NA, pNN, and pNA coupling constants, respectively. The where A, are the cutoff parameters,,=1 (monopolg or 2
Landau-Migdal parametergy,, 9ys, @ndgy,, correspond to  (dipole) depending on the specific coupling)yn=M;na

the NN, NA, andAA channels, respectively. The coefficient =m_, andm yn=m,,=m,.

C, is the ratio of the rho-meson coupling to the pion one. Table | summarizes the herein used meson parameters
The vertex form factorsl’, (a=mNN, 7wNA, pNN or pNA),  from a Bonn potential which treats explicitly [46]. In Fig.

are parametrized in the conventional form of 4, the resultingv, andVy at w=0%/(2my) in the NN andNA
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channels are shown by the solid curves. The Landau-Migdal 020 o JNEAL
parameters ofgyy,9na) =(0.7,0.9 are adjusted to reproduce oas|| DWIA+EPA i * 160
the experimentalD. A | R TAN

The mean field for the single-particle wave functions is 0.10
given by 0.05

0.00

2 d
U(r) == (Vo +iWp) fys(r) + Vls,afws(r)I s+ Vc(r),

e
(10) 0.10
whereV(r) is the Coulomb potentialf,g(r) is the Woods-
Saxon radial form factor with the radial parametey
=1.27 fm and the diffuseness=0.67 fm. The spin-orbit po-
tential Vi is chosen to be 6.5 MeV and 10.0 MeV f&iC
and“’Ca, respectively. The real potenti4} is determined to
reproduce the observed separation energy of the outermost
occupied state of the target nucleus. The imaginary potential 0.05
W, is obtained by using the empirical formula for the spread-
ing width [47,48. For theA isobar, we seV;=30 MeV and

0.05

0.00

ID, (mbsr ' Mev'?!)

0.10

0.00

Wp=V;s=0 MeV. 0 50 100 150 0 50 100 150 200
The nonlocality of the mean field is simulated by the Energy transfer wy,, (MeV)
radial-dependent effective mass

FIG. 5. The spin-longitudinafleft panel§ and spin-transverse
fws(r) (right panel$ polarized cross sectiondD, and ID,, for the
fus( 0)[ N m (0], (1) 2C(p,n) reaction aff,=345 MeV andfj,,=16°, 22°, and 27°. The

solid curves represent the DWIA calculations employrng the RPA
with m*(0)=0.7my. Effects ofm" are easily estimated by the response functions witligyy,gx,)=(0.7,0.4 and m'(0)=0.7my.
Fermi gas model in which the quasielastic distribution peakdhe dashed curves are the DWIA+free results witti0) =0.7my.

at g?/2m" and its height and width are given byn3/4qpe _ _
andqp:/m’, respectively, whereg is the Fermi momentum. reasonably well below the quasielastic peak, whereas they

The parameters dfi(r) and m' (r) are the same as used in slightly underestimate .the.data beyond the_quasielastic peak
Ref. [38]. where two-step contributions should be important, as is
shown in Sec. VI. The calculations ét,=16° significantly
overestimate the data below the quasielastic peak. The quasi-
D. DWIA formalism elastic peak ofD, in the DWIA+RPA calculations corre-
; ; ; ; sponds to the excitation energy Bf=22 MeV at ,,,=16°.
We use the formalism given by Kawahigasitial. [38] tIn the low lying states of“C and™N, it is well known that

for the DWIA calculations. The distorted waves for inciden
here are strong nuclear correlations beyond RPA in the mean

and outgoing particles are calculated by using global o trcaﬁ
potentla?s bgsgd on Dirac phenomenol%@] 'Ighg optlma?l eld theory. The contributuons from these states decreases
relative to those from the quasielastic process with increas-

factorization prescriptiofi20-23 is employed to model the | ; ) .
P ptiort 3 oy ing reaction angle. We will see in Sec. VI that the RPA

Fermi motion of the target nucleons. The fis&l tmatrix . . . Lo . .

parameters are taken from those of Bugg and Wi[&@). correlations in the spin-longitudinal mode explain the experi-
mentally observed enhancement Dy, at large angles when
two-step contributions are included.

V. COMPARISON TO DWIA+RPA CALCULATIONS The gy, andgy,, dependences of the DWIA+RPA calcu-
lations are investigated in Fig. 6. We show only the results at
O,=22° since the results at other angles are very similar.

Figure 5 compares the experimental polarized cross seche upper panels of Fig. 6 represent tjg, dependence in
tions ID4 and D, with the DWIA calculations. The dashed 0.6=< g{,=0.8 with the fixedgy,=0.4. The solid curves are
curves are the results of DWIA with the free response functhe results withg,=0.7. The upper boundaries of the bands
tions employingm'(0)=0.7my. Both of the experimentdD,  correspond to the results wity,=0.6, whereas the lower
andID, are significantly larger than those predicted via theones are the results withy,=0.8. Thegy, dependence is
DWIA+free calculations. The solid curves denote the resultobserved folD4 near and below the quasielastic peak. The
of the DWIA+RPA calculations with the RPA parameters of experimental data are best fitted with a laggg value below
(Onn:9na) =(0.7,0.4 andm’(0)=0.7my. Since both the spin- the quasielastic peak and a smaltgf, value around the
longitudinal and spin-transverse polarized cross sectiins, peak. We should note that it is not appropriate to determine
and ID, are insensitive to the,, parameterf12], it was gy, from low energy transfers where there appear strong
arbitrarily set atg) ,=0.5[51]. nuclear correlations beyond RPA.

For the spin-longitudinal mode, the DWIA+RPA calcula-  The middle panels of Fig. 6 show tlgg, dependence of
tions at 6,,=22° and 27° reproduce the experimental datethe DWIA+RPA calculations in 0.8gy,<0.5 with the

m'(r) = my —

A. RPA effects
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0:18 ARARS A RPA results withoutA are close to the free ones. Onads

G 1D introduced D is enhanced in the whole quasielastic region,
b10 [ dependence -] as seen in Fig. 6. The enhancement is attributed to the attrac-
.,'*‘v.' tive effective interaction in theNA channel given by the
005~ Ny ] second term of Eq(7). This interaction brings the spin-
s }V\ k longitudinal strength down from th&-hole sector to the
L 000 TR particle-hole one, and thus theplays an essential role in the
§ B enhancement of the spin-longitudinal mode.
w  oof I dependence - In the spin-transverse mode, the RPA results with and
& ~, without A are very close to each other. The spin-transverse
Q 005F L5 ¥ T, art of the effective interaction in thdA channel given b
87 T, p g y
g }V\ e the second term of E8) is relatively small compared to the
= 0.00 Lol spin-longitudinal par{12] (see the solid curves of Fig..4
= A —waA Thus theA effects forID, are considerably smaller than
..... A
0.10F | effects —— ;’r/:e ] those forlD,,.
~‘
0.05 | o q?"..’itj’. -~ ]
‘ N -, VI. TWO-STEP CONTRIBUTIONS
0.00 Lo Lol Lol The abnormally largeD, relative to the theoretical pre-
0 50 100 150 0 50 100 150 200

dictions may be due to the absence of some reaction mecha-
nisms such as two-step processes in the DWIA calculations.

FIG. 6. (Color onling Measurements of the polarized cross sec- In the two-.ste.p calculation, the motion O,f the scatte.ring
tions for the2C(p, n) reaction afT,=345 MeV andfz,=22°. The nucleon (the incident proton, the nucleon in intermediate
solid and dashed curve are the same as those in Fig. 5. The bangi@tes, and the outgoing neutjos treated as the plane wave
show thegy,,, (top panels andgl, (middle panelsdependences of (PWA). We assume that the scattering nucleons in the one-

the DWIA + RPA calculations. The dotted curves in the bottom pan-2nd two-step processes follow similar trajectories, and there-
els represent the DWIA+RPA results withahit fore nuclear distortion and absorption effects for two-step

processes are similar to those for the one-step process. Hence
e estimate the effects by the ratio of DWIA to PWIA cross
sections for the one-step process. Then the two-step contri-
bution with these effects is given by

Energy transfer w;,;, (MeV)

fixed gyn=0.7. The upper and lower boundaries of the band
correspond to the results witf{,, =0.3 and 0.5, respectively.
The solid curves are the results wigh, =0.4. Thegy, de-
pendence is clearly observed @, around the quasielastic S _ DWIA
peak. The experimental data are best fitted with a sgjgll ~ 2-step with distortion effects: 2-step in PWAX —=—"~-

value. However, the optimaj,, and gy, may not be found PWIA
without taking multistep contributions into account, as will (12)
be discussed in Sec. VI. In the present two-step calculation, a target is treated as a

For the spin-transverse mode, the results of the same calije double closed-shell state. Thus DWIA and PWIA cal-
culatlo_ns are shown in the right panels of F_lgs. 5 and 6: Th& lations in Eq.(12) are also performed with the free re-
reduction from the dashed curves to the solid ones equdates%onse functions.
the quenching ofD, as predict(,ad, while the experimental Figure 7 compares experimentsl, andID , for 12¢ with
data are enhanced. Tiggy andgy, dependences shown by yheoretical calculations that include both the DWHRPA
the bands are small fdD,, as predicted in Refl12]. The o5 ts as well as two-step contributions. In Fig. 8 we also
observedD,, data are much larger than the calculations, ang,mnare the experimental and theoretical results for the
inclusion _of t\_/vo—step contributions is required in order to 49Ca(p, n) reaction atf,,=22°. To evaluate the experimental
resolve this discrepancy. ID; for 4°Ca, the unpolarized cross sectibmeasured in the
present experiment is used, while tBg values are from
previous work{34]. Thus thelD; values in Fig. 8 are smaller

The lower panels of Fig. 6 show th& effects in the than those in Ref.34] by a factor of about 0.82, as discussed
DWIA +RPA calculations. The solid and dotted curves rep-in Ref. [42].
resent the DWIA calculations employing the RPA response The one-step DWIA calculations with the RPA and free
functions with and withoutA, respectively. The dashed response functions are shown as the thin-solid and dashed
curves are the results with the free response functions. Theurves, respectively. The dotted curves represent the two-
Landau-Migdal parameteg, andgy, are set equal to 0.7 step contributions defined in E@L2). The thick-solid curves
and 0.4, respectively, while the other parameters were lefare the sums of one-step of DWIA+RPA and two-step con-

B. A Effects

unchanged. tributions. The RPA uses the same Landau-Migdal param-
The spin-longitudinal effective interaction in thN  eters used in the calculations in Fig. 5.
channel is given by the first term of E¢{). Since its mag- For ID,, the RPA correlations enhance the results of the

nitude is very small, as seen by the solid curves of Fig. 4, thealculations from the dashed to thin-solid curves, and the
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0.20

ever, the experimental results are much larger than the
DWIA calculation with the RPA correlation. The relative im-
portance of two-step contributions fdD, is significantly
larger than that fofD [54,55. They account for the under-
estimation ofID, in the DWIA+RPA calculation at large
energy transfers beyond the quasielastic peak. However,
these effects are not sufficient to explain the underestimation
of ID,. This discrepancy might be due to the effects of the
higher-order(such as 2p2hconfiguration mixing[56—6Q
and/or the medium modifications of the effectidd inter-
action. A sizable modification has been suggested from the
study of the proton inelastic scattering ofiSi to the
stretched 6, T=1 state at 14.36 MeV withl,=198 MeV
polarized proton$61]. We could not use this result for inter-
pretation of the discrepancy because of the different reaction
and the different energy. Thus we need further theoretical
and experimental studies in order to settle the discrepancy.

0.05

0.00

0.10

0.05

0.00

ID, (mbsr ' Mev'?!)

0.10

0.05

0.00 Loasbsii JIL L AT VII. FINAL REMARKS
0 50 100 150 0 50 100 150 200

Energy transter wj,, (MeV) The g’ values and thus the effective interactions in Egs.
- _ (7) and (8) depend upon the choice of meson parameters.
FIG. 7. The twg-step contrlbutlor(si(l)tted curve}?m_IDq (left The bands in Fig. 4 show “gi‘\lN andg,’\m dependence of the
panels and ID,, (right panels for the “C(p,n) reaction atT,  effective interactions. The upper and lower boundaries in the
=345 MeV andf,4,=16°, 22°, and 27°. The thick-solid curves de- NN channel correspond to the results wigy,=0.8 and 0.6
note the sums of the DWIA+RPA and the two-step contributions.respectively whereas those in the channel represent tﬁe
The solid and dashed curve are the same as those in Fig. 5. results withgy,=0.5 and 0.3, respectively. Since the present

two-step contributions increase the results from the thin-solidDp data are insensitive to the spin-transverse interactions, as

to thick-solid curves. We can see that both the pionic endiscussed in Sec. V, only the spin-longitudinal interactions

hancement in RPA and the two-step contributions play im-WIII be discussed be_low. L . . .
portant roles in explaining the experimental data near and. Although the spin-longitudinal interactions in teN
beyond the quasielastic peak. The discrepancy between tffgannel are Cl‘ise to zero in the momentum-transfer region of
experimental and theoretical results &g,=16° in low en- q=1.2-2.0 fm . those in theNA.channeI are very attractive
ergy transfers below the quasielastic peak might be due t} the same region. This attraction causes the enhancement of
the nuclear correlations beyond RPA, as discussed in Sec. ¥€ Spin-longitudinal mode. o
Although calculations are not sensitive to Landau-Migdal pa- '€ dashed, dotted, and dot-dashed curves n ng' 4 are
rameters, as shown by the bands in Fig. 6, the best values af2¢ results employing the same values @y,
gnn=0.7£0.1 andy{,, =0.4+0.1, which are somewhat larger =(0.7,0.9 but with other meson parameters used by Al-
than those obtained without two-step contributi¢dg], and ~ bericoet al. [1], Dickhoff et al. [62], and Elsteret al. [63],
are consistent with those evaluated from the quenching fadespectively. The results in tfeN channel are almost inde-
tor of the Gamow-Teller sum rulg52] taking into account Pendent of the choice of meson parameters. However, those
finite nuclear effect§53]. in the NA channel change their values within the band. For
The RPA correlations induced by the spin-transverse in€xample, in the present momentum-transfer region, the result
teraction(p+g’) quench the spin-transverse response funcWith the parameters used by Alberi@ al. [1] becomes
tion Ry and its relevant polarized cross sectitiy, How- more attractive than the present result shown by the solid
curve. This means that their meson parameters prefer a larger

) 0.3 gua Value of =0.5. On the contrary, the meson parameters

D 500 used by Elsteet al. [63] favor a smallergy, value. There-
| 7P o2 fore, it is important to discuss the Landau-Migdal parameters
’ and the meson parameters simultaneously in the analysis of
KA ] finite q since the effective interactions are the functions of
0 oy,
0.1 both.
LA N T T 0 VIIl. SUMMARY AND CONCLUSION

. 0.
0 50 100 150 0 50 100 150 200

Energy transfer o, (MeV) The cross sections, analyzing powers, induced polariza-
tions, and a complete set of polarization transfer coefficients

FIG. 8. Same as Fig. 7 but for tHCa(p,n) reaction atT,  for quasielastidp, ) reactions on*’C and*’Ca were mea-
=346 MeV andf,,=22°. sured atT,=345 MeV. The reaction angles amg,=16°,
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22°, and 27° for*?C and 6,,=22° for “°Ca, which corre- The present analysis shows that the enhancement of the
sponds to the laboratory momentum transfers af,  spin-longitudinal response functidd and the relevant po-
=1.2-2.0 fm* where the effective interaction in the one- larized cross sectionD,, is supported by the experiment,
pion exchange channel is attractive. which implies the appearence of the precursor phenomena of
The experimental spin-longitudinal and spin-transversehe pion condensation in the normal nuclei. However, the
polarized cross sections are compared with DWIA calculaanomaly in the spin-transverse mode pointed out firstly by
tions employin_g the RPA response functions inclusive ofragdeucciet al.[33] and also by Wakaset al.[34] has been
two-step contributions. The enhancementIb, from the | ynresolved. To understand the quantitative difference be-
tween the experimental and theoretital,, we need further

. @l and th tical it s the Land fhvestigation on higher-order configuration mixing as well as
Eﬂﬁgéna?ré)gra%r:aters %g[e I—Cg7ieosg :nczl’JpF—)%r 2+O i Tﬁins aU3dditional theoretical and experimental studies of the effec-
NN_ . —_— . NA_ . —_— . .

; ; tive NN tmatrix in nuclear medium.
means that the universality ansat2,4,64 of gyy=0\a

=gy,=0’ does not hold, andy, is much smaller thagy, in

the present momentum-tran_sfer region. These vaI_ues are con- ACKNOWLEDGMENTS
sistent with those aj=0 obtained from the quenching factor
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