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Summary

The INDRA-FAZIA group
The detector: sensors and electronics 
The performance: what we can contribute
Ongoing activities and physics cases         
(for more: talks by Caterina and Alberto)
New perspectives and R&D
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Since 2019 South Korea fully joined the collaboration, that was before only european.
 
Activities and plans included in a Memorandum of Understandings, now at its second 
edition.
MoU n.1  2018-2022     End of R&D and first experiments
MoU n.2  2023-2027     Mature exploitation Phase

The  INDRA-FAZIA collaboration
 Forward A and Z Identification Array

Human resourches:  about 30 physicists (among them: 3 PhD, 3 PostDOC) 

Born in 2006 with the goal to build an advanced solid-state detector array for identification 
of ions (Z,A), also exploiting  the powerful opportunity of fast digital electronics for signal 
PSA. 
After the R&D, the group built 12+4 modules of 3-stage telescopes to be used alone or 
coupled with other arrays. The priority  is the coupling with INDRA at GANIL.
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Electronics

S. Valdrè et al NIM A 930 2019
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Electronics layout

1 Block: 16 telescopes  connected 
two-by-two to 8 FE boards 

The 8 FE cards in a block are connected to  
Block Cards (BC) for the complete data transfer. 
The BC receives electrical signals/bits and 
transforms to optical packets, which are sent to 
the trigger Regional Board, outside the 
scattering chamber, through a full duplex 3Gb/s 
fiber link.  

VACUUM     AIR
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Present Z,A performance

Only E 

Unit Z
,A 

Adapted from 
G. Pastore et al. NIM A 860, 2017
And
C.Ciampi et al. PRC  106, 2022 

Unit Z; not unit A

Full unit Z,A above Si1-thresh

GANIL E818 2022 

Results obtained from the first 
real experiment  at LNS and 
then confirmed as  average 
performance in the last INDRA-
FAZIA experiments

Unit Z 

ΔE-E PSA

PSA
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Experiments at GANIL

From 2019 we are performing experiments with INDRA-FAZIA



Heavy-ion collisions can stimulate ‘isospin fluxes’ and also produce systems 
at subsaturation densities   (e.g. V.Baran et al. N.Phys A 730 2004)

QT fragment

beam and target ions 
with different n/p

 neutron-proton flux  
mainly governed by  
Esym(r=r0)



LIA Colliga WS Warsaw, March 201910

Heavy-ion collisions can stimulate ‘isospin fluxes’ and also produce systems 
at subsaturation densities   (e.g. V.Baran et al. N.Phys A 730 2004)

beam and target  ions
with equal n/p 

Density gradients:   
neutron-proton flux  also 
ruled by  Lsym

beam and target ions 
with different n/p

 neutron-proton flux  
mainly governed by  
Esym(r=r0)

We are extending  isotopic analysis to the BU channel:
 S.Piantelli PRC 101 2020
 Caterina Ciampi’s Talk at Nusym23

other works, e.g. Jedele PRL 118 2017
Rodriguez-Manso PRC 102 2020

neck region 

QT fragment





C.l. 68%

C.l. 95%

FAZIA activity (2010-2021)
LNS and GANIL
C,S,Ne,Ca, Ni,Kr beams from 25 to 52MeV/u

SEMIPERIPHERAL 
QP vs IMF emissions
Neck chemistry and features
QP break-up channel
Fragment formation and emissions
Resonances reconstruction

possible activity at
FRIB and RAON (2025-2035)

INDRA FAZIA activity (2022)
Last exp at GANIL
Ni beams 74 MeV/u

CENTRAL 
Mott transition up to Z=6-8 clusters
Equilibrium constants 
In-medium effects

Adapted from Russotto et al ArXiv 2302.01453

INDRA-FAZIA and the regions of the Esym
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New opportunities: Raon in South Korea

RAON
Phase 1: 2011-2022-->2024  (ISOL + KOBRA medium E beams)
Phase 2: 2023-2030 (H.E. SuperConducting Linac)

High quality RI beams by ISOL & IF

ISOL: fission fragments from U by 
70MeV protons
IF: SC linac system up to 200MeV/u 
Uranium beams 8pμA

High-intensity n-rich beams
e.g. 132Sn 250MeV/u up to 109 pps for users
Rich variety  of exotic beams via combination of IF and ISOL

Thanks to the korean partnership, there are plans at the RAON complex, next years

KEY FEATURES

 next TALK by Byungsik Hong



Mid-term FAZIA plans at RAON



Long-term FAZIA plans at RAON



Perspectives at FRIB/MSU
Longstanding contacts between members  of FAZIA  and MSU groups.
Interactions favoured by an approved experiment, the first with exotic Ni-beams (exp 
23058, in early 2025)
Discussion on a collaboration scheme in phases  
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Perspectives at FRIB/MSU
Longstanding contacts between members  of FAZIA  and MSU groups.
interactions favoured by an approved experiment, the first with exotic Ni-beams (exp 
23058 perhaps in early 2025)
Discussion on a collaboration scheme in phases  



Sectors of R&D



Conclusions/Questions
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Spare SLIDES
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RAON: The high energy SECTOR
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Set Up used in E15190  (2018)
Ca+Ni,Sn isotopes 56,140MeV/u   stable beams



Some questions about thermal features in spectator 
fragmentation

Odeh PRL 84, 2000

AuAu1GeV/u

isotopic T

Slope T for d,t,He

Expanded Fermi gas source v=3*V0

Fermi gas at saturation  v=V0

The disagreement between Slope T and Isotopic T can origin from the contribution of 
Fermi motion in early life of spectator fragments (depending on density)

OPEN POINTS
Never checked with fragments
Collective contribution not clarified
New insights about n-rich nuclei multifragmentation 
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About target-spect fragments:
Compare old INDRA IMF data (GSI campaign)  

 Yellow arrow: thresholds for Be in FAZIA Zth=14MeV Ath  around 30MeV

7Be 8Be

9Be 10Be

130

150

80

160

preliminary
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Observables: n-content of both BU-fragments from QP (Ni-like)
Confirmed exp results  (US group) about trends in Zn+Zn 
Doubts on interpretation… further proposals at Ganil PAC

C. Ciampi PhD Thesis 2022 
C. Ciampi private comm. 
Small symbols: Rodriguez-Manso PRC 95 2017

PRELIMINARY

 On going BU studies

Aymmetric split Symmetric split



Checked the fair capability of FAZIA as a correlator due to its granularity (Δθ=+-0.6deg a 1m)
Particle-fragments correlation studies

FAZIA for decay resonances
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