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Abstract. Transfer reactions are fundamental in nuclear structure and reaction mechanism studies. In heavy-
ion transfer reactions, multiple nucleons can be transferred in a single collision, along with significant energy
and angular momentum from the relative motion to the intrinsic degrees of freedom. Such multinucleon trans-
fer reactions are essential for investigating a wide range of topics. This paper provides an overview of recent
experiments performed using the PRISMA large solid-angle magnetic spectrometer. These experiments fo-
cused on studying nucleon-nucleon correlations with heavy-ion beams on medium-mass targets, as well as on
the production mechanism of neutron-rich nuclei. The studies highlight the potential of transfer reactions for
producing exotic species, particularly heavy neutron-rich nuclei.

1 Introduction

Transfer reactions play a crucial role in studying nuclear
structure and reaction mechanism [1]. It is well estab-
lished that, in the quasi-elastic regime, the mass and
charge distributions of transfer products are governed by
optimum Q-value considerations and transfer form fac-
tors [2]. For nuclei near the stability line, these consid-
erations favor neutron pick-up and proton stripping chan-
nels, meaning that the lighter reaction fragment is likely
to gain neutrons or lose protons. This makes multinucleon
transfer reactions a valuable tool for producing neutron-
rich nuclei associated with the lighter reaction partner.

As the neutron excess increases within the projectile, a
shift in the transfer flux distribution is predicted, leading to
a dominance of proton pick-up and neutron stripping chan-
nels for the lighter reaction partner [3, 4]. This transition
from favoring neutron-poor to neutron-rich heavy prod-
ucts has been experimentally observed in various studies
[5–7], highlighting the potential of multinucleon transfer
reactions as an efficient mechanism for producing heavy
neutron-rich nuclei, that are difficult to reach with other
methods, such as fusion evaporation reactions and possi-
bly with higher cross section than with the fragmentation
reactions [6].

Our research aims to explore the most efficient path-
ways to produce these heavy neutron-rich nuclei, which
has been a major focus of both theoretical and experi-
mental studies in recent years. Specifically, we have con-
centrated on proton pick-up and neutron stripping for the
lighter reaction partner, and neutron transfer channels for
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heavier systems. Additionally, understanding the impact
of nucleon-nucleon correlations on transfer channel cross
sections is a critical aspect of this work. To this end,
we performed experiments in inverse kinematics at ener-
gies significantly below the Coulomb barrier, where quasi-
elastic processes dominate, allowing for a detailed study
of one- and two-nucleon transfer channels. These stud-
ies were made possible by employing the large solid-angle
magnetic spectrometer PRISMA [8, 9], which offers high
efficiency in identifying transfer products by mass, charge,
and Q-value.

2 From quasi-elastic to deep-inelastic
processes: the 206Pb+118Sn case

Multinucleon transfer (MNT) reactions between heavy
ions at energies close to the Coulomb barrier constitute
a link between quasi-elastic (QE) processes, character-
ized by the transfer of few nucleons and small kinetic-
energy losses, and deep-inelastic collision (DIC) pro-
cesses, where substantial nucleon transfer and large ki-
netic energy losses occur. The evolution from QE regime
to DIC is particularly interesting for heavy-ion systems
due to the pronounced influence of strong Coulomb fields
and significant energy loss, which can greatly affect the
final yield distributions. In the case of the 206Pb+118Sn
system [10, 11], the optimal Q-values are well-suited for
observing both neutron and proton pick-up and stripping
channels, referring to changes in the lighter reaction part-
ner. Specifically, the ground-to-ground state Q values for
the main open channels lie below the bell-shaped curves
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that define the optimum Q values and, consequently, the
transition probability.

In this study, we examined how, for such heavy system,
the mass, charge yields and final cross sections depend on
energy losses as the reaction evolves from the QE to the
DIC regime. The goal is to provide a unified framework
for understanding neutron and proton transfer channels in
both pick-up and stripping directions.

We accelerated a 206Pb beam to an energy of 1200
MeV onto a thin 118Sn target. Target-like fragments were
detected using the PRISMA spectrometer, positioned at a
laboratory angle of 35◦ (grazing angle) and, for a short run,
at 25◦. This angular range was wide enough to observe the
decrease in yield for elastic and inelastic scattering as well
as the main region of multinucleon transfers. The use of
inverse kinematics provided favorable experimental condi-
tions, offering high resolution in mass (A), charge (Z), and
Q-value due to the high kinetic energy (6-8 MeV/A) of
the detected ions, and good efficiency due to the forward-
focused angular distribution.

Figure 1. ∆E − E matrix obtained for the 206Pb+118Sn reaction
at Elab=1200 MeV, with the spectrometer placed at θlab=25◦. The
most intense band corresponds to the target-like nuclei. Figure
taken from Ref. [10].

Figure 1 displays as an example the measured ∆E - E
matrix. The most intense band corresponds to the target-
like ions produced in the MNT reaction. We also observed
some fission-like events, but only a fraction of their to-
tal yield because the spectrometer was optimized to detect
transfer products. The visible Z separation indicates the
good resolution of the ionization chamber.

The large acceptance of PRISMA provides an excel-
lent opportunity to follow the energy dissipation in the re-
action as it evolves from the QE to the DIC regimes. The
best way to visualize this evolution is through Wilczyn-
ski plots, which map the Q-value (or, alternatively, kinetic
energy) versus the scattering angle. We constructed these
plots by selecting transfer reaction products in mass and
charge, and generating Q-values under the assumption of
a binary reaction and the momentum conservation. The
Wilczynski plots are displayed in figure 2 for the strongest
channels in the vicinity of the entrance-channel mass par-
tition, specifically those involving the transfer of one and
two neutrons, and one and two protons. At forward scatter-

ing angles, the distribution is dominated by a QE peak, lo-
cated near the ground-to-ground state Q-value (Qgs). This
peak diminishes at angles more backward than the grazing
angle where large energy-loss components become more
prominent. For pure neutron transfers, the distributions
peak near the Qgs and extend to larger energy losses. Only
in the elastic and inelastic channel, the narrow QE peak
is well separated from the large energy-loss components.
Channels involving proton and neutron stripping start near
the optimum Q-values and peak at higher values, sug-
gesting neutron evaporation. It is important to note that
the overall effect of evaporation on the integrated yields
of each neutron pick-up channel is much less significant,
as higher-mass channels have progressively lower primary
cross sections.

The total cross sections for various transfer channels
are shown in figure 3, along with the GRAZING calcula-
tions [12, 13]. This model calculates how the total reaction
cross section is distributed among the different reaction
channels by treating QE and DIC processes on the same
footing. GRAZING takes into account, besides the rela-
tive motion variables, the intrinsic degrees of freedom of
projectile and target. These are the surface degrees of free-
dom and particle transfer. The exchange of many nucleons
proceeds via a multi-step mechanism of single nucleons.
Our results show good agreement between the GRAZING
calculations and experimental data for pure neutron trans-
fer channels and the pure (-1p) channel. However, on the
proton-stripping side, the experimental cross sections shift
towards lower masses and are increasingly underestimated
by GRAZING. This discrepancy can partly be attributed
to neutron evaporation from larger neighboring masses,
significantly affecting the lower-mass region of populated
isotopes. Similar discrepancies have been observed in pre-
vious studies involving medium-mass projectiles. Proton
transfer channels tend to have larger energy losses, and dif-
ferences between experimental and calculated cross sec-
tions were partly attributed to the large modification in the
trajectories of entrance and exit channels due to the charge
transfer, which may not be fully accounted for by theory.
In the case of two-proton transfer channels, these discrep-
ancies might also indicate the possible presence of addi-
tional degrees of freedom, such as pair-transfer modes.
This progressive underestimation of yields as the number
of transferred nucleons increases may indicate that more
complex processes, not well taken into account by theory,
populate the given isotopes. The observed different be-
haviour between the proton stripping and proton pick-up
channels, which is especially relevant for the production
of heavy neutron-rich nuclei, remains an open question for
further investigation.

Further theoretical and experimental work is still re-
quired to better understand proton transfer channels, es-
pecially proton-pickup processes. This area has gained
significant interest, particularly in developing new models
that can predict cross sections using various approaches [4,
14, 15]. Therefore, the measured cross sections for the
206Pb+118Sn system have been compared with other theo-
retical models, including microscopic framework of time-
dependent covariant density functional theory [15] and

Figure 2. Wilczynski plots (Q-value vs θc.m.) measured at θlab=35◦ for the labeled transfer channels. The contours represent the double-
differential cross sections, d2σ/dΩdQ. The yield for the (+1p-1n) channel could not be safely extracted due to partial overlap with the
118Sn one. Figure taken from Ref. [10].

Figure 3. Experimental (points) and GRAZING calculated (his-
tograms) total angle and Q-value integrated cross sections for the
various transfer channels populated in the 206Pb+118Sn reaction
at Elab=1200 MeV. The solid and dashed histograms are the cal-
culations performed with and without evaporation, respectively.
Figure taken from Ref. [10].

theoretical framework that couples the Langevin dynam-
ics iteratively with the master equation [16], demonstrat-
ing promising results in describing reaction dynamics.

3 Study of the heavy partner: the
197Au+130Te case

Primary yields in MNT reactions are often influenced by
secondary processes, such as neutron evaporation, which
typically shift mass distributions toward lower values. To
investigate these mechanisms more thoroughly, a dedi-
cated experiment was carried out using the 197Au+130Te
system at energies near the Coulomb barrier [17]. This ex-
periment focused on neutron transfer channels that lead to
neutron-rich Au isotopes by using the neutron-rich 130Te
target. The PRISMA spectrometer was used in high-
resolution kinematic coincidence with the NOSE time-of-
flight system [18]. This setup allowed the coincident de-
tection of both light and heavy transfer products: PRISMA

identified isotopes in the tellurium region, while the coin-
cident Au-like partners were detected with NOSE.

By using a high-resolution spectrometer in coinci-
dence mode, a mass-mass correlation matrix was con-
structed, offering insights into the behavior of the heavy
reaction partner. High-resolution identification of the light
fragment’s mass allowed the separation of the mass distri-
bution of the heavy partner into well-defined bands. The
centroids of bands when more neutrons are transferred
were observed to shift slightly towards lower masses com-
pared to the primary neutron transfer channels, indicating
that primary fragments acquire significant excitation en-
ergy, leading to neutron evaporation. From this analysis,
the average number of neutrons evaporated for each chan-
nel associated with Te isotopes was derived. The evapo-
ration effect depends strongly on the bombarding energy
and the projectile-target combination. Therefore, continu-
ing these studies is essential to identify optimal conditions
for using MNT reactions to populate heavy neutron-rich
nuclei.

The experimental cross sections of Te isotopes, pre-
sented as points in figure 4, are compared with GRAZING
calculations shown as histograms. The channels involving
a few neutron transfers are quite well reproduced for both
pick-up and stripping processes. However, the cross sec-
tions for the production of tellurium isotopes cannot be di-
rectly translated to those of the heavy reaction counterpart,
as nuclear evaporation affects the light and heavy partners
differently. Nevertheless, the agreement with the GRAZ-
ING calculations for the Te isotopes allows us to extend
the predictions for the production of Au isotopes, shown
in the bottom panel of the figure. Here, we also display
the "production cross sections" to represent the evapora-
tion effects as estimated by GRAZING. This comparison
confirms that MNT reactions are indeed suitable method
for producing neutron-rich heavy nuclei and highlights the
importance of understanding secondary processes.
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footing. GRAZING takes into account, besides the rela-
tive motion variables, the intrinsic degrees of freedom of
projectile and target. These are the surface degrees of free-
dom and particle transfer. The exchange of many nucleons
proceeds via a multi-step mechanism of single nucleons.
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Figure 3. Experimental (points) and GRAZING calculated (his-
tograms) total angle and Q-value integrated cross sections for the
various transfer channels populated in the 206Pb+118Sn reaction
at Elab=1200 MeV. The solid and dashed histograms are the cal-
culations performed with and without evaporation, respectively.
Figure taken from Ref. [10].

theoretical framework that couples the Langevin dynam-
ics iteratively with the master equation [16], demonstrat-
ing promising results in describing reaction dynamics.

3 Study of the heavy partner: the
197Au+130Te case

Primary yields in MNT reactions are often influenced by
secondary processes, such as neutron evaporation, which
typically shift mass distributions toward lower values. To
investigate these mechanisms more thoroughly, a dedi-
cated experiment was carried out using the 197Au+130Te
system at energies near the Coulomb barrier [17]. This ex-
periment focused on neutron transfer channels that lead to
neutron-rich Au isotopes by using the neutron-rich 130Te
target. The PRISMA spectrometer was used in high-
resolution kinematic coincidence with the NOSE time-of-
flight system [18]. This setup allowed the coincident de-
tection of both light and heavy transfer products: PRISMA

identified isotopes in the tellurium region, while the coin-
cident Au-like partners were detected with NOSE.

By using a high-resolution spectrometer in coinci-
dence mode, a mass-mass correlation matrix was con-
structed, offering insights into the behavior of the heavy
reaction partner. High-resolution identification of the light
fragment’s mass allowed the separation of the mass distri-
bution of the heavy partner into well-defined bands. The
centroids of bands when more neutrons are transferred
were observed to shift slightly towards lower masses com-
pared to the primary neutron transfer channels, indicating
that primary fragments acquire significant excitation en-
ergy, leading to neutron evaporation. From this analysis,
the average number of neutrons evaporated for each chan-
nel associated with Te isotopes was derived. The evapo-
ration effect depends strongly on the bombarding energy
and the projectile-target combination. Therefore, continu-
ing these studies is essential to identify optimal conditions
for using MNT reactions to populate heavy neutron-rich
nuclei.

The experimental cross sections of Te isotopes, pre-
sented as points in figure 4, are compared with GRAZING
calculations shown as histograms. The channels involving
a few neutron transfers are quite well reproduced for both
pick-up and stripping processes. However, the cross sec-
tions for the production of tellurium isotopes cannot be di-
rectly translated to those of the heavy reaction counterpart,
as nuclear evaporation affects the light and heavy partners
differently. Nevertheless, the agreement with the GRAZ-
ING calculations for the Te isotopes allows us to extend
the predictions for the production of Au isotopes, shown
in the bottom panel of the figure. Here, we also display
the "production cross sections" to represent the evapora-
tion effects as estimated by GRAZING. This comparison
confirms that MNT reactions are indeed suitable method
for producing neutron-rich heavy nuclei and highlights the
importance of understanding secondary processes.
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Figure 4. (Top) Total experimental cross sections of Te iso-
topes (points) and GRAZING calculations (histogram). (Bot-
tom) GRAZING predictions for the Au isotopes with (black his-
togram) and without (red histogram) neutron evaporation. Figure
taken from Ref. [17].

4 Radioactive beams studies: the
94Rb+208Pb case

A recent experiment explored the potential of MNT re-
actions for producing neutron-rich heavy nuclei using
neutron-rich beams in direct kinematics. A 94Rb beam
was accelerated to 6.2 MeV/nucleon, approximately 30%
above the Coulomb barrier, and directed at a 208Pb tar-
get [19]. Measurements were conducted at ISOLDE using
the MINIBALL array [20] and the CD detector [21]. To
allow a reliable comparison with theory, the focus was on
pure neutron transfer channels, where modification in the
trajectories of entrance and exit channels is minimal, and
the nuclear form factors are better known.

The detector setup used enabled the identification of
reaction products through their associated γ rays. For de-
termining absolute cross-section values, the intensity of
the lowest 3− octupole state of 208Pb at forward angles was
used as a reference and was normalized to a distorted-wave
Born approximation (DWBA) analysis. The cross sec-
tions for Pb isotopes are displayed in figure 5. The lower
bars represent the directly measured γ yields, while the
points include ground-state cross sections inferred from
estimates. These values represent lower cross section lim-
its, while the points also account for contributions from
the Rb partner, assuming minimal mutual excitation. The
GRAZING calculations, also shown in the figure, show
good agreement with the experimental data, particularly
for the neutron-rich Pb isotopes. In the higher mass re-
gion, the experimental cross section for 209Pb is particu-
larly well reproduced. The observed cross sections in the
neutron-rich mass region confirm the predicted change in

Figure 5. Total cross sections of Pb isotopes. The measured
cross sections are indicated as lower limits, while those which
include the estimated values for the ground states are indicated
with full points. The histogram is the GRAZING prediction for
Elab = 575 MeV. Figure taken from Ref. [19].

population pattern. This experiment is important for un-
derstanding the degrees of freedom which influence the
evolution of the reaction and cross sections for the pro-
duction of neutron-rich nuclei near the N=126 region, and
is a first step towards comprehending this reaction mecha-
nism’s potential to access these hard-to-reach areas of the
nuclear chart.

5 Study of proton transfer channels and
the future perspectives with AGATA

Different degrees of freedom might be necessary to accu-
rately describe the cross sections for the transfer of two
nucleons, and it is interesting to investigate what happens
at energies near and below the Coulomb barrier. Below the
barrier, the reaction mechanism becomes simpler, resem-
bling a more direct reaction. In these suitable conditions,
two-nucleon transfer reactions can be used to investigate
particle-particle correlations, induced by pairing interac-
tion.

An advantage of heavy-ion transfer reactions is the
ability to simultaneously compare observables for both
single and pair transfer channels. However, in the pro-
ton sector, experimental data are very scarce, as proton
transfer cross sections decrease more rapidly than those of
neutrons, especially below the barrier. This makes proton
transfer processes in heavy-ion collisions much less under-
stood. They involve large modification in the trajectories
of entrance and exit channels (due to the modification of
the Coulomb field). Additionally, the single-particle level
density for protons is less studied than the one of neutrons,
and the corresponding single-particle form factors are less
well known compared to neutrons. Proton transfer proba-
bilities are also generally smaller at the same distances of
closest approach.

Previous studies have been largely limited to above-
barrier energies (to small values of distance of closest ap-

Figure 6. Transfer probabilities (Ptr) as a function of the distance
of closest approach (D) for the pure proton stripping channels.
Points are the experimental data: (1p) (full black circles), and
(2p) (red empty circles). Solid lines are calculated transfer prob-
ability. (Top): The blue dashed line is the result of the GRAZING
code calculation, while the full black line is the DWBA calcula-
tion. (Bottom): The blue dotted line corresponds to the GRAZ-
ING calculation for the (2p) channel, scaled × 60. Figure taken
from Ref. [22].

proach, D), where overlapping with the absorption region
complicates the interpretation of transfer probabilities and
the extraction of enhancement factors. To address these
challenges, the 116Sn+60Ni system was measured using the
PRISMA spectrometer from above to well below the bar-
rier, where secondary effects are minimized [22].

The data for proton stripping channels are represented
as transfer probabilities, i.e., the ratio of transfer yield to
quasi-elastic yield, plotted as a function of the distance of
closest approach, which takes into account both beam en-
ergy and detection angle. Both experimental results and
theoretical calculations are shown in figure 6. The results
show that GRAZING calculations, which consider only
independent nucleon transfer, significantly under-predict
the experimental transfer probability for the 2p stripping
channel by a factor of 60. This experiment is one of the
few cases where proton transfer channels are measured
below the barrier, minimizing the contributions from DIC
and neutron evaporation. The analysis of total kinetic en-
ergy loss (TKEL) distributions indicates that energy dissi-
pation remains limited, particularly at sub-barrier energies,
where TKEL values align well with theoretical predictions
(see Ref. [22] for more details). These findings support
the dominance of direct QE processes, suggesting that the
observed large enhancement factor cannot be attributed to
significant energy losses or secondary effects.

In this context, the experiment "Probing nucleon-
nucleon correlations in the 48Ca+208Pb system below the

Figure 7. GRAZING calculated cross sections for the
208Pb+48Ca system at the beam energy of 1100 MeV. Relatively
symmetric population of different stripping and pick-up channels
is predicted.

Coulomb barrier" conducted in March 2023 with PRISMA
coupled to AGATA holds significant importance [23]. Op-
timum Q-value considerations for this system indicate that
the reaction populates not only the usual proton strip-
ping and neutron pick-up (referred to the light partner)
paths, but also the proton pick-up and neutron stripping
ones, with comparable cross sections. This is clearly
visible in figure 7 that shows the GRAZING calculated
cross section for the target-like products in inverse kine-
matics. This opens very interesting opportunity to inves-
tigate correlations simultaneously for a complete set of
transfer channels, involving both addition and removal of
neutron and proton pairs. Additionally, we wanted to in-
vestigate whether any asymmetry exists between proton-
stripping and proton-pickup channels. The employment
of AGATA [24] will be crucial since it allows to study
the transfer strength of different states, especially since the
transfer for protons doesn’t have to be dominated with the
ground-to-ground state transitions.

6 Summary

The last generation of large solid-angle magnetic spec-
trometers, especially when combined with large γ-ray de-
tector arrays, has significantly advanced MNT studies near
the Coulomb barrier. Through the transfer of single and
nucleon pairs, valuable insights into nucleon-nucleon cor-
relations can be obtained, especially when experiments
are conducted below the Coulomb barrier. Additionally,
when many protons and neutrons are transferred, moder-
ately neutron-rich nuclei that are difficult to access through
other methods can be reached. This capability not only
sheds light on yield distribution patterns, which are criti-
cal for understanding the underlying reaction mechanisms,
but also facilitates detailed gamma spectroscopy giving in-
sight to nuclear structure. A current area of interest is
the investigation of the properties of the heavy neutron-
rich binary partners in the reaction, which are important
for both nuclear structure studies and astrophysics. How-
ever, secondary processes such as nucleon evaporation and
transfer-induced fission may affect final yields, especially
in heavier systems, requiring further investigation to opti-
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the nuclear form factors are better known.
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reaction products through their associated γ rays. For de-
termining absolute cross-section values, the intensity of
the lowest 3− octupole state of 208Pb at forward angles was
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duction of neutron-rich nuclei near the N=126 region, and
is a first step towards comprehending this reaction mecha-
nism’s potential to access these hard-to-reach areas of the
nuclear chart.

5 Study of proton transfer channels and
the future perspectives with AGATA

Different degrees of freedom might be necessary to accu-
rately describe the cross sections for the transfer of two
nucleons, and it is interesting to investigate what happens
at energies near and below the Coulomb barrier. Below the
barrier, the reaction mechanism becomes simpler, resem-
bling a more direct reaction. In these suitable conditions,
two-nucleon transfer reactions can be used to investigate
particle-particle correlations, induced by pairing interac-
tion.

An advantage of heavy-ion transfer reactions is the
ability to simultaneously compare observables for both
single and pair transfer channels. However, in the pro-
ton sector, experimental data are very scarce, as proton
transfer cross sections decrease more rapidly than those of
neutrons, especially below the barrier. This makes proton
transfer processes in heavy-ion collisions much less under-
stood. They involve large modification in the trajectories
of entrance and exit channels (due to the modification of
the Coulomb field). Additionally, the single-particle level
density for protons is less studied than the one of neutrons,
and the corresponding single-particle form factors are less
well known compared to neutrons. Proton transfer proba-
bilities are also generally smaller at the same distances of
closest approach.

Previous studies have been largely limited to above-
barrier energies (to small values of distance of closest ap-

Figure 6. Transfer probabilities (Ptr) as a function of the distance
of closest approach (D) for the pure proton stripping channels.
Points are the experimental data: (1p) (full black circles), and
(2p) (red empty circles). Solid lines are calculated transfer prob-
ability. (Top): The blue dashed line is the result of the GRAZING
code calculation, while the full black line is the DWBA calcula-
tion. (Bottom): The blue dotted line corresponds to the GRAZ-
ING calculation for the (2p) channel, scaled × 60. Figure taken
from Ref. [22].

proach, D), where overlapping with the absorption region
complicates the interpretation of transfer probabilities and
the extraction of enhancement factors. To address these
challenges, the 116Sn+60Ni system was measured using the
PRISMA spectrometer from above to well below the bar-
rier, where secondary effects are minimized [22].

The data for proton stripping channels are represented
as transfer probabilities, i.e., the ratio of transfer yield to
quasi-elastic yield, plotted as a function of the distance of
closest approach, which takes into account both beam en-
ergy and detection angle. Both experimental results and
theoretical calculations are shown in figure 6. The results
show that GRAZING calculations, which consider only
independent nucleon transfer, significantly under-predict
the experimental transfer probability for the 2p stripping
channel by a factor of 60. This experiment is one of the
few cases where proton transfer channels are measured
below the barrier, minimizing the contributions from DIC
and neutron evaporation. The analysis of total kinetic en-
ergy loss (TKEL) distributions indicates that energy dissi-
pation remains limited, particularly at sub-barrier energies,
where TKEL values align well with theoretical predictions
(see Ref. [22] for more details). These findings support
the dominance of direct QE processes, suggesting that the
observed large enhancement factor cannot be attributed to
significant energy losses or secondary effects.

In this context, the experiment "Probing nucleon-
nucleon correlations in the 48Ca+208Pb system below the

Figure 7. GRAZING calculated cross sections for the
208Pb+48Ca system at the beam energy of 1100 MeV. Relatively
symmetric population of different stripping and pick-up channels
is predicted.

Coulomb barrier" conducted in March 2023 with PRISMA
coupled to AGATA holds significant importance [23]. Op-
timum Q-value considerations for this system indicate that
the reaction populates not only the usual proton strip-
ping and neutron pick-up (referred to the light partner)
paths, but also the proton pick-up and neutron stripping
ones, with comparable cross sections. This is clearly
visible in figure 7 that shows the GRAZING calculated
cross section for the target-like products in inverse kine-
matics. This opens very interesting opportunity to inves-
tigate correlations simultaneously for a complete set of
transfer channels, involving both addition and removal of
neutron and proton pairs. Additionally, we wanted to in-
vestigate whether any asymmetry exists between proton-
stripping and proton-pickup channels. The employment
of AGATA [24] will be crucial since it allows to study
the transfer strength of different states, especially since the
transfer for protons doesn’t have to be dominated with the
ground-to-ground state transitions.

6 Summary

The last generation of large solid-angle magnetic spec-
trometers, especially when combined with large γ-ray de-
tector arrays, has significantly advanced MNT studies near
the Coulomb barrier. Through the transfer of single and
nucleon pairs, valuable insights into nucleon-nucleon cor-
relations can be obtained, especially when experiments
are conducted below the Coulomb barrier. Additionally,
when many protons and neutrons are transferred, moder-
ately neutron-rich nuclei that are difficult to access through
other methods can be reached. This capability not only
sheds light on yield distribution patterns, which are criti-
cal for understanding the underlying reaction mechanisms,
but also facilitates detailed gamma spectroscopy giving in-
sight to nuclear structure. A current area of interest is
the investigation of the properties of the heavy neutron-
rich binary partners in the reaction, which are important
for both nuclear structure studies and astrophysics. How-
ever, secondary processes such as nucleon evaporation and
transfer-induced fission may affect final yields, especially
in heavier systems, requiring further investigation to opti-
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mize MNT as a method for producing heavy neutron-rich
nuclei.
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[23] T. Mijatović, L. Corradi et al., LNL PAC Proposal,
2023.

[24] J.J. Valiente-Dobòn, et al. Conceptual design of the
AGATA 2π array at LNL. Nucl. Instr. Meth. Phys. Res.
A 1049, 168040 (2023). https://doi.org/10.1016/j.nima.
2023.168040

6

EPJ Web of Conferences 324, 00004 (2025)	 https://doi.org/10.1051/epjconf/202532400004
NSD2024


