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We focus on the light exotic part of the chart where 
nuclear interactions can be tested against variations in 
nuclear Isospin.

These systems are a stringent check of fundamental 
descriptions based on QCD.

Low -energy regime

Open quantum system



Low Energy (5-50 AMeV)
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ACTAR TPC : Design
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! Drift region: principle
• Transparent to particles on 4 sides
→Wire field cage
• Homogeneous vertical drift electric field
→ Double wire field cage: 2 mm/1 mm pitch

! Amplification region: principle
• Bulk Micromegas (CERN PCB workshop)
• Local gain reduction via pad polarization

! Segmented pad plane
• Micromegas
→ transverse multiplicity ≈  electron straggling: 2x2 mm2 pads
• 16384 pads with very high density: challenge!
→ Two solutions investigated 

! Electronics: GET
GET electronics:
• 512 samples ADC readout depth x 16384 pads
→ volume sampling in 8 Mega voxel
• adjustable gain, peaking time, individual trigger: pad per pad 3

ACTAR TPC
Cubic geometry, no magnetic field, 

V=27 L, Amp: µmegas 128 mm
(France, Spain, Italy, Canada, Japan, Belgium)

AT TPC
Cylindrical geometry and magnetic field, 

V= 250 L Amp: µmegas 128 mm, 
multilayer thick GEM (1ML, 3 stages)

(USA, Spain, China)

Direct reactions  (transfer, resonant elastic, etc) 
measured with the new generation of active targets 

are specially well suited for the study of these systems.

LOW ENERGY (5-50 AMeV)
 &  ACTIVE TARGETS 
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Experimental goal

• Tensor part of the Vpn interaction (0p1/2-
0p3/2) predicts the gap reduction.
• Microscopic origin of the spin-orbit.
• Contradictory experimental results in the 
Z=6 size between Nature and PLB

D.Tran et al. Nat. Commun. 9 (2018)1594 I. Syndikus et al PLB 809 (2020),135748.

Study of the Z=6 in 20O
20O(d,3He)19N

First transfer reaction experiment with
ACTAR TPC Nuclear structure of light exotic nuclei

Grupo FICA - IGFAE retreat 2026

ACTAR TPC

First transfer campaign with ACTAR TPC. Successful results 
Direct measurement of the Z=6 shell gap in neutron-rich O 
isotopes

J. Lois-Fuentes PhD thesis

Phys. Rev Lett 136,212501, (2026)

4

potential parameters as those described in this work2. Fig. 5
shows a clear reduction of the Z=6 shell gap as neutrons are
added to the s1/2d5/2-orbitals in contrast with recent results
[25] suggesting the persistence of a strong Z=6 magic num-
ber in light neutron-rich systems. As a matter of fact, the �exp

S O
changes from 7.09(15) MeV in 16O to 5.30(14) MeV in 20O
so that the spin-orbit splitting is reduced by �S O = 1.79(18)
MeV when adding more neutrons. Results from shell model
calculations 3 using the SFO-tls interaction are in very good
agreement with the quenching of the SO-splitting observed
experimentally, as �th

S O = 6.92 MeV in 16O and �th
S O = 5.00

MeV in 20O with �S O = 1.92. The 0p1/2 � 0p3/2 splitting can
be related to the monopole term of the proton-neutron interac-
tion �V pn.

�S O(16O) � �S O(20O) = �V pn = �S O (1)

With �S O :

�S O = ⌫0d5/2

�
V pn

0p1/20d5/2
� V pn

0p3/20d5/2

�

+ ⌫1s1/2

�
V pn

0p1/21s1/2
� V pn

0p3/21s1/2

� (2)

Where ⌫0d5/2 and ⌫1s1/2 are the neutron occupancies in the d
and s orbitals, respectively. The quenching of the spin-orbit
splitting appears to be a↵ected by two terms of the monopole
interaction that act in opposite directions. While the term mul-
tiplied by ⌫0d5/2 is induced by the tensor force and tends to
reduce the SO-splitting. The one multiplied by ⌫1s1/2 corre-
sponds to the action of the two-body LS term that increases
the SO-splitting. Therefore, it is important to know how the
4 valence neutrons are distributed across the s and d orbitals.
In the context of the experiment, the neutron-removal reaction
20O(d,t) was measured simultaneously and the deduced spec-
troscopic factors provided information on the ` = 0/2 mixing.
The measured values [54] show that the majority of neutrons
are found in the 0d5/2 orbital, with only 10% in the 1s1/2 or-
bital. Given the good agreement with SFO-tls, one can use the
theoretical two-body matrix elements to determine the domi-
nant component. Using spin-tensor decomposition, the di↵er-
ence in the proton 0p SO-splitting is found to arise predomi-
nantly from the tensor component with 95% contribution.

Conclusion- The single-particle energies of the 0p3/2 and
0p1/2 orbitals in 20O have been deduced experimentally. A
modification of the SO-splitting of approximately 1.8 MeV
has been observed from 16O to 20O. This result is at odds
with a previous publication claiming a persistent Z=6 shell
gap [25]. The results are in good agreement with state-of-
the art shell model interaction SFO-tls. The reduced 0p SO-
splitting is fully attributed to the e↵ect of the tensor force. The
ACTAR TPC set-up was crucial for attaining unprecedented

2 For 16O the full strength was measured while for 18O the strength of 0p1/2
and 0p3/2 is similar to that obtained for 20O

3 The theoretical values correspond to a total strength of > 94%

FIG. 4: Experimental excitation energy of the states
measured in 19N compared to theoretical calculations with
the SFO-tls interaction. Spins and parities are indicated on
the right of the horizontal bars. The filled part of the bar
represents the spectroscopic factor C2S. For clarity, only

states with theoretical C2S> 0.06 are displayed.
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FIG. 5: Evolution of the Z=6 gap in neutron-rich oxygen
isotopes relative to 16O as a function of the neutron number.

The open circles correspond to previous measurements
[45–47], while the full circles correspond to our work. Error
bars corresponding to 1� are shown by a grey shadow region.

Results from the SFO-tls interaction, computed up to the
same excitation energy as that measured experimentally, are

shown by the red dashed line.

Tensor part of nn-interaction responsible
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Experimental goal

• Tensor part of the Vpn interaction (0p1/2-
0p3/2) predicts the gap reduction.
• Microscopic origin of the spin-orbit.
• Contradictory experimental results in the 
Z=6 size between Nature and PLB

D.Tran et al. Nat. Commun. 9 (2018)1594 I. Syndikus et al PLB 809 (2020),135748.
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ACTAR TPC
First transfer campaign with ACTAR TPC. Successful results
Direct measurement of the N=8,14 shell gap in neutron-rich 
19O isotopes

M. Lozano-González PhD thesis
Preparation for Phys. Lett B. 
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0p SO-splitting, is comparable to other traditional spin-orbit-
driven magic numbers, such as 28, in stable nuclei.

However, a reduction of the SO splitting in neutron-rich
carbon isotopes, attributed to the tensor force, had previously
been proposed by A.O. Macchiavelli et al., [26] to account
for the enhanced collectivity observed in 20C, similar to the
1p1/2-1p3/2 reduction reported in neutron rich Sr-Zr isotopes
[27]. This interpretation is supported by (p,2p) measurements
at GSI performed by I. Syndikus et al. [28], which quanti-
fied the increase in the proton component of the 2+ state in
n-rich carbon isotopes. However, none of these studies di-
rectly measured the proton single-particle energies as neutrons
were added to the sd-orbitals, which is a key piece of infor-
mation. Here, we present the first measurement of the 0p ex-
citation energies and corresponding spectroscopic factors in
20O where fewer correlations are expected than in 21N. The
experiment demonstrates the capabilities of next generation
of active targets in single-nucleon transfer reactions. The use
of ACTAR TPC was crucial, as it enabled compensation for
the loss of luminosity inherent to the use of radioactive beams
while maintaining high resolution, highlighting its unique ad-
vantage for such transfer-reaction studies.

Experiment- A radioactive 20O beam at 35A MeV was pro-
duced at GANIL by fragmentation of a 55A MeV 22Ne pri-
mary beam at the object position of the LISE spectrometer
[29]. After separation in LISE, the secondary beam was de-
livered to the active-target time-projection-chamber ACTAR
TPC [30, 31, 33], operated in active-target mode [31]. The 20O
intensity at the target position was about 2.5 ⇥ 104 pps, with
a purity close to 100%. The ACTAR TPC allows, by mea-
suring in 3D the vertex of the reaction, the use of relatively
thick gas targets without loss of resolution. For this experi-
ment ACTAR TPC was filled in with a mixture of D2(90%)
and iC4H10(10%) gases at a pressure of 952 mbar at 20� C.
The gas temperature was monitored continuously during the
experiment. The fluctuations were found negligible (<1%),
with little e↵ect on the density or the number of atoms in the
active volume. With this mixture, the use of the active tar-
get ACTAR TPC represents approximately a factor 10 in the
number of deuterium atoms compared to standard solid tar-
gets used in the past to perform similar (d,3He) measurements
[32].

The ACTAR TPC setup is shown in the left panel of Fig. 1.
Two silicon detector walls (SiF and SiS) were installed about
10 cm from the field cage, covering forward and transverse
laboratory angles to detect light charged particles. Each wall
consisted of Si PIN detectors with an active area of 8 ⇥ 5 cm2

and a thickness of 500 µm, providing overall angular cover-
age from 5� to 120�1. The emission angles of these particles
were obtained directly from the three-dimensional tracks re-
constructed within ACTAR TPC, achieving an angular reso-
lution of �✓lab = 0.4�. A multi-wire proportional counter lo-
cated at the entrance of ACTAR TPC was used to monitor the

1 Assuming the reaction occurs at the center of the ACTAR TPC active vol-
ume.

incoming beam intensity for normalization, which was cross-
checked with the elastic-scattering yield measured simultane-
ously in the side wall (SiS).

The 3He ions were identified using the �E–E technique,
with �E derived from the energy deposited in the active vol-
ume (QACTAR) and E from the front silicon detectors (SiF).
The right panel of Fig. 1 shows the particle identification
(PID) of the di↵erent light particles. The inset, presents the
2D projection of a typical transfer reaction event, where the
beam, recoil and ejectile are clearly distinguishable.

FIG. 1: (Color online) Left: Scheme of the setup showing
the pad plane and both Si walls. Right: The PID is

constructed using the energy loss in the gas within ACTAR
TPC (QACTAR) and the residual energy in the first silicon

layer (Eres). The inset shows an example of the projection of
a two-body event in the XY plane of ACTAR TPC.

Results-The excitation energy spectrum of 19N was ex-
tracted from the scattering angles and the kinetic energies of
3He using the missing-mass technique in the center-of-mass
angular range 5�-22�. The scattering angle was deduced from
a 3D fit to the tracks of the events identified as binary re-
actions using the multiple-step algorithm developed in [34]
(inset of Fig. 1 b). By combining the residual energy mea-
sured in the silicon detectors with the track length and the
energy-loss data obtained from SRIM, we can reconstruct the
energy of light particles at the reaction vertex. The final exci-
tation energy (see Fig. 2) shows a typical resolution of 1.06
MeV (FWHM). This value is equivalent to that obtained with
a solid target 10 times thinner (1mg/cm2). Bound states were
fit with gaussians while unbound states were modelled with
Breit-Wigner functions convolved with the experimental res-
olution, which dominated in all cases. Additionally, contribu-
tion from a three-body final states (18N+n+3He) was included
in the fit. The phase space for the final (17N+2n+3He) is also
included but the fit yields a negligible amplitude.

Figure 2 shows eight clear structures, four states be-
low the neutron separation energy (Sn=5.328 MeV [35]) at
Ex = 0.00(5), 1.21(12), 2.58(9) and 3.85(15) MeV and four
resonances above, at Ex = 5.30(3), 7.29(9), 9.39(16) and
11.96(26) MeV. Except for the ground (1/2�) and the first ex-
cited state (3/2�) reported at 1.143 MeV, the remaining states
have not been observed elsewhere [36, 37].

Figure 3 presents the measured angular distributions for the
observed states, compared with zero-range Distorted Wave
Born Approximation (DWBA) calculations that incorporate

Figure 2: PID for particles reaching the first front Si layer, showing the unam-
biguous separation among Z = 1 and Z = 2 isotopes. A gate was imposed on
particles undergoing punch-through to the second layer.

includes two unidentified states, was not studied in the present
publication.

Below the one-neutron separation energy (S n = 3.96 MeV
[25]), three states are populated at Ex = 0.000(7), 1.76(8) and
3.25(2) MeV, while eight structures are observed up to 15 MeV,
well above the two-neutron emission threshold (S 2n = 12 MeV)
at Ex = 4.73(5), 6.77(9), 8.1(1), 9.04(7), 10.8(1), 12.5(2),
14.0(1) and 15.04(4) MeV. This last state is the isobaric ana-
logue state (IAS) of 19N ground state, which belongs to a T =
5/2 multiplet of states. Nuclear-energy di↵erences between 19O
and 19N evaluated with [25] place it at Ex = 15.4 MeV, com-
patible with the observed value.

The experimental angular distributions were obtained in
the [5, 15]� ✓CM range and were compared with finite-range
Distorted-Wave Born Approximation (DWBA) calculations
computed with the fresco [26] code. Optical model poten-
tials (OMPs) modelling the incoming (20O + d) and outgoing
(19O + t) channels were taken from the global parametrizations
of Daehnick [27] and Pang [28], respectively. Uncertainties
arising from the OMP choice were estimated to be 11 % after
comparing with the parameter sets of Haixia [29], DA1p [30]
and HT1p [31]. The light-particle overlap ht|d + ni was repre-
sented by GFMC ab-initio results [32], while the heavy-particle
one h20O|19O + ni was modelled by single-particle wave func-
tions generated in a Woods-Saxon potential whose depth was
adjusted to represent the e↵ective neutron separation energy
using standard geometry (r0 = 1.25 fm and a = 0.65 fm) and
including a fixed spin-orbit term (Vso = 6 MeV, rso = 1.1 fm
and aso = a). The impact of the r0 choice on the spectro-
scopic observables was estimated as 13 % after a sensitivity
study employing realistic neutron radii from Skyrme calcula-
tions in the Hartree-Fock framework [33]. Such calculations
suggest a valence-neutron radius r0 = 1.28 fm for 20O or an av-
erage 1.33 fm for nuclei with Z in the 10–20 range. Figure 4
compares the experimental angular distributions with the theo-

retical calculations assuming di↵erent l transfers.

3.2. Spectroscopic analysis aided by the shell model

The angular-distribution shapes provide information about
the orbital angular momentum (l) of the removed nucleon. In
contrast, the normalisation factor between the experimental and
calculated data (a free parameter in a �2 minimisation) yields
the spectroscopic factor (C2S), which measures orbital occu-
pancies in the parent 20O. Shell-model calculations were per-
formed to interpret the experimental results and help assign
spin-parities for the populated states. As discussed in the in-
troduction, the SFO-tls Hamiltonian [14, 15, 16, 17] was used
as a reference. This interaction nicely reproduces the distribu-
tion of p � sd states across neutron-rich carbon isotopes and
should perform well in the nearby oxygen chain. However, a
modification of this interaction, Mod1 hereafter, was also used
to assess the impact of tweaked two-body monopole matrix el-
ements in the reproduction of experimental observables. In this
case, nn and pp monopoles between the p � sd and sd � sd

shells were made more attractive by =0.125 MeV, while for pn

interactions they were changed by =0.25 MeV.
A comparison between experimental and theoretical results is

displayed in Figure 5, with values listed in Table 1. Regarding
the ground state, its angular distribution is well reproduced by
an l = 2 transfer, in agreement with the 5/2+ assigment from
previous studies [34] and with the independent-particle shell-
model picture for 12 neutrons. The first excited state shows a
distinctive l = 0 shape, indicating a non-negligible occupation
of the 1s1/2 orbital in the 20O ground-state wave function. Their
combined occupancies determine the e↵ect of proton-neutron
interactions in modifying the Z = 6 spin-orbit gap, which was
already investigated via the 20O(d,3He)19N channel in this ex-
periment [18].

The remaining states are well described by l = 1 trans-
fers, corresponding to neutron removals from the more bound
0p1/2 and 0p3/2 orbitals. To establish their j-values, compar-
ison with shell-model calculations is necessary. According to
the ordering presented in Figure 5, the first two 0p states cor-
respond to neutron removals from the 0p1/2 orbital, yielding
1/2� assignments, as with the isobaric analogue state of 19N
at 15.04(4) MeV. The remaining 0p levels correspond instead
to neutron removals from the more bound 0p3/2 orbit, leading
to 3/2� final states. The 0p3/2 strength is severely fragmented
across di↵erent states, preventing direct correspondence be-
tween measured and calculated 3/2� levels. The Mod1 inter-
action lowers the 0p states by 1.5–2 MeV, thereby improving
agreement with the experimental state positions. Consequently,
subsequent discussions use the Mod1 model as a reference, un-
less explicitly stated.

Concerning spectroscopic information, the experimental
spectroscopic factors in both Figure 5 and Table 1 were renor-
malised by a quenching factor Rs = 0.6(1) accounting for
nucleon-nucleon correlations, as determined in (e, e0p) exper-
iments [35] and validated in transfer measurements [36]. In do-
ing so, the C2S of the ground and first-excited states are compat-
ible with the shell-model calculations within the error bars. For

3

Figure 3: Excitation energy spectrum of 19O reconstructed by the missing-mass technique.

Figure 4: Angular distributions for the measured states compared to DWBA
calculations assuming di↵erent l values according to the legend. States are
labelled by their Ex position.

0p states, the experimental spectroscopic factors are systemat-
ically reduced with respect to theory. The experimental C2S
of 19N IAS is at 1.4� from the theoretical value, which could
indicate a poorer quality of the angular distribution in a region
largely dominated by a phase-space contribution and with few
populated ✓CM bins.

Figure 5: Comparison of experimental and theoretical energy levels. The nl j

(colours) and isospin (filling style) of the removed nucleon are indicated. Bar
widths represent the corresponding occupancy fraction. Theoretical states with
C2S � 0.07 are represented.

Their values1 provide a summed measured strength of
4.5(11) [3.52], 0.23(7) [0.15], 2.6(5) [1.49], and 1.7(3) [0.91]
for the 0d5/2, 1s1/2, 0p1/2, and 0p3/2 orbitals, respectively, for
the experimental [Mod1 SFO-tls] states. Relative to the orbital
degeneracy, the present experiment exhausted 75(18) % [59 %],
12(3) % [8 %], 130(30) % [75 %], and 43(8) [23 %] of the re-

1Besides states listed in Table 1, states carrying small pieces of strength
were considered in the sum of theoretical results. The threshold was imposed
by the experimental C2S � 0.04 limit.
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Experimental goal

• Tensor part of the Vpn interaction (0p1/2-
0p3/2) predicts the gap reduction.
• Microscopic origin of the spin-orbit.
• Contradictory experimental results in the 
Z=6 size between Nature and PLB

D.Tran et al. Nat. Commun. 9 (2018)1594 I. Syndikus et al PLB 809 (2020),135748.

Study of the Z=6 in 20O
20O(d,3He)19N

First transfer reaction experiment with
ACTAR TPCNuclear structure of light exotic nuclei

Grupo FICA - IGFAE retreat 2026

ACTAR TPC - Upgrade

• 1.5 mm  thick Silicon sensors

• Holder design à Cristina Cabo (IGFAE)

• PCB design & Bounding à IGFAE (LHCb engineers). Eliseo 
Pérez, Antonio Pazos, Antonio Fernández Prieti
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Exotic nuclei with ACTAR TPC
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ACTAR TPC

TRIUMF (Canada) : 2025

- S2008  “Probing single-particle states in 21Al”
Spokespersons: B. Fernández-Domínguez, T. Roger
Approved in 2022

- S2384 “Detailed study of 12Li”
Spokespersons: B. Fernández-Domínguez, T. Roger 
Approved in 2023

Experimental goal

• Tensor part of the Vpn interaction (0p1/2-
0p3/2) predicts the gap reduction.
• Microscopic origin of the spin-orbit.
• Contradictory experimental results in the 
Z=6 size between Nature and PLB

D.Tran et al. Nat. Commun. 9 (2018)1594 I. Syndikus et al PLB 809 (2020),135748.

Study of the Z=6 in 20O
20O(d,3He)19N

First transfer reaction experiment with
ACTAR TPC

- Very succesful results à analysed by I. Blanco-Calviño



(A. Muñoz-Ramos PhD thesis)

A Solenoid Spectrometer Apparatus for Reaction Studies

Grupo FICA - IGFAE retreat 2026



• A. Muñoz-Ramos (PhD thesis)
• Georgina Xifra (PhD thesis)

• David Palacios Suárez-Bustamante (Ph.D Thesis)

A Solenoid Spectrometer Apparatus for Reaction Studies

Grupo FICA - IGFAE retreat 2026

Preliminary Results à ongoing 
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Exotic nuclei with AT TPC
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AT- TPC

RCNP (Japan) : 2026
- S2008  “Detailed structure of 18C”

Spokespersons: B. Fernández-Domínguez, 
Y. Ayyad Approved in 2019à run 2026

P. Miriot-Jaubert Post-Doct (IGFAE)



Organisation of activities AT TPC

Y. Ayyad & C. Cabo 2025



High Energy (50-1000 AMeV)



R3B @ FAIR - CALIFA 

- Ongoing analysis “Unveiling the structure of neutron-rich Z=9 isotopes: the case of 25F”:
 1. First R3B experiment to investigate the nuclear structure of 23,24,25F using quasi-free 

 (p,2p) and (p,pn) reactions.
 2. Measurement of momentum distributions for bound and unbound states and Erel 

spectra with high accuracy.
 3. Study of p1/2 and p3/2 spin-orbit splitting in neutron-rich O isotopes.

-  Successful tests of ALPIDE (Monolithic Active 
Pixel Sensor) detector concept for R3B, with part of 
the sensors + electronics funded by IGFAE-USC.

-  CALIFA completion programme: 400 detection 
units (crystal + APD) to be mounted and charactered 
at IGFAE-USC (June-December 2026).

-  Fire at UNILAC -> Postposed beam till 2027. 
HYDRA experiment (sched. Sep 2026), with strong 
IGFAE-USC participation, cancelled.

-  FAIR high-energy cave installation scheduled for late 
2026 and 2027 (not delayed by fire). Starting new 
physics programme in 2028 at FAIR (12C).
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R3B Data analysis

Conference papers based on USC PhD Thesis:

- Feijoo-Fontan, M. et al. : “Populating bound and 
unbound states of 18C via quasi-free (p,2p) reactions”, 
Proceedings of Science 475, 011 (2026).

- Benlliure, J. et al.: “Fission studies using quasi-free 
NN scattering reactions in inverse kinematics”, Nucl. 
Phys. A 1063, 123173 (2025).

- Feijoo-Fontan, M. et al. : “Development of a PID 
algorithm for the CALIFA detector to study 
multinucleon knockout reactions in exotic nuclei”, 
Nucl. Phys. A 1059, 123103 (2025).

Grupo FICA - IGFAE retreat 2026

Publications:

- Panin, V. et al. (with H. Alvarez-Pol): “Probing QFS 
mechanism with the 12C(p, 2p)11B reaction in inverse 
kinematics”, Phys. Lett. B 879, 140595 (2026).

- Rodriguez-Sanchez, J.L. et al. (with H. Alvarez-Pol, 
M. Feijoo-Fontán): “Neural network-based prediction 
of particle-induced fission cross sections for r-process 
nucleosynthesis trained with dynamical reaction 
models”, Nucl. Phys. A 1060, 123104 (2025).

USC PhD Thesis:

- Feijoo-Fontan, M.: “Exploring the structure of light neutron-rich nuclei through 
quasi-free scattering reactions in inverse kinematics with the R3B setup at 
GSI/FAIR”. Sup: J.L. Rodríguez-Sanchez. Tit: H. Alvarez-Pol. Defended: 
27/01/2026. Sobresaliente Cum laude.

Ongoing PhD Thesis:

- González-Rusell, P.: “Study of the structure of nucleon-rich isotopes 22, 23, 
24O.” Sup: H. Alvarez-Pol; J.L. Rodríguez-Sanchez. 

PoS(FAIRness2024)011
PoS(FAIRness2024)011

Populating bound and unbound states of
18C via quasi-free (p,2p) reactions M. Feijoo-Fontán
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Figure 4: Top panel: NeuLAND detection efficiency
as a function of Erel; bottom panel: preliminary ex-
perimental reconstructed Erel between the 17C and the
emitted neutron detected with NeuLAND.

The top panel of Fig.4 displays the estimated
NeuLAND efficiency nneu as a function of Erel,
which is around 80% up to Erel = 4 MeV, then
it starts decaying. The estimation is performed
with an INCL++ simulation. The preliminary
reconstructed one-neutron energy spectrum for
19N(p,2p)18C⇤ ! 17C+n is shown in the bottom
pannel of Fig.4. The total spectrum is fitted to
three Breit-Wigner distributions plus the con-
tinuum, which is estimated with ABLA++ [14]
following the thermal emission of neutrons,
parametrized as 0

p
Erel4�1⇤Erel being the param-

eters 0 = 50.1 MeV-0.5 and 1 = 0.44 MeV-1.
Three resonances are visible at 1.16, 3.21 and
5.7 MeV.

This result is in good agreement with previous measurements with the R3B/LAND setup
[15, 16]. However, thanks to the higher geometrical acceptance of NeuLAND with respect to the
previous setup, the third peak appears to be more populated now. The fact that the first peak is
rather narrow with respect to the other two could indicate that the former is an isolated resonance,
whereas the others could be a mixture of several.

4. Conclusions

Excited states of 18C are measured in inverse kinematics by using the 19N(p,2p)18C reaction
with an incoming energy of 540 MeV/u. The decaying 18C* ! 17C+n system was studied in order
to look for unbound states of the 18C. A clear third resonance-like structure in the Erel of 17C+n
at 5.7 MeV above the neutron separation energy is observed. The next steps will be to study the
correlation between the observed ⇢W and Erel, as well as the two-neutron emission of the system.
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Low Energy (5-50 AMeV)

High deformation



Fission and quasifission: 
between microscopic and macroscopic worlds

- Fission and quasifission are unique 
processes where the competition between 
microscopic and macroscopic properties of 
nuclear matter decide the outcome.

- Despite its widespread use for energy 
applications, fundamental properties of 
fission are still to be understood.

- The major challenge is the large number of 
particles involved: it is not enough to 
describe it macroscopically, but it is 
computationally impossible to treat all 
particles and their interactions.

- The main properties are obtained through 
the combination of as many observables 
as possible.
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Some data taking

This past year we run experiments led by our group:

- GANIL (France): “Search for structure effects in asymmetric fission of Z≤60 Systems” 
(E866_22) Spokespersons: M. Caamaño, D. Ramos (GANIL) Performed in 2025

- GANIL (France): “Novel insight into quasi-fission for advancing the understanding of 
reaction dynamics” (E900_24) Spokespersons: C. Schmitt (IPHC Strasbourg), 
M. Caamaño Performed in 2026

- LNL-INFN (Italy): “Collectivity and shell closure evolution in 
neutron-rich nuclei around N= 50” (25.0222) 
Spokespersons: A. Gottardo (LNL), 
J.J. Valiente-Dobón (IFIC), M. Caamaño, 
F. Angelini (GSI), D. Stramaccioni (LNL) 
To be performed in 2026
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And data analysis

The bulk of the analysis is being carried out by our
students:

- B. Errandonea: “Study of the evolution of nuclear 
structure and fission dynamics with low-energy 
reactions” FPI (supervisors: M. Caamaño, D. Ramos 
(GANIL)) PhD USC.

- N. Sánchez: “New fission modes in light systems 
around Z=60” (supervisors: M. Caamaño, H. Álvarez) 
PhD USC.

- F. Angelini: “Spectroscopic study of nuclei in the 
region of 78Ni” (supervisors: J.J. Valiente (IFIC, 
Valencia), A. Gottardo (LNL-INFN, Padova), 
M. Caamaño) PhD U. de Padova (Italy) (2025)
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Some publications:

- D. Ramos, M. Caamaño, et al.: “Isotopic fission yields 
of 240Pu as a function of the excitation energy” Phys. 
Rev. C 113, 054611 (2026).

- N. Kumar, with M. Caamaño, et al.: “First 
experimental isotopic mapping of the fission “𝛾-bump” 
and its connection to the Pygmy dipole resonance” 
Phys. Lett. B 878 (2026) 140506.

- More in preparation…

And collaborations, long-standing and beginning new ones:

- n_TOF/CERN: Neutron-induced reactions at CERN
- VAMOS/GANIL: Fission and quasifission study campaign at GANIL/Spiral2
- QF at ANU: We are planning experiments at ANU (Australia) with the world-leading group in quasifission.
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