
Nuclear Physics 

studies at intermediate 

energies with FAZIA

Lucia Baldesi

25th Zimányi School Winter Workshops
December 1-5, 2025
Budapest, Hungary

NUCLEX



GANIL years

INFN-LNS

• 2002-2010 - R&D Phase ABOVE and 

BEYOND12 FAZIA blocks coupled 

with the INDRA 4π detector
From 4 to 6 Blocks

Investigation of the HIC dynamics by accessing

the isospin degree of freedom

Constraining the equation of state parameters 

and explore the nuclear matter properties

(see Ilham Dekhissi’s talk)
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• 2019 – 58, 64 Ni + 58,64 Ni at 32 and 52 MeV/u

• 2022 – 36Ar + 58Ni , 58Ni + 58Ni at 74 MeV/u

• 2025 – 70Zn + 28Si, 70Zn, 208Pb at 35 MeV/u

• 2025 – 12C + 12C at 8 MeV/u   • 2015 – 80Kr + 40,48Ca at 35 MeV/u - ISOFAZIA

• 2016 – 40,48Ca+ 40,48Ca at 35 MeV/u - FAZIASYM

• 2017 – 40,48Ca+ 12C at 25 and 40 MeV/u – FAZIAPRE

• 2018 – 12C + 12C at 62 MeV/u - FAZIAZERO 

• 2015 – 80Kr + 40,48Ca at 35 MeV/u - ISOFAZIA

• 2016 – 40,48Ca+ 40,48Ca at 35 MeV/u - FAZIASYM

• 2017 – 40,48Ca+ 12C at 25 and 40 MeV/u – FAZIAPRE

• 2018 – 12C + 12C at 62 MeV/u - FAZIAZERO 
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Heavy-Ion collision and the nuclear Equation of State

Symmetric matter

Asymmetric matter

The nuclear Equation of state is the basis of the isospin dynamics theory

V. Baran et al., Physics Reports 410 (2005) 335 – 466
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Heavy-Ion collision and the nuclear Equation of State

Symmetric matter

V. Baran et al., Physics Reports 410 (2005) 335 – 466

Asymmetric matter

The nuclear Equation of state is the basis of the isospin dynamics theory

Peripheral Central

Isospin transport 

phenomena

Isospin Drift:
• driven by the density gradient. 
• induces a net neutron flux towards low density regions

Isospin Diffusion:
• driven by the isospin gradient
• tends to equilibrate neutron–proton imbalance.

T

P

T

P

T

P

QT*

QP*



5

Heavy-Ion collision and the nuclear Equation of State

Symmetric matter

Asymmetric matter

The nuclear Equation of state is the basis of the isospin dynamics theory

Peripheral Central

Isospin transport 

phenomena
Isospin and breakup

A. Jedele et al., Phys. Rev. Lett. 118, 062501 (2017)

As the centrality increases, projectile 
and target may undergo through 
dynamical breakup. The hot deformed 
source is expected to be enriched 
towards mid-velocity. A second re-
equilibration occurs before the splitting

V. Baran et al., Physics Reports 410 (2005) 335 – 466
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Heavy-Ion collision and the nuclear Equation of State

Symmetric matter

Asymmetric matter

The nuclear Equation of state is the basis of the isospin dynamics theory

Peripheral Central

Isospin transport 

phenomena
Isospin and breakup Cluster production

A compressed nuclear subsystem may form which then 
expands considerably.
At low densities, the nuclear matter may no longer be 
described in terms of only neutrons and protons, and light 
cluster formation plays a key role. 

V. Baran et al., Physics Reports 410 (2005) 335 – 466



The FAZIA detector 
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75 cm 

read out 
electronics

FAZIA block
Si1

(300 µm) 
Si2

(500 µm) 
CsI(Tl)
(10 cm) 

charged 
particles

● Detectors

1 block = 16 telescopes 

telescope - three layers with active area 20x20 mm2:                                                                                  

Si (300 μm) - Si (500 μm or 750 μm) - CsI(Tl) (10 cm)

FAZIA “recipe” for Si detectors:

○ Doping uniformity within ± 3%

○ Thickness uniformity within ±1 μm

○ “random cut” of the Si wafers to avoid channeling

○ “reverse mounting” configuration

○ monitoring of the silicon reverse current and compensation

● Electronics: digital read-out electronics placed under 
vacuum close to the detectors

The combination of PSA and ΔE-E allows for an excellent 
identification from protons to Z=25 in a broad energy range 
with low thresholds. 

The state of the art of ion identification in the Fermi energy domain
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FAZIA Nuclide chart 
of particles coming 
from the reaction 
58Ni+58Ni @ 74 AMeV

The FAZIA detector 



The INDRA-FAZIA coupling
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FAZIA: 
12 blocks covering from 2° to 14°.
Charge discrimination up to uranium, mass 
discrimination up to Z ∼ 25.

INDRA:
12 rings covering from 14° to 176°

○ 6-9: Si + CsI(Tl)
○ 10-17: CsI(Tl)

Charge discrimination up to uranium, mass 
discrimination up to Z ∼ 10.

Large solid angle coverage (80%) with high 
granularity (more than 400 modules)

● INDRA – Global events variable
● FAZIA – Isotopic properties of ejectiles



A comprehensive view on diffusion

The first investigation point has been dedicated to isospin diffusion:
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C. Ciampi et al., Phys. Rev. C 106, 024603 (2022)
C. Ciampi et al., Phys. Rev. C 108, 054611 (2023)

58,64Ni + 58,64Ni @ 32 and 52 MeV/u

isospin sensitive 
observable

centrality

Ordering 
variable

evaporative channel Despite the effect of statistical emission, the data clearly show 
the phenomenon of isospin diffusion. 

● QP-QT equilibration in mixed systems:
○ peripheral: similar <N/Z> for reactions induced by same 

projectile 
○ more central: <N/Z> depends on target
○ the N/Z values for the asymmetric systems tend to approach 

each other

→ evidence of isospin diffusion

● Decreasing behaviour with centrality 
→ Evaporation Attractor Line (EAL)



A comprehensive view on diffusion
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C. Ciampi et al., Phys. Rev. C 106, 024603 (2022)
C. Ciampi et al., Phys. Rev. C 108, 054611 (2023)

58,64Ni + 58,64Ni @ 32 and 52 MeV/u

● The two asymmetric 
branches are driven 
towards the equilibration 
by isospin diffusion as 
reaction centrality 
increases

● The higher the contact 
time (i.e. the lower the 
bombarding energy) the 
more effective the 
diffusion 

evaporative channel
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isospin transport ratio 
F. Rami et al., Phys. Rev. Lett. 84, 1120 (2000)

● R(x) = ± 1 →  non equilibrated cond.
● R(x) = 0    → complete equilibrium

bypass effects acting similarly on the four 
systems (apparatus acceptance or physical 
processes e.g. statistical decay) 

The first investigation point has been dedicated to isospin diffusion. 

centrality



● Thanks to INDRA we can access ordering variable, such as 
multiplicity.

● Following the method proposed by Frankland, we can associate to 
each multiplicity a probability density function in terms of impact 
parameter and perform a model-independent evaluation of isospin 
equilibration as a function of centrality.

12

A comprehensive view on diffusion
going model independent

J. D. Frankland et al., Phys. Rev. C 104, 034609 (2021)

C. Ciampi al., Phys. Rev. C 111, 044601 (2025)
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A comprehensive view on diffusion
From HI equilibration to EoS

C. Ciampi al., Phys. Lett. B 868, 139815 (2025)
Constrains on the EoS may be extracted from the experimental 
equilibration path, profiting of the better b estimation.

Extract information on symmetry energy term of nuclear EoS: 
● INDRA-FAZIA experimental data
● BUU@VECC-McGill calculations

● NEoS parametrizations from ab initio and phenomenological approaches:
○ Ab initio: two extreme χ-EFT interactions from C. Drischler et al., Phys. Rev. C 93, 054314 (2016) .

○ Phenomenological approaches:
■ SAMI (Skyrme), X. Roca-Maza., PRC 86, 031306(R) (2012) 

■ SGII (Skyrme), Nguyen Van Giai, PLB 106, 379 (1981) 

■ NL3 (RMF), G. A. Lalazissis, PRC 55, 540 (1997) 

→ confidence interval for the 
symmetry energy as a function 
of the density reached during 
the collisions. 

○ good agreement with ab initio 
calculations pointing towards 
a relatively soft behaviour of 
the symmetry energy.

○ good agreement with 
symmetry energy constraints 
available in the literature.
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evaporative channel 

● the neutron enrichment of the 
neck is clearly observed 

● midvelocity component: the N/Z is 
essentially independent on the 
beam energy. 

● evaporative component: an 
interesting dependence on the 
beam energy emerges.

○ different isospin contents of the QP* 
source are reflected in the 
evaporated particles

○ as the energy increases, the growing 
midvelocity contribution leaves the 
QP* slightly more neutron poorCentrality

Centrality

Exploring the isospin drift

58Ni + 58Ni @ 32,52,74 MeV/u

In order to highlight the isospin drift, a comparative analysis of the isotopic composition of the midvelocity and 
evaporative emissions was performed. 

isospin ratio for complex particles:

○ complex particles: d, t, 3He, 4He, 6He, 6Li, 7Li, 8Li, 9Li, 7Be, 9Be, and 10Be 
○ free protons and neutrons are excluded

E. Galichet, PRC 79, 064614 (2009)



Insight into the QP breakup
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● QP break-up: fast, asymmetric and anisotropic fission process
● In the deformed emerging QP, a diffusion mechanism can establish after a 

neutron enrichment due to isospin drift
● The α rotation angle as a ‘’clock’’ for the breakup

A. Jedele et al., PRL 118, 062501 (2017)

80Kr + 48Ca  @ 35 MeV/u at INFN-LNS

✓ Aligned and oriented configuration 
with the LF emitted towards the QT 
is favoured

✓ LF more neutron rich, with a slight 
neutron-depletion of the LF as α
increases

x The AMD simulation does not clearly 
support the interpretation of the α 
angle as a clock for the QP splitting

S. Piantelli et al., PRC 101, 034613 (2020)



Insight into the QP breakup

Investigation of  isospin transport mechanisms in QP breakup events

● correlation between the α angle and the time scale of the 
breakup

○ S. Piantelli, PRC 101, 034613 (2020)
○ B. Harvey, PRC 102, 064625 (2020)

● the role of the target 
○ K. Brown, PRC 87, 061601(R) (2013)
○ A. Rodriguez Manso, PRC 95, 044604 (2017)

→ investigation of the QP breakup features with a more advanced 
apparatus in conjunction with a well-controlled characterization of the 
reaction centrality
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70Zn + 28Si,70Zn,208Pb  @ 35 MeV/u

(N/Z=1.00, 1.33,  1.54)



36Ar + 58Ni @ 74 MeV/u

cluster properties in the warm and low-density nuclear matter
○ to extend the in-medium measurements to heavier clusters by 

selecting the vaporisation source
○ FAZIA+INDRA apparatus to improve the isotopic resolution. 

124Xe+112Sn @ 32 MeV/u reaction with INDRA: chemical
equilibrium constants including in-medium corrections evaluated for 
mid-rapidity source.

○ data compared with a relativistic mean-field model using a 
phenomenological modification in the scalar cluster-meson 
coupling.

○ reproduction of the experimental data by the model is in tension for 
extreme masses.
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Facing the cluster problem

INDRA mass identified elements

FAZIA mass identified elements



What’s next?

18

INDRA-FAZIA @ GANIL 

● experiment approved for 
2026/2027

FAZIA @ RAON FAZIA @ FRIB

New rare-isotope beam accelerator 
complex under construction in 
South Korea 
● First phase: testing and 

experiments with low energy 
beams (<20 MeV/u)

● Second phase (>2030): very 
preliminary programs for high 
energy beams 

● participation in an already 
approved experiment (K. 
Brown and Z. Chajecki) with a 
FAZIA block

● internal discussion to propose 
experiments at FRIB with 
FAZIA blocks or with 
dedicated new detectors 



Thank you

for your attention

NUCLEX
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