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Why are we in 
Florence?
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BeforeIWM-EC 2026

In the 2025
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INDRA@GSI

A.LeFevre, «Isotopic transparency in central Xe+Sn Ŏƻƭƭƛǎƛƻƴǎ ŀǘ млл aŜ±κƴǳŎƭŜƻƴέ
{Ŝƻƴ Iƻ bŀƳΣ  ά{ŜƴǎƛǘƛǾƛǘȅ ƻŦ /ƻƭƭŜŎǘƛǾŜ Cƭƻǿ ǘƻ 9ŦŦŜŎǘƛǾŜ aŀǎǎ ƻŦ ƴǳŎƭŜƻƴ ƛƴ LƴǘŜǊƳŜŘƛŀǘŜ-9ƴŜǊƎȅ ·Ŝ Ҍ {ƴ wŜŀŎǘƛƻƴǎέ

INDRA+FAZIA@GANIL
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A.LeFevre, «Isotopic transparency in central Xe+Sn Ŏƻƭƭƛǎƛƻƴǎ ŀǘ млл aŜ±κƴǳŎƭŜƻƴέ

L.Baldesitalk «Evolution of the reaction dynamics in the 58Ni+58bƛ ǎȅǎǘŜƳ ŀǘ CŜǊƳƛ ŜƴŜǊƎƛŜǎέL.Baldesitalk «Evolution of the reaction dynamics in the 58Ni+58bƛ ǎȅǎǘŜƳ ŀǘ CŜǊƳƛ ŜƴŜǊƎƛŜǎέ
Å Focused on peripheral collisions
Å QPr e QPb selection
Å Pred as central estimation
Å Calorimetry to reconstruct the primary sources 
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Å Calorimetry to reconstruct the primary sources 

R. Bougault ǘŀƭƪ ά!ƴƎǳƭŀǊ LǎƻǎǇƛƴ ƎǊŀŘƛŜƴǘ ƻŦ ŜƳƛǘǘŜŘ ƛǎƻǘƻǇŜǎ ŦǊƻƳ Ar+Ni 74 AMeV collisions»

I. Dekhissi ǘŀƭƪ άɾŜŀǎǳǊŜƳŜƴǘ of the ɶƻȅƭŜ ǎǘŀǘŜ ǊŀŘƛǳǎ ǳǎƛƴƎ ǎƛƴƎƭŜ ŀƴŘ Ƴǳǘǳŀƭ ŜȄŎƛǘŀǘƛƻƴ ƛƴŜƭŀǎǘƛŎ ǎŎŀǘǘŜǊƛƴƎ ά

L.Baldesitalk «Evolution of the reaction dynamics in the 58Ni+58bƛ ǎȅǎǘŜƳ ŀǘ CŜǊƳƛ ŜƴŜǊƎƛŜǎέ
Å Focused on peripheral collisions
Å QPr e QPb selection
Å Pred as central estimation
Å Calorimetry to reconstruct the primary sources 

R. Bougault ǘŀƭƪ ά!ƴƎǳƭŀǊ LǎƻǎǇƛƴ ƎǊŀŘƛŜƴǘ ƻŦ ŜƳƛǘǘŜŘ ƛǎƻǘƻǇŜǎ ŦǊƻƳ Ar+Ni 74 AMeV collisions»
Å Differentcentralestimator
Å Differentsize of the system
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INDRA+FAZIA@GANIL experiments
L.Baldesitalk «Evolution of the reaction dynamics in the 58Ni+58bƛ ǎȅǎǘŜƳ ŀǘ CŜǊƳƛ ŜƴŜǊƎƛŜǎέ
R. Bougault ǘŀƭƪ ά!ƴƎǳƭŀǊ LǎƻǎǇƛƴ ƎǊŀŘƛŜƴǘ ƻŦ ŜƳƛǘǘŜŘ ƛǎƻǘƻǇŜǎ ŦǊƻƳ Ar+Ni 74 AMeV collisions»
I. Dekhissi ǘŀƭƪ άɾŜŀǎǳǊŜƳŜƴǘ of the ɶƻȅƭŜ ǎǘŀǘŜ ǊŀŘƛǳǎ ǳǎƛƴƎ ǎƛƴƎƭŜ ŀƴŘ Ƴǳǘǳŀƭ ŜȄŎƛǘŀǘƛƻƴ ƛƴŜƭŀǎǘƛŎ ǎŎŀǘǘŜǊƛƴƎ ά

INDRA@GSI

A.LeFevre, «Isotopic transparency in central Xe+Sn Ŏƻƭƭƛǎƛƻƴǎ ŀǘ млл aŜ±κƴǳŎƭŜƻƴέ
{Ŝƻƴ Iƻ bŀƳΣ  ά{ŜƴǎƛǘƛǾƛǘȅ ƻŦ /ƻƭƭŜŎǘƛǾŜ Cƭƻǿ ǘƻ 9ŦŦŜŎǘƛǾŜ aŀǎǎ ƻŦ ƴǳŎƭŜƻƴ ƛƴ LƴǘŜǊƳŜŘƛŀǘŜ-9ƴŜǊƎȅ ·Ŝ Ҍ {ƴ wŜŀŎǘƛƻƴǎέ

MACHINE LEARNING APPLICATION
S.Piantellitalk «Use of a machine learning algorithm to reduce the global computational time for a Bayesian analysis 
ōŀǎŜŘ ƻƴ ǘƘŜ !a5 ƳƻŘŜƭέ

THIN SILICON DETECTORS FOR FAZIA
A. Kordyasz ǘŀƭƪ ά¢ŜŎƘƴƛǉǳŜ ƻŦ нл ҡƳ ǘƘƛŎƪ ǘǊŀƴǎƳƛǎǎƛƻƴ ŘŜǘŜŎǘƻǊǎ ŦƻǊ C!½L! quartetto ŦǊŀƳŜǎ ά



GANIL 
France

FAZIA experiment@GANIL (2024-now)

E789: 58,64Ni+58,64Ni@32,54 MeV/uĄIsospin transport and the density dependence of the symmetry energy 
E818:  36Ar,58Ni+58Ni@74MeV/u Ą Extending our knowledge of Warm Dense Nuclear Matter in the  low-density region
E881: 12C+12C@8.8MeV/u ĄHoyle state radius from elastic and inelastic scattering measurements
E884:  70Zn+27Al,70Zn,209Bi@34.6 MeV/uĄ Influence of entrance channel mass asymmetry on QP break-up
T26-01: 12C+CH2,

12C,CD2@11MeV/u Ą Branching ratio of 12C 3- state ɹ -decay to ground state using (p,pΩύ ǊŜŀŎǘƛƻƴ
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FAZIA @CNAO (Pavia, Italy):
 Experimental measurement of the 
 CsI(Tl) detection efficiency for LCP 

GANIL 
France

CNAO (Pavia) 
Italy
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CNAO (Pavia) 
ItalyGANIL 

France

LNL   
Italy

FAZIA @ LNL

Test of thin silicon detectors (25µm) from 
MICRON as first layer of the FAZIA telescopes
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CNAO (Pavia) 
ItalyGANIL 

France

LNL   
Italy

RAON     
South Korea

FAZIA @ RAON
Producing new FEE and detectors. Testing of the 
first block fully build in Korea (electronics and 
detectors)
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CNAO (Pavia) 
ItalyGANIL 

France

LNL   
Italy

RAON     
South Korea

MSU 
Michigan 

FAZIA @ MSU

Participation to the next experiment with a FAZIA block

Collaboration for new experiments and proposals 
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INDRA-FAZIA 
experiment
@GANIL

12 FAZIA blocks 

ǒ covering from 2Á to 14Á.

ǒ mass discrimination up to Z Ḑ 25.

INDRA

ǒ 12 rings covering from 14Á to 176Á 

ǒ mass discrimination up to Z Ḑ 10.

ü Isotopic identification of fragments 

emitted forward.

ü Global event characterization 

thanks the large angular coverage.



THE FAZIA DETECTOR

Only 3 connections:
Å Two optical fibers
Å 1 Hv (48V)
Å Cooling circuits

A full block: 4 quartets + 
electronics

A single telescope: a 2x2 cm structure

A single quartet

Si1 thickness: 20-25um,300 um
Si2 thickness: 500,675,750 um
CsI(Tl) thickness: 10 cm  

TESTED WITH SUCCESS (up to now)

Never seen before Mass and charge 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǳǎƛƴƎ ɲ9-E and PSA 

L.Baldesi58Ni+58Ni@74AMeV
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INDRA ELECTRONICS UPDATE

Å New digitalelectronics
Å New silicon detectors
Å First attemptof INDRA PSA

More detailsin J.Franklandet al. 
NIMA 1082(2026), 170908

ON_LINE SPECTRA                   
from T26-01 exp.!!!!
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E881 and T26-01 : a new way to use FAZIA+INDRA with light system 
Andrea De Rosa courtesyE881 experiment: 12C+12C@8.8 MeV/u.

I_max(ch)

Strong connections with the 
CHIMERA group!  

Å At 10MeV/u, the PSA on the first silicon detector of 
FAZIA is able to well identify in charge and mass

Å Possible use of the INDRA CsIό¢ƭύ ǘƻ ŘŜǘŜŎǘ ʴ-rays as 
already tested with success with CHIMERA

Å Many possible interesting physic cases:
Å Hoyle state radius (see I. Dekhissi talk)

Å Transfer reactions (A.De Rosa master thesis and 
now Ph.D)

Å Branching ratio of 12C 3- ǎǘŀǘŜ ʴ-decay to ground 
state using (p,pΩύ ǊŜŀŎǘƛƻƴ 



A personal selection of highlights from INDRA-
FAZIA collaboration 



The method is based on the selection of a 
άƎƻƻŘέ ŎŜƴǘǊŀƭƛǘȅ ƻōǎŜǊǾŀōƭŜ ·Σ ǿƛǘƘ ŀ 
monotonical behavior. The idea is to consider 
the experimental observed distribution as a 
sum of conditional probability distribution of X 
given a certain value of the impact parameter.  

IWM-EC 2026, Firenze 25-28 May 2026

58,64Ni+58,64Ni@32AMeV INDRA+FAZIA exp.

M

Isospin transport ratio of QP remnant

Å New impact parameter estimation
Å Larger region of impact parameters

S.Barlinifor the INDRA-FAZIA collaboration
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GOOD: Expandedregionof impact parameters
with respectpreviousresults

VERY GOOD: New resultscompatiblewith 
respectto the previousone!



A personal selection of highlights from INDRA-
FAZIA collaboration 
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Å Isospin transport ratio evaluated using the QPr 
directly measured by FAZIA 

Å QPr is usually well reproduced by dynamical model
Å Model-independent way to estimate the centrality
Å Many different EoS used in the BUU@VECC-McGill 

transport model calculation
Å Estimation of the density associated to  the isospin 

transport

Lower right inset:
Example of quadratic fit in ́/ 0́ to 
interpolate the likelihood of 
symmetry energy values that lie 
between the ones explored by 
the chosen models. 

Upper Left inset:
Example of posterior 
distribution with flat 
prior distribution ́ iκ0́

Simmetry energy vs. density 
for the different tested 

models

Limitationin Pure 
NeutronMatter from 
ab-inizio calculationi



A personal selection of highlights from INDRA-
FAZIA collaboration 



Å Measurements performed using elastically 
scattered proton beam from 70 up to 190 MeV

Å FAZIA block in air at 1m from target 
Å Experimental results are well in agreement with a 

GEANT4 simulation

FAZIA@CNAO: p+Au@70-190MeV
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FAZIA@CNAO: p+Au@70-190MeV
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Å Measurements performed using elastically 
scattered proton beam from 70 up to 190 MeV

Å FAZIA block in air at 1m from target 
Å Experimental results are well in agreement with a 

GEANT4 simulation

Χwork in progress for a similar paper about Z=2 particles 
produced starting from a Carbon beam

FAZIA@CNAO: p+Au@70-190MeV



A personal selection of highlights from INDRA-
FAZIA collaboration 

ΧƧǳǎǘ submittedto PRC!



FAZIA@LNS: 12C+12C@62AMeV

Very precise cross section measurements at 62MeV/u

IWM-EC 2026, Firenze 25-28 May 2026S.Barlinifor the INDRA-FAZIA collaboration



A personal selection of highlights from INDRA-
FAZIA collaboration 

FAZIA@LNL: the FAZIATHIN iniziative to test thin silicon detector asfirst layer



PISOLO setup @LNL:

Possibleapplications:
Å@LNL (E < 20 AMeV)
Å stable and exotic beams

Å@ RAON (E Ḑ 10-20 AMeV)
Å  first operational phase

Å@ FRIB (150-200 AMeV)

Ễ intermediate fragments from QP
Ễ fusion compound

Ễ complex fragments from target spectator
      at intermediate energies

FAZIA@LNL: 32S+48Ti@186MeV

Around25° with 
respectto the beam

Target



 ֙Very thick (good to have more reactions to populate correlations)
 ֙Light (good to suppress elastic scattering)Why 48Ti target?

S.Valdrécourtesy

FAZIA@LNL: 32S+48Ti@186MeV
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S.ValdrécourtesyFAZIA@LNL: 32S+48Ti@186MeV
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S.ValdrécourtesyFAZIA@LNL: 32S+48Ti@186MeV

..still a lot of work to getthe finalbest resultsbut:

Å In some telescopesweachieveZ identificationup to Z~18
Å Channelingisclearlyvisible(maybearound5%)
Å ThicknessdishomogeneityislargerthanexpectedĄ still to be investigated
Å Overall detector qualityworsethan!ƴŘǊȊŜƧΩǎsensor!!
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Χōǳǘ ǘƘƛǎ ƛǎ ƴƻǘ 
the first attempt 
for FAZIA to use 
a thin silicon 
detector



seetalk of Andrzej Kordyasz ά¢ŜŎƘƴƛǉǳŜ ƻŦ нл ҡƳ ǘƘƛŎƪ 
transmission detectors for FAZIA quartetto ŦǊŀƳŜǎέ

Thanks to the very good thickness homogeneity, a 
very good charge separation has been obtained!



Χōǳǘ ǿƘŀǘ ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜ ǇƭŀƴƴƛƴƎΚ

Generated by ChatGPT
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FAZIA@RAON
Å Since 2023, the Korean group is active member of FAZIA with the MoU
Å Many contribution to the FAZIA collaboration

Å New FEE cards development in collaboration with NOTICE, a local company
Å New Si detectors always in collaboration with local company

FPGA 
(Kintex

-7)

New FEE card

¸ Analog part: 
To amplify 
analog signals 
from the 
detector

FPGA 
(Kintex

-7)

¸ Digital part: 
Signal 
processing 

     (analog to digital 
conversion)

¸ Conversion part: 
Power distribution 

      Application of bias           
voltage

Partof the 
Si sensor 
process 

flow

Photo mask 
(by MicroImage): 
Tested various guard 
ring patterns & 
different sensor 
designs

Thinning (by TRinno Tech) 
& dicing (by MEMSPACK)

Wafer processing (by ETRI)

Byungsik Hong courtesy

FAZIA@RAON



FAZIA@RAON: first beam test of a fully assembled FAZIA block

¸The first FAZIA block built in Korea was tested 
using the proton beams at RAON.

¸Beamtime: 10 11 February 2026
¸Beam energy: 40 ͯ70 MeV (10 MeV step)
¸Beam current: 30 nA
Á The minimum beam current for stable operation 

of cyclotron was ͯ1014 pps, but we asked to 
decreased the intensity as low as possible not to 
risk the detector.

Á Event rate: ͯ 250 events/s

Byungsik Hong courtesy

S.Barlinifor the INDRA-FAZIA collaboration



FAZIA@RAON: future perpectives

Construction of total 4 blocks by the 
end of this year

Another test with protons beams at 
RAON is scheduled in 21-22 Sep. 2026.

Next step is to test the FAZIA blocks 
produced in Korea using the ion beams

Finally, we would like to have some 
physics runs at RAON and GANIL. 

Byungsik Hong courtesy

Example of possible FAZIA configuration  with 4 blocks

Made in Korea
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