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Neutron-rich nuclei near the N = 126 shell closure are vital for r-process nucleosynthesis but remain challenging
to produce. Multinucleon transfer reactions offer a promising route. We investigate the role of shell effects in
such processes by extending the CLIM-H model with a deformation-dependent mass formula and a scaling factor
a that linearly adjusts the shell-correction strength. Calculations for '3°Xe on 2%°Pb, 2*Hg, and **®Hg targets
reveal a dual role: shell effects enhance few-nucleon transfers near the entrance channel but strongly suppress
fragments requiring the transfer of many nucleons, most severely for the doubly magic 2%Pb. This suppression
stems from the cumulative transfer probabilities and is aggravated by lower survival after deexcitation. Thus,

optimal production of exotic N = 126 nuclei requires avoiding strongly shell-closed collision partners at N = 126,
as exemplified by doubly magic 2*Pb. We propose 28U + 2*Hg at E,,, ~ 1.45 V}, as a superior system, predicting

significantly enhanced yields.

1. Introduction

Neutron-rich nuclei near the N = 126 shell closure are of fundamen-
tal importance in nuclear physics and astrophysics [1-3]. As the nu-
clei at the third waiting point of the rapid neutron capture process (-
process), they govern the formation of the pronounced A ~ 195 peak in
the solar abundance pattern [4-6]. Consequently, their nuclear prop-
erties, such as masses [7,8], half-lives [9,10], and single-particle levels
near the Fermi surface [11], serve as essential inputs for constraining the
extreme conditions of r-process sites, such as neutron-star mergers [12].

Producing these nuclei, however, remains a significant experimen-
tal challenge. Conventional methods such as fusion-evaporation, fission,
and projectile fragmentation (PF) struggle to efficiently access this re-
gion due to a combination of inherently low cross sections and the pro-
duction of residues away from the neutron-rich side of stability [13,14].

Against this backdrop, multinucleon transfer (MNT) reactions have
emerged as a viable approach to this region [15-17]. Pioneering experi-
ments with 13Xe + 98Pt demonstrated enhanced production of neutron-
rich N = 126 isotones compared to PF [18]. Subsequent studies revealed
that heavier projectiles (e.g., 2Bi+ 233U [19]) transfer more nucleons,
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produce heavier fragments, and yield significantly lower excitation en-
ergies than lighter systems (e.g., 13Xe + 233U [20]). Meanwhile, system-
atic investigations with Pb/Bi targets have mapped cross-section sys-
tematics for proton transfer up to +8p. Comparison with actinide-target
data shows that these trends extend consistently across the same proton
transfer channels [21]. Despite these advances, the underlying mecha-
nisms governing MNT processes, particularly how shell effects influence
the interplay between nucleon transfer and energy dissipation, remain
not fully understood.

On the theoretical side, MNT dynamics have been studied using var-
ious approaches, including the Langevin dynamics [22,23], the DNS
(dinuclear system) model [24-26], other transport equations [27,28],
and microscopic methods such as time-dependent Hartree-Fock [29,30],
stochastic mean-field theory [31], and time-dependent covariant density
functional theory [32]. While these models have incorporated shell ef-
fects to some extent, a comprehensive and dynamic understanding of
how shell effects influence fragment distributions in MNT reactions is
still lacking. This gap motivates the present work.

To investigate the influence of the microscopic shell effect on
MNT processes, reactions at energies near the Coulomb barrier are
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particularly suitable. In such near-barrier collisions, the total excitation
energy of the system is relatively low, ensuring that shell corrections
remain significant throughout the interaction and can thus effectively
influence the nucleon exchange process. Consequently, the shell effect
of the collision partners is a key factor determining the efficiency of
populating neutron-rich regions far from stability, as suggested by ear-
lier studies of deep-inelastic collisions [33-36]. It is therefore essential
to systematically investigate how shell effects shape the dynamics of
near-barrier MNT reactions, both to advance theoretical understanding
of these processes and to inform the optimal projectile-target combina-
tions for synthesizing specific neutron-rich isotopes.

The recently developed reaction model, named Coupling the
Langevin dynamics Iteratively with the Master equation based on the
HICOL model (CLIM-H) [37], provides a powerful approach for such
studies. Central to CLIM-H is the self-consistent coupling between the
master equation, which governs the evolution of the fragment’s pro-
ton and neutron numbers, and the Langevin dynamics, which drives the
collective coordinates. These two components mutually influence each
other throughout the reaction. This scheme naturally bridges macro-
scopic dynamics and microscopic stochasticity.

The CLIM-H model has been successfully applied to describe MNT
dynamics for various systems, reproducing the overall trends of frag-
ment distributions [37,38]. However, while the model captures the
macroscopic features, it remains limited in describing the detailed iso-
topic distributions, particularly in regions where shell effects are ex-
pected to play a crucial role.

This limitation stems from the model’s treatment of nuclear masses:
currently taken from AME2020 [39], they lack a deformation-dependent
description. Consequently, shell effects are not dynamically incorpo-
rated into the potential energy surface and Q-values, but rather treated
statically. To investigate how shell effects shape the detailed fragment
yields, we extend the framework to include deformation-dependent
masses and systematically explore their role in near-barrier MNT col-
lisions.

Using this extended framework, we perform calculations for three
carefully chosen systems designed to isolate the specific influence of
the target’s shell effects: 130Xe +2%Pb (N = 126), 2**Hg (N = 124), and
208Hg (N = 128). The main improvement is the implementation of a
deformation-dependent mass formula based on the Myers—Swiatecki
mass prescription [40], with its parameters refitted to AME2020. A scal-
ing factor a is further introduced to linearly vary the shell-correction
strength, providing a controlled way to trace how shell effects influence
the entire reaction sequence, from nucleon exchange to fragment sur-
vival after deexcitation.

2. Methods

This work extends the CLIM-H framework by employing a phe-
nomenological nuclear mass formula that includes deformation-
dependent shell corrections. The mass formula provides the nuclear
masses needed at each stage of the calculation, thereby embedding shell
effects self-consistently into the potential energy surface and Q-values
for nucleon transfer. A shell scaling factor a is incorporated to linearly
tune the strength of the shell correction. The following details how
this deformation-dependent mass description is incorporated into the
model’s important components: the Langevin dynamics for shape evo-
lution and the master equation for nucleon exchange.

The mass of a nucleus with given Z, N, and deformation £(q), where
q denotes the collective coordinates, is

M(Z,N;£(@) = Moo (Z, N; §@) + aM i (Z, N3 E(Q)) exp(—E* [ Ey).
(€Y

Here, M,,,.(Z,N;&(q)) and M,;,.(Z, N;&(q)) denote the macroscopic
liquid-drop term and the microscopic shell correction, respectively.
Both terms follow the analytical forms of Myers and Swiatecki [40,41]
(specifically, Eq. (9) of Ref. [40] for the macroscopic part and Eq. (1)
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of Ref. [41] for the shell correction), with all parameters refitted to the
AME2020 [39]. The refitted formula achieves a root-mean-square devia-
tion of 1.46 MeV for nuclei with A > 50. The dimensionless scaling factor
a allows us to linearly vary the strength of the shell correction: a = 0 cor-
responds to the macroscopic liquid-drop model (no shell effects), a = 1
to the realistic mass, and a > 1 to artificially amplified shell effects. The
shell correction is attenuated by the factor exp(—E*/E,) to account for
its damping with excitation energy E*, following a treatment similar to
Ref. [42], where E, is the damping parameter. The excitation energy
E* of a fragment is taken as its share of the total dissipated energy,
apportioned in proportion to its mass.

For shapes that are axially symmetric about the z-axis (beam direc-
tion), &2(q) is defined as a quantity proportional to the mean-square
deviation of the nuclear surface from a sphere [43]:

E@= % / dz|r(z:q) - Ry|” sin 9(2)

dd
9| 2
dz| @

with r(z; q) the distance from the symmetry axis to the surface, 9 the po-
lar angle in the cylindrical coordinate system, and R, = 1.254'/3 fm.
This deformation-dependent mass formula allows us to compute the
shell corrections of the collision system at any stage of its shape evo-
lution.

In Eq. (1), M,.(Z, N) is negative for doubly magic nuclei (e.g.,
208pp), stabilizing spherical shapes, and positive for non-magic nuclei,
favoring deformation. The masses from Eq. (1) are used to construct the
system potential energy V(q) and Q-values for nucleon transfer, ensur-
ing that shell effects are propagated consistently through the reaction
dynamics.

The shapes of the projectile-like fragment (PLF) and target-like frag-
ment (TLF) within the reaction plane are modeled as circular arcs
smoothly connected by a hyperbolic neck. The shape is parameterized
by three collective coordinates: the center-to-center distance s, the neck-
to-total volume ratio o, and the radius asymmetry A. Crucially, for the
assumed shapes, the radius asymmetry A is in one-to-one correspon-
dence with the mass asymmetry a = (Ap — A1)/(A4p + A1), where Ap and
Aq are the mass numbers of the PLF and TLF, respectively. Additionally,
three rotational angles (6p, 61, 0) describe the intrinsic rotations of the
fragments and the overall rotation.

The surface profile is described by a contour function P(z;q). The
distance r(z;q) from the symmetry axis to the surface, as required in
Eq. (2), is given by: for the PLF, 2(z; q) = P%(z;q) + z2, and for the TLF,
r(z;q) = P2(z;q) + (z — 5)%.

In the CLIM-H framework, A is not evolved by the Langevin equa-

tions but is instead fixed at each time step by the mass asymmetry ob-
tained from the master equation (Eq. (5)). The time evolution of the
remaining coordinates ¢; = {s, o, 0p, 61, 0} and their conjugate momenta
p; follows Langevin equations:
= Y @l;p;
. J d . 3
= [T(.q) + V(@) - Zj‘, [R;;(@d; + g, (@T; 1)
where u(q) is the inertia tensor (calculated in the Werner-Wheeler ap-
proximation [44]), T(p,q) the kinetic energy, and V' (q) the potential
energy. The friction tensor R;;(q) originates from one-body dissipa-
tion [45], and the corresponding random-force amplitudes g;;(q) follow
from the fluctuation-dissipation theorem [45,46], with I'; () being a nor-
malized white noise.

The potential energy V(q), which is essential for analyzing shell ef-
fects, is

V(q) = Mpc® + Myc® + Vi5(q). “

where Mp = M(Zp, Np;£(q)) and My = M(Zy, Nr;&(q)) are the rest
masses for the PLF and TLF, respectively, as given by Eq. (1) and thus
contain the shell corrections. Here, Z, and Np (Z; and Nt) denote the
proton and neutron numbers of the PLF (TLF). V},(q) is the total in-
teraction potential (nuclear plus Coulomb) obtained by double-folding
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the Yukawa-plus-exponential and Coulomb interactions [47,48], with
parameters unchanged from Refs. [37,45].

Nucleon exchange is treated as a stochastic Markov process, de-
scribed by a master equation for the probability P, yy(t) of finding a
fragment in state (Z, N) at time r:

0P, (1)
(Z,N)
P 2 Mznpezm Pz v ®
(Z.N;)
5)
= 2 Az Pan®.
(Z;.N))
The transition rate AE‘;{’I)V)(q) = pg{’])\,)(q) /= corresponds to the transfer

(Z,N) - (Z + a, N + b), where 7 is a characteristic collision time [49].
The master equation is coupled self-consistently to the Langevin equa-
tions: at each time step, the nucleon numbers (Z, N) obtained from the
master equation uniquely determine a; which, through the one-to-one
correspondence a < A, fixes the value of A that is then used in the
Langevin evolution of the remaining collective coordinates.

The single-nucleon transfer probability P9 (q) depends on the Q-

(Z,N)
value:
2

0P (@0

(Z.N) op!

expy — [—hmo

(a,b) —

P(Z,N)(Q) = , (6)

1 + exp[2k(s — s¢)]

where s, = 1.25(A;,/ 34 A'T/ 3) fm, hwy, =1/7, and O, an optimum Q-

value defined as in Ref. [37]. The wavenumber k is determined by
the nucleon separation energies of the interacting fragments, calculated
from the masses given by Eq. (1) following the method of Refs. [50,51].

The Q-value for a given transfer step is computed from the masses
of the fragments. Since these masses are now obtained from the
deformation-dependent formula of Eq. (1), the Q-value implicitly car-
ries the information of shell corrections and their evolution with frag-
ment shapes throughout the reaction. Shell corrections in the masses
therefore directly determine the Q-value, which in turn influences the
transfer probability via Eq. (6).

For the model implementation in this study, the primary cross sec-
tions are obtained by solving Eq. (3) coupled with Eq. (5) until the frag-
ments separate (s > 40 fm). The same set of CLIM-H parameters is used
for all calculations. The incident energy in the center-of-mass frame is
set to E_,, = 1.066 V, where Vp denotes the Coulomb barrier of the
corresponding system [52]. An ensemble of trajectories covering the or-
bital angular momentum range / = 0-1000 7 is simulated to account for
the cross section. For each trajectory, after obtaining the primary frag-
ment distribution from the CLIM-H calculation, statistical deexcitation is
treated using the GEMINI+ + code [53], which has been benchmarked
against other deexcitation models in the heavy-mass region [54]. Final
cross sections are obtained by summing over all trajectories after deex-
citation.

3. Analysis and results

This work investigates how shell effects influence MNT dynam-
ics to identify favorable collision partners for producing neutron-rich
N =126 nuclei. To isolate the role of the target’s shell effects, we sys-
tematically compare three reactions — '30Xe + 298pb, 136Xe + 2%4Hg, and
136Xe + 298Hg. In each case, the same N = 126, Z < 80 isotone (e.g., 2’*Ir)
is chosen as the final product; although the proton and neutron compo-
sitions of the required transfer differ between targets, the total number
of transferred nucleons is fixed for a given isotone. This reference point
ensures that any difference in yield can be directly attributed to the tar-
get’s shell effect.

The model is validated against experimental data for '3®Xe +208Pb
at E_,, =450 MeV (~ 1.066Vp) [55]. The impact of shell effects on the
MNT yields is directly visualized in Fig. 1, which compares the ex-
perimental data (yellow circles) with calculations for a = 1 (red solid
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Fig. 1. Comparison of calculated and experimental [55] cross sections for the
136Xe+208Pb reaction at E,,, = 450 MeV (= 1.066 V). Experimental data (yellow

circles) are compared with CLIM-H predictions for a = 0 (black dashed line) and
a = 1 (red solid line) final cross sections.

line) and a = 0 (black dashed line) across isotopic chains from tungsten
(Z =74) to lead (Z = 82).

The model with realistic shell effects reproduces the main features of
the measured isotopic distributions. For Pt (Z = 78) and Au (Z =79),
the predicted peak positions and distribution shapes agree well with
the data. For lighter elements (Z = 74 — 77), where experimental cross
sections are low (typically < 1 mb), the model provides a qualitative
description. The deviations for the lighter elements are likely related
to the sensitivity of the deexcitation process to the excitation energy
deposited in the primary fragments, an aspect that still requires careful
modeling.

A detailed comparison between the a = 0 and a = 1 calculations in
Fig. 1 reveals the influence of shell corrections on the final yields. For
isotopes near the entrance channel, the a = 1 results agree well with the
data, whereas the a = 0 calculation underestimates the yields. In con-
trast, for multi-nucleon transfer products, a = 0 lies systematically above
both @ = 1 and the experimental data. This systematic trend is further
corroborated by the mass distribution (Supplementary Fig. S1 [56]),
where a = 0 overestimates the yields for A <200 and @ = 1 enhances the
yields closer to the entrance channel. Thus, the realistic (a = 1) calcula-
tion captures the dual role of the shell effect: it enhances few-nucleon
transfers while hindering multi-nucleon transfer channels.

To unravel the microscopic mechanism behind the dual role of shell
effects, we examine nucleon exchange at characteristic stages of the col-
lision. In heavy-ion collisions, large angular momentum leads to grazing
collisions where few-nucleon transfer dominates, while smaller angu-
lar momentum leads to deeper contact where multinucleon transfer be-
comes more probable. We therefore adopt two characteristic configura-
tions: for few-nucleon transfer, a grazing configuration (s =~ 1.25(A}D/ >4
AIT/ 3) + 0.5 fm, o = 0); for multinucleon transfer, a more compact con-
figuration corresponding to the distance of dynamical closest approach
(s = 13 fm, o ~ 0.05 for the systems studied here). To quantify the prob-
ability of reaching a given fragment (Z, N) from the initial collision
partner (Z,, N,) under these conditions, we introduce the cumulative
transfer probability P,,,, defined as the maximum possible probabil-
ity along a hypothetical stepwise transfer path during a single passage
through the relevant region:

n
(AZy,ANy)

P,n = max , 7
ame paths |:k=1p(zk—l-Nk—1):| @)
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Fig. 2. P, (a, b) and primary cross section i (c, d) for 2%°Hg (left panels)

and *Ir (right panels) versus the scaling factor g, for collisions of **Xe with
208pp (black diamonds), 2**Hg (blue circles), and 2*®Hg (red squares). The lines
are guides to the eye.

where n is the total number of transfer steps, and (AZ,, AN, ) represents
the nucleons transferred in the kth step.

Using the shell scaling factor a as a controlled variable, we can trace
how shell corrections influence each step of the nucleon exchange. By
linearly varying a (taking values 0, 0.5, 1, 1.5, 2), we systematically alter
the shell correction strength from zero to an enhanced value (a > 1).
This allows us to quantify how P. ., for specific products evolves with
a, thereby disentangling the influence of the shell effect on the MNT
dynamics.

Fig. 2(a) and (b) display P,,,, for 2°°Hg and 2%Ir, respectively, across
the three systems, revealing a striking contrast. For 2%Hg (Fig. 2(a)),
which requires only a two-nucleon transfer, P, remains nearly con-
stant or even increases slightly with a. This indicates that shell effects
do not hinder few-nucleon transfer near the entrance channel, and may
even facilitate it for 2*Hg. In sharp contrast, P, for 2%Ir (Fig. 2(b)),
a five-nucleon transfer product, decreases markedly as a increases, with
the strongest suppression occurring for the double-magic 2%8Pb target.
This trend directly shows how enhanced shell effects inhibit the incre-
mental probability of forming a nucleus that requires a large transferred
nucleon.

The consequences of this microscopic effect are reflected in the pri-
mary cross sections o,,; (Fig. 2(c) and (d)). For 206Hg, 0, Tises with a,
owing mainly to the reduction in the required transferred nucleon. Con-
versely, for 2*Ir, 6,,,; drops sharply with increasing a, most dramatically
for 2%8Pb. The close correspondence between the P,,,, and o,,; trends es-
tablishes a clear cause-and-effect link: shell-induced suppression of the
microscopic transfer probability is the key mechanism that drastically
reduces the macroscopic yield of multi-nucleon transfer channels. We
note that the increase of P, for 2°°Hg is less pronounced than that of
o~ This is likely because some 2*Hg are produced during close contact
between the colliding partners, where the transfer paths differ from the
typical grazing trajectory used in the P, calculation.

The scaling of a reveals that the cumulative inhibition of succes-
sive transfer probabilities underlies the macroscopic yields. For few-
nucleon transfer (**°Hg), the weak variation of P, allows o,; to rise
as the transferred nucleon decreases. For multi-nucleon transfer (2°3Ir),
the strong suppression of P, with a directly drives the sharp drop in
opri- This demonstrates that the decrease of multi-nucleon transfer yields
originates from the reduction of P, : for a stabilized target, larger a
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means greater resistance to nucleon transfer, which lowers the cumu-
lative transfer probability and in turn reduces o;. This effect is most
pronounced for the doubly magic 28Pb.

The above analysis shows that shell effects, encoded in the scal-
ing factor a, govern primary fragment production by affecting micro-
scopic transfer probabilities. The experimentally observable cross sec-
tions, however, are obtained only after statistical deexcitation. To assess
the shell effect’s full impact on observable yields, we now examine how
it influences fragment survival. For each system and each value of a, we
compare the primary (o,;) and final (oy;,) cross sections and define the
survival ratio R(a) = oyj,(a)/ Opri(@), which represents the fraction of pri-
mary fragments that survive deexcitation. In the neutron-rich N = 126
region, one typically finds R(a) < 1, reflecting deexcitation losses.

The scaling factor a does not alter the nuclear input parameters
(e.g., level densities and decay widths) employed internally by GEM-
INI+ +. However, it affects the reaction dynamics within CLIM-H,
thereby changing the excitation energy and angular momentum distri-
butions of the primary fragments. This leads to an a-dependent survival
ratio R(a).

Fig. 3 shows R(a) for 2°°Hg and 203Ir. The behavior differs markedly
between the two nuclei. For 2°Hg (Fig. 3(a)), R remains close to 1, in-
dicating that primary fragments have relatively low average excitation.
In 13Xe +2%8Hg, R is closest to 1 for all a, due to feeding from the deex-
citation of more neutron-rich primary isotopes (e.g., 27208Hg — 206Hg).

For 23Tr, R is significantly lower (R < 0.2) and drops steeply with in-
creasing a. The suppression is most pronounced for '3°Xe +2% Pb, where
R falls most dramatically with a. This indicates that primary 2%Ir frag-
ments are typically highly excited, and their excitation increases sub-
stantially when shell effects are enhanced, making them unlikely to sur-
vive deexcitation.

Taking the 208Pb target, where the shell effect is strongest, the final
cross section of 2Ir can be decomposed into primary-production and
survival contributions. The shell correction reduces the primary yield
by only ~ 16%, while the survival probability drops by a factor of ~ 3.
Since the deexcitation code is identical in both cases, this large change
in survival must originate from the different primary fragment distribu-
tions and their internal configurations produced with and without shell
corrections. At a = 0, the absence of shell effects permits the transfer of
more nucleons in the multi-nucleon transfer channels; these primary
fragments carry higher internal excitation, and their subsequent nu-
cleon evaporation feeds the 2%Ir channel, enhancing the final yield. As
shown in the total kinetic energy loss (TKEL) distribution (Supplemen-
tary Fig. S2 [56]), the shell correction shifts the spectrum toward lower
TKEL values, indicating that the primary fragments are indeed less ex-
cited. The shell effect thus influences the final yields primarily through
the dynamical stage, by modifying both the transfer paths and the ex-
citation energy of the primary fragments; the corresponding change in
the survival ratio is a consequence of these dynamical differences, rather
than an independent effect originating in the deexcitation stage.

This mechanism also explains the systematic target dependence of
the survival ratio. For 2%Hg, a few-nucleon transfer product, R is close
to unity for all targets and is highest for N > 126 targets because primary
fragments with a neutron excess preferentially evaporate neutrons, feed-
ing the final yield toward the N = 126 shell. For 2%3Ir, in contrast, the
survival probability is systematically higher with the non-magic Hg tar-
gets than with the double-magic 2*®Pb. The magic target not only sup-
presses multi-nucleon transfer dynamically (Fig. 2), but compared to
non-magic targets, each transferred nucleon from a doubly magic tar-
get deposits more excitation energy into the primary fragments, further
diminishing their survival. The combination of these two effects makes
doubly magic targets particularly unfavorable for producing neutron-
rich N = 126 nuclei.

The insights gained above, which suggest avoiding magic nuclei as
collision partners and favoring neutron-rich non-magic ones, allow us
to propose a more optimized reaction system. We consider 28U+2*Hg
at E,,, =~ 1.45 Vp. Previous work [38] has shown that E_, ~ (1.4-1.6)

pri*
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reference. The lines are guides to the eye.

2 T T T T T T T T T T
' o0—0 238U+204Hg

F OO POXet Pt
10 F

10

o (mb)

70 72 74 76 78 80 %2

Fig. 4. Predicted final cross sections for N =126 isotones produced in
28U+2%Hg at E_,, ~ 1.45V, (red solid line and circles, with open symbols in-
dicating isotones with as-yet unknown ground-state properties), compared with
experimental data for '3Xe+!**Pt at E_,, ~ 1.6V} (green dashed line and dia-
monds) [18]. The lines are guides to the eye.

Vy favors producing neutron-rich N = 126 nuclides in such systems. We
choose E_,, = 1.45V;, which optimally balances the transfer and sur-
vival: higher energy reduces the distance of closest approach, enhancing
P, but also increases fragment excitation energy, which can dampen
shell effects and reduce R. At 1.45 Vp, P, is sufficiently high while the
excitation energy deposited in the TLF remains moderate (because the
204Hg-like fragments are lighter than the >*U-like fragments), so shell
corrections stay effective and R does not drop sharply. Thus, this energy
makes 233U+2%4Hg a favorable system for producing exotic N = 126 iso-
tones.

Fig. 4 displays the predicted final cross sections for N = 126 iso-
tones produced in the 233U +2%* Hg reaction (red circles). The yields rise
smoothly with Z, approaching 100 mb for 2°°Hg. Notably, even for the
relatively light isotone at Z = 72 (!°Hf), the predicted final cross sec-
tion remains as high as ~ 3.6 ub. For the neutron-rich isotopes 23Ir and
202Qg, the calculated final cross sections are 2.1 mb and 0.87 mb, re-
spectively. For comparison, the experimental yields for the benchmark
system 136Xe+198Pt at E,, ~ 1.6 V} are also included [18].

4. Conclusion

This study elucidates how shell effects influence the synthesis of
neutron-rich nuclei near N = 126 in multinucleon transfer reactions. By
extending the CLIM-H model with a deformation-dependent mass for-
mula and introducing a scaling factor a, we systematically traced the
influence of the shell effect on the reaction dynamics. The analysis re-
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veals a dual role of shell effects: they enhance the production of frag-
ments close to the entrance-channel configuration while strongly sup-
pressing those that require a large number of transferred nucleons. This
suppression is most pronounced for double-magic targets such as 2%8Pb,
making them inefficient for producing neutron-rich isotopes of interest
like 2031r,

The microscopic mechanism underlying this suppression is identi-
fied through the cumulative transfer probability P, : enhanced shell
corrections progressively inhibit P, along the optimal path to a multi-
nucleon transfer product, which in turn reduces the primary cross sec-
tion oy,;. The same shell effects also modify the excitation energy of
the primary fragments: compared to non-magic targets, each nucleon
transferred from a doubly magic target deposits more excitation energy,
further reducing the survival probability during statistical deexcitation.

Our results provide clear guidance for selecting reaction partners
to produce neutron-rich N = 126 nuclei: closed shell nuclei like doubly
magic 2%8Pb should be avoided, as they suppress multi-nucleon trans-
fer channels in the reaction dynamics, and the associated increase in
fragment excitation energy further reduces survival during deexcitation.
While focused on N = 126, this principle likely holds for other magic
numbers. A concrete example is the 23U+?%Hg at E,_,,, ~ 1.45V};, which
is predicted to yield final cross sections of 2.1 mb and 0.87 mb for 203Ir
and 2020s, respectively. Looking forward, the use of neutron-rich ra-
dioactive ion beams would further maximize the production of these
rare isotopes by fully leveraging the dynamical and deexcitation advan-
tages identified in this work.
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