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ABSTRACT

. A bybrid RPA-cluster model. is developed and applied to
the . caiculation  of.. the dipele . response -of ‘“Li.. . A. strong
collective state at 1.81 MeV ls found. Its width is predicted to
be & 4.0 MeV. The electromagnetic excitation cross section was
found to be 700 mb for ‘Li+*“Rb (E = 800 MeV/n),” close to the

experimental result.
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It is well known that in nucle® with excess neutrons, .low
excited dipole states might -decouple from the giant dipole.state
while ma.lhta.ining their. appreciable transition s_tr'eng:hs"". This
implies a larger electromagnetic dissociation. than in normel stable
nuclel. -Recently;  light. neutron-rich nuclei with-N/Z. 2z 2.5 have:
been' produced as secaondary bea::_ls and thelr . ilnteractions with
several targets have been measured at several- _eneng‘iesz":-’_?'_“. The:
measured Iinteraction cross section has been reasonably - accounted
for using Glauber -theory-  with a 1'.p14:>2 interaction potential
constructed: from conventional Hartree-Fock densitles and. from
nucleon-nucleon :  scattering abservables . The electromzgnetic
disscciation cross section of, say,. IlLi has been ;unciex.‘ intensive
theoretical scrutiny® .

A possible model that could account far the measurement:

is the excitation of a.soft.giant dipole. resonance. {SGR) at: very

law excitation ener‘gles (= 0.5 MeV}) followed by lts decay iInto
L1+2n ‘Whereas cluster models that mocks " un the SGR can account:
for the data, conventicnal RPA calculacion. produces. . very  little
strength at the required. energles,. tnless a rather unrealistic.
value of‘ the binding energy of the. P pu corbit (%.0.2 MeVl is
used The experimentally known va.lue of the: one-neutron

separation energy ls about 1 MeV and for such a value .of ep_ . too
. 12
small a cross-section Is obtained (= 0.25 b vs the experimental

value of 0.9 ). It is worthwhile here te mention that the
separation energy of the 2n-cluster in - Ll s about 0.2 MeV. Thus

the modified RPA caiculation of‘ reference 9 with € =0.2 MeV,
mocks-up the pair‘mg 1nter'a.ction betweer t.he valence néfftrons by a
rather subtle cor‘rectlon to the mean fleldlm o

A more natural treatment, within RPA, is to enla.rge: thé
p-h configuration space Lo accomodate the dineutron~dineutron hele
excitations. Thus one ends up treating My as composed of three
species of particles: protons,  neutrons apnd dineutrons (the
dineutron is treated as structureless). ’ -

The purpose of this letter is teo develop the above hybrid




RPA-cluster ' nodsl - for !

L1 'in ‘order  te verify ‘the: possible
enhancement of the low-lying dipole strength.

We cﬁoose the Woeds-Saxen potential of Bertsch rand
Foxwellgj with parameters that result in a P,,, SDergy of 1.0 MeV.
The continuum RPA calculation is done using the complex energy

method‘“ 223,13}

excepl  for the inclusion of .2n-2n hole
excitations. The dineutron potentlal 15 chosen such as to produce
the ceorrect dineutron separation energy of ¢ = 0.2 MeV. This is
done easily by taking a usual shell-model Woods-Sexen interaction
with an effective nucleon mass of 2Mr' The slngle particle
conflgurations lncluded in the c¢alculation are shown in table I
with the corresponding energies.

The RPA calculation was then done taking for the residual
interaction a Landau-Mlgdal one (with g=g'=0 and f'°=1.5), with
R =3.18 fm and C=447 MeV fm°. The B{El) strength. ls found
distributed over excitation energy as shown in Flgure I. Besldes
the usual GDR at £ » 16 MeV, not shown ln the figure, we find a
strongly collective state, the “"soft"” GDR, at E = 1.81 MeV. Since
the width of the 2p1/2 dineutron single particle state 1s found to
be about 4 MeV, we conjecture that our soft GDR has a similar
width. The B(El} value of the soft mode is found to be 2.38 fme”
which corresponds to » 854 of the dipole clusier sum rule™ and 8%
of the usual TER sum rule. Our findings concerning the soft GDR
are in complete accord with the results obtained by. Sagawa and
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using the sum rule approach.

The cross sections for Coulomb excitatibn‘ of electiric
dipole states in the projJectlle nucleus (which is by far the
dominant excitation mode in highly energetic Coulomb collisions} is

given b:,rlal

o = [ nlw o (0} de ' ' (1)
& El ;)— .

In this expression

(21

where KQ{K1) is. the modified -Bessel function:of --zereth  (first)
arder, as functlons of.-: .~ :

Wbo oo R R I A v E :
S S e )
with bo = RT+R“ , equal to the sum of the Ear‘gct. RT. and

Ll .
projectite, I-'ln ., radil. We use RT = 1.2 A;m fm and Ru =5 I'm.
L Lt
In terms of the electric. dipole reduced. mairix eiements B{El; w) of

the exclted nucleus:for the:excitatlon energy hw, we.can write

3
_ 16n" w dB(El;uw} C
T (O T o S TR ' (43

The dB/d(hw) values were calculated in the RPA method as described
above. .

Far @ % 1, whiéh'ls the cdse for the mostirelevan: part
(hw < 40 MeV) of the RPA- response” functich (see figire 1)-éne can

use

CLBaR e e aasl2 . R -
=TT
For states with energy hw = 1 MeV one finds that the above expres-
sion, Eq. 5, results in the value 2.95 fcor i+ collislons.
However, for hw = 20 MeV one obtains the value 0.32. ~ Thelt i,
B{El, w)=- values with low energy (=_'1 Me¥] are welighted 'b_y a f"a.ct_qz-
9 times larger In ‘the Integral (1) than sﬁéﬁte_s 'i;ri-th"lar'g.e enei‘gieé'
{# 20 MeV). In conclusion, a smali enhancement of the B(EL;wi- -
vajues at low energles may Increase the <cross section (17
considerably. Inserting (4) and (5} in (1) we get, with E = hw




ITJ

3z [ [4B/eE _ - _
@ & 1.3x107 ‘zrf - T * LidE (fm] {6)
s L e L n . .
which is a good approximation to determine the Coulomb excitation
cross sections of 'Lt projectiles. incident. with 800 MeV/nucleon on
a target (Z_r, AT).

For Cu-and Pb targets, with the RPA-response -calculated

above, we abtain
11
v = 130 mb Li+Cu
11
o = BBZ mb “"Li+Pb

These values of o, are to be compared to the
experlmentally extracted values of o= 210 * 40 mb and ¢ = 830
+ 100 mb respectivelly.

The cross-section for 1'II.'.1+1='b_ given above 1s almost
identical to the value obtalned by Bertsch and Foxwellm using a
different model. The contribution to the cross section of the
excitations at E > 10 MeV is about 65 mb. We also find a strong
linear dependence of e _on the width of the rescnance. Allowing a
variation of [T, we obtain for "‘Li+Pb v = u': {1+ 0.84 I'"] where
o*: is the cross-section with ['" = 0

It is Interesting to mention at this point that a pure
cluster model, does generale a large dipole strength at low
e:&citaelon energies. In fact, the expression for dB/dE one obtains
in this case is given bya} h

dE 2
&

2 Z m Z '3
dB _ _3n° [ ] Ve (E'*’) ® trnfeimev] ()
i 'ubx

which, for the ‘L1 nucleus, with g, the separation energy of the
v,
dineutron, equal to 0.2 MeV, peaks at E = 0.32¥aRd has a peak valus

of 1.558 e°rm?, The dashed-dotted curve in Figure 1 corresponds to
Equatien (7). With the above distribution the cross sectian comes
out close to cur cluster-RPA calculation if I' i{s taken to be 5 MeV.

Finally, it is worthuhile to  mention that. the
experimental data. for the electromagnetir- dissociation of
800 MeV/nucleon 1t Li proJectiles on Pb are 1.72 = O.Bé & for the
total cross Coulomb scction and 0.89 + 0.1 b fo'r- the én—removal
channe1®’. It is by no means clear to which extent the RPA
response functlon includes other c';eca.,y, channels beside the
two-neutron emission. This fa.ct-actua.lly may set an additicpal
difficulty 1in relating the Couiomb excltation. cross sectlon
obtained with the RPA approach and the experiment'al two-neutron

removal cross sections.
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FISURE CABTIGNS -

TABLE CAPTIONS 156gt E = 0.32 Mev

TABLE I: The parameters qf the Woods-Saxon well used in the 10
calculation. :

3 r} =V Mri+ leV £ (p)
n,p nsp ! is

f(r) = 1/{1 + exp {{r -~ R)/al}

DIPGLE STRENGTH (e? fm?/#ev)

PROTONS-NEUTRONS DINEUTRON
V. = -40.99 MV V = -8.61 MeV

Fi3 an
V = -59,82 MeV . )

d I A T
Vh = =15.5 MeV. fm e g.Q 0.010 z ry 3 5 ?0
a = 0.85 fm a = 0.65 fm B {MoV)
R=272fmn R=6.2 fm

Figure I: Calculated dipole strength distributlon !n the Z <10 Mev

reglon, Solld curve corresponds to the clusLer RPA whlle

’ ) ' the dashed one represents the pure ciusier model
TABLE II[r Calculated single-particie energies ([MeV] and widths : .
[Me¥] for neutrons, protons and dineutron, using the code (Equation 7). See text for details,

TABOG" (A.F.R. de Toledo Piza, University of Sio Paule,
Internal Report,. unpublished)

ORBIT . CNEVFRON' - - . PROTON DINEUTRON
s, , ST -30.5
i, . -5.15: -14.55
., - -0.98 ' -6.95
4, 1.83 - 10.17 . -0.3
2s . 6.1 - 16.5 -0.14 -0.20
u,, 18.8 - 16.0 10.05-12.7
2, , : - 20-iz0
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