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Abstract:

A simple and analytically solvable classical model has been set up to study
the influence of various assumptions about the ion-ion potential on thé differen-
tial cross section of the heavily damped, or'deep inelaétic, component of heavy
ion scattéring. Special consideration is given to the angular focussing obsérved
in experiments with heévy projectiles and targets. To obtéin focussing at an angle
élightly forward of fhe grazing anglé, together with the‘éorrect énergy loss, a
‘neck degree of freedom for the motion in the exit channel appears necessary. The
model is compared.wiﬁh'results of scattering experiments of Kr on Bi and Ar on Th,

respectively, and is found to reproduce these fairly well.

* Work supported by the U.S. Energy Research and Development Administration,
and by the Deutsche Forschungsgemeinschaft.
+ Permanent address: Institut fur Kernphysik, Technische Hochschule Darmstadt,

Darmstadt, West Germany.



I. INTRODﬁCTION

The occurence of highly inelastic direct scattering ?p_heavy ion collisions
above the Coulomb barriér represents a new and outstanding gross feature of such
reéctions. When summed over relatively narrow distribution§ of charge énd mass
t ransfers in the reécfion products, the deep inelastic>even;s peak a;‘a kinetic
energy loss of the'éfdéf-of 100 MgV, well separated from an§i elastic séattering.
In some cases alsq'a pfonounced peaking in the anguiar dis#tibution is observed

at scattering angles somewhat smaller than the grazin? anglé.lfs).

6)

It has been poiﬁted outv that heaQy ion reactions well above the'Coulomb
barrier can be treatéd‘in a classiéal approximation. In déép inélastic heavy ion
scattering, additioﬁéily, one sums over a large number of’réaction channels; and
quantum effects like interference phénomena which still could be present in indi-
viduai channels diséppear completely.

In the classical approximation the scattering cross séétibn'der/dfl is derived
- from the deflectiqnwfunction 8(b), b being the impaét pafémeter,'accofding to

.'._d‘GA’.'/dSD- = (b/sin ©). |db/de| . L | (1)

In such a‘description;iﬁelasticity is introduced by assuﬁiqg,2in addition to. the
conservative Couiomﬁ‘aﬁd nuclear forces, a friction forcexacting on the relative
motion which_represépts phenomenologivally the transfer of“kinetic energy té internal
degrees of freedom of fhe reaction partners; Thus, in térmsréf ordinéry scattering
theory.one does not_fgllow.the motion in the éntrance-channél, which would be the .
optical médel desprib;ion, but rather steps through a seriéé 6f iﬂelastic and reaction
chanﬁels which have in coﬁmén that they leave the individuélity of pfojectile and
target nearly untoughed.-It is this situation which is apprpiimated by the classical

model.
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Heavy ion scattering has been studied in a classical treatment by several

7-9)

authors . The modéls discussed so far are characterized by (i) symmetry bet-

ween entrance and exit channels, (ii) a rather strong nuclear attraction inside
the Coulomb barrier, and (iii) a friction form factor-which peaks in the nuclear

7) ) '

surface, 6r eveﬁ‘§Xténas to separatioﬁ distances outside:fhe nuclear'interaction

region. The deep_iqélastic events ‘have then to be attribptéd to férward and "negative

angle" scattering, and the cross section rises continuoély té the.quasi—elastic

peak near the graziﬁgiangle. In this form the model does ﬁot.separate deep inelastic

scattering in energy, of angular distribu;ion, from quasi4e1astic scattering, con-—

trary to obéervationé;  | |

'The model empldyeq here_;o) is not intended to give'a:precisionvfit to experi-
ments. It rather keépggthe,kinematics as simple as poséible; in order to study the
physical implicatio&s of several assumptions about the potenfiéls in the entrance
and exit channels,.and:to keep the number of aajustable.paréﬁéters as small as

: pdssible; The model is-qharacterized by three qualitativé:féatures which make it

different from preQioﬁs'calculations:

(i) Thé interactidhé and interaction radii differ in :hé eﬁtrance and exit

| channelé. |

: (ii) .The interaction.potential for heavy ions inside the Fouching radius is
shallow due“tb'the.strong Coulomb repulsion, and becoﬁes eventuélly_repulsive
at‘disténces Qhefe nuclear densities Qould overlap-appréciably.‘

(iii) Energy dissipation is only present in the interactioﬁ region. The frictioﬁ
‘force is.exactly.zero before toﬁching in the entraﬁéelghannel, and aftef
scission in‘the éxit channel. | -

Similar conéideratibns have been put forward recéntly by.ﬁdﬁdqrf'et,al;.ll).



“II. THE SCATTERING MODEL
_For the sake of gerderating analytically simply soluble equations of motion
the potentials V(r) of the conservative forces are either step potentials (at r = Ri’ -

or r = Rc)’ or vary as r“1 (modified Coulomb potentials), with r being:the‘distance
between the centres of gravity of the two fragments. These analytical forms can be -

easily adjusted to resemble rather closely the real part:of‘Vafious heavy ion

potentials (cf. Fig.f&).‘

;

The frictlon is assumed to be purely radial, linear in the velocity, and the

corresponding force is

1/3

RN @

) = - Z'(Rt/'r)z(l/c)(dr_/dt) ;R = r (A

3.

in those fegions where dissipation is preéent. The neglect of tangentia1 and rolling
friction may be a reasonable approximation during the motion:inuthe enﬁrancevchannel
since in this modelvho“abrupt‘redistribution of mass:is assumed. It is certainly
inconsequgnt for the exit channel in view of tﬁe assumption Qf a neck beihg built up
while the fragments seéparate. There is, howevef, not much.eﬁergy transfer cbnﬁécted
with{tangential and r6l1ing friction 8), More important in'fhe previous calculations
was the fact that transfer of orbital angular momentﬁm to nﬁcleér rotations opened
an important wayvéﬁt of the potential 'pocket', 1eading tofsﬁbstantial changesrin the
ff—dependeAQe of the deep inelastic cross section 8). Tﬁis.ééfect has_novsignificance
‘here since the barrief‘height in .the exit channei is alréad&_édnsiderably reduced
due to the neck elongétion; | |

The choiée of the'friction.form factor o¢ r_2 is motivéted ﬁerely by afgﬁments -
of solubility of the eqﬁatidns of motion. The dominat acfién of frictioﬁ is anyhow,
through the kinematics, restricted to the regions close to fouching.add out to

scission (cf. Section .II).
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With these assumptions four radial regions can be defined:

Region I : Entrance channel; rin>'Riv (interaction radius)
' 2 2 2 '
V(r) = q°/r ; q° = leze (pure Coulomb)
rd = o
Region IT : Entrance channel; Ri> rin>‘Rc (hard core radius)

V(r) = fﬁiqz/r + ¢y (modified Coulomb)
d o 2

F(r) = - Rg(Rt/r) (1/¢) (dr/dt)
Region III : Exit channel; Rc'<rout<-Rsc' (sc1ss%on radius)

V(r) = f q2/r + c (modified Coulomb)

. no o .
d 2

F(r) = - A, (R./1)"(1/c) (dr/dt)
Region IV : Exit ghagpel; Rsc< L

V(r) =’q2/r (pure Coulomb)

¢ = o

The substitution dO = (B/,urz).dt (6: angular variable; J?: orbital angular
momentum, /L: reduced mass) which follows from the integral of the tangential
equation (,Z = const., no tangential friction), and introduction of the new variable .
y(8) = 1/r(8) + /ufnqz[f 2, lead to the radial equation in the form (prime denotes
differentiation with respect to ) _
A i A . )
mo_ 1 - . _ 1/2
- 2dyt 4y =05 A= Mol e T | (3)

with ECm denoting the centre of mass energy. This equation has solutions in terms

of elementary functions.

ITI. THE ANGULAR FOCUS

Scattering experiments with heavy projectiles, such as Kr, on heavy targets in

3-5)

the lead region show a pronounced maximum in the angular distribution at an



angle somewhat smaller than the' grazing angle. Thms_angular focus moves together

3,4)

with the grazing angle when the scattering energy is varied , and consequently

can not be attributed to "negative angle' scattering 12).

This séétion is.dévoted to some systematic stﬁdiesbéf classical trajectories
which deviate ffom Coulomb trajectories under the;infernce of conéervapive and
non—bohéervative,forcés. | . |

At firSt'wé study ﬁuré potential.sca;teriﬁg (wifhgﬁf friction), and with no
difference in entrance and exit channeis. We 1et tHe'potentiél be bure Coulémb

" beyond a cer;éiﬁ radius R and ask what radial form ﬁés the’potential to assume”
for r'<R in o?def to focus a penetrating'bgam closé to ghe grazing trajectory at
the grazing ahglé{ This‘question can be studied analfticélly.in terms of a power.
expansion in a'quantity Y thch is reiated to‘thebdéQiétion of the impact parametéf
b from its'value'af_grazing, bg.- : |
Introducing‘aimenSionleSSAquantities _
¢ = R, | /3= b/R,, €=E_/E (wi.chv*‘si'cﬂ = 'qz/k) W
and defining tﬁe‘tfajectory by ' -r»-:,-nv | R
v [g@]T - e
the equétioﬁ.fof’fhé frajectéry in.tﬁe'Coulomb‘doﬁainvisj‘ » ’ |
Vi v t=-anpiy . B (6)
Witﬁ the correct.agymptotic boundary conditions the solutioﬁ bf Equ: (6) is

V() = (1/2/3 E)[:\/l + (2/&5) cos(e -8') - (1 + 2/3 5 )J (.7’) 

for 9,}9 The Coulomb turning angle 0' is given by

~

o' =" ". aFctg(z'/}€) y . | ®

~and the interactiongangle (for which V = 0) by

o, = e'r+' ér'c::cvos((l + 2{;25 )/ \/1 + (2,35 )2‘  ) ' (9)




The grazing orbit is defined by

Be= WE-D/E 5 o) = %~ arces2 |[ECE- D). (10)

Defining the expansion parameter

Ptﬁ-%/ﬁg 00 v ap

and the new varlable

¢ = e—e' s Bkl ' ' o (12)
one can expand the solutlon for 89 9 up to second order in Jk and @..

For ¢ < 1 we make an ansatz for the solution
; 2 4 . | |
V(@) = a_ + a‘2¢.‘, +a@ ;058 . | . (13)

Taking only even powers in () renders the solution symmetric with respect to

=0 (8=26"') and foéusses the outgoing trajectories automafically at the grazing
angle Gg = 2eé —‘jt;" | |
The boundary cohéitions atv¢ = ¢I
V@) =0 ad V'@H=VED o ae
determine a, and aé'While a, is fixed through thevdifferentiel equation
Vi v o+ 1= —(1/2p7 e YE(VD/Q+ D 5 ese (15)

by demanding'the foree”f(‘v) to be independeht of @. It is the second derivative
in the differential edeetion (15) which makes it necessary to include a fourth order
term in Equ. (13) for é consisStent expansion up to second:ofder'in J and ¢

The potential of the purely radial force whlch leads to the solution Equ (13)

of Equs. (14) and (15) is given by

vy = @it 0] - 13O @ - 3 s0] ; gia ao
with _ - v ‘ : ’
-1y #°4. ' S ' N

g(&) = &E(ai_>1+4 _ ' o , (17)

The function g(E)fis plotted in Fig. la. The larger g(ﬁ) the more the potential

deviates from its pufe'Coulomb form e g—l in the regionv3‘< 1. The minimum ‘value



'

of g(€) is g(&) = 4.83 for £ = 1.71.
Fig. 1lb shows tﬁe focussing potentials, normalizedlto tﬁe Coulomb barrier at
¢ =1, for various.values of £, the scattering energy‘in Unitsvof'the Coulomb
barrier.>The potentiais for £€ = 1.5 and € = 2 are the Saﬁe~a$ can be seen from
Fig. la. The_flattening of the‘fdcussing potenfial in thévregion where the expansion )
is wvalid becomes'mofé.pronouﬁced'if .8 incréésés beyohd tﬁe_minimum-value £=1.71.
Nextnwe use the'moael set up in thé previous section for a éystematic study
df the éffect of.somé”major ingredients.of heavy ion‘dynamics_on the classical -
trajectories. |

Since the combined nuclear and Coulomb interactions for very heavy ion scattering

E .

lead to a potential which is nearly flaf inside the touching point of the two nuclei,
. becoming repulsive again for still smaller distances,'we USé éé a starting point
a constant potential fqy distances smaller than touching%(f(i&),lbeing matched to
a pure Coulomb poteﬁtiai outside (r)-Ri). In a constant poténtiél the trajectories
are straight lines QHithleads already to an approximate'fér&érd'foéus at positive
scattering aﬁgles_(qu'Fig; 2a). Thisvargumenf Qould appIQFés.wellitova quantum
mechanical treatmént:éinCe in a force-free region the phaée réiatiOns for different
"partial waveé are su¢h‘és'to focus ﬁhe total wave af forwafdgscattéring.

Deviations of thé]péfential from its conétént valﬁe inside the‘iﬁteraction region
are generated by (i)ja’diséonfinuity An?'at the iﬁtéracti6ﬁ radius e = 1,_repfesenting

‘a "pocket" in the'ﬁotential, (ii) a scission radius sc diffe;ing'from ¢=11in

the exit channel, simulating a "neck" in that channél, and (iii) a friction-force -
of the form Equ.'(2)>iﬁ the interaction region §< 1 and .§ {-gsc,:respectively.
The general potential obtained in this way is sketched in Fig. 2.

Fig. 3 shows the classical trajectories for a bundle of iﬁpact parameters,

starting with the flat potential and successively switchihg'pn'the neck,»the pocket,




and friction, or comﬁinations of these. As can be seen from the series of pictures,
only when a neck aVbids for the outgoing trajectories thé‘high Coulomb barrier of
the.entrance channél ié the. friction force able to preserve é focus at positive
scattering anglesv(FigS. 3f and g). The pocket, ér net attraction, of the potential
then merely changés“the focuséing angle gelative to the éfaiing_angle. The values

t aken fof Av, 9sc’>£?’ and for the friction force constanﬁ-A s are close-to'the
fealistic values for é.typical heavy ion scattering situatiqn'éuéh as Kr on Bi,as
derived for this case.in Sectibn IV (éf. also Table 1).

As. can be seen.ffoﬁ Figs. 3f and g, the focussed‘tfajéétories have almost equal
path lenggh in tﬁe‘intéraction region, leading to a roughiy.éonstant energy loss for
the focussed bundlé of impact parameters. It‘should be'nofed:that the energy loss
in the situation of Fig. 1d far the same- value of the frictién constant iis very
smal} for the beamé wﬁich are scatfered'to positiQe anglesy While increasing the

friction constant would bend these trajectories over to negative scattering angles.

IV. APPLICATION TO HEAVY Ioﬁ SCATTERING

In this section we adjust the model to realistic heavy_ioq scattering situations
in order éo see if the- characteristic experimental observaﬁions, the energy loss
and the differen;ial cross section of the heavily damped cbmponent, as well as
their variations With bombarding energy and projectile—térgét composition can be
quantitatively reproduced.

There‘are two depivétions of ion-ion potentials from assumptions about nuclear
'interactions.whichlrepfesent opposite limiting cases of the Situation to. be expected
in heavy ion collisiéns. One is the adiabatic ion-ion pofential of Nix and collabo~
rators 13), assuming»ataeach step a complete relaxation of nuclear densities into
la'neck degree of»freedom. The other is the proximity.forcevpbtantial of Randrup;

.14) .

Swiatecki and Tsang ~which assumes frozen densities of the two nuclei, and conse-



10.

qgently contains a sfrong repulsion in the density overlap .region.

For the entrance chénnel the parameters of the model; R;, Rc’ fni’ s are
fixed so as to repredueevgs closely as possible either the adiabatic ion-ion,
or the proxiﬁity foree‘potentials (cf. Fig. 4), Firstly, fhe.core radius is chosep
such as to place fhe radial ,Z = 0 turning point into a regiop where ;he potential
to be reproduced beeoﬁes strongly repulsive. Then the_modified Couloﬁb potential
is smoothed to the ectealvpotential in the region Ri‘>rie>iée' For the adiabatic
potential the. core ;adius is irrelevant (and has been-chbsen.only for ealculational
purposes) since the angular'momentum barrier cuts out the relative motion from
distances £ 8 fm (ihsfhe Kr,Bi cese) for all trajeetories‘wﬁich are not absorbed
(2 ;z 21 f). For the actual calculation of the adiabatic‘pefential an extrapolation
of the potential constents to asymmetric systems_proposedvby Krappe and ﬁix 15)
has been used. Witﬁinnghe limits of accuracy, whose influenee on the results have
been checked and found:to be small, the model potentials of the entrance channel
contain no free parameters. |

For the exit chaﬁnel, according to assumption (1) of‘eeetiop I, the buildup of
a neck is aséumed before the,two nuclei_seperate. For tﬁe determihatiqn of the
scission point RSc the.following brocedure has been adopted. Blocki and Swiatecki 16)
have calculated liqﬁid_drop poteytial energies for two iﬁtefpenetfatingvnuclei, de-
pending on two paraﬁeters, their relative distance, and the amount of mattef which
is transferred into a neck resulting from joining the two nuclei smoothely with a
second order surfaee7 In the corresponding two—dimansionél plot pf the pbtential
energy éurface a sfafting point is chosen which correspondeiéo:the classical furning

point in the relative motion. Then a path of steepest descent is followed out to the

point where scission occurs, and the corresponding relative distance of the fragments
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is taken.as the séission radius Rsc' Since no inertial paraﬁeters are known along
this path the scissibn point can be defermined.only approximétely by this procedure.
The results, however, do not depend very criticallyhon.RSC;.gs long as it is consider-
ablf larger than the interaction radius Ri' The potentiél in the exit channel
region III is then uniquely determined b§ matching the entrance channel potential
at the classical turning point, and reaching the Coulomb.ﬁafrier of the outgoing
patrticles at the scission point.

The friction force constants A T 2‘3 are treated as frée parameters. Since only
the total energy loés-of the highly damped éomponent is knoﬁn.experimentally, and -
since no significantgcbange of the deflection function resulted from varying A’i and
A o independently wiﬁhin reésonable limits, J_i-= A o hés been chosen, and this friction
constant was adjusted to give the correct order of magnitude fo; the observed inelasti-
city. The potential parameters derived in this way are lisféd in Table 1.'
The deep inelastic collisions studied are taken from thé WQrk of Artukh et al.l),

4) 40

Hanappe et al.3),_andIWolf et al. which refers to the systems Ar + 232Th and

84Kr + 209Bi, respec;iyely. Fig. 4 shows the proximity forpe and adiabatic ion-ion
potentials ﬁogether wi£h the Coulomb repulsion for the syétem Kr + Bi, and the cér—-
respondingly adjusted model potentials. Fig.5 gives the deflecfion functions (a)
without friction, and (b) for the chosen value of the friction forée constant (cf.
Table 1). As can be-read off from the déflection functions, the model potential résemb-
ling the adiabatic:ion—ion potential leads to absorption ("fusioﬁv) for thé low

£ -values with fcr' :=ﬁ21'ﬁ (éorresponding to G;bs 5’12 mb). The deflection functien

it
of the model potentiél‘close to the proximity force 1ooksvconSiderably different.
It does not lead to absorption because of the small nuclear interpenetration caused

by the repulsive core of that potential. Both model potentials lead to angular focus-

sing, indicated by the flattened parts of the deflection functions in the'é’-range

80 2 0/mz 150.'The'experimantal angular distributions of the deep inelastic compo-
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nent, however, are Better reproducéd if the proximity-like potential ié used in

the entrance channel. For this reason, only the results for the proximity force
model potential ére shown in the figures giving the croésjséctions. The qualitative .
results for both potentials are, however, quite similar,'and it would bé interesting
to perform a dynamic calculation in an extended space in. order to see to what exteng
the frozen dénsity'situation rélaxes into collective deérees of freedom.

»The distancesvof'closést approach for the larger Qf:the'tWO energies (system
Kr + Bi) are rmiﬁ $v10 fm (proximity force), and roin T 8 f@.(adiabatic potential).
In the case of thg adiabatic potential where absorption_tékéé place forbthe low
impact parameters tﬁisAfefers to the first trajactory Whiéh écatters again out of
the interaction région.

Fig. 6 shows fhe differenﬁial‘cross section (proximity force modeivpoteptial in
the entrance chanﬁel) in comparison withvekperimental resuifs.’The_classicai‘qrqss
section has a.ratﬁef sharp edge towards lower angles. This.w§uld be changed in a
quantum mechanical @aléulationrallowing for barrier penep?ation; The comparison
shows that the 1bcation of the angular focus and the ordefkdf magnitude of the deep
inelastic cross sectidn are given correctly by the modei,for:both eﬁergies in the
system Kf on Bi. In-fhe scattering of Ar on Th, ho&ever, the,bbservea continbus»rise
of the angular distribution towards lower angles is not ?epiaducéd.'The figure also
indicates the}centré-of?mass energies of the outgoing_parﬁiéles, and their variations
over the ahgulér beakQuThis variation agrees qualiﬁativél?.ﬁithé{blop of the double-
differential cross Séétion der/dEdG of the heavily démpéd_cbmponent, extracted_from'

17)

the experimental results .
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V. CONCLUSION

Thelmodel calculafion'reported here gives evidence tha£ §he observed angular
distribution of the héavily damped component in heavy ion scattering is connected.
to (i) a nearly flat regioﬁ in thevsummed nuclear aﬁd Cqulomb ion-ion interactions;
and (ii) the occufence of "a neck in the é%it channel alloWing for relaxation of
a large amount of thé'kinetic energy intovinternal excifations before scission.
Only both effeéts ﬁogether result in the narrow energy diéﬁfibution scattered.into
a narrow angular range, as observed experimentally. AdiabéCity with fespect to
the neck degree of freedom is reached only gradually duriﬁg:the”time of strong
interaction, as'is'igdicated by tHe véry low fusion croés séctions_df the Beavy
scattering systems:wbich-is better describea in terms of-fhe "frozen density"
proximity force. ) |

It is a pleasure to acknowledgé stimulating_discussiéns with W. D. Myers,
W. J. Swiatecki, and C. F. Tsaﬁg, as well as to thank N.'K.'Clendenning and the

Nuclear Theory Group of the Lawrence Berkeley Laboratory for their hospitality.
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Table 1

Potential and friction force parameters for the results given explicitly in the text

a— - §
Ri Rc fn:l. ci 1:L Rsc fno co lo
(fm) (£fm) (MeV) (MeV/£m) (fm) (MeV) - MeV/fm)
o Bl 4 2095
 Proximity force potential . 13.0° 10.0 0.4 176.7 420.3 22.0 0.6 67.1 420.3
Adiabatic ion-ion potential 13.5 0.5 -6.1073 320.9 420.3 22.0 9.1073 194.1 420.3
40y, 4 232y,
Proximity force potential 12.0 8.0 0.9 184.4 25.2 0.8 14.8 184.4

-10.0

a r, used in the definition of the friction force, equ. (2), r = 1.22 fm

‘91
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FIGURE CAPTIONS

Fig. ‘1.

Fig. 2.

Fig. 3.

Fig. 4.

”pOtentiais-for the system 84Kr +

(a) The function g(€ ) which determines the deviation of the focussing

potential from the Coulomb form. £ is the scatfering enefgy in units

of the Coulomb barrier energy E. = lezez/R.
(b) The reduced scattering poténtial V(r/R)/V(l)*which leads to a focus
at the‘grQZing angle, and its dependence on the scattering energy £ .

The hatched bar on the potential curves indicates the penetration depth

at which corrections to the expansion reach the order of 20 %.

The reduééd model'botentials v(ig) = V(g )/V(l,'in'the entrance (in) and
exit (out)_chénnéls as.functions‘of €= r/R. 'ft‘is the classical tu;nihg
point at wbiéﬁ the in- énd out-potentials are mé;éhéd to be equal.

Series of ééattering trajectories for various modgl:poten#ials and reduced
impact patémeters /3 =.0.23, 0.45, Q.68, and 0.91,2feépectively.

(a) Flat potential, 4av =0, ¢ =1

(b) Flat potential + neck, Av = 0, gsc = 1.69.{

(¢) Flat poﬁential +'pocket, Av = Q.lS, 'gsc = 1.

(d) Flat potgﬁtia} + friction, A4 v =0, ?éé =vi; _:XR/EC = 16.5 .

(e) Flat potential + pocket + neck, A v = 0,15, .‘S’.sc-= 1.69
(f).Flat‘pogenfial + neck + friction, Av =0,  §;&:= 1.69,l)rR/Ec - 16.5
(g) Flat péténtial + pocket + neck + friction, AV~; 0.15, ‘9sc = 1.69,

).-R/EC = 16.5 .

". All trajectories are for scattering energies . £ = 1;13

(a) Sum of -the proximity'force (approximation A of*féf. 14) and Coulomb.

20981 (solid 1line), and model potential

apprbkimation“to this potential (broken 1ine). The two c.m.energies for



Fig. 5.

Fig. 6.
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which caléulations have been performed are also indicated.
(b) The same as (a) for the adiabatic ion—ion_potential of ref. 13,15.

2OgBi calculated for the model

(é) Defléctiqn function for 84Kr +
potential,feéeﬁbling the proximity force.-Thevc.m.energy'is 374 MeV.
a) no frictiqn case, b) friction force'constént‘as in Téble 1.

(b) The:saﬁe as (a) with the model potential fbrlfhe adiabatic ion- -
ion forééﬂ |

(a) Calculétéd cross section (proximity force ﬁbdéivpoténtial) for the
deep ineléstic component in the scattering of 84Kr»on 209Bi (solid
lineS); togéphervwith the experimental results of ref. 3 and 4 (dot-
dashed linééi} a) refers to 374 MeV (right scalé);'and b) to 428 MeV
(left scale) é.m.energies. |

() Calculaﬁea cross section (proximity force model potential) for

0, . - a .
4 Ar on ?32Th at 331 MeV c.m.energy (solid line). For comparison, selec~"

ted reactioﬁ_product yields as given in ref. 1 are shown (dot-dashed

lines).

The variation of the outgoing (inelastic) c.m.energies is indicated

by the figures (which are in MeV) slong the cross section curves. The

’

friction force constants are as given in Table 1.°
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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