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Effects on p-'!Li elastic scattering of core recoil and virtual 21 halo breakup
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We have evaluated the differential cross section'fti scattering from protons at 800 MeV/nucleon using
the single-scattering approximation to Kerman-McManus-Thaler multiple-scattering expansion of the optical
potential, and also the multiple-scattering expansion of the Totaktrix. Using the same projectile density
distributions and nucleon-nucleon transition amplitudes as inputs, we show that the two scattering frameworks
produce significantly different elastic-scattering observables. We also show that the predictions from the two
approaches differ because of core recoil and virtual breakup of the valence halo neutrons, which tend to
produce opposite effects.
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[. INTRODUCTION not possible to extract in a clear way how the halo density
and cluster functions contribute to the scattering.
Traditionally, the scattering of a proton from a stable Recently, a multiple scattering expansion of the total tran-
nucleus has been reasonably well described by mean-fiekltion amplitude(MST) was developed15]. An advantage
(MF) optical-modelOM) microscopic theories, for example, of this approach is that reaction mechanism and structure
the multiple-scattering expansion of the optical potentialeffects are now clearly delineated. It was showlf] that
such as formulated by Kerman-McManus-ThaléMT) [1]  the relevant halo-structure information for the scattering is
or Watson[2], and the Glauber optical-model limj#,5]. associated with the halo densityngether withthe density
These formalisms rely on the validity of a mean-field de-distribution for the core center-of-mass motion due to core-
scription of the stable nuclei: all the nucleons are treated of€coil effects. However, these pieces of halo-structure infor-
an equal footing, and the nuclear structure information in thénation do not combine in a way that contributes to the scat-
optical-potential operator is derived entirely from the totalt€fing as a total matter density. Thus, a few-body treatment
matter density. Th&-matrix approacti3] starts with infinite of the reaction mechanism for halo-nuclei elastic scattering
nuclear matter and uses the local-density approximation tEecessarlly Incorporates structure .feat.ure's that go beyond
evaluate the optical potentials for finite nuclei, whereas in nowledge of the total-matter-density distribution alone. At

the other frameworks the finite aspects of the nuclei are takewtermedlate and high energies these effects were found to

. ) ) produce significant differences in the calculated elastic scat-
into account from the onset. Mean-field optical model calcu-tering [15]
lations have been performed within different scattering for- A full understandingf reaction theory at the intermedi-

malisms for .elastic scatteringl of protons fr_om heIiu_m iso- te and high-energy region has not, to date, been satisfacto-
topes[6-8] with good success in understanding experimental;, 4chieved. With respect to scattering involving stable nu-
cross sections, and from lithium isotopl@10] with some-  ¢ej within a nonrelativistic framework, thé-matrix method
what less success. is able to give a fairly good description of the elastic data
This range of success may be attributed to the fact that Wgile including Pauli blocking effects. An independent
know that there are some scattering observables for the elagnalysis within the KMT approadi 6] has shown, however,
tic scattering of halo nuclei that depend on properties beyonéhat these higher order Pauli blocking effects are very small,
that of the total density. For example, few-body structureand this apparent discrepancy has remained an open prob-
models of light halo nuclei have been develoddd] to  lem. With respect to scattering involving halo nuclei, the
properly take into account the few-body degrees of freedon@-matrix approach has proved to give a reasonable descrip-
of a system of loosely bound valence nucleons orbitingtion of the elastic data for proton scattering from halo nuclei
around a relatively tightly bound core, for example'fi. at intermediate energies. On the other hand, the single-
Then, on the reaction side, few-body Glauber and adiabatiscattering approximation of the KMT optical-model frame-
theorieg 12—14 have been applied to study the scattering ofwork described in a satisfactory way a “skin” nuclefisle
halo nuclei from stable nuclei, and significant differences in[6], but has failed to reproduce the case of proton scattering
elastic scattering systematically arise when compared witfrom *!Li [9] at similar energies. In parallel to this, few-body
optical model limits. However, with these formalisms it is theories have been developed on Glauli&,13 and other
[14] bases, and applied to study the scattering involving halo
nuclei in the high-energy regime. To help establish which
*Email address: raquel@wotan.ist.utl.pt scattering theory should be used in the case of halo nuclei,
"Email address: 1. Thompson@surrey.ac.uk our aim is to isolate some relevant physics that needs to be
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incorporated into the theory at the high-energy regime undescattering involves the halo wave function in two distinct
consideration. o ~ways: First, through the halo density, the probabifity(x)

To get insight into some of these theoretical issues, in th|%f finding a valence neutron at a distancérom the center
paper we compare the results of the KMT.MF optlcal mF’dEIOf mass of the halo nucleus and, second, through the density
and the MST few-body scattering formalisms in the hIgh'distribution for the motion of the core center-of-mass

energy regime, making use of tlsame halo structur@nd 5 Both of th density f . .
the samedynamical information. This comparison will pro- pem(X). Both of these density functions, in momentum

vide a framework to disentangle aspects of physics related {5Pace: are given in terms of the two-body halo density
the few-body dynamical treatment of halo nuclei, aspects

that will be probed when there are accurate data with small pz(ﬁl,ﬁz)zf dQ;dQ; ¢*,(0:.9Q,)

error bars. In our comparison, both formalisms will have as

structure input the density distributions for the core, the va- X ¢ (@1+51 (32+52) 1)
nn ) 1

lence nucleons, and the core center-of-mass motion. For sim-
plicity, we make use of a simple structure-cluster mgdel.
We have here in mind'Li, which will be assumed to be Y
described by a cluster of two loosely bound valence nucleons
orbiting around a °Li core. In addition, a realistic
N N-transition amplitude derived from the Paris interaction
[18,19 will also be used in both formalisms. For the purpose
of getting insight into the reaction mechanism this is a reay g
sonable approximation even if pion production is not taken
into account in the high-energy regimes. M
In Sec. Il we review the KMT and MST scattering for- A)= ( ﬁ&)
. . . . pc.m.( ) P2 01 ’ (3)
malisms. In Sec. Ill we describe the projectile structure M234
model. The results are presented in Sec. IV and discussed in
Sec. V. where Mo3=m,+mg,My3,=m,+mg+m,. Here, m, and
m; are the masses of the valence neutronsrapdhe mass
Il. THE MULTIPLE-SCATTERING EXPANSION of the core. In Eq(1) ¢,,(Q1,Q5) is the Fourier transform
For clarity, we briefly describe the few-body multiple of wave fun(iti(zn of.the%two-tzod)( valence system relative to
scattering expansion of the total transition amplitude and théhe corep (r,R), with R andr being the core+{n) andn-n
mean-field muItipIe-scattering expansion of the optical pO-separations, respective|y_ The departurepgtn.(&) from
tential as derived by KMT. Let us consider the scattering ofunity arises from core-recoil effects.
a proton from a nucleus of mass numberthat can be well
described agV" weakly bound subsystems, for exampfe.i
(°Li +2n valence neutrons Within the MST, the few-body
nature of the nucleus is incorporatel initio in the formal- The first-order term of the KMT optical potential for
ism. On the contrary, the mean-field KMT assumes that alhucleon scattering from a nucleus of mass nunfoir given
the nucleons can be treated on equal footing. It follows thaby the expressiofl,16]
there are two basic underlying differences between the two
formalisms.
(1) First, recoil is explicitly taken into account in MST U=—— ;2 (Do[ty;(w)| Do), )
and involves each of the subsystems of the nucleus. In the
mean-field KMT the change in momentum of the proton is . . .
shared by the nucleus as a whole. where th(_a index runs over all the r_1uc|eons in _the nucleus.
(2) Mean-field OM theories such as KMT assume smallf€re.®o is the nucleus wave function amﬂ(w). is theNN
contributions to the total transition amplitude from prc,paga_transmon operator _descrlblng the free'—scatterlng of the inci-
tion in intermediate excited states. For proton scattering fronfl€Nt(1) and struck(i) target nucleon with an energy param-
nuclei with inelastic thresholds close to the ground state, a§ter @. This transition amplitude satisfies the integral equa-
for example halo nuclei, this assumption is expected to pdon
inadequate. In the case of MST, ground-state and excited-
state contributions are implicitly included in a simple way. thi(w)=vy+v,9(0)th (), (5)
Given the same dynamical and structure information, the
difference between the calculated differential cross SeCtionﬁlherev .
can then be traced back to either of these effects. u

(&)= (m35 m45) @
PRASITP2 Mg " Migg

B. KMT

4 A+l

is the free-spachIN interaction. The intermediate-
state propagatog(w) is
A. The two-neutron halo-structure input

1
In both the mean-field KMT and the few-body MST re- J(w)=—F]——,
action mechanism frameworks, to a good approximation the o — Ky

(6)
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whereK; is the kinetic-energy operator for the relative mo- Tewr=A/(A—1)T(U), (14)
tion of the interactingNN pair. The energy parameter is

taken to bew=E/2. This assumes that medium effects aris-where T(U) is the transition operator generated from the
ing from Pauli blocking, and from distortions due to the optical potentiall given by Eqs(7) and(9).

struck nucleon binding potential, do not need to be taken into

account. These assumptions have been showfil6hand C. MST

[20], respectively, to be good for the case of nucleon scatter-

ing at intermediate energy. The total transition amplitud& for scattering of a proton

The matrix elements of the optical potential are developed™®™ @ system composed of a small numféof subsystems

in momentum spack9]. For p-°Li scattering, assuming that Ccan be writter(15]
the °Li neutrons and the protons have the same matter den-

sity distribution, T=2 tir+ > 117Ge > tyst---, (15)
A A J#+T
_ . 8 —
(K'|U%k)y= §pC(A)t1C(w,A,Q/2,¢), (7) where the protorf subsystem transition amplitude satisfies
with t17=v17+v17Golaz. (16)

_ 6_ 3 The propagatof, contains the kinetic-energy operators of
tlc(w,A,Q/2,¢>)=§t1n(w,A,Q/2,¢)+ §t1p(w,A,Q/2,¢), the proton andill the nuclear subsystems

® Go=(E"—K) ™~ (17)

where, assuming a spin-zero cotg,, t;, are the spin av- e jgnore the interaction between projectile subsystems in
eragedpn andpp amplitudes, respectively, and(A) isthe G (impulse approximation Here k; is the incident momen-
SLi matter-density distribution. Here\ =k’ —k is the mo-  tum andE the kinetic energyE =%2k?/2uy4 in the overall
mentum transferQ=(I2+ IZ’)/Z is the mean value of the center-of-mass frame, andy, is the proton-projectile re-
scattered-nucleon momenta, a#ds the angle between the duced mass.
vectorsQ andA. We note that in the MST expansion of the total transition
For p-11Li scattering, amplitude Eq(15) all states ground and excited states, are
included implicitly in the intermediate scattering propaga-
_ .10 . — tion.
(k'UHky= 17LPe(Mtic(0,A,Q/2,4) As follows from Egs.(15)—(17), in the MST expansion
the few-body dynamics are properly included, and excita-
+PU(A)t_1n(w,A,Q/2,¢)]- 9) tions of the nucleus that involve changes in the relative mo-
tion of the subsystems are explicitly taken into account. In
The densityp.(A) is the core density modulated by the den- the three-body problem gf-d scattering, for example, this

sity distribution of the core center-of-mass motign,(A), means keeping track of the relative motion of deuteron con-
stituents in the folding of th& N transition amplitude with

f)c(A) =pe(A)pem(A). (10 the deuteron ground-state wave function. The core scattering

term of Eq.(15), for another example, changes the momenta

In the limit of an isospin-independeN transition ampli-  of the core without changing the neutron states. This neces-
tude,t_ln :t_lp:t:NNv so forp-°Li scattering sari_ly introduces_ excited states i as intermedia_te_ states
during the reaction. If21] we calculate the explicit cross

. . 8 — sections to these excited breakup states, but here these are
<k’|Ug|k>:§Pc(A)tNN(w,A,Ql2.¢)- (11)  only virtual neutron-halo-breakup states during tblastic
scattering process.
In the case op-!Li scattering this limit gives The contribution to the single-scattering term from proton

scattering from one of the valence particles, for example par-
e 10 = ticle 2, is given by
(KUM= 7oA tan(@,4,Q12.¢),  (12)

(K@ [ty k@)= (Kr @nnlt1adKionn) = L1 @12,8) p, (A),

with p;,(A) being the total matter-density distribution for (18
llLi, )
with the energy parametes;,
P11(A) = pe(A)pem(B) +p,(A). (13

—El1- _M:Maq. (19)
The scattering observables fprLi and p-lLi scatterings @12~ M 1M p34]”
are readily evaluated in momentum space in terms oNtAe
transition amplitude which reduces tav;,=E/2 in the limit of m;>ms,m,.

044003-3



R. CRESPO AND I. J. THOMPSON PHYSICAL REVIEW 63 044003

The contribution to the single-scattering term from proton D. Reaction dynamics-structure interplay

scattering from the core is As shown in the previous section, the scattering essen-

tially involves the halo wave function in two distinct ways:

(ki ®[t1ki®) =(@cordt1d @14, 8)| @cord Pem(D), ,p  through the halo density,(A) of Eq.(2), and the density
(20 distribution for the motion of the core center of mass
and the energy parameter,, given by pem(A) of Eq. (3). _ o _ _

However, this structure information is combined with the
MM, dynamics of the scattering in a different way in the cases of
w1 =E[1- W} (21 the mean-field and few-body scattering formalism approach.
1ese In the first place, the difference between the two frameworks
In the limit of my;>1, w;,=E. arises even at the level of the first-order term of the few-body

The contribution of the valence-valence double-scatterindST expansion. Within KMT, and in the limit of an isospin-
term that probes correlation among the valence nucleons wagdependent transition amplitude, the structure information

found negligible[15]. The valence-core double-scattering appears through the total mattgnsitygiven by the sum of
term was found to be the valence density and a core density modulated by the

density distribution of the core center-of-mass motin,,
Eq.(12). In the MST, Eq(25), it is the proton-core transition
amplitude that is modulated in this way. This core-recoil
effect can only be neglected in the heavy core limit, when
pem=1. It was shown, however, ifil5] that neglecting
Pcore these core c.m. effects is a poor approximation in the case
considered here. Second, the center-of-mass corrections to
the second-order terms do not have in the MST formalism
the structure that would arise from iterating the single-
scattering approximation of the optical-model KMT theory.
where Even when neglecting the isospin independence of the
NN transition amplitude, the two formalisms can only be
made identical if the valence halo nucleons can be treated on
an equal footing to the nucleons in the core, and all nucleons
(23  assumed to follow the same fraction of the total density. The
explicit few-body treatment of the halo nucleus, taken into
In addition, we have shown iflL5] that, to a good approxi- account within the MST framework, incorporates new phys-
mation, the two-body halo density in ER2) can be re- ics: core recoil and 2 valence breakup. In our calculations,
placed by the halo-density distributi(m(&), we found that the isospin dependence of the transition am-
plitude is not too strong at this energy. It is the aim of this
work to clarify the role of valence and recoil contributions to
the scattering.

> -

= ~ ~ — - A M23
<qu)|t1261t14|kiq)>:fdqt12<w12,—M A+q
234

. my . -
X\ @cord ta1 w14,mA—q
mg . -

M 234A,q) , (22)

R m; -
XG1(d)p2 M_23q+

-1

- - 2
MK+ mMygk; -
,U«1(234)[ki2_(( 4Kt 23 |)+q tie

Gi(q)=2 2

M 234

o ~ aA o N M23 S o
<qu)|t12G1t14|kiCD>:J dqt12<w12,M—A+q
234

R my; . -
><< @cor4 t41( w14,M—A - Q>
234 Realistic structure models fofLi [10] and for i,
X G1(q)p,(Q). (24)  Within a coret2n valence descriptiofiL1] have been used in
describing proton-lithium scatterinfp,10]. Since our aim
Collecting results, to second order in the multiple-scatteringhere is to compare the MF optical-model KMT and few-body

IIl. STRUCTURE MODELS
Pcore

expansion, MST scattering framework within a consistent structure and
. R R . R R with the sameN N dynamical information, we are not aiming
T=t1w12,4)p,(A) +{@cordt14 @14,A)| @cord Pem(A) for a detailed comparison with experimental data. So, we
shall use simplified structure models, for bdth.i and °Li
>3 Mas >~ - nuclei.
+ dqt12 wlz,_A+q
M 234

A. °Li structure model

R mg . - - -
x < %‘”4 t‘”( w14,M234A q) qDC‘”E’> Ga(@)py(a), In describing the’Li ground state we consider a structure
(25) model of a Gaussian distribution with a rangg chosen to
reproduce the rms radius 8t.i,

which shows that the relevant halo structure is contained

_ _2x2
solely in the density distributions, and p. . The elastic- pc(A)=9 exd — acA</4). (26)
scattering observables can then be derived to a good approxi-

mation from Eq.(25). For (r?)§?=2.32 fm, thena,=1.89 fm.

044003-4



EFFECTS ONp-!Li ELASTIC SCATTERING CF ... PHYSICAL REVIEW C 63 044003

B. The Li binary cluster-structure model 10*

We consider the!'Li ground state to be described by a
simple structure moddl17] of finite-sized core and 2 va-
lence clusters. Following the work ¢17], the internal den-
sities of the core, and of the 2 valence paip, are written
as single Gaussian functions. In momentum space we repre-
sent the Gaussian function with a range paramegtas

9®(y,A)= exp(—A2y%4), (r)=3422. (27)

do/dQ(mbrsr)

The relative-motion wave function of the two clusters, va-
lence and core, is taken as & 0@scillator state of range
parametera related with the mean-cluster separation by
(r?y=3a?/2. The total density of the composite nucleus, in 107 5 50 o0 1eo 20 250
the present casélLi, is then given by p,(A)=p(A) 8(degrees)

+p,(A), where the halo-valence-cluster density is

FIG. 1. Calculated differential cross sections fetlLi scatter-

_ 3) 2
PU(A)—AUQ( )(av A), (28) ing at 800 MeV/nucleon. The dashed line includes the single-
. o scattering contribution to MST and the solid line includes the
and the modulated core-density distribution double-scattering corrections. The diamonds represent the KMT re-
pe(8)=Ag®(ac,A). (29  sults.

The range parameters, Coulomb interaction, as this only affects the elastic cross
~o 2 Aca ~o 2 v 2 sections at very forward angles. The first- and second-order
=yt A T act | A (30 terms of the MST were evaluated usingN&-transition am-

v+ C v+ C

plitude at the appropriate fixed-energy parameter with finite
are related to the mean-squared radius of the composit@ass effects properly taken into account. The transition am-

nucleus(r?) through plitude for proton scattering fromLi was generated by the
N ~ ~ optical potential calculated in the single-scattering approxi-
(r)=@2(A,a,+ Acap). (32) mation[Egs. (7) and (14)]. In the evaluation of the second-

According to this cluster model, the density distribution for order'terms n Eq(25), th.e propagator; were evaluateq using
the eikonal approximation and for simplicity the principal

the motion of the core. ,(A) is given by value term was neglected.

Pem(BD)=9® (ae,A)Ig®) (ag,A). (32 The calculated differential cross sections fpriLi
nuclear scattering at 800 MeV/nucleon using the KMT and
We fix the radius and thus the rangg of the core. We also  MST formalisms are presented in Fig. 1. The dashed line
fix the radius of the halo nucleygq. (31)]. For a given uses the single-scattering term of the MST only, and the
cluster separatiom, we obtain from Eqgs(30) and(31) the  solid line includes the double-scattering contributions. The
ranges of the valence-density distributign,(A), and the KMT results, represented by the diamonds, are significantly
modulated core-density distributiq}b(A)_ This enables us different from the MST predictions and show that, while the
to construct the totdlEq. (13)] and density distribution for  structure input is the same, there is a different interplay be-
the core center of masg. (A) [Eq. (32)]. The effect of tween the structure and reaction formalism at medium and
including the density distribution for the core center-of-masdarge angles. The double-scattering contribution to the scat-
motion on the calculated observables can be studied by sulering is only important for large momentum transfers, and it
stituting the momentum distribution given by E2) by its ~ needs to be taken into account to have a full understanding of
zero range limit, that is by taking. ,(A)=1 in the KMT  the scattering at these momentum transfers.
[Eq. (10)], or in the MST frameworKEq. (25)]. In the limit As we have shown in Sec. I, the two scattering frame-
of =0, then necessarily. ,(A)=1. To reproduce reason- Works handle in different ways recoil and the contributions
ably the realistic few-body wave functions [df2] we chose from intermediate scattering. To disentangle the contribu-
the parameterr=4.57 fm. tions of the scattering from the valence nucleons and core
recoil in both formalisms, we next compare the predictions
to the elastic-scattering observables from the KMT and the
single-scattering approximation to the MST, when just one
The differential elastic-scattering cross section was evaluer the other of these contributions is taken into account.
ated making use of the two reaction-scattering frameworks, In Fig. 2 the differential cross section was evaluated ne-
MST and KMT. For simplicity, only the central parts of the glecting the contribution of the valence halo neutrons to the
transition amplitudes were considered, and these were aseattering and taking.,=1 in Egs.(10) and (25). The
sumed to be local18]. The NN transition amplitude was diamonds represent the KMT predictions. The dashed line
derived from the Paris potentifl8,19. We also neglect the represents the prediction of MST when only the single-

IV. RESULTS
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0(degrees) o(degrees)
FIG. 2. Calculated differential cross sections fol'Li scatter- FIG. 4. Calculated differential cross sections fsl'Li scatter-

ing at 800 MeV/nucleon using the KM{diamond$ and single- ing at 800 MeV/nucleon using the KM{diamond$ and single-
scattering MST(dashed curvewith p.,=1 and no valence nucle- scattering MST(dashed curjewith no valence nucleons but in-
ons. The circles represent the predictions of KMT when the massluding core recoil.
factors, in the total transition amplitude and in the optical potential,
are taken o unity. scattering, as shown in Fig. 4, the predictions of the different
formalisms are significantly different due to core recoll,
scattering terms are included. The circles show that takingvhich is not properly taken into account in a mean-field
the KMT mass factor in Eqs(9) and (14) to unity has a optical-model theory such as KMT.
negligible effect on the calculated differential cross section. To disentangle the contribution of core recoil and the va-
The difference between the predictions of two formalismslence nucleons to the scattering in the case of the mean-field
are very small in this case and arise because a given momeRMT and few-body MST, we evaluate the differential cross
tum transfer corresponds to different scattering angles fogection setting to zero the mean-cluster separatienQ. In
different mass targets. this case, the momentum-space-density distribution for the
Figure 3 shows the elastic-scattering observable evaluata@lotion of the core becomes unity, ,(A)=1. Reference
with p.m=1 but including the contribution of the valence [17] shows that in this case the predictions of the few-body
nucleons to the scattering. In this case the difference betweaBlauber formalism are identical to the optical model limit.
the results from KMT(diamond$ and the single-scattering Figure 5 shows that the KMT results represented by the dia-
approximation of the MST approadilashed lingis rela-  monds approximate, as expected, the single-scattering ap-
tively small. proximation of the MST(dashed curve However, the inclu-
On the other hand, if we do not take ,, equal to one but sion of the double-scattering contributiofs®lid line) makes
still neglect the contribution of the valence nucleons to the

10*
10*
10° 1
103 Q_;C.\ J
. 10°
-
2 9
10° \‘ E = .
= ~ s 10
s 10} e y £
£ ¢ g 0
a * ? 10
g 10 | R ] 3
8 \t\o‘ 107 |
107 *’\‘0—
\\ R d -2
~ 10 E 4
107 | 1
107° . : : :
10° . . ) ) 0.0 5.0 10.0 15.0 20.0 25.0
0.0 5.0 10.0 15.0 20.0 25.0 o(degrees)
o(degrees)

FIG. 5. Calculated differential cross sections fot'Li scatter-

FIG. 3. Calculated differential cross sections fol'Li scatter-  ing at 800 MeV/nucleon taking=0. The dashed line includes the
ing at 800 MeV/nucleon using the KM{diamond$ and single-  single-scattering contribution to MST and the solid line includes the
scattering MST(dashed curvewith p. ,=1 and with valence neu- double-scattering corrections. The diamonds represent the KMT re-

trons. sults.
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lated few-body result but deviates from the double-scattering
contribution. In other words, core recoil andn2halo virtual
breakup induce opposite effects onto the differential cross
section, and both need to be properly taken into account in
order to extract reliable information.

V. CONCLUSIONS

We have explored the effects on the reaction observables
of the few-body nature of loosely bound light nuclei such as

do/dQ(mb/sr)

w3 ltee, H i, assumed to be well described by two loosely bound
KK K% i Op i
102 IT*3 valence nucleons orbiting aroundai core.
TN We have evaluated the differential cross section ftsi
107 . . , , scattering from protons at 800 MeV/nucleon using two dis-
0.0 5.0 10.0 15.0 20.0 25.0 tinct reaction mechanisms: a mean-field multiple-scattering
8(degrees) expansion of the optical potential as derived by KMT, and a

FIG. 6. Calculated differential cross sections fotlLi scatter- few-bpdy multiple-scattering expansion of_t_he total transition
ing at 800 MeV/nucleon using the KMT represented by the dia—"’“m:)mUde to _second order on the transition amplitude fpr
monds. The stars were obtained from increasing the rms radius (Broton scatte_rlrjg from eaCh, subsystem. The MST expansion
SLi and Li. The dashed line includes the single-scattering contri-mCIFJdes explicitly core reco_ll, and _ground s_tate as We"_ as all
bution to MST and the solid line includes the double-scatteringEXCited-state contributions in the intermediate scattering for
the total transition amplitude. In this case, the contribution
from the intermediate states where the valence nucleons’
breakup into the continuum are automatically taken into ac-
count. The contribution from these excited states to the scat-
ering is assumed to be small with the mean-field KMT

corrections corresponding to the smaller radii case.

the predictions from the two formalisms differ even when we
take a=0. This is because the two theories differ not only
due to the treatment of recoil, but also because the doubl
scattering contribution of the transition amplitudes includes,ramework' . .

within MST, both ground-state and excited-state contribu- The cglculatlons were performe_q using the sdite dy-
tions. For nuclei such a¥'Li with inelastic-scattering thresh- namical input and the same densities, namely the halo den-

olds close to the ground state, these are expected to be i ity and core center-of-mass mption density distribqtion;.
portant. The coupling of the elastic with thenZhalo virtual e have shown that the mean-field KMT produces signifi-

breakup appears to be important in this case cantly different results from the few-body MST. Within the

To illustrate in which way a variation of the rms radius of few-body frameworkboth (i) core recoil andii) contribu-

the nucleus modifies the differential cross section, we comt©ns due to 2a halo virtual breakup are taken into account,

pare in Fig. 6 the KMT results when both the rms radius fora”d these effects were found to produce significant effects in
the °Li core (r?sy; and ULi (r2)uy;, are increased from the calculated elastic-scattering data fiet'Li at 800 MeV.

2.39 and 3.39, respective{giamonds, to 2.8 fm and 3.4 fm
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