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ABSTRACT.

The eﬂ'ecf.we long ra.nge R"Z""‘ iﬁtefé.étidﬁ-bétween i and the two -neutrons

.—ta.ken here responslble for the loosely bound UL nucleus. A large

fnumber of these loosely bmmd Rydberg sta.tea 13 expected to-be generated Similarities to '

_ Eﬁmmr Sta.t% are pomted out.
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Recently, - several - experimental groups have investigated and measured the
interaction: cross—section of secondary radioactive. beams such as. H'Li - and - “Be!). ap
E‘.x 0.8 Gel_f/A. . _Among_-.the--severa[-_-[ea,tdres of the. experimental: data.a: particularly
interesting one is related: to the momentum distribution of °Li- fragments originating: from..
the’ reaction- - MLi + target.— °Li 4 X. These fragments origin_dtes from. peripheral

reactions and. give information about the.nuclear matter distribution. n__ea_J;_'_ the: surface of

M

The: perpendmula.r mamentum dasbnbut;oll of the. OLi : fragments shows a
"two—peak" structu.tez) with & narrow peak of a. w1dth A' o 2{} MeV/c sntt]ng on t.op of &
wide peak:| of a. width-of A =95 MeV/ c 3) Whereas. the Wlder momentum mstrlbutlon can
be well -accounted. for .by . the: Goldhaber model‘”, the narrow momentum distribution
requires. the existénce. of a neutron (2n) halo a.bOut af: 9L; core. The ra.dlus of thns ha.lo is
~ 6.5 fm, much larger than. the: radms of *Li (~2.5 fm} Related to. the: above ig the fa.ct
that the separation energy of the "halo” neutrons is Sy, 202 MeV, wlnle- that_ of only_. one
neutron from. the halo is | Sl MeV. - This impli_es'. a. pairing 'energy. o_f the di]_leutron
systemofa.bautOSMeV o IR L L :

. It is:obvious from: the above facts t.ha.t subtle three—body dyna,xmcs is. mvolved in

generating, the halo: structure of 1Li-. In particular, we remind the. reader tha.t . bound

An’ system in free space does. pot exlst & bound 9Li+n system does not exiat;, a.nd yet the

9L1+2n syst.em 15 bound, albeit shghtly Mlgda.l 5) ba.ck in 1973 a.dd:essed a questlon
related to the above, [t ig of unportance to: reexalmne the a,bove, a.nd eventually to

understand the mechamsm that. generates the. effectlve b;ndmg of t.he ha.lo dmeutron

system in MLi. Thisis the purpose of the present. paper

Let.us for the moment, take- 9L: .o be structureless and COI]S]dEI‘ all the three.._

pa,rtlcles, 9L1 , and a.t0 be bosons The Ha.mlltoman that descrlbes 1‘Ll then xs gnven




where: U g . i the mean field felt by neutron. n; and- Vv i8 the an' interaction {we

are: ca.lhng the"two‘ halo neutrons by o and: n'}. The background Hamiltonian H-

descnbes the mtrmsm structure ‘of the thies. parncim_ In what folIows, we use arguments

given by Landaiy and Lifshitz®) and: Eﬁmov” &8

If the nn system forms & quam—bound state, then the wave; functlon of the bo:md‘ :

Li+2n- system is. given: by

¢11L1(9L1+2n) e zp(R) J_T; S - @

wheze R is the dlstance between the core a.ud the center of mass: of the ditieutron a.ncl T is
the relative: coordma.te of the on syst.em @ 1s,_re1ated_ to: the-binding: energy (almost
-zero'} of the 211 system. : ' SASS o

The effectwe Schrodmger equation of (p(R) 13 then gtven by
: _{‘-"m[’._f.‘-*'f_'].*“n-a -]} -

3)

a [UA (ife+ %ﬂ* Ux [*R‘%']] -

s (5)

Equation (5) was obtained by 'takihg the limit %» 1 and keeping the lo&e’st—efdér ‘term.
No restriction on the value of & was assumed. Tn the Iimit, @- 0, however, a different

effective interaction is obtained, -

;ffcm - f dar[U“m*U A1

T (6) .
The radial Schrdinger equation for (R) then takes the form
LU 2R - (R (7
[ gz ] R R
where ¢ is the binding energy. of the 2n —9Li system, which we drop:
With Eq. (_6),_ the effective potential, Uef{(R),' becomes
UgR) 2L | ‘lageemough R L T g)
T oy T nAN AV ' o

a2 ¥

The solution to Eq. (7Y is given in Landau and Lifshitz and we give heré the: results. I
A > Z » the potential Uy produces an mﬁmte number of bound sta.tes condensed at-zero-

energy This condition: on the value of A supphes s with: t.he minimuimn- vaiue of the . -

energy of thie dinevtron

R2ALea (e )]

- . - o 0

my 245U A(r)m .A(r)]
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Using (10) we. can estimate the value of the binding energy of the dineutron in the MLi
nucleus: ' We:take: for- U, ¥Upp , with Up=350MeV and p, = g, ¥ 0.1 fm’ % as given
by the: Ha.rtree—Fock calcula,tmn of Bertsch et;al, 8) With these numbers-we obtain

gy = LdkeV ) R

=0
= 1il.0keV ~ =1 {11)
= 9 '

= 800.0keV - - £

Note- that:the-.;)rbitéf angular: moinéntum refer:to-that of the Rydberg, SLi+2n states. We
rem.md the reader that the experimental value of two—neutron pairing energy is about
870 keV. ' ' '

To recapltula.te, v;e see-from-the above: d13cuss1on that just-a: slight cha.nge in the

' .bmdmg energy of t.he dineutron is enough to produce these Rydberg states.in "Li .

It would a.lso seem: possible that other Rydberg states with lower binding energiesr
would’ appea,r im: the UL nucIeus due the long—mnge nature of the effective potentxa[ _

Fma[!y one: wonders how does. the dineutron acquires binding. This can- presumable
be: related to the mod.!f' cation; of the N—N potential, at the surface of the nucleus and slight

mcrease in: the N——N mteractlou in the:- smg[et state can provide the bmdmg to . the

dmeutron a.nd gwes origin: to: the Rydberg states of exotic nuc[e1
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