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Coupled channel analysis of neutron transfer in *’Li induced reactions
around the Coulomb barrier”
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Abstract: The coupled reaction channel approach has proven to be quite effective in explaining the mechanism of
nucleon transfer in heavy-ion reactions. Nevertheless, significant ambiguities remain regarding the selection of po-
tential parameters and the states of the nuclei that should be coupled together for a specific reaction channel. We
have analyzed the excitation functions for one- and two-neutron transfer in %7 Li-induced reactions on various tar-
gets using the coupled reaction channel formalism. Spectroscopic amplitudes are taken from existing literature and
shell model calculations. The one-neutron transfer cross sections from ®Li+?3Nb and 7 Li+!'!In reactions are reas-
onably well reproduced by coupled reaction channel calculations. A reasonable match for the measured cross sec-
tions has also been obtained for the two-neutron transfer in 7 Li+18! Ta'reaction by employing the extreme cluster

model.
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I. INTRODUCTION

The atomic nucleus is a complex many-body system.
Understanding the internal degrees of freedom is essen-
tial for comprehending nuclear structure characteristics
such as single-particle and collective states, clustering,
and pairing correlations [1]. The information about the in-
ternal degrees of freedom is obtained from direct nuclear
reactions, such as elastic scattering, inelastic scattering,
and nucleon transfer, which are necessary to understand
the stability of nuclei. Transfer reactions are also an ef-
fective method for producing neutron-rich nuclei [2, 3].
Further, the availability of radioactive beams has enabled
us to investigate direct nuclear reactions in regions far
from stability [4, 5].

Over the past decades, transfer reactions have been
extensively studied. Single nucleon transfer provides in-
sights into the shell structure, while two nucleon transfer
reactions are particularly useful for exploring pairing cor-
relations [6, 7]. The optical potential and spectroscopic
factors are essential parameters for calculating transfer
cross sections. Stripping reactions like (d,p) [8, 9] and
(t,d) [10] are extensively used in nuclear structure stud-
ies to investigate the spectroscopic factor. °Li and 7Li are
commonly recognized as weakly bound nuclei having
cluster structure, such as d+a and ¢+ «. Thus, a similar
reaction mechanism can be expected for (°Li, 3Li) and

Received 8 November 2024; Accepted 2 December 2024

(d, p) reactions, as well as ("Li, °Li) and (¢,d) reactions,
assuming that the o particle does not participate in the
neutron transfer process. Consequently, the same struc-
tural information can be obtained using (°Li, °Li) and
("Li, °Li) reactions. Spectroscopic factors were tradition-
ally determined by comparing calculated and measured
transfer reaction cross sections. However, this experi-
mental approach can introduce ambiguities due to the
chosen optical potentials and coupling scheme used in the
calculations. With the remarkable increase in computing
power, detailed nuclear structure calculations, such as
large-scale shell-model computations, are being used to
determine spectroscopic factors. Moreover, significant
progress has been made in reaction theory. The distortion
of the incoming and outgoing scattering waves is now ef-
fectively managed by using double-folding optical poten-
tials (OP), such as the Sdo Paulo potential (SPP) in the
transfer reactions [11, 12].

Since direct transfer and breakup do not require tun-
neling through the barrier, their excitation functions do
not decrease as rapidly as the fusion excitation function at
sub-barrier energies. Consequently, the cross sections for
these processes may be larger than the fusion cross sec-
tions. In the ®7Li+!®®Pt systems, measurements have
shown that the direct reaction cross section is signific-
antly larger than the fusion cross section at sub-barrier
energies for °Li+'*®Pt [13]. For "Li+'%Pt, it was found
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that both one- and two-neutron stripping and one-neutron
pickup reactions play significant roles [14]. Similarly,
large transfer cross sections have been observed in
S7Li+"7Au and °Li+'® Ta reactions [15, 16]. The de-
rived excitation function drops less steeply compared to
the complete fusion excitation function at low energy in
one-neutron stripping reactions of °Li+%Zr. Experiment-
al findings involving neutron-halo nuclei such as ®*He
[17—19] indicate that one- and two-neutron transfer chan-
nels are the predominant non-elastic processes below the
Coulomb barrier and remain significant at energies above
the barrier.

However, the mechanism behind the transfer of nuc-
leons between a projectile and a target still has multiple
aspects to be understood. It becomes more complicated
due to the processes such as sequential transfers and in-
elastic excitations that can occur before or after the trans-
fer, alongside the typically dominant direct cluster trans-
fer. With more nucleons involved, possible interactions
escalate, further complicating the understanding of the re-
action mechanism. In the literature, it is commonly ob-
served in %Li-induced reactions that the measured ex-
cess cross sections in pxn- or axn-channels compared to
the theoretical predictions are primarily attributed to ‘in-
complete fusion (ICF), with direct transfer often being
overlooked [20—24]. Besides the breakup process, which
is associated with the low binding energies of a particles,
the significance of neutron transfer has been highlighted
due to its substantial contribution to.the production of in-
clusive a cross sections [25, 26]. Although numerous
studies have concentrated on the breakup process, the role
of neutron transfer still needs to be explored. Measure-
ments of neutron transfer cross sections using weakly
bound projectiles are limited, and available data are
sparse [26—32].

In this study, we have investigated one-neutron trans-
fer in the °Li+**Nb and "Li+'"In systems, as well as
two-neutron transfer in the 7Li+'"¥!Ta system, utilizing
the coupled reaction channel (CRC) formalism. We have
analyzed the impact of coupling between various reac-
tion channels and studied the relative contributions from
the transfer path to understand the reaction mechanism.
The article is organized as follows: The explanation of
formalism, shell model, and CRC calculations are out-
lined in Sect. II. Section I D presents a discussion, and
our work is summarized and concluded in Sect. IIL.

II. THEORETICAL ANALYSIS AND DISCUSSION

A. Brief description of the formalism

The theoretical formalism for one-neutron transfer is
discussed in this section. The formalism for two-neutron
transfer is similar to that of one-neutron transfer, with a
distinction that the pair of neutrons behave like a single

quasi-particle and the transition potential is assumed to
act on the relative motion between the correlated neutron
pair and the core.

For one-neutron transfer in the reaction
(a+A — b+ B), the wave functions of the entrance and
exit channels can be represented as W¥,(R,{,¢;) and
Ws(R', ¢, ¢1). Here, R and R’ denote the center of mass co-
ordinates between the projectile and the target in the en-
trance and exit channels. The intrinsic coordinates of a
and b are denoted by ¢; and ¢;, while those of 4 and B are
represented by ¢; and ;, respectively. Consequently, the
transfer matrix elements, which are used to calculate the
coupling terms that arise from the transfer of particles,
can be expressed as follows:

Tu,B = <\Pﬁ| Wa |\Pa> . (1)

Here, |¥,) = Zij |¢a;¢A,X¢y> and <\{‘ﬁ| = Zk/ <¢bk¢31)(/3| :
The symbol ¢ represents the intrinsic wave functions of
the nuclei, while y, and y; denote the relative motion
wave functions in entrance and exit channels. a;,A;,by,
and B, are all the quantum numbers required to specify
the state of the a, 4, b, and B nuclei.

The residual interaction, in the prior form, is given by
W, =U.(R.)+v(r')-U(R). Here, U.R.), where R. de-
notes the distance between centers of nuclei, represents
the core-core potential. The optical potential U(R) is used
to generate the corresponding distorted waves. Both
U.(R.) and U(R) are complex potentials defined to de-
scribe the scattering between core nuclei and between the
projectile and target in the entrance channel. The term
U.(R.)—U(R) is called the residual remnant potential.
v(#') is the real potential that binds the valence nucleon to
the core.

In this work, we have used Sao Paulo potential (SPP)
as the optical potential, which is derived from a double-
folding form

Vr(R) = /Pl(rl)VNN(R =11 +12)p2(r2)drdr. 2

In this equation, r; (i=1,2) represents the vector that
connects the center of mass of nucleus i to the respective
volume element, while R connects the centers of masses
of the two nuclei. p; and p, being the matter densities of
the colliding nuclei, and vyy(R—r;+r,) is the nucleon-
nucleon M3Y interaction [33, 34]. The SPP is given by
VSP(R,E) = Vp(R)e™/ [35], where v is the relative ve-
locity between the colliding nuclei, and c is the speed of
light.

The intrinsic wave functions for nucleus B consisting
of core 4 and a valence particle v are expressed as fol-
lows:
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where ¢,;(r) is the bound wave function of the valence
particle with quantum numbers (1, s, j). The spectroscopic
amplitudes, Aj/,, are connected to the spectroscopic
factors S/, where S]/, = |A}/’. Spectroscopic factors
represent the probability of finding the valence particle v
in a single-particle state defined by (/,s, j), coupled to a
core A with spin /. The core wave function is denoted by
#4(Z;). To calculate transfer amplitudes, CRC codes typ-
ically require the spectroscopic factors and quantum num-
bers (I, s, j) of the valence particle to construct the wave
functions of the composite particle, along with the coup-
ling potentials for valence-core and core-target interac-
tions.

B. Shell model calculations

The spectroscopic amplitudes for the projectile and
target overlaps are essential for performing microscopic
CRC calculations. These amplitudes were obtained
through shell-model calculations using the NuShellX
code [36]. For the system SLi+*Nb, to acquire the one-
neutron spectroscopic information for the target overlaps,
the calculations are employed with sn model space and
the effective interaction snet. In this model space, Ni
nucleus is considered a closed core, and the 1 f5,2, 2ps)»,
2[)1/2, lgg/z, 1g7/2, 2d5/2, 2d3/2, and 3S]/2 orbitals are
treated as the valence space for neutrons and protons.
However, constraints were necessary due to our computa-
tional limitations in performing the shell-model calcula-
tions with such a large valence space. Consequently, we
imposed some restrictions and considered the nucleus
8Sr as a closed core instead of *Ni. This truncation
made the accessible valence orbitals for neutrons 1g7,
2ds),, 2dsp, and 35y, and for protons, the accessible
valence orbitals became 2pi, 1892, 1872, 2dsp, 2d3)2,
and 3s,,,. For the projectile overlaps, both 1p;,, and 1p,,,
components of the neutron bound to °Li were included
with spectroscopic factors of 0.43 and 0.29 [37]. Table 1
presents the spectroscopic amplitudes used in the one-
neutron transfer calculations related to the target over-
laps. Table 2 compares the excitation energies derived
from the snet interactions and the experimental values.

C. Coupled reaction channel calculations

1. One-neutron transfer

In this study, we have analyzed the experimental ex-
citation functions of the residues °*"Nb, populated in
SLi+Nb reactions [21], and "®"In in "Li+"5In reac-
tions. The experiment for ’Li+!'SInsystem was per-
formed at the BARC-TIFR Pelletron facility in Mumbai,
India. The off-beam p-spectroscopy technique was adop-

Table 1.
transfer CRC calculations for ®Li+%Nb reaction, where j is

Spectroscopic amplitudes used in one-neutron

the spin of the neutron orbitals.

Initial State J Final State Spect. Ampl.
93 Nb, ;. (9/2%) 2ds> 92 Nb, ;. (7%) 0.7265
lg7p 0.0520
P Nbyg..(9/2%) 2ds)» 92Nbg136(2+) 0.5372
g7 0.06
P Nbyg..(9/2%) 2d3)2 92Nbg36(3+) 0.0557
2ds)» 0.3951
1872 0.01
PNbg..(9/27) 38172 92Nbg357(5%) 0.1575
2d3p 0.0374
2ds 0.4287
1g7/2 0.0245
P Nbygs(9/2) 3512 92Nbgs0(4") 0.1034
2d3)2 0.0361
2ds)» 0.3763
1g7/2 0.0346
PNbg.(9/2%) 2d32 92Nbg 501 (6%) 0.0412
2ds)> 0.3681
lg7p2 0.0264

Table 2.
for 9>Nb and ?*Nb spectra using the sner interactions. The spin

Comparison of experimental and NuShellX results

and parity of states are denoted by j*.

Nucleus J Encrgy (MeV)
Experimental snet interaction

92Nb 7+ 0.0 0.0
2+ 0.136 0.168
3+ 0.286 0.316
5+ 0.357 0.288
4+ 0.480 0.431
6F 0.501 0.459

%Nb 9/2* 0.0 0.0
1/2- 0.031 0.171
5/2% 0.809 1.053
5/2~ 0.810 1.066

ted, and the radionuclides used in the current analysis
were identified following their characteristic y-rays and
the decay curve. The measured cross sections of *>"Nb
and ""°"In were significantly underpredicted by the calcu-
lations from PACE4 and EMPIRE nuclear reaction codes,
which are based on equilibrium and pre-equilibrium reac-
tion processes. Consequently, we examined their produc-
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tion via one-neutron transfer channel. CRC calculations
were carried out in the framework of FRESCO code [38].

For the transfer of neutron in °Li+%*Nb reaction, the
coupling scheme adopted is shown in Fig. 1. The calcula-
tions employed double-folding SPP [11, 12] for both the
real and imaginary parts of the optical potential (U(R) =
(N, + iN)VSP(R)). In the entrance partition, the strength
coefficients for the real and imaginary potentials were set
to N, = N; = 0.6, following the previous studies [28, 29,
39—-41] to account for flux loss due to dissipative and
breakup channels [40, 41] and the repulsive nature of the
real part of the breakup polarization potential [42—45]. In
the exit partition, the SPP was used for real and imagin-
ary components with strength coefficients N, = 1.0 and
N; = 0.78 [46], respectively. The coefficient value 0.78
has been proven effective for describing the elastic scat-
tering cross section for various systems, spanning a wide
range of masses and energy [47]. The prior form of po-
tential with full complex remnant terms and non-ortho-
gonality corrections were included in the calculations.
Woods-Saxon form factor with a radius of 1.27A'3 fm
and a diffuseness of 0.65 fm for both lighter and heavier
nuclei, where A4 represents the mass of the core nucleus,
were utilized to generate single-particle wave functions.
The depths were adjusted to reproduce the binding ener-
gies of the particle-core composite system, and a spin-or-
bit component was also included.

In 7Li+!'"5In reaction, the spectroscopic amplitudes
for target overlaps were set equal to. 1.0, as accurately de-
termining these amplitudes requires a large model space,
which is challenging to handle computationally. The

0.501(6%)
0.480(4")
0.357(5%)
0.286(3%)
0.136(2%)

R g.s.(7")
Target overlaps °*Nb

g.5.(9/2%)
93Nb

g.s.(17)
L

g.5.(3/2)
Li

< >

Projectile overlaps

Fig. 1.  Coupling scheme considered in the one-neutron
transfer calculation for ®Li+?*Nb reaction. The energies of
states are in MeV.

coupling scheme depicted in Fig. 2 was employed in the
calculations. Table 3 provides the spectroscopic data re-

0.313(4)
0.829(3/2%) ~0.273(2)
0.597(3/2°) 0.2234")
0.336(1/2) 0.127(57)

g.5.(9/2%) g1
IISIn

Target overlaps ''°In

g.s.(17)
O

2.5.(3/2)
Li

- »
% »>

Projectile overlaps

Fig. 2.
calculations for 7Li+'>In reaction. The energies of states are
in MeV.

Coupling scheme considered in one-neutron transfer

Table 3.
transfer CRC calculations for 7Li+!In reaction, where j is

Spectroscopic amplitudes used in one-neutron

the spin of the neutron orbitals.

Initial State J Final State Spect. Ampl.

WSn,,(9/2%) 35172 1610 197(5%) 1.0
23 1.0

2ds) 1.0

Sn,, (9/2%) 35172 161n4993(4) 1.0
232 1.0

2ds) 1.0

5Tn,  (9/2) 2ds> "0Ing73(2*) 1.0
15[, (9/2%) 351/ 1600 313(4%) L0
22 1.0

2ds) 1.0

5Tng336(1/27) Ly 161ng,127(5%) 1.0
Wlnpser(3/27) Mz MoIngixn(5*h) 1.0
5Ing.507(3/27) Ly 161ng203(4") 1.0
Wlnose(3/27) 39112 MoTng. (17) 1.0
22 1.0

2ds) 1.0

51ng820(3/2%) 2dsp 161ng203(4") 1.0
" Ings29(3/2%) 35172 019 273(2%) 1.0
2d3)2 1.0

2ds)> 1.0
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lated to the target overlaps. For these calculations, the
SPP was used for both the real and imaginary parts of the
optical potential. The strength coefficients for real and
imaginary potentials were set to N, = N; =0.6 in the en-
trance partition. In the final partition, the SPP was util-
ized for the real and imaginary parts with strength coeffi-
cients of N, = 1.0 and N; =0.78, respectively. Calcula-
tions were performed using the post form of the potential,
including full complex remnant term and non-orthogonal-
ity corrections. The potentials binding the transferred
particles were of the Woods-Saxon type, with a radius of
1.27A'3 fm for (both) lighter and heavier nuclei and a
diffuseness of 0.65 fm. The spin-orbit interaction was
also included.

2.  Two-neutron transfer

In order to study the production of '83Ta through the
two-neutron transfer channel in 7Li+'8! Ta reaction [23],
we have examined the simultaneous transfer of two neut-
rons using the extreme cluster approach, where the spec-
troscopic amplitudes for target and projectile overlap
were taken as unity. This approach considers the trans-
ition potential to act on the relative motion between the
correlated nucleon pair and the core. This approach treats
the pair of nucleons as a single quasi-particle. The wave
function of the cluster is derived from the energy conser-
vation relation of the harmonic oscillator [1]:

2
ZZ(ni—l)+li =2(N=1)+L+2(n-1)+I

i=1

“4)

Here, n; and [; represent the principal quantum num-
ber and orbital angular momentum of individual nucle-
ons. The symbols n,/ and N,L denote the corresponding
quantities for the motion of the nucleons relative to each
other and to the core. In the extreme cluster approxima-
tion, the two-nucleon cluster is assumed to be in the 1s
internal state (n=1,/=0) with an intrinsic spin S =0
(anti-parallel spin configuration).

In Ref. [23], '®Ta produced in 7Li+'8! Ta reaction is
identified using offline y-spectroscopy technique, and the
measured cross section of '83Ta is compared with the cal-
culated results from EMPIRE using GC, GSM, and
EGSM level densities. The calculations underestimate the
experimental data by 4 to 5 orders of magnitude. Con-
sequently, we examined the production of !#3*Ta through
the two-neutron transfer channel. The coupling scheme
shown in Fig. 3 was used in the calculations. The initial
and final bound state wave functions for the di-neutron
system were generated using a Woods-Saxon potential,
with a radius of 1.30 fm and diffuseness of 0.70 fm. The
depth of the potential was adjusted to match the two-neut-
ron separation energy. The finite range transfer calcula-

0.717(5/2%)

0.573(7/2°)
" 0.459(5/2°)
0.317(11/2%)
0.136(9/2%) 0.143(9/27)
g.5.(7/2%) g.s.(7/2%)
181”[‘a

Target overlaps '**Ta

0.478(1/2")
£5.(3)2) T~ gs(3/2)
JLi SLi

Projectile overlaps

Fig. 3.  Coupling scheme considered in the two-neutron
transfer calculation for 7Li+!8!Ta reaction. The energies of

states are in MeV.

tions were performed using the post form of the interac-
tion potential, incorporating the full complex remnant
term and non-orthogonality corrections. The SPP was
employed as the optical potential for both real and ima-
ginary components. A strength coefficient of 0.6 was ap-
plied to real and imaginary parts in the entrance partition.
In the final partition, the imaginary part was scaled by a
factor of 0.78. We have also used the spin-orbit interac-
tion term.

However, the nucleus 3Li is unstable and decays into
“He and a proton. For the overlap ("Li]°Li), we have con-
sidered the first step in the CRC calculations, where the
ground-state resonance of °Liis formed and sub-
sequently decays. If this resonance exists for a sufficient
duration, it can be treated as a bound state in CC calcula-
tions. It is a standard method in CC calculations for ex-
plaining broad resonances, such as those in °Li and 7Li
[48].

D. Discussion

We performed the CRC calculations using the code
FRESCO to confirm that the residues °>"Nb, !'9"In, and
18Ta result from transfer reactions. These calculations
examined the production of *>"Nb via one-neutron pickup
in °Li-induced reaction on **Nb, ''®"In via one-neutron
stripping in "Li-induced reaction on In, and '*3Ta via
two-neutron stripping in ’Li-induced reaction on '8! Ta.
The results of these calculations are presented in Figs. 4,
5, and 6 and are compared with the experimental data.
The solid black line represents the CRC calculations, in-
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SLi+%Nb  2™Nb+Li
)
E
c
210"
: %
@
»
»
I3
<
(&)
% = Expt. Data
CRC(SPP)
10° . . . :
25 30 35 40 45
E,ap (MeV)
Fig. 4. Comparison between experimental [21] and theoret-

ical excitation function for the reaction “*Nb(®Li,” Li)*"Nb.

102
7Li+115|n 116m|n+6Li
)
£
g 101 4
i3]
@
»
73
I3
<
(6]
= Expt. Data
CRC (SPP)
10° -
20 25 30 35 40 45
E,., (MeV)
Fig. 5. Comparison between experimental and theoretical

excitation function for the reaction ! In(”Li,®Li)!6" In.

corporating the SPP potential with parameters
N,=N;=0.60 for the entrance channel and N,=1.0,
N;=0.78 for the exit channel in all three reactions. The
figures indicate that the calculations closely match the ex-
perimental data in all cases. The CRC calculations using
the extreme cluster model describe the data well for trans-
ferring two neutrons in ?Li-induced reaction on '#!Ta, in-
dicating the dominance of the one-step reaction mechan-
ism.

Although the SPP has been utilized as the optical po-
tential, the single-particle states were generated using

10?
“Li+ ®1Ta —383Ta + °Li
4 W
) i
TR
c
o
‘5 +
)
»
0
®
o
(8] 100 J
= Expt. Data
CRC (Extreme cluster)
10-1 T T T T T T T
26 28 30 32 34 36 38 40 42
E,., (MeV)
Fig. 6. Comparison between experimental [23] and theoret-

ical excitation function for the reaction '$! Ta(7Li,5Li)!%3 Ta.

Woods-Saxon form factors for projectile and target over-
laps. These form factors have three parameters: depth, re-
duced radius, and diffuseness. The sensitivity of the
transfer cross section to changes in the reduced radius has
been analyzed and is presented in Figs. 7, 8, and 9. The
excitation functions for transfer in all three reactions have
been studied at three reduced radii values: 1.20 fm, 1.25
fm, and 1.3 fm, commonly reported in the literature. It is
clear that increasing or decreasing these parameters for

Li+%Nb —2™Nb+Li

—
A
1

Cross section (mb)

= Expt. Data

r=1.20 fm

- --r=1.25fm

- r=1.30fm

100 T T T T
25 30 35 40 45
E,., (MeV)

Fig. 7. The impact of variations in the reduced radius of the

form factor of the projectile and target overlaps on one-neut-
ron transfer cross section for *Nb(°Li,’Li)°>"Nb reaction.
Experimental data taken from Ref. [21].
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10?
7Li+115|n 116m|n+6Li
)
E
510,
]
Q
)
0
o
<
o .
iy = Expt. Data
) r=1.20 fm
10° ---r=125fm
' ---- r=1.30fm
20 25 30 35 40 45
E,.p (MeV)
Fig. 8. The impact of variations in the reduced radius of the

form factor of the projectile and target overlaps on one-neut-
ron transfer cross section for ''5In(7Li,®Li) %" In reaction.

102
Li + "81Ta—183Ta + 5Li

5 O AN

-g s R R y--% ......

v101_ P S

: rd

i)

©

Q

(7]

[7)]

(2]

e

O10°
=  Expt. Data

r=1.20 fm

-=--r=1.25fm
----- r=1.30 fm

101 : . . . ; :

26 28 30 32 36 38 40 42

34
E.. (MeV)
Fig. 9. The impact of variations in the reduced radius of the
form factor of the projectile and target overlaps on two-neut-
ron transfer cross section for '8'Ta(”Li,’Li)'#3Ta reaction.
Experimental data taken from Ref. [23].

both the projectile and target form factors leads to a cor-
responding increase or decrease in the transfer cross sec-
tion compared to the average value of this parameter.
Based on this analysis, the value of » used is 1.27 fm for
one-neutron transfer reactions and 1.30 fm for two-neut-
ron transfer reactions.

Individual transitions were not measured since the
nuclei of interest were measured using the p-spectro-
scopy. Understanding the individual transitions and the
population pattern of transfer products, as derived from
experiments, will offer a deeper insight into the underly-
ing reaction mechanism.

1. SUMMARY

We conducted CRC calculations to understand the
mechanism of one-neutron transfer in
SNb(oLi,"Li)**"Nb and 'SIn(’Li,’Li)!'*"In reactions
and two-neutron transfer in ' Ta(’Li,>Li)'**Ta reaction.
The double folding SPP was utilized, with the adopted
imaginary potential W(R) = N; X Vspp. We thoroughly
examined the one-neutron transfer in °Li+*Nb and
7Li+!In reactions, as well as the two-neutron transfer in
7Li+'8!Ta reaction, including the low lying excited states
of both projectile and the target. The simultaneous trans-
fer of two neutrons in the "Li+'8! Ta reaction was studied
using the extreme cluster model. The optimal values of N;
for the initial and final partitions were found to be 0.6 and
0.78 for all three systems. A reasonable agreement
between experimental and theoretical cross sections has
been achieved in this study. The impact of the reduced ra-
dius of the form factor of the projectile and the target on
transfer cross sections has also been studied. More sys-
tematic studies of multinucleon transfer channels within
the CRC framework would help constrain potential para-
meters and reduce uncertainties in state selection. Identi-
fying y-transitions in coincidence with reaction products
will allow for a more precise choice of states to include in
the calculations, leading to a deeper understanding of the
transfer mechanisms.
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