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Threshold anomaly in the °F+2%pPb system
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Angular distributions of elastic scatterings for th&+2°%Ph system were measured at six energies around

the Coulomb barrier. By means of a phenomenological optical model analysis, it is found that the real and
imaginary potentials show a pronounced energy dependence. The real parts of potentials extracted from the
fusion data are similar to those from the elastic data. A comparison with the neighboring systéfs of
+2%ph and *%0+2°Bi reveals that the effects of th&F deformations in the entrance channel play an
important role in the fusion reaction. Based on the deformed and energy dependent barrier penetration model,
the calculation results of the fusion cross sections and mean-square spin distribution agree with the experi-
mental data well. Furthermore, it is indicated that the enhancement of fusion cross sections is attributed to the
dynamic polarization effects around the barrier, and to the static deformation effects further below the barrier.
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I. INTRODUCTION threshold of the imaginary part of potenti@gW(r;E)]
emerges; meanwhile, the real part of potenfd(r;E)] a

Since the early 1980’s, it has been gradually recognizedapid variation occurs according to the causality principle.
that the coupled-channe{€C) effects play important roles This is the so-called threshold anomaly. The interaction po-
in the heavy ion reactions at the energies around the Codential can be written in the complex form
lomb barrier. Some interesting phenomena, such as the N . )
threshold anomaly(TA) [1-3], the enhancement of fusion U(riB)=V(r;E) HiIW(r;E), @)
cross sections, the broadening of compound nuclei spin di%vhereV(r;E) is divided into two parts
tribution [4—6], the barrier distributiof7—9], etc., have been
extensively studied and are well understood. Generally V(r;E)=Vy(r;E)+AV(r;E). (2)
speaking, the CC calculations can reproduce these phenom-
ena. Very recently the CC description has met a severe chalhe termVy(r;E) is slowly and smoothly energy dependent
lenge. For example, it has been reported that the experimemvhich arises from the nonlocality effects, namely, “spuri-
tal barrier distribution and the fusion cross sections cannot beus” E dependencg3]. The second terAV(r;E) is a con-
simultaneously described by the CC theory for the typicalsequence of the causality principle and links/r ; E) with
system of 10+ 2%Pp [10]. Indeed, the CC calculation re- the dispersion relation
sults are sensitive not only to the number of coupled chan-
nels, but also to the strength of individual channel and the P (=W(r;E") _,
potential parameters, even in the case of coupling to weak AV(riE)= 7)o ﬁdE : ©)
channels. In other words, some uncertainties exist in the CC

calculations. Although it is known that the TA phenomenonyerep is the integrated principal value. From the dispersion
comes from the CC effects and exhibits the gross feature ife|ation it is immediately known that any localized variation
the elastic channel, this phenomenon still needs to be invegf the imaginary potential will result in a localized variation
tigated. Until now, most systems studied have been sphericgf the real potential. This standpoint is important to the later
or near spherical ones. Very little work has been done fO"anaIysis.

well deformed systemfl1] with an attempt to understand  The present paper is organized as follows. In Sec. Il we
the effects of the nuclear structure, especially for the systemgyriefly describe the experimental procedure. Section Il ex-
with deformed projectile. In this work, the’F+2°%b sys-  piicitly introduces the optical model analysis and the way to
tem was chosen becausé& nucleus has quite large static extract the TA parameters from the elastic scatterings. The
deformations §,=0.448,=0.14) [12]. The CC effects in polarization potentials extracted from the fusion excitation
this system should be pronounced due to the deformationginction are also included in this section. The comparison
and appreciably influence the fusion channels. Since TA ifith the neighboring systems, the calculations of fusion
the neighboring systems of°0+2%Pb and °0+2?*Bi is  cross sections, and mean-square spin distribution are pre-

well established, it is interesting to make a comparison withsented in Sec. IV. The summary is included in Sec. V.
these systems. Furthermore, the fusion data'%t+ 2%%Pb

system are available in the literature. It is meaningful to Il. THE EXPERIMENT

compare the data with the calculations of the barrier penetra-

tion model(BPM) modified by the deformations and energy =~ The experiment was carried out at HI-13 tandem accelera-

dependence. tor of China Institute of Atomic Energy, Beijing. A%Pb
The TA phenomenon can be understood as follows: Théarget of thickness about 10Qg/cn? evaporated on a

absorptive potential decreases with the effective close of th80 wg/cn? carbon foil backing was bombarded by a colli-

nonelastic channels when the energy decreases, hence thated!°F beam. The beam energies were 88, 91, 93, 96, 98,
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FIG. 1. A typical elastic and inelastic spectrum B,y 3
— — o 19 20 1
=102 MeV andf,,,=86° for the %+ 2%%Ppb system. 10" 195, 2000y ; -
and 102 MeV, respectively. The beam current range was F Elastic Scatterings :
100-300 enA. The reaction products were detected by three 10— .
pairs of AE-E telescope counters with a total energy resolu- 40 60 80 100 120 140 160
tion less than 1.3%. A typical spectrum cut by the9 o, (deg)

banana in theAE-E matrix is shown in Fig. 1 atE,,

=102 MeV andf,,=86°. The laboratory angle range was  FIG. 2. Elastic scattering angular distributions for tHeF

from 40° to 160° in 4° intervals. A $Au) surface barrier +29%pp system at different laboratory energies. The solid lines are

detector was mounted at42.4° with respect to the beam optical model fits by theecis code with ro=1.24 fm anda,

direction as a monitor to detect the elastic scatterings. All the=0.53 fm.

reaction cross sections were normalized to the monitor

counts, assuming that the elastic cross sections equal to theiclear  states. Another  excitation state E,

Rutherford cross sections at the forward angles. =0.10989 MeV, J™= 3" which belongs td =3~ band is
The energy resolution of the detectors allows one to sepanot included, because the strength coupled to the ground

rate all theE,=1.3457 MeV states of%F and all the exci- state band is very weak. The potential is defined as

tation states of%®b from ground state, while the two lower

excitation states 0.10989 and 0.19714 Me\ % cannot be V(r)=Vc(r)+Vy(r). (4)

resolved from the measured elastic scatterings. Thus the elaﬁ- . .

tic spectra include the inelastic scatterings of these two low!1€r€Vc(r) is the Coulomb potential

lying excitation states. The elastic scattering cross sections 3R2_ 2 2 3

. ) ; —r92,Z,e(2Rz), r<Rc,
normalized to the Rutherford cross sections for all energies Ve(r)= (3Re ) 1212,€7/(2Re) ¢ (5)
are shown in Fig. 2. The overall error is 3% for the forward Z,Z,e%lr, r=Rg,

angles and gradually increases to 10% for the backward T . i
angles. A few points have more than 10% errors at the backVNereRc=roc(Ai "+ A7) with r fixed at 1.33 fm. Corre-

ward angles due to the low statistic. sponding to Eq(1), the nuclear potential(r) is composed
of two parts
Ill. ENERGY DEPENDENT POTENTIALS V(1) = V(1) +iW(r) = Vo, (1) +iWofu(r), (6)

A. Optical model analysis of elastic scatterings ) )
whereV, and W, are the depths of the real and imaginary

Most authors made use of both phenomenological a”‘ﬁarts of the potentials with Woods-Saxon form
microscopic analyses to get the polarization potentials. The

same results were obtained with these two approaches. In fi(r)=[1+exp{(r—R)/a}] %, (7)

this work the phenomenological optical potentials are uti-

lized only. Since the low-lying excited states are not re-whereR;=rq;(A1*+A}? andi=uv,w, respectively.

solved, the coupled-channels caamsos[13] is employed to In the present analysis, the geometrical shapes of the real
fit the elastic scattering angular distributions in order to getand imaginary potentials are kept the samm,€rg,

the pure elastic scattering potentials. In these calculations-ry, a,=a,=ap). In order to assess the influences of the
only the couplings between th&,=0.19714 MeV, J” potential parameters, two sets of fits are performed with the
=37 state and ground state, which belong to the 3" fixed radius parameteng,=1.20 andry=1.24 fm, respec-
ground state rotational band, are taken into account. Thavely. For each set, a grid search is made on the diffuseness
same optical potentials are assumed for these two couplingarameters d,=0.43, 0.48, 0.53, 0.58, 0.63, 0.68 fm)
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lFIG' 3. The _rt;al _a;fnd imaginary partiof the V\;_oogs-slaxo_n OPli-  F1G. 4. The real and imaginary potentialsR¢=12.5 fm are
cal potentials with different geometric shapes to fit the elastic scaty e as a function oF,y,. The circle(or solid and squaror

t_ering ang_ular _distriPution & o= 967Mev. The solid ar_ld dashed dashed symbols(or lines represent the results obtained from elas-
lines are fits withrj=1.20 fm andry=1.24 fm, respectively. The tic scattering and fusion analyses, respectively.

diffuseness parameters vary from 0.43 fm to 0.68 fm for both solid
and dashed lines.

. . . 5 varies from 12.2 to 12.9 fm anBlgy from 12.1 to 13.2 fm,
to obtain the besV, andW, values with the minimunx”.  mgnatonously depending on the energies in this energy
As an example, F_|g. 3 |Ilustrates the real and imaginary po'range. For consistencyRs=12.5 fm for both real and
tentials obtamed in these fits &= 96 MeV._ The solid imaginary parts of potentials are taken for all energies. The
and dashed lines represent these two sets myith1.20 and 25 of the fits reach the minimum values when
r(_):l.24 fm, respectlvgl_y. All th_e lines converge gt_a certain_ 1 o4 tm anda,=0.53 fm for all energies. The results of
distance, namely sensitive radiuBg). At the sensitive ra- e pes fits in this case are also listed in Table I. The real
dius, the potentials have a minimum uncertainty and are,q imaginary parts of potentials at the sensitive raditis (
nearly mdependen_t on geometrical s_h_apes. AS p_omted out bé(ndWS) are illustrated in Fig. 4 with the circle symbols. The
Macfarlane and Piepdi4], the sensitive radius is close to errors are derived from thg? values. The figure shows
the classical strong absorption radg;,. For example, the 1oy that the potentials are energy dependent around the

strong atz)gorption radius y/; is 12.75 fm atE,,=96 MeV  cqyiomb barrier, as the same behavior as the typical TA.
for 1%F+2%%Pp system. It is realized that thes values de-

pend on the energies and have some differences between the
real and imaginary parts of potentials, as listed in Table I. In
the E|,=88 MeV case, the lines are too divergent to define  For convenience, the linear schematic model of the two
a goodRg for the imaginary parts of potentials. THes,,  straight line segments is utilized to describe the T&e
Refs.[2,3] for detailg. Wg(E) is defined as
TABLE |. The sensitive radii and the results of the best fits

B. Extract TA parameters in linear model

obtained atr,=1.24 anda,=0.53 fm for elastic scatterings. 0, EsE,,
Eap Rsv Rsw —Vq -W,  x%pt OR Ws(E) = Wosﬁ, Ea<E<E, €))
(MeV) (fm) (fm) (MeV) (MeV) (mb) b a
Wps, E=E,,

102 12.86 13.16 73.2 445 7.67  1160.
98 1262 1275 772 23.4 105 897.2
96 1258 12.89 775 225 27.1  838.3
93 1250 1220 85.1 10.2 142 6732
91 1232 1212 886 3.44 8.87 579.9 Vs(E)=VosTAV(E)

88 12.24 78.4 1.57 125 512.0 =Vos— (Wos/m)[ealn|es] —epInlep]],  (9)

and theVg is
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according to Eq(2) and Eq.(3). Here ;=(E—E;)/(Epg; Ro=Rgp+Rpr+0.29 fm,
=(E—E;)/(E,— E,) with i=a,b, respectively. In the above
equations the variables with subscrgindicate the values at Roi :(1_23%%/3_ 0.98" 13) fm,

the sensitive radius. Thus, in the linear model the behavior of
TA can be described by four parametéts, E,, W;yg, and

In general, the TA parameters, exceps, are deter-
mined by fitting the imaginary potentials with E¢B), and
the Vg is obtained at the reference point of which the real
potential is almost energy independent. Due to the energ
limit, the present work lacks some high-energy points as ref>

and the diffuseness parameter 0.63 fm. P(cosd) is the
Legendre polynomial, and=P,T which denote the projec-

tile and target, respectively. The orders of Legendre polyno-
mial are considered up to 4, neglecting the higher order
rms and other square terms. The nuclear potential contains
nly the real part of potential with Woods-Saxon form. The

erences to extract the energy-independent potehttigy. initial value is estimated in terms of proximate poten{is)
Moreover, no elastic scattering data in the literature are _
available for this system. Anyway the real and imaginary Vo=16myRa MeV, (14

potentials can be simultaneously fit by E¢R) and (9), as- _
suming the dispersion relation is tenaléssuredly, this as- with
sumption is trustworthy Thus the four parameterg,

=89.2 MeV, E,=101.7 MeV, Wys=—-1.20 MeV, and B Np—Zp\|[Nt—Z7 s
Vos=—2.19 MeV were reliably extracted by the fits. The y=0.9531-1. Ap A MeVim™=,
results are shown in Fig. 4 with the solid lines. (15)

C. Bxtract TA parameters from fusion data andR= RopRot/(Rop+ Rg7). The fusion cross sections are

In fact, the energy dependent potentials can be extracteghiculated by the BPM model under the parabolic approxi-

from the fusion excitation function. It is interesting to com- mation. The partial cross section at each angle is given by
pare them with those from elastic scatterings. In the follow-

ing calculations, the BPM model with deformation correc- (21 +1) o
tion is used, and the symmetrical deformations %% up to oH(E,0)= +exp ———| Va(0)—Ecn
hexadecapole are taken into account on the basis of Wong k2 hw(6) o
model[15]. The radial radius is expressed as 1
I(I+1)A2
R(8)=Ro[ 1+ B2Y2(0) + B4Ya(6)]. (10) + —2> ] (16)
2uRg(0)

HereR is the radius of the spherical nucleus with equivalent
volume, 4 is the orientation angle of deformed nucleus with\yhere k is the wave numberu is the reduced mass,

respect to the collision a_xis, anq the( 6) is the spherical Vg(6), Rg(6), andfiw(6) the barrier parameterfheight,
harmonic. Now the total interaction potential becomes radius, and curvatuyefor different orientations. The cross

V(r,0)=Vc(r,0)+VN(r,6), (11)  section at each angle is given by

where the Coulomb potential |
af(E,9)=E| oy (E, 6)

Ve(r,8) 212, 142 > RZ{\/ 9 P,(cosé,)
r,0)=——— — ; —3,iP,(cos6,
¢ r (25 o 20-"2P2 ' Rg(a)ﬁw(a)l L 27 .
5 T2, M hetg o
+ ﬁ[ﬁm Pz(COSGi)]Z}
—vB(e)]J . 17
42 > RAA/ ! P 0 12
r4 i o 477B4' 4 ) (12 Finally, the total cross section is given by integration over
. the angles
and the nuclear potential
/2
Vn(r,0)=V, 1+exp{(r—R0 Uf(E):L o(E,6)do. (18)
5 In terms of Eqs.(11)—(18), the real potential depth/,
_i=2PT Roi EBZiPZ(COSBi) can be extracted from the experimental fusion cross sections.

The results are listed in Table Il. The barrier parameters

(Vg, Rg, and%w) averaged over the angteare also listed

9
+\/ 7, B4iPa(cost) )/a] (13 in the same table. The errors are determined by the largest
deviations of experimental fusion cross sections taken from

with the literature[17,18. In order to compare with the TA be-

-1
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TABLE Il. The barrier parameters and the best real potentials for the experimental fusion cross sections
atR=Rp+R;+0.29 fm anday,=0.63 fm.

Eab or? Vg Rg ho —Vo
(MeV) (mb) (MeV) (fm) (MeV) (MeV)
82.32 0.15-0.03 83.910.18 11.95-0.03 4.60:0.01 69.24-2.42
84.32 0.9%*0.11 84.430.12 11.870.02 457 0.01 62.55-1.43
86.32 5.3¢0.55 84.46-0.16 11.86-0.03 457 0.01 62.24-1.84
87.32 8.830.90 84.65-0.18 11.83-0.03 4.56-0.01 60.02-2.05
88.33 16.32-1.3 84.44-0.18 11.87-0.03 4.57-0.01 62.3%2.07
89.33 28.232.0 84.10-0.18 11.92-0.03 4.59-0.01 66.64-2.35
91.34 69.0%+3.8 83.46-0.16 12.03:0.03 4.62-0.01 75.77-2.36
94.35 159.6:8.0 83.65-0.16 12.06:0.03 4.61-0.01 72.95-2.27
99.38 350.217.5 84.1¢0.30 11.92-0.05 4.59-0.02 66.684.02
104.37 509.6:25.5 84.7220.43 11.82-0.07 4.55-0.04 59.18-4.98
109.74 685.6¢35.0 84.950.57 11.7&0.10 4.53-0.06 56.636.29
119.75 965.650.0 85.37%0.76 11.730.13 4.49-0.09 52.4%7.79
134.77 1245.6:65.0 86.66-0.92 11.490.17 4.31-0.20 41.7&7.13
149.78 1440.6¢75.0 87.92-0.98 11.26-0.19 4.01-0.39 34.15-5.73
169.79 1615.6:80.0 89.32-0.88 10.96-0.20 3.32:0.50 27.96-3.58
189.81 1910.6¢95.0 88.65-1.05 11.11+0.22 3.72-0.64 30.635.17

&The fusion cross sections of energies between 82.32 and 104.37 MeV were taken frof8R&he others
were taken from Ref17].

havior of elastic scatterings, thés values are calculated at
the same sensitive radius 12.5 fm, and the results are also
shown in Fig. 4 with the square symbols. In the figure, the
dashed line in the real part of potentials represents the best fit
of the extractedVg by Eq. (9) with TA parametersk, N
=89.5 MeV, E,=99.1 MeV, Wys=—-1.03 MeV, and [
Vos= —2.23 MeV. The dashed line in the imaginary part of 105k
potentials is the results calculated by Ef). It should be i
pointed out that the potentials extracted from the fusion data [
correspond to the inner radius and it has a large degree of 10tk
uncertainty to extrapolate to an outer radius, for example, to :
the sensitive radius. Anyhow, it can be seen from the figure
that these two kinds of TA behavior are similar. This reflects

10°k
that both of them are caused by the CC effects.
o
IV. DISCUSSIONS AND CONCLUSIONS g 10°
o
A. Comparison with 1%0+2%%Pb and %0+ 2%Bi systems
It is interesting to compare the present findings *&F 10" _ 7} o "F+%%pp _
+20%pp system with the existing results f0+2%%Pb and E of} o 208 E
160+ 299 systems. The reaction, quasielastic and fusion F / ' O "O+Pb
cross sections as a function Bf ,,, — Vg for these three sys- 1k ﬁ A °0+Bi

tems are plotted in Fig. 5. The data $0+2%Pb and®0 [
+209j systems are taken from Refd9-21]. Here the Bass / %
barriers[22] of 85.4, 77.1, and 78.0 MeV are used fbiF

S el ETEPEPETE BT EFSTEPEr R APErATE AP
+208%pp, 160+ 20%ph  and %0+ 29Bi systems, respectively. TR —— 5 10 15 20
As shown in Fig. 5, both reaction and quasielastic cross sec- E_-V_(MeV)
tions are comparable for th€0+2%%Pb and®0+ 2°Bi sys- em. °B
tems, while obviously larger for théF+2°Pb system. FIG. 5. The comparison of the reactionrg), quasielastic

Maybe, the larger probability of the quasielastic reactionS(gQE), and fusion @) cross sections for thé°F+2%%Pp (circle),
results from the structure of projectiféF. The fusion cross 160+ 208y (squarg, and %0+ 2%Bi (triangle systems. The solid
sections are comparable for these three systems at near aash dashed lines are to guide the eye f8F+2°%Pb and 'O
well above barrier energies, but at energies lower than & 2°pPb systems, respectively.
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FIG. 7. The fusion excitation function for th®F-+2°%b sys-

theFl'gibeegg”(”Cfi’f(‘:rlgo”le‘gf‘;gg’g%a('sp%tae:‘;a;i;ﬁ%:i{};‘é? (rf:ﬁu fortem. The dash-dot-dotted line is the CC result, and solid, dotted,
’ q ’ dashed, and dash-dotted curves are the BPM calculations with de-

angle systems, respectively. The solid, dashed, and dotted lines arg
fitted by Eq.(9) for th th ; tivel rmed plus energy dependent, only energy dependent, only de-
ted by £q. or these three Systems, respectively. formed, and bare potentials, respectively. The circle and square data

. . . . ken f Refd1 17], ively.
certain valug(i.e., 3 MeV below the barri¢rthe fusion cross are taken from Refg18] and[17], respectively

sections of'%F -+ 2%8pPb system are obviously larger than those
of the other two which are still comparable. The real potentem, the following analysis shows that it is not enough to
tials of these systems are extracted with the method merexplain the larger fusion cross sections at low energies.
tioned above, as shown in Fig. 6. The sensitive radii araVhen the effects of'°F deformations are also taken into
taken as 12.5, 12.4, and 12.5 fm fdPF+2%pp, %0  account in the calculations, the fusion excitation function can
+20%pph  and %0+ 29%Bj systems, respectively. The solid, be reproduced quite well. Hence, we may conclude that the
dashed, and dotted lines are the results fitted with(8cfor ~ nuclear deformations give rise to some effects in the process
19F+208pp - 1604208 and %0+ 29Bi systems, respec- of fusion below the Coulomb barrier.

tively. The TA parameters of these three systems are listed in

Table Ill for comparison. The anomaly behaviors B0 B. Fusion excitation function and spin distribution

+298pp and®0+ 2%Bi systems are also similar to those ex-
tracted from elastic chann€]g,21]. As shown in Fig. 6 and du
Table Ill, the anomaly peaks locate around the barrier forI
197+ 208h system but below the barrier 180+ 2%%Ph and
160+29Bj systems. The anomaly centerBE,=(E,
+Ep)/2—Vg] are 1.01,—-5.26, and—3.38 MeV and the

In general, the energy dependent BPM model can repro-
ce the enhancement of fusion cross sections near and be-
ow the barrier well, but fails to describe the broadening of
spin distribution. In addition to the energy dependence, the
deformation effects are considered in the present work as
: i mentioned in Sec. Il C. The TA parameters extracted from
anomaly |nten3|t|e§AVmaX|1=9AV2(OI§Fl),2) IeAV(ongl)D] are about  g|astic scatterings are employed in the calculations. The re-
1'(2)69;:6’ and 0.9 Mev fo_ P+ b, _O+ b, and™0 sults reproduce both cross sections and mean-square spins
+7Bi systems, respectively. Hetes is the reference en- o)1 a5 shown in Figs. 7 and 8, respectively. The CC results
ergy chosen to be 30 MeV higher than the Coulomb barrierc,|cyjated byccoer code are also illustrated in the figure for

It is difficult to understand why®0+2%%Pb and*®0-+*Bi comparison. In the CC calculation, six inelastic channels are

systems have the same tendencies in fusion excitation fungs,ded. as done by Zhareg al.[18], the 0.19714, 1.3457
tion while **F+2%%Pb system does not. Moreover, as shown| 540 and 2.7798 MeV excited states BE with B, '

in Refs.[3,21], the fusion excitation functions can be repro- =0.55, 8,=0.33, 8,=0.58, 8,=0.22, as well as the

duced by considering the energy dependent potentials fof 5146 and 3.1977 MeV excited states &FPb with B
O+ #%%Pb and™®0+ **%Bi systems. But for'*F+**%Pb sys- =0.12 andB5=0.05, respectively. It is clear that thegin-

creases of fusion cross sections and mean-square spins
around the Coulomb barrier can be attributed to the energy
dependent potential, in other words, to the dynamic polariza-

TABLE lIl. TA parameters for the'®F+2%%h, %0+ 2%pp, and
160+ 209Bj systems.

System 197 | 208py) 1601 208y, 160 4 2095; tion_effects. While in the energy region further below the
barrier, the static deformations of the nucleus should be con-
—Vos (MeV) 2.23+0.05 2.30-0.07 1.85-0.05 sidered to play an important role. The small bump around the
—Wps (MeV) 1.03+0.08 1.59-0.03 0.84-0.16 barrier in the mean-square spin distribution results from the
E.— Vg(MeV) —3.39-0.62 —8.80+252 —6.02-0.71 deformations(see Fig. 8 In comparison with the calcula-
E,— Vg(MeV) 5.42+0.96 —1.72-058 —0.73+0.87 tions, we can see a slight shift of Zhangl$) data which are

extracted from the anisotropies of fission fragments
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10" V. SUMMARY

19F+208Pb

The angular distributions of elastic scatterings at six en-
ergies near and below the Coulomb barrier f8F+2%%Pb
system are presented. The phenomenological optical model
analysis gives the depths of the real and imaginary poten-
tials, showing that both real and imaginary potentials have
pronounced energy dependence. The real parts of potentials
derived from the fusion channel also show the energy depen-
dence and are quite similar to those from the elastic channel.
In the framework of the linear model, the TA parameters are
] i ] extracted from both elastic and fusion channels. Comparison
ol o T with the neighboring systems shows that the projectile defor-

70 80 90 100 110 120 130 140 150 160 170 mations have effects on the fusion reaction at low energy.
E,,, (MeV) Using the TA parameters extracted from the elastic channels,
the fusion excitation function and the mean-square spin dis-

FIG. 8. Same as in Fig. 7, but for the mean-square spin distritribytion are reproduced by the deformed and energy depen-
butions. Zhang’s datpl8] divided by 1.2 are shown in the inset.  dent BPM model. In addition, the calculations indicate that

the dynamic polarization effects play roles around the bar-
(1%) rier, while the static deformations are at work at energies

A=1+—, (19 further below the barrier.
4K3g

10° |

<> (B

10° |

whereA is the experimental anisotropies of fission fragments

and K, is the standard deviation of th¢ distribution de- ACKNOWLEDGMENTS
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