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Evidence for one-pion charge exchange it®N + 3C elastic scattering near the Coulomb barrier

E. Lienard}* D. Baye? Th. Delbar! P. Descouvemort,P. DuhameP W. Galster! M. Kurokawa' P. Leleux?!
I. Licot,* P. Lipnik,® C. Michotte! T. Motobayashi* A. Ninane}! J.-M. Sparenberd,J. Vanhorenbeeck,and J. Verviet
lInstitut de Physique Nudre, UniversifeCatholique de Louvain, B 1348 Louvain-la-Neuve, Belgium
2 Physique Nuclaire Theorique et Physique Matmeatique, Code Postal 229, Universitébre de Bruxelles, B 1050 Brussels, Belgium
3 Institut d’Astronomie et d’Astrophysique, Code Postal 226, Univetstiee de Bruxelles, B 1050 Brussels, Belgium
4 Department of Physics, Rikkyo University, Toshima, Tokyo 171, Japan
(Received 8 July 1996

Elastic ®N + 3C cross sections are measured at center-of-mass energies of 8.15, 10.0, and 14.75 MeV,
using a radioactivé®N beam and position-sensitive solid-state detectors. *Ne+ 1°C angular distributions
display oscillations beyond 80° and even a significant rise at large angles for the two higher energies. These
data are analyzed in the framework of the optical model including a parity-dependent term necessary to explain
the backward behavior. This parity term is among the strongest encountered in heavy-ion collisions. Its
properties are close to those of the parity term reproducinger 12C elastic scattering in the same energy
range. Its long-range nature indicates that the parity dependence arises from a single rather than from a double
exchange. One-pion charge exchange between the valence nucleons seems to possess the necessary properties
as qualitatively shown by a simple molecular mod&l0556-28136)05311-3

PACS numbgs): 25.60.Bx, 24.10.Ht, 25.60.Lg, 25.70.Kk

I. INTRODUCTION without radioactive nuclei, so that their properties remain
essentially unknown at present. Here we report on a first
The existence of radioactive ion beams allows for the firsexperimental study of thé®N + °C elastic scattering at
time a detailed exploration of the isospin degrees of freedorenergies close to the Coulomb barripreliminary accounts
in nuclear reactionfl]. Replacing in a collision a nucleus by can be found in Ref§4,3]). In marked contrast with the pair
another nucleus with the same mass number becomes pas mirror 13N + 12C and 13C + 12C elastic collisions which
sible[2,3]. Such studies were until now severely limited by are strongly related to each other, tH&l + 13C collision is

the fact that pairs of stable isobars do not exist for Masgssentially distinct from3C + 13C because of different iso-
numbers smaller than 36. They were restricted to casegpin contents: While!3C + 13C is purely T=1, N +

where long-lived isotopes such dsl, 'Be, or *C are avail- 13- ¢ontains a mixing o =0 andT =1 components. More-

able. - over, while the'3C + *C cross sections are symmetric with
Recently charge symmetry could be studied in a compara-

013 13 H H H
tive study of the mirror'® + 12C and 2%C + 22C elastic respect to 90°;°N + ~°C provides useful information up to

collisions[2,3]. The elastic cross sections at three energies "!large apgles. It offers a better .opportunlty of probing the
the vicinity of the Coulomb barrier were analyzed with the interaction between these nu_clel._ ]
optical model assuming the same real central part of the '"€ postaf:peleratejci’N radioactive beam altgthe Louvain-
nuclear potential for both systems as suggested by chardg-Neuve facility allows us to study theN + *°C collision
symmetry. The absorptions which depend on threshold enelith intensities of about 1:210° particles per second. Ex-
gies and elastic-transfer effects which depend on the tails d¥€riments were carried out at three laboratory energies 16.3,
the individual wave functions of the valence nucleon are20.0, and 29.5 MeV with an energy resolution of about 0.3 to
both sensitive to the Coulomb interaction. Therefore they ar®.6 MeV. In the center-of-mags.m) frame, these energies
different in mirror collisions. Differences in the parity terms correspond to 8.15, 10.0, and 14.75 MeV, respectively, cov-
simulating the elastic transfer of the valence nucleon are wekring an energy range from just above to about twice the
understood. Differences of absorption seem to be mostly du€oulomb barrier. This collision involves two different nuclei
to the coupling with direct channels, and especially with in-with identical °C cores but different valence nucleons.
elastic channels. Except for these known differences, chargeherefore the elastic cross sections simultaneously contain
symmetry applies as a good approximation to the central pagontributions from core exchange and from charge exchange
of the nucleus-nucleus interaction. between the valence nucleons. Its analysis brings physical
Collisions between distinct mirror nuclei provide an eveninformation which is not available from other collisions.
more interesting challenge because they are not realizab@nly the 3He + 3H [5] and 'Be + ’Li [6] collisions were
until now accessible for such studies. The former is, how-
ever, restricted to a small nhumber of partial waves and the

:Present address: GANIL, 14021 Caen, France. latter is rendered complicated by the high spins and defor-
Present address: RIKEN, Hirosawa, Wako, Saitama 351-01, Janations of the colliding nuclei. At low energies, tH&N +
pan. 13C scattering at backward angles is expected to be sensitive
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to exchange effects such as elastic nucleon transfers or
charge exchange.

The 13N + 3C collision has been analyzed schematically
in the framework of a molecular orbital model in RET].

The same model was later applied in a numerical prediction
of the N + 3C cross sections at energies below 10 MeV
[8]. The results exhibit no significant backward rise. The
authors of Ref[8], being aware of very preliminary results
of the present experiment, conjecture that pion exchange ef-
fects might significantly modify the behavior at large angles.

Let us mention that another experimental study of the
13N + 13C collision has been recently performed in a very
different energy range, i.e., &8/A=57 and 105 MeV with
respective intensities of%10° and 6x 10° particles per sec-
ond and with energy resolutions around 1 M¢¥]. The
authors of Ref[9] attempt to measure Gamow-Teller transi-
tion strengths with heavy ion collisions. They focus on
charge transfer at 0°.

The experimental setup and the results are described in
Sec. Il. An optical-model study of these data is performed in
Sec. lll. The interpretation of the resulting potential is dis-
cussed in Sec. IV. Concluding remarks are presented in
Sec. V.

COUNTS

0 100 200 300 400 500 600 700
IIl. EXPERIMENTAL PROCEDURE E (arb.units)

The experimental setup is described thoroughly in a pre- FIG. 1. Experimental spectra dfC + 3C (upper part and
vious papef2]. In brief, *N 2" beams[10] of 16.3, 20.0, N + °C (lower pan elastic scatterings at 10 MeV in the c.m.
and 29.5 MeV energies and of X4® pps typical intensity frame and at a mean laboratory angle of 26.75°. The erterigyin
bombard a self-supporting®C target of 40g/cm? thick-  arbitrary units. The different peaks are explained in the text. The
ness. Two large ion-implanted silicon detectors record thesolid I|ne§ show global fits of the spectra, the dashed lines giving
scattered®N and the recoiling’3C ions; each detector is the contributions of each peak.
made of 12 resistive horizontal strips, 60 mm loxigh mm
wide, with a passive gap of 5@m between successive the detector energy resolutigB0 keV FWHM for ?*!Am
strips. They are located at mean distances of 20 and 25 caa particleg, and the energy loss and straggling in the Al
from the target, covering angular ranges of 13° and 15° irdegrader foil(100 keV, as estimated byeANT [12]).
the laboratory system, respectively. With this setup, the an- Figure 1 shows typical spectra of tHéN + 3C (lower
gular distributions of the!®N + 13C elastic scattering are parh and °C + 3C elastic scatteringgupper parnt Each
obtained from 15° to 150° in the c.m. frame with only two peak is fitted with a Gaussian distribution matched to an
angle settings. At each energy, some data are also recordedponential tail, taking into account the imperfect charge
with a stable®*C beam[2]. Apart from checking the consis- collection of the detector. These functions are superimposed
tency with existing datfl1], they are useful at several lev- on a linear background. At each angle, a glokalfit is
els, as it will appear later. Signals from both ends of eactperformed, using thennuiT minimization codd 13], the re-
strip yield the energy and the position of the particles. Thdiability of which was tested by simulations similar to the
energy and position calibration of the detectors are obtainednes reported in Ref2]. Because of the weak intensity of
from the 3C + Au scattering and from the transmission of the *3C recoil peak in the™®N + *3C spectrum, its location
« particles from ar?**Am source, through a grid with seven and shape are imposed by the maic peak in the upper
vertical slits placed in front of the detectors. Conventionalspectrum, strictly obtained at the same energy and angle,
electronics and a CAMAC-VME data acquisition system areunder the same conditions. The proton peak probably comes
used to analyze the data. from the beam scattering on water crystals on the surface of

The detectors are located at forward angles in the laborahe target, and the alpha particles are emitted by?fiam
tory and they record scatterédN ions (forward c.m. anglés  calibration source. The last contributi¢tcontam.”) is due
and recoiling*C ions (backward c.m. angleésTo increase to a heavy contaminant of the target. Indeed, f@target is
the energy difference between both speci@sl mg/cnt known to be contaminated by W or Ta coming from the
thick Al foil is placed in front of the detectors, inducing a filament or the crucible used to make the target. A contami-
typical energy loss difference of 1 MeV betweéfC and  nation in oxygen is also observed. These contaminations are
BN. The full width at half maximum(FWHM) of the 3N subtracted from thé3N + °C data in the region where the
and °C peaks is of the order of 600 keV, resulting from the kinematical curves overlap.
convolution of several factors: the energy width of the cy- A possible contamination of th&N radioactive beam by
clotron beam AE/E~2% FWHM), the angular resolution, its stable isobar*C is checked on-line by scattering the
arising from the 4 mm diameter beam spot on tarfdet), beam on a Au target located 80 cm downstream the main
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10—+ T TABLE |. Potential parameters for the real and imaginary
E E Woods-Saxon form factors &f(r) [Eq.(1)] and for the parity term

V(1) [Eq. (2)].

\% R a W F K
(MeV) (fm) (fm) (MeV) (MeV) (fm~1)

—162.6 4.26 0.68 —8.8 15.2 0.45

the Rutherford cross section at 20° c.m. to the Rutherford
cross section at 160° c.m. is 30

[ll. POTENTIAL-MODEL ANALYSIS
OF ANGULAR DISTRIBUTIONS

Different physical effects may lead to a parity dependence
of the phase shifts, i.e., to a different behavior of even and
odd partial wavesgsee Sec. Y. An odd-even variation of the
phase shifts is better observed at large angles where the Cou-
lomb contribution is minimum and interference between par-
tial waves is large. It is usually well described in the optical
model when the central nuclear potenthy, is comple-
mented by a parity terv, as[14-14

0.01 +——

0.1
] V=Vy+(-1)'V,, @

001 —— wherel is the orbital momentum of the relative motion. The
0 3 60 9 120 150 180 parity form factorV, can be positive or negative, depending
6..m. (deq) on the nuclei involved in the collision and on the mechanism
leading to the parity dependence. Its sign determines which
FIG. 2. Ratios of®N + %C elastic cross sections to Rutherford 3M°N9 the even-wave potentidll+V, and the _odd-wave
cross sections, measured at 8.15, 10, and 14.75 MeV in the c.rRotentialVy—V, is deeper. In the present section, we con-
frame. Comparison with potential-model fits of i\ + 1°C data,  Sider the parity potential as free from physical assumptions

calculated with the potentigll) including the parity potential de- @bout its origin, and try to determine its properties with a
fined in Eq.(2). simple form factor, without restrictions about parameter val-

ues.
The total potentialV of Eqg. (1) is used in an optical-
odel formalism to fit the data. Energy-independent Woods-
Saxon form factors with the same ranBeand diffusivity

a are chosen for the real and imaginary parts of the nuclear

13C target. A silicon detector records scattered particles at,
25° in the laboratory system; an Al foil in front of the de-
tector allows a separation 0fC ions from *N ions. The

13, 13 A 13 13,

average~C-10-"N ratio is 0.2%. The 1';' + “C data are potential. They differ by their respective deptdsand W.
corrected using t.he correspondifile + C data taken with The choice of a common form factor is imposed by the lack
the same experimental setup. The induced effect becomeg sensitivity of the fit to differences between the shapes of
really significant at large angles around 140°-150° in thene rea) and imaginary parts. It should not be considered as
c.m. frame. , _ . Ehysically motivated. For similar reasom, is kept constant

The absolute cross sections are obtained by normalizing,,gh one might expect an increase of this parameter with
data at very small angles to the Rutherford cross sectans energy. The Coulomb potential is described by a sphere-

8.15 and 10 MeY or to optical potential predictiongat sphere approximation with.=1.74 fm[171. As in Ref.[2
14.75 MeV), as described ifi2]. The data coming from the tr?e paritypgoté:’ltiallis th?én a;s [17]. Asi L2,

two different detector locations are normalized to each other
thanks to an imposed angular overlap. This normalization is V,=F{exp(— «r)—exfd — (n+1)kr ]}/, 2

then independent of several experimental conditions such as

beam intensity and target thickness. Figure 2 shows the amhere the second exponential provides a cutoff which regu-
gular distributions of the®N + 3C elastic scattering, mea- larizes this parity term near the origin. As in R2], the
sured at 8.15, 10.0, and 14.75 MeV in the c.m. system. Ainteger valuen=5 is selected. HerE and « are considered

the two higher energies, poor statistics prevent us from getas free parameters. We discuss in the next section possible
ting data around 90° c.m. No data are obtained at angleisiterpretations of these parameters.

larger than 150° because of the difficulty of extracting this The best fit that we obtain is compared with the data in
information. There is indeed a huge difference in intensityFig. 2. It corresponds to the parameters given in Table |. The
between the neighborintN and *3C peaks giving the cross potential provides an excellent fit up to about 80°. Backward
sections at very small and very large angles, respectivelystructures beyond 95° are also well reproduced although the
For instance, at an angle of 10° in the laboratory, the ratio ofarge error bars do not allow a very precise test. Data points
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FIG. 4. Coordinate system in Eggl) and (8).

0.01

150 180 and proton valence nucleoid]. These surprising findings
point towards a mechanism for the parity effect which is
different from the one anticipated. This mechanism is also

FIG. 3. Best fits ofa/og at 10 MeV for different imposed not described by the model of R¢B]. We discuss its pos-
values(see text sible origin in the next section.

60 96 1éo
6c.m. (deg)

are missing near 90° at the two larger energies but the results
at 8.15 MeV and the existing data points at 10 and 14.75 IV. DISCUSSION

MeV in this angular domain show that the potential is not 14 parity potential can usually be explained in micro-

very succes_sfull there. The cross section ext.rapolation t°§c0pic modelg 15,16 or in the nonmicroscopic molecular-
wards 180° indicates that/ or might exceed unity at back-  orpita] model[14,19,7. In both cases, the potential is as-
ward angles forE=14.75 MeV but not for the other twWo ¢ med to be derived from a parity projection, giving

energies.

The obtained potential is deep. We did not try to establish (p|V| )= (| VII| p)
a shallow potential as in Ref2]. An exact algorithm for VnEV~ 1= (gle) 3
constructing shallow from deep potentials is now available B
[18]. The parity term of this potential is rather similar to the whereV is the sum of the different potentials acting between
parity terms obtained fol*N + *°C and**C + *C.Its most  the nucleons of*N and the nucleons of°C, andIT is the
striking property is the low value ok. The fittedx=0.45  parity operator with respect to the c.m. of the system. The
fm~* is slightly smaller than the valug,=0.47 fm™* of  wave function¢ differs from one model to another. In mi-
C + *%C, indicating a slower decrease. FOIN + '°C,  croscopic models, all nucleons of the colliding nuclei are
Kp is equal to 0.29 fm*, but this long range is weakened by taken into account but their individual wave functions are
a powerr*7 in place ofr in the denominator of the corre- ysually described in the two-center harmonic-oscillator
sponding parity ternV, [2]. The additional power” is due  model. In molecular-orbital models, only valence nucleons
to the Coulomb repulsion of the valence proton'iN. The  are explicitly taken into account; other nucleons indirectly
parity term of 1N + 2C scattering can be simulated by a appear in phenomenological core-core and core-nucleon in-
Yukawa term with an effective.~0.36 fm™! [2], slightly  teractions. The wave functions of the valence nucleons can
smaller than the present value. Let us emphasize that largée described in a more realistic way. Here we shall make a
values ofx cannot reproduce th&N + 3C data, as illus- qualitative discussion of the leading parity term at large dis-
trated by Fig. 3. We have fitted the cross sections at the thre@nces. Although such a discussion does not replace more
energies with the same central potential as in Table | buuantitative calculations, it should allow us to extract the
with different fixedx values. In each case, the amplitude physical origin of the observed parity effect. For simplicity,
was the only free parameter. The resulting amplitudes areve first omit any reference to the spin quantum numbers.
11.3, 26.9, and 46.8 MeV fok=0.4, 0.6, and 0.8 fm?, Parity dependence arises from one of the matrix elements
respectively. In Fig. 3, one observes that0.6 and 0.8 (¢|VII|¢) or (|11| ). Usually, the typical behavior of the
fm ! are unable to reproduce the observed structure at 1parity dependence can be estimated from the overlap term
MeV. The 0.4 value is apparently satisfactory but does not ¢|I1|#). We shall evaluate its asymptotic form with a co-
provide an optimaly?. Allowing the central part of the po- ordinate system centered at the c.m. of € cores(see
tential to vary does not improve significantly the fits. Similar Fig. 4). In this system, the parity operathr simply changes
observations can be made at the other two energies. In pathe sign of all nucleon coordinates. Recoil effects are ne-
ticular, at 8.15 MeV, the 0.6 and 0.8 curves are essentiallglected. For large distancesbetween the'’C cores, all ex-
structureless. Finally, let us note another significant result ithanges involving the core nucleons give negligible contri-
Table I. The sign ofF is positive, which means a deeper butions and this matrix element becomes, in all models,
potential for odd partial waves.

We can summarize the properties of the parity term as (DT P)~{@n( 3r+T1)|@n( 37— 1))
follows. It is unexpectedly large since its decrease is slower
than for 13C + C. The sign of the parity effect is the same X{p(— 5r+r)|@p(— 3r=r2), (4

as for N + °C and ®C + !2C. Both the range of the
parity term and its sign are in contradiction with model pre-where ¢, and ¢, are the single-particle orbitals of the va-
dictions based on a simultaneous exchange of the neutrdance neutron and proton, respectively. Because of the parity
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operator, single-particle overlaps in Eg) involve particles 10
centered at different points. If we use the same notations as
in Ref.[2], the asymptotic form is given by

(SITI| $)erex — (i )t kot (pr) V7. (5) I
In this expression, the wave numbers are given by >
K= (ZMEB/ﬁZ)lIZa (6) 0.01 ¢

whereEg is the binding energy of the valence nucleon and
w is the reduced mass of the core-nucleon system. The Som-

merfeld parameter of the proton reads 0.001 :
0 2 4 6 8 10
76 r (fm)
== 1 7
7 h(ZEB/M)l @ FIG. 5. Comparison of exchange matrix elemefitd) for dif-

ferent types of orbitals with typical Yukawa terms with constants

whereZe is the core charge. The values ®f, «,, andz 0.7 and 0.45 fm*. The thick solid line corresponds to realispic
have been evaluated in RéR] and lead tox,+ x,=0.76  orbitals while the dashed and dotted lines correspond to oscillator
fm ~! and »=0.65. The overlap term deduced from E§) p ands orbitals, respectively.
decreases much too fast to explain the parity potential that
fits the data. More precisely, if expressi@h) is employed _ 142 20 )
for V,, with an adjustable amplitude, the cross sections cany oPEr~ 31aM=C(01- 02)(71- 72)
not be fitted. At 10 MeV, they are very similar to the ) ) ] ) ]
x=0.8 fm~! curve in Fig. 3. This does not mean that this whereo and-r repres-ent spin and isospin Plagll matrlges. In
two-step mechanism, i.e., the mutual exchange of the vaEd: (9), M is the pion massx,~0.7 fm~= is the pion
lence proton and neutron, does not contribute to the empiriCOMpton wave number, arid~0.075 is the pion-nucleon
cal parity term that we obtain, but its effect is at best a minofcoupling constant. The charge-exchange part of (Bycan
contribution and is most probably negligible at the presenPe deduced from the OPEP potential by using
level of accuracy of the data. - 7=2P,—1 whereP, is the isospin exchange operator.

Let us now calculate the asymptotic form of the potential The parity-dependent potential matrix element of & be-
matrix element $|VII|¢), which is dominated at large dis- comes, at large distance,
tance by components without any exchange between the

eXpl— K4|11—T3[)
lerl_r2|

)

'%C cores, (BIVIT|$)~— 3E2m cX(@n(3r+T1)@p(— 31 +12)|
eXpl— K| M1—r
(VI ¢) X (1 oy el 112
K'n'lrl_r2|
~ 1 _1 1p_
~tenlar e rVieGr o) Xlopbr+ren(~rtr), (10
i
Xepl =21 T2)) where ¢, and ¢, now represent only the spatial and spin

_ 1 1 1 parts of the wave functions, without the isospin components.
(en(zr+r)ep(—3r+r)|V]ey(—3r—ry) We have used the fact that, and ¢, have the same parity.
X on(3r=r,)). ®) The important point in Eq(10) is that individual functions

m?2 2 depending on the same variable are now centered around the
same point. For tending to infinity, the asymptotic form of

PotentialV in Eq. (8) can be separated into two parts: a term s X .
a8 P P Eq. (10) is shown in the Appendix to be

without charge exchange, to which we shall refer for sim-
plicity as the Wigner force, and a term where the charges of ($|VIL| p)oexp — k1) Kt (12)
the interacting nucleons are exchanged. Since orbitals de-
pend on different coordinates, the Wigner part of the firstWe observe that the decrease of this expression is also too
term displays the fast decrease characteristic of products ¢ést to explain the parity terr(®). However, this asymptotic
overlaps as in Eq4). As a double-exchange term, the samebehavior is reached at large distances only. We now argue
comments as before still apply: Such an effect cannot explaithat a slower decrease occurs at intermediate distances,
the empirical parity potential. The second term vanishes fowhich looks similar to the decrease of the empirical parity
Wigner forces because of the isospin quantum numbergotential.
However it does not vanish for charge-exchange forces. The This is illustrated by Fig. 5 where the matrix eleméh®)
contribution of charge exchange can be expected to decreaisecalculated under different assumptions and compared with
more slowly since it corresponds to aingleparticle ex- exponential decreases proportional to expfr)/r and to
change, namely, of a charged pion. exp(— «r)/r with k=0.45 fm~! as given in Table I. Normal-

Let us focus on the tail of the nucleon-nucleon interactionizations should not be considered in the comparison. The
which is given by the one-pion exchange poten{@PER matrix element is calculated under three different assump-
[20,2]] tions: with Os and Qo oscillator orbitals, and with realistic
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p orbitals. The @ case(dotted ling is not physically useful effects are not found. Their parity dependence resembles the
but can easily be checked by the reader with the help of Ecpne deduced from E@5) and the resulting cross sections are
(A4) of the Appendix. One observes that the asymptotic besimilar to thex=0.8 fm~* curve of Fig. 3.

havior(11) is only reached beyond 5 fm for thess frbitals.

With Op oscillator orbitals, a longer analytic expression V. CONCLUSION

leads to the dashed line which becomes asymptotic near 6.5

13 - .
fm. Between 4 and 7 fm, the average decrease is however W€ have measured theN + °C elastic scattering at
slower than for @ orbitals. Realistic individual wave func- three energies from just above to about twice the Coulomb

tions for thep orbitals are obtained by solving Sckiinger barrier. Th? data display a significar_1t rise at large an_gles. A
equations with the same-+ 12C andp+ C potentials as in central optical potential accurately fits the cross sections up
Ref. [2]. The matrix elemenfsolid line) then tends more to apout 800'_ The behavior at large ?‘”g'es ?s well fitted with
slowly towards its asymptotic form which is only reached (€ introduction of a slowly decreasing parity term. In fact,
beyond 9 fm(the Yukawa function withx_~0.7 fm~? is contrary to prediction§4,8], the present parity effect is large,
normalized to the matrix element at 10)inBefore reaching and is of a comparable magnitude with the effects encoun-

H 1 1 13, 1 H
that asymptotic regime, the decrease of the matrix element §€d in the °C + MC and ™N + 'C scattering$14,2.

quite slow. One understands that it can be simulated with ? In ﬁp'te of rat_her I?rge e:jr(;_r parsbat_bagkwa:]d ang_lfefs, the
Yukawa form factor withx smaller thank, (the Yukawa act that a consistently good fit Is obtained at three dilierent

function with x=0.45 fm~* is normalized to the matrix el- SN€rgies shows that the optical potential is fairly well estab-

ement at 6.8 fm At a qualitative level, the slow decrease of Iishqd. Its long range .is incompatible with mechanis_ms in-
the parity potential is therefore not surprising when chargeyOIVIng more than a single exchan_ge because they imply a
exchange forces are taken into account. product of at least two overlap matrix elements and lead to a

Let us now discuss qualitatively the sign of the parity{asi(.ar fdecre?se. The Fjecreasr]e IS events_lowtar thart1 thﬁ_aﬁymp-
term of the potential. Because we are concerned witf? optic form of a one-pion exchange matrix element, which 1S

orbitals, the treatment of the spin parts requires angular mc{_elated lo thg pion (?ompton wave _number. quever, Itis
mentum recouplings which are beyond the scope of thé:ompauble with matrix elements taking the spatial extension
present work. Let us simplify the discussion by using anof individual wave functions into account. At distances be-

approximation where the nucleon spin is decoupled from thévlveeln ?hand_tS fm, thet r?_atfnx eleﬂ]ent _mde??hdecre_ztise?f m(t)re
orbital momentum as irs orbitals. For spin-1/2 nuclei, the siowly than Its asymptotic form. The sign of the parity etlec

differential cross section reads is: also, with_ some simplifying assumptions, explained with
simple physical arguments.
do 3 The present optical-model results encourage the use of
—=—|fo|?+ = |f4]?, (12) more elaborate molecular-orbitals models in order to de-
dQ 4 4 scribe the'®N + °C elastic scattering. However, these cal-

. culations should generalize the assumptions of R&fand
wheref, andf, correspond to the channel spis-0 and (a6 an explicit agcount of Charge-exch%nge contributions to
S=1, respectively. In Sec. lll, we have approximated thiSyg clear forces. Such models are necessary to establish the
expression with a single average amplitudsince the po- gty of the qualitative arguments that we propose in Sec.
tential is spin independent. In fact the two amplitudes, when, They may, however, have to take into account the im-
treated separately, may require different parity potentials and - n: 14N + 12C and N + 22C* channels which must
this complicates the sign dgterminzigion. However, if we takeyominate the absorption at these low energies. Microscopic
into account the fact that®N and *°C belong to a same models[15,16 can also address the same problem but with
isospin multiplet, the different partial waves must satisfy  qinher effective forces than usually assumed, i.e., with forces

EPNEESE S 13 reproducing the OPEP behavior at large distances.

(=1 : 13 The existence of a strong exchange effectiN + 3C
scattering calls for an experimental confirmation. Further
data about this system would be useful when better statistics
and larger scattering angles will become reachable. Also data
, ; , . oints around 90° would be useful for a more accurate de-
for both spin values. This agrees with the positive value Otg mination of the’®N + *3C interaction. Information from

the constanf found in Sec. lll. Moreover, if angular mo- e collisions between mirror nuclei would also provide a

mentum recouplings do not complicate the situation t00;,nfirmation of the exchange mechanism. Among candidates

much, one might expect the same behavior in other collisiong, 4 gjnactive-beam experiments which might become fea-
between mirror heavy ions, i.e., a similar slow exponentlalsib|e in a not-too-distant future afdO + 5N with spin 1/2
decrease and the same sign, since the present discusspundei or 1IC + B and YF + O with higher spins. In

mostly relies on the asymptotic form of the n“CIeO”'””CIeO'brinciple the importance and sign of the parity effect should

Interaction. . . . o be quite similar to thé®N + 3C case in all these systems if
The present discussion will have to be verified by morey o echanism that we suggest here is valid
elaborate calculations. Such a calculation has already been '

performed in Ref{8]. However, the conclusions of that work ACKNOWLEDGMENTS

neither confirm nor contradict the present analysis because

the authors have used a pure Wigner force. The second term We acknowledge the support of the cyclotron staff, the
of our Eq. (8) vanishes in that case and long-range parityhelp of P. Collin and P. Demarétouvain-la-Neuve and of

Hence, by calculating mean values af( o%)(7- ™), one
readily obtains that the odd-{potential is deeper at large
distances than the evémene in the second term of E¢B)
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APPENDIX

First we calculate the matrix element ({h0) for Os oscil-
lator basis functions with a common oscillator paraméter
To this end, we employ the integral representafi2a|

Forr large, the exponential in the integral becomes small for

u~1 and the upper limit 1 can be to a good approximation

replaced bye. Then with Eq.(A1), one recovers the asymp-

o ru 2 totic behavior(11). _ _

_f exp( - _ter) dt. (A1) The resulfA4) can easily be extended foorbitals and to

Jmlo 4t oscillator states with different oscillator parameters. The fi-
nal expressions are significantly longer and we do not dis-

With Gaussian wave functions centered -at/2 andr/2  play them here. These analytic expressions are also useful for

along thez axis, one is led to calculate the simple expressiorg calculation involving realistiénonoscillatoy p orbitals. In

a first step, the neutron and proton orbitals are calculated

exp(— kr) B
— =

(e(zr+r)e(—3 r+ry)|exd —t3(r;—ry)?] numerically with the potentials described in REZ]. They
N N are then expanded on a basis of oscillatgr €ates with
X|@(zr+r1)e(— 3r+r3)) different oscillator parameters, the linear coefficients being

— (14 2b%2)~ 3 exd — t2r2/(1+ 2b2t2) 1. determined_with a Iea;t-squar_es fit. Good results are aIregdy
(142075 ex] —tr*/(1+2b75)]. - (A2) obtained with ten basis functions. The matrix element dis-

With the change of variable, played in Fig. 5 is finally obtained by a combination of ma-
trix elements such as EqA4) extended to P states with
u=2bt/(1+2b%?2)12 (A3) different oscillator parameters.
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