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1 · Introduction '· 

. . 
Investigations of light nuclei at the neutron drip lin~open th~ pos~ibility to. study 
nuclear structure and reaction dynamics un9er the-extreme conditions·of l.arge charge' 
asymmetry. lsospin ·dependent. effects and. contributions' from· residu'al intt:ractions 
are strongly enhanced. Clear indications of the unsual nuclear properties at the. 
neutron' and proton . drip lines have beeq. observed. in mea:'lirem~nts of. total and 
interaction cross sections, electromagnetic diss6ciation and fragmentation processes 
of exotic nuclei. The experiments led to the discovery of "neutron halo" in 11 Li, .. 

· 11 Be, 14 Be [1, 2}. In a recent experiment at GSI, a proton halo was observed for the·, 
first time in s B [4): · • · ·. · . ~' 
·. A closer understanding of such extr~me nuclear matter configurations is obtained 
from elastic and quasi~lastic. scattering .;rhoiic nuclei:· These reactions are well 
suited to investiga~e the peculiarities in structu'rc and interactions of halo nuclei. Be
cause of their semi.:..inclusive charact'er quasi-elastic processes are especially sensitive 
to the structure of the 'interacting nuclei. The underlying reaction ~echanism is in 
principle known and the theo~etical uncertainties are less s~vere than for e~clusive 
reactions wh~re correlationso(vari~us fragments are rn'easured. . . 

· . Elastic scattering. has the largest cross section. amongst the quasi-elastic pro
cesses and is easily accessible in secondary radioactive beam experiments with low 
intensity. At prese'nt,'elastic scattering data are available for 11 Li. on 12Catenergy · 
60 MeV I A [3)i on 2ssi a( 29 MeV I A (5) and on a proton target at 62 MeV /A (6). 
Also the elastic scat~ering of 8 J/ e + p ~as measured at th~ en~rgy 73 MeV I A' [7). 
The cross sections were smaller than expected from the systematics of stable iso
topes. This c~mmon featu;e of· halo nuclei i~ as;ociatcd with' b~eak•~p proces~es. 
T~e poor energy resolution of radioactiye b'e.arris le~ds to partici1lar problems in the 
analysis of ion-ion scattering data because low lying inelastic ~arget and projectile' 
excitations are not resolved from ptire elastic proces's. · ·· 
.. Elastic nucleus-nucleon data arefreefrorri this drawba~k. Theoretically, there- I 

action mechanism of nucleon scattering is much simpler' and better under.stood 'thim 
for ion-ion interactions. Hence, ela~tic scatteririg on nucleons. is most appropriate to 
clarify the interaction dynamics of halo- nuclei. In. this work, we present areaetion 
.model for the elastic scattering of 11 Li on· ·a proton target and try to ~lucidate the . 
. role of halo particles in the ~cattering.p'rocess. The w.eak coupling model and the· 
special properties of halo nuclei allows to treat the core an.d valence parts in differ-

. ent ·ways. The proton-core interactions are determined by same typ~ of processes as 
. in optical potentials for elastic scattering on stable nuclei. In the present context,
this part o£ the dynamics is 'of less interest. Therefore, ·we treat the proton-core 
interaction in a schematic approach by usi,ng phcnornenologic;tl 'optical 'potentials .. 
As discussed in sect. 2, the contributions fro.m the halo imcleons, however ;'are cal
cuhi.ted microscopically in a folding model approach. Applications to 11 Li + p elastic 
scatterin-g are presented in sect. 3. The results cl~arly indicate that the lowest order 
approximation obtained from a folding model is ·unable to account for the diffrac-
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tion stru~ture observed 'i
1

n 11 Li + p elastic data at Ep ~· 60 Mev. The agreement 
is improved.when polarization contributions are included. A riew.approach is'pre
sented'which allows to calculate polarization potentialS'from we.akly bound valence 

·particles in a semi-microscopic way.···· . . 
. ' ' . . / 

-~· . 

2, .. The Re~ction arid.Stru~t~r~ Moclel 

~ I . ~ " ' . • , .. ' ' ... ~ • • ' i:.. . ~·-. • ·~ .'· ' ' . -,. ;. : . . ·; . • ,: : ' " ', • . ; . '. " "; 

In a first approximation, halo 'nuclei can·be considered' as consistingoftwo almost 
sepa;abl'e and independent s_ubsy~tems: the core and _the w-eakly b~und'valence 

. nucleon~ .. A prominent c~se is 11 Li where two loosely bound halo neutroD.s· are 
c6upled: ~eakly to a 9 Li core: It is' re~sonable to assum~· that elastic sc~ttering 
o~curs alrriost independently on both subsystems~ Accordingiy, the optical potential 
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. U(io) for hald,systemslike 11 Li c;a~ be "expniss~d ~s .· · · · · · - ' · .. 
\'. .. . 

U(r) '= Uc~;e(r) + Uva.l(~)- .. (1)' 

·wh:re Ucore an((r U,al describe:he; interactioll with ~h~ cor~ hiid the v~l~nce halo 
neutron~, respectively. ·~· . . . ' . . ' '.. . . . ; . . ". . 

· .. 'fhe microscopic .d~rivation of.the.full optical pot~ntial is hampered by 'th(! ·~m-
. ple?Cities of'many:body r~action calculations .. Tlie specific ,p~opertie~ of dripline 
. nuclei, however, allow to treat tne tne core and valence' interactions separately .. 
. Therefore, we. decide to use a simpler approach which is· physically transpar~nt ~d. 
specifically emphasizes the dyi1iunical contributions. from the. halo particles. We 

- ' ·· · .. appr~~imate the 9 Li -tp core potential by the optical potential fr.;m the elastic scat
teririg of a free. 9 Li nucleus on a proton. Thtis, the bulk of the 11 Li .f- p interaction 

'is treated empirically; .The approach.h~obviously the advantage that thdull com~ 
ple:idtyof rriany-body.~ffects in the proton-core. sttbsystem is effectively induded. 
In'Iplicit to such·a model i~ the assumption that the struCture of the core remains 
essentially the same· as for the correspo!\ding free 'nucleus: For- nuclei like 11 Li with 
a small number of valen~e particles this condition is .likely to be fulfilled .. ' .. 

The proton.::.. halo; illteractions, which:'are of inaln ini~rest, .Je' treated nucro
scopically. The· halo wave functions are taken from a full-s~ale m.iclear stnictu~e ... 
calculatidri'for the total cor~phui:halo system (1, l2\ 13). A mean..:.field of Wood
Saxon:·_shape\vith 'paramete~s taken fromth~ systematiCs of stabl~_nuclei was'used . 

, :. : , . . , . . , I. . , , " ~ , . , . , . - ~ • .: ' . • . , 

. Pairing correlations w~re included microscopically by-solving the Gorkov equations 

l\ 
[i'2, 13, '14]. The' particle-particle.interactibn i~ the singlet-:-even channel was ob
tain~d fr~m a.(J-matrix.-.At ~anishing nuclear densi'ty:the free space NN-scatteri~g· 
length

1 
'aN-~ :::::: ~n.s Fn is reprod~ced. 'rlie one-body' density Pvat( r) of the valence 

partlcl~ i~ ~b'tained fro~ th~ microscopic single particle wa-&e function~: Binding is 
obtained by a peculiar interplay of mean..:.field dynamics and r~idua.I pair ii1terac:. 
tioiis.[4 12 13] · . · ·. . . .. · :• · ·. · · ·. .. ' ' .. · · ·. ' · ' , ' .. ... . - . .·· ' 

. The proton-halo potential is derived by folding the microscopic valence density 
•-._:'\. • -' • > ' . • . '\ • . - ' _."\ ~.; ;- . ·. •.. '"' ... ''. .· :.t.' \ . ', 
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distribution with a free NN t-matrix irteraction 
-1 • 

fval(r) ~ f dV Pv~l~r')tNN(Ir _.: ffl) 
1 

.,\ 

(2)' ,. ' 

I . . ' ~ . . I • • ' • ' • • •• • • • ·.' • -' 

and U~al = u!:~> + iUt';'> includes a real and an imaginary 'part be~use tNN is a 
- non~ hermitian operator. From th~ definition-of tN; it is cl~ar that U~!';') describes 
'the complete summation over energy-conserving inter~e1iate scatte~ing processes 
- between the incoming proton arid a halo n~cleoJ?. .. Because 9f the weak binding of 

the valence particle these interactions should be in first approximci:tiori the same as 
for a p~r ofn~cleons in free space. _ _ _ _ _ ·- . _ 1 _-_. • _ 

The fad that 11 Li is particle stable although neither,10 Li nor the free two neutron 
systerr{ are bound indi~ates that nuclear stniCtu~e is providing important contribu~ 
tions .. Thewhole ~ariety of such effects is glob~lly described by a state, i;e. energy· 

; dependent, self-energy :Eva1(Et) for a valence particles, with energy E1. Accordingly, 
the intermediate propagators-entering iJi the·d~finition of iNN sh~uld be modified: · 
Denoting by Gim a~d GNN the 2~particle propagators -..yithan~ wit,hout the nuclear 
self-€neigies, we define' a medlum-'-corrected NN t~matrix interaction which obeys 
the, modified Lippmann;-Sch~inger equati~n ~ ' ··' . .-_ ...• • , . ' • . 

/I ' t'N~ ~ tNN ~tNN (GN~- qr;~) t'NN-
;j (3) ·, 

/, 

·Asymptotically, G'N;; approa~hes GNN such that in free spacet'N..i = iN/;/. G'NN 
also differs from GNNby the fatt that'states which ~reoccupied by ta~get·nticleons 

'are projected 'out and 'to do contribute to' the scattering series. ' ' 
·. The mi~roscopi~ calculation of tN-N is beyond the s'cope of the present wo~k. -
In~tead; we'apply.a' more schematic but physically resonable approach.· In Eq.(3) 

1 

. the difference of Gre!'!n fun~tions is replaced by ' . • ' ' -

tNN(GNN(E)- G'NN(E))t'NN = tNNIO),B(Oit'NN 
) ' . . . 

' (4)' 
•' 

where IO)(or d~~~t'es the projeCtor onto the ground ~tate ~nd a~ integration ovet 
the :intide'nt p~rticle coordinates is implicit. An effective polarization coefficient 
f3 was i~tr~du~ed ~hich des~ribes globally the medium-dependent corrections' to·. 
free NN scattering: With respeCt to the free propagator the em;rgy scalein G'NN is 
shifted by the static parts of the bound and continuum potentials.'·This contrih'l;ltion 
will be '·negh!cted because it mainly redefines the energy sc~le: A more itnportant 
effect _:especially in driplirie imclei _:_ is' that the ~p~ctral strength is redistt:ib~ted. 
This is connected with a renor~ali:zation of wave functions [14]'. Neglecting the 
contributions from the incident continuum riudeon one finds in first approximation 
G'N1v ~ z;aPNN wher~ , . . 

1 
-. _. . ._·_ /. _, . -~ .' 

. z:al = 1- ~:Evad0/8ft :, . ' < ' . ' ' . (S)· 

is determined by the energy-deptmdent parts of the valence binding i~t~ra~tions' . 
[i5, 16]:' Eq.(4) is finally derived by approximating GNN in terms of the level density 

' - - "" . ' ' l 

t'. 

4 

\•· 

i-

1· 
. . r 

·jl· ' ' ' 

\\ 
I . 

I 
I ( 
I 

I 

I 

[ 
I 

l > 
"J: 

p~:;" }or a ~on-interacting valence ~~rticl~ at t:1 ·~ 0. From the relation 

,8 _ ·(1· ·z2 ) free ._ .-. \"":' val Pval (6) 

. ,8 is seen to describe the valence level density which is effe~tively available for'inter
mediate scattering proc~sses in t'NN· In· a stable nucleus with a sharp Ferffii-surfci,ce 
~ne has Z 2

a1 ~·J and ,8 is negligibly small. In soft systems like drip lim! nude! which' 
' ./ 'v . . ,. . •. ' . / 

· are easily polarized ,8 will be non-vanishing and corrections to the bare impulse ap-
proximation potential have to be expected. Theoretically, ,8 could o~ obtained from 
nucl~ar structure calculations including dynamical polarization, e.g. refs. [4, 15, 16]. 
At the present stageof our understanding ofnticlear structure at. the driplineit>is 
justified to treat ,8 as'a phenomenological parameter: The mediri~~co~ected valence 
p~tential is obtained · · · - · · · 

· · 1 ·,: (o!tNNIO) . · u;~:-= (Oit'NNIO) = 1 + ,B(E)(O!tNNiO) (7) 

. ', ' ' ' - ' /., ·, 

·For ,8 ~ Othe bare valence'potentialUv~1 = (OitNNIO) ; Eq.(2),is recovet:ed. Insight 
;iiitofh!! polarization contrioutions is obtained by expanding Eq.(7)' up to· first order 

I in ,8 Which COrresponds to a COrrection' of SeCond order in the bare vaJence potential, 

. ~ ' · lj(2}p~1 = ·,8 .. U 12 = ·,8·(· ij(im}~ ~ [;<re)2 _ 2 ·u(re; lj(im}) (S) 
val' . va val val.. z val ,val ' _, 

. s'ince th~ barepotentials are ente~illg quadraticall~ u~ol dec~e~es .more rapidly 
.•. than the bulk potentials. Such_ abehaviour should be expected because nuclear 

polarization .is mos( effective in the surface region; For standard f?r~~ of ure,im 

and positive,B the imaginary parto(Upol cahies'in t~tai'anegative sign and thu~ 
1 in~reases the absorption. Phy~ically, this is ·reasonable because polarization self

ene~gie~. a:'re providing addi'tional attraCtion in the low energy' part of nuclear spectra·· 
as found in nuclear structure calculations [15] and also from the analysis of low 

··.energy neutron scattering [17]. As a result, polarizati~m tends t~·increase the level 
de~sity ~lose to particle threshold. This has irll:p~rtant con~equences for'absorptiv~. 

• ' t ' /· ,'' ' ' ; ' ' ' . ' . '\' - ._. • .. 

processes because the. energy gap for the scattering of the valence particles into 
intermediat~ states is effectiyely decreased. · · 

3 Applic~tiohs ·t.o"p+11Lielastic scatter~n~ 
. The model has b~en (l,ppliedto elasti'c scattering of 9 •

11 Li on a proton target at an 1 

incident energy' E/ A= 60 MeV of the Li isotopes. The p + 9 Li reaction is used 
as a reference case for the 11 Li, calc_ulations and the differences will all~w to draw. 
conclusions on the halo contributions .. The theoretical results are compared to elastic 
'scattering data of 9 Li +pat E/ A= 60 MeV from ref. [6]. The data indicate a strong 
contribution from the hal~ stnicture of 11 Li on elastic scattering. In the :rlleasured 
angular r~nge ( ;....- 20° _:_ 6oo ) the el~tic cross section for 11 Li + p is reduced to 
approximately 70% - 30% of the 9 Li + p cross section. · · - · · 

\ . ' ' ' 
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Fig. '1 Density·.distribution of hlllo neutrons in pairing [12] <(solid. line) and 
phenome~ological (dashed line) [9] models of ti L'i ~u~leus. ··< · 
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Fig. 2 Angular distribution~ for 11 Li+p arid 9 Li+p .dastic scattering as a function· 
ofc;.m: angle. The experimental data f~r ni+p at.60 Me,V I A and 11 Li+p.scatle~ing 
;;_t 62 MeV I A are indicated b)• dots and triangles,· respectively~ Solid and dashed lines 
arc the results of calculations with mi~roscopic pairing {12] and phenoinciwlogical [9] 
density models,.respectivcly. ,Th;; elastic angular distribution' for 9Li + ·1, depicted 
by theupper curve (solid line) was obtained \~ith _the 'phc~omcnologica) optical~ 
potential ofi·ef. [8]. · ·' · < <. , ' 
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The r~.;_l and im~ginary parts ·~f th~ valence pote~tials have be'en detefmined 
by a folding calCulation with the comp)ex NNt-matrix,ofFraney ~nd Love [10]: 
Knock-on exchange contributions were approximate_d by the pseudopotential ap- . 
proach. Calculations with an explicitly, density, deperioent interaction' gave ali:nost 
indistinguishable results thus supporting the 'assumption that the tail part pf the 

' . . . ' 

halo distribution is most impo.rtanf for elastic scattering. For'Bcor~ the phenomena-
. logical 9 Li + p optical potential from' [8] was .taken. In the calculation's inCluding the 

polarization contributions u::: = U~~~ was obt~ined by_ sol~ing Eq,(7) and Eq.(8) 
respectively,directly in.coordinate space. In the strict sense of the impulse .;,pproxi
mation, Eq.(7) should be considered in momemtum space but the differences to the 
present calculation ~rein~ignificanL . "' ' ', •. . . .· 

In order to study the sensitivity of elastic scattering on nuclear struCture details .. 
different ~odels for the halo neutron density were. used. Microscopic descriptions 
are provided by self-~o!lsisted sh~Jl-model calc.ulations [11) in the framew~r,k of the' 
theory .of finite Fermi systems ~nd a.' mean-field approach with pairing correlations. 
[12, 13). For c~mparisrin the calculations were repeat~d with the phenomenological 
density distribution derived in ref. [9) from'a Fourier-Bessel analysis and co~sliained 
in the Glauber approach· to fit th~ eXperimental ieaction cross section~ for 11Li. Both 
microsc6pic models gave''~ery similar results which indi<;ates 'that· the sa~'\ type of 

. structure a.Spects are covered .. Orilythe results.obtainedwith the pairing approach•· . 
[12, 13] \yill b~ discussed ir~ the following. The halo model densitjes ar~ ,shown in Fig.\ · 1 

1. In. shape· the phenomenologicaL arid ·the. microscopic density .differ significantly. 
Microscopically, th~ pair of halo neutron~ is found predorriinantly in a'ipi12 orbital , .. · 
with a~ occupation probabilityof96% and 2si12 configuratio~s are admixed by only · 
4%. Common to both densities is the long-:tailed halo distribution exteridingmuch 
beyond the nuclea~surfac~. . · : · . , .• ·, · 

Results for. 9 •11 Li+p elastic cross sections are compared to'data: in Fig: 2. Despite. 
the stron'gly differentradial shapes the differences in the elastic ·eros~ sections are 
minor. This insensitivity of elastic cross sections to details of the correlations in. 
neutron halo wavefunctions was found already .in ref. [18). In forew~~d direction' 

' ' ' i ~ : i , , • ,' • ' ', ' c I . , . ' : • \ 

elastic'cross sections are mainly sensitive to low radial• moments-of the nudear 
density.' Sin.ce the rms-radii 'of the. two densities. are very close similar· results 'for ·· 
the elasticcross section have to be expected. Thus, the data: do not allow to decide . 
on a specific structur~·m~deL ' . · . _·· -~ · .. · .. ,·. .·. . ·... ' ·. .· 

The experiine~tal data ar~ reprod~ced qualitatively except the dip n~~r 45~. Re
action. cross si!'ctions;~f u~eac-= 415 mb arid 445 r'nb are ~btained for calculations, 
~ith pairing and phe~riine.nol6gical densities, respectively, In [6] the reaction cross 
section for· 11 Li + p scattering was e~tirriafed to be _360-414 mb~ ·For!! Li + p an op-

. tical model analysisg~ve Ure~c·= 263 mb. Th~ comparis~n ~hows that r.escattering 
on the halo neutrohs signifi~antly increases absorption which agrees with exp~cta~ .· 
tions. Apparently, we obtain the right degree of absorption which sufficiently well 
reproduces the ove~all reduction of elastic scattering on halo nu~lei. '· · ; · . 

The sensitivity'of ·~la.Stic scattering with respect to a specific reaction m~del . . - . . 
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~vas invc:itig~ted by comparing. results of f~lding and Glauber calculations. As in 
· refs'.[S, 9] bnly the imaginary part of the valence potential was calculated by using 
'the Glauber forward scattering approxim~tion' · · . · · 

1iv 
U~~l)(r) = -;i2UpnP2n(r) (9) 

where v is t,he velocity of the in~ident proton and Upn = 120 mb is the ~xperim~ntai 
. total neutron-proton :cross section at Epn = 60 .MeV. The phenomenological' den-
. sity (Fig. 3b ).leads to cross sections which are almost indistinguishable for the two . 
reaction rnodels.\With the microscopic density (Fig.· 3a), .however, the Glauber·· 
calculations r~sult in a lmver elastic cross section at' angles in the dip region. In
terestingly, these differences are 'closely related to the potential structure. In the 
microscopic folding calculations a p~culiar int~rplay of refraction and ~bsorptiori 
from the real and imaginary parts of U2;, is found in the t'ail region of the halo: ' 
The additional . attractio~ provided by ute> is compensated. to a litrge. extent. by . 
an increased. absorption from uJ~m) .. For the smooth ph~nomenological density the 
cancelhttion is almost complete. Sin~e.the Glaub~r valen~e potential is purely iniag-

. inary the refractive· part is missing and a' different angular dependence of the cross 
· ~ection'is found. · . · , ·.· · · . :.. · ' · · · ·.. · . 

The value of elastic cross ~ection at dip regia~ depend ~n a subtle balance between 
;eal and imaginary part,s of optical potential. • The calculations indicate a special 
sensitivity to the nuclear surface region at di~tan.ces "' '2 - 4 fm. This is just the 
region w'here also nuclear polariz~tion effects should contrib~te mo~t effi~iently. ·In 

, Fig A' results of. ca~culations using Eq .(7) , arid 'the micr~scopic ·valence. density· are .. · . 
shown, The strength of the polariz~tion potential was fitted to the cross section data 
and the res~lts of Fig.4 were obtained ~ith f3 = 0.15 MeV-1. This is in surprisingly. 

·&ood agreement with theoretical average lev~~ densities p(! +).=. 0.14 Mev-:·1 and 

'P(! -) = 0.15 MeV-:1 foi: the vaience s1/2- and Pl/2-states found in th~ Gorkov-' i 

pairing calculations for 11 Li. ·, . ' · · · . . · · · · _ . . .· .. . ·. · · . . - · 
'The degree of improvement is clearlY: seen from a comparison to the elastic cr~ss . 

sectio'nwithout the pol~rization potential: Interestingly, tli'e shape of the medium
~orrected cross. section' is. close. to~the _Glauber .result,. Fig.4 .. The ·e;cplanation is 
found .from Fig.5 where tli~ different contributi<ms to the 11 Li -t p ~ptical potential 

' are displayed. Beyond r ~ 1 f m the magnitude of imaginary part of the bare valence 
. , potential becomes larger than the real part: As a consequence, the real part of u;:~'l \ 

Eq.(7), becomes repulsive (it is e~ident from approximate expression Eq. (8)) and 
compensates to a large extent' the attraction from the bare folding potential. The 
imaginary part of u;:~l) is always negative and iricreasesthe reaCtion cross section 
by about 5% to Ureac. = 43.6 mb. · . . · . 

Quantitatively; these results are·in agreement with other ,theoretical estimates 
of dynamicaL polarization effects. In a study of the polarization potential from the 
break-up of u Li Yabana et al. [19] found also aD. overal( reduction of' the elastic 
cross section in Ir'£i +12 Cscat,tering. Sine~ the t..:.matrix corresponds t<i a complete 
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Fig. 5 Real (a) and imaginary (b) parts of optical potential as function of radius.· ' 
Solid anddotted lines are total potentials for 11 Li and 9 Li, correspondingly. Dashed . 
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summation of the interactions b~tween of pair of nucleons in a continuum also a part. 
of break-up channels are included effectively b~t their contributions are hidden' in 
the full scattering serie~ and ca~not be' estimated separately. In.ref.[4] it w~s'found. 
that the 'appearance of a pr~ton halo in ~ B is strongly.depending on dyna~i~l
polarizations of RPA-type. A common feature of these ~ases is the important role 
of intermedi~te couplfngs ~oun?ound co~figuratioris. . ' 

j, 

4. ·summary 
,.· 

A . model fo~ elastic nucleon ;cattering on halo· nuclei wa;; presented. The spe
cific structure of dripline nuclei.- given. by a tightly bound core to' \\'hich loosely 
bound valence' particles are weakly coupled_:. justifies to.treat the core and valence 
projectile-:-target inter~ctions s-eparately. The interaction, with the core subsystem. 
was described 

1
by a· phenomenoh>gicaJ· optical potential taken from elas~ic proton 

scattering on a free 'nucleus~ The interaction of the incident nucleon with the halo 
particies W'!-S derived in a microscopic folding ~ode!. The weak binding of, the va-, 
lence particles should allow to use. the free space· NN t-:-matrix. ·An· approximate. 
treatment of corrections du~ to. the ,peculiar 'level structure· of dripline nuclei wa.S · 
proposed. The strong increase in the r~action cross section f~r 11 Li+ p was already 
obtained by using the free t:_matrix. The polarization pot'entials were found t~ te-

' duce refractive scattering b)rpeculiar ca11cellations. They generally te~td to inc~ease 
absorpti~n and thus r~duce the elastic cross section. More systematic investigations' 
a~e clearly necessary before finai concltisions can be drawn. • But the p~esent results 
indicate a strong e,vidence for the importance of polarization effect~ ill' drip line nuclei 
whi~h is in agreement with expectations. . . · . 1 ' . . · . 

This work were s~ppo(ted by the Heisenberg-La'ndau program and Russia1i Fond 
forFundame~·t~i lnv~stigations ( N°94 - 02 - 04619 :- ~ )~ · . · · '' ' • 
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Epiuos c:H., rapees «l>.A., JleHCKe x. 
Ynpyroe pacce~mwe ~ep c rano Ha npoToHax 

11ccne.D.yeTcg ynpyroe paccegHwe 11Li Ha npoTm 

. ))Li COCTOHT H~ KOpa 9Li H .!I.BYX CJJatlOC8}13aHH.biX I 
OT HeiiTpo~OB raJIO 8 OnTH4ecK_HH noTeHUHaJI OUeiUl 
'.!J.eJHf C HCn_OJJb30BaHHeM pacnpe.D.eJieHH}I WIOTHOCTH 
NN~s3aHMo.O:eiicTBH}I, onHCbiBaiOmero .D.aHHbie. no cs01 
paccegHHIO. PaJBHBaeTC~ HOBbiH fiO.!I.XO.!I., KOTOpbiH 
Ha B3aHMO.D.eHCTBHe B cpe.D.~ K CB060.D.HOMY t-Ml 
Tipw 3Hepnm npoTOHOB 60 M::~B MO.D.eJib Y.!I.ORileTBop 
MeHTaJlbHbie .D.HclJ¢epeHUHaJibHble Ce4eHH}I7 3a HCKJIK 
Bse.D.eHHe .D.OnOJJHHTeJibHoro nongpH3aUHmmoro no~ . . 

C 3KCnepHMeHTaJlbHblMH .D.a!'IHbiMH. 

' Pa6oTa BhmOJJHeHa s J1a6opaTopHH TeopeTH4ecKc 
sa 0115111. • ·.. · 

llpenpiiHT 06-be)lHHeH,HOIU HHCTHT)'Tli AAepHhiX KCCJ 

Ershov S.N., Gareev F.A., Lenske H. 
Elastic Scattering of H~lo Nuclei on Protons· 

The elastic· scattering ~f 11 Li + p is studied 

of ~ 9Li. core and two loosely bound valenc~ ne~ 
to the optical potential' is obtained by folding the d 

·particles with a NN t-matrix interaction desc-ribing fr 
A new approach is presented which allows to take in1 
to the free NN. t-matrix. At E = 60 'MeV the mo . p 

the experimental differential '.cross section except d 
of an ·additional polarization potential improves the 
data. · 

1., 

The · investigation has been performed at 
of Theoretical Physics, JINR. 
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