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Recent news from 2022

UPDATE of INDRA electronics
Budget Réseaux d’Intérêts Normands RIN GIF 330 k€
• New acquisition electronics: MESYTEC
• New power supply HV/LV: CAEN
• New cabling network (cables & boites de distribution)
• New electronics support and host (cooled bay)



In May 2021 we dismounted everything, really everything!
(outside the vacuum chamber)



In autumn 2021 we rebuilt everything from scratch

CAEN power supply
HV &LV

Mesytec electronics
for CI, Si & CsIATOS Bayeux



By January 2022 we switched on everything 
and we observed cosmic rays in INDRA rings

Front view closed doors Front view opened doors Back view opened doors

New digital INDRA electronics
- Digitizer Mesytec, 32 channels, 16 bytes
- Dedicated firmware for ADC, QDC, PSA CsI
- Trigger control Mesytec MVLC



In April-May 2022 with the new INDRA electronics we performed the second 
INDRA-FAZIA campaign at GANIL E818

System Energy

36Ar + 58Ni 74 A MeV E818

58Ni + 58Ni 74.25 A MeV E818

84Kr + 124Sn 67.6 A MeV Test 

12C + 197Au 8.75 & 13.75 A MeV Calibrations

INDRA:
12 rings 14°-176°
240 CsI(Tl)
96 Si detectors
Z identification 1-54
A resolution Z=1-4 CsI, Z=1-6 Si-CsI

FAZIA:
12 blocks 1,8°-13,5°
192 telescopes Si-Si-CsI(Tl)
Z identification 1-54
A resolution Z~20 PSA Z~25 ΔE-E



E818:extending our knowledge of warm nuclear matter in the low density region

Spokespersons: Rémi Bougault (LPC Caen), Giovanni Casini (INFN Florence)

Warm and diluted nuclear matter is found in:

• Explosion of giant stars (supernova)
• External crust on neutron stars
Its composition in cluster/nucleons determines:
• Neutrinos transport (dynamical explosion of supernova)
• External structure of the crust of neutron star

In heavy ion collisions at beam energies > 30 A MeV

Courtesy of John Frankland

To better characterize the warm and diluted gas of cluster and nucleons:
Detection and resolution of all products (INDRA+FAZIA 4π)
Reconstruction of the « gas » for each collisions
 Millions of events: Statistical ensemble for thermodynamical studies



E818:extending our knowledge of warm nuclear matter in the low density region

Spokespersons: Rémi Bougault (LPC Caen), Giovanni Casini (INFN Florence)

Pais, Bougault et al. Phys. Rev. Let. 125 (2020) 012701

So far with INDRA data Xe+Sn (2001)
Yields of light clusters as a function of ρ (thermodynamical studies of kinematical and 
multiplicities of the detected particles in the medium)

Relative mean field calculations
The grey area: nucleon interact all together but also with the ones bound
in clusters (medium effect, binding reduction)

Experimental data constraint the cluster-medium interaction in the model
Xs reduced to 0,92 to reproduce the experimental points

But possible only for light clusters 2H, 3H, 3He, 4He & 6He by the time (2001)
 E818: use of FAZIA for full isotopic resolution of all clusters produced in
the reactions, constraints on larger clusters

Collaboration PESSOA PHC 47833UB
Theory <-> Experiment

H. Pais, C. Providência, M. Ferreira +PhDs
University of Coimbra



New data were needed
It is essential to be able to confront the calculation with a larger set of masses…ideally up to  12,13,14C
The previous mid rapidity source-based study is limited in terms of cluster diversity.
 We propose to extend the in medium measurements to:
• Projectile vaporization like sources where nuclear matter state is compatible with a 

gaseous phase composed only of clusters
• Using FAZIA multi detector for (A,Z) identification up to Z~20

E818:extending our knowledge of warm nuclear matter in the low density region

Previous analysis
Mid velocity source

Xe projectile

Sn target

Low density region

32 A MeV
74 A MeV

Ni projectile

Ni target

Low density regions

New analysis
Vaporization like sources

Interesting regions 
to study exp.

Beam Target BTU

58Ni at 74 A MeV 58Ni 30 Uts-10 days

36Ar at 74 A MeV 58Ni 10 Uts-3,3 days

Same experimental set-up as E789, full 4π coverage

INDRA data (2001)

INDRA-FAZIA (2022)

A. Rebillard-Soulié PhD in 2024 



84Kr + 124Sn @ 68 A MeV test beam May 2022

INDRA upgrade:
• New digital electronics &

from 12 bytes to 16 bytes
• -> Pushing the PA gain
• New cabling
• New silicons detectors

=>upgrade of INDRA
Better isotopic resolution
From Z=6 to Z=10-12

A resolution:
FAZIA: 1.8-13.5°
INDRA: now 14°-45°

2022: Not only an update of the INDRA electronics

Previous mass 
identification limit

New ΔE-E
INDRA Si-CsI

E818 focused on light clusters:
But we had a test beam too…



New proposal at next GANIL PAC in December 2022

System Beam energy

78Kr + 112Sn 35 & 45 A MeV

86Kr + 124Sn 35 & 45 A MeV



• Isospin transport arises because n and p are subject to different forces

• The isospin gradient I between target and projectile (in isospin asymmetric reactions) is 
responsible of the isospin diffusion process, sensitive to S()

• The density gradient  between the QP/QT region (at normal density)  and the more diluted 
neck zone (both in symmetric and asymmetric reactions),  is responsible of the isospin 
drift/migration, sensitive to S/

𝒋𝒏 − 𝒋𝒑 ∝ 𝑺 𝝆 𝜵𝑰 +
𝝏𝑺(𝝆)

𝝏𝝆
𝑰𝜵𝝆 V.Baran et al., Phys. Rep. 410 (2005) 335 

M.DiToro et al., J.Phys.G 37 (2010) 083101

Difference between the neutron and proton currents

Why measuring the isospic content is important?

Isospin transport phenomena depend on the 
symmetry energy  S() term of the nuclear 
equation of state; S() is not well known far from 
normal conditions



Courtesy of Diego Gruyer LPC Caen

E789 : Isospin Transport and the Density Dependence of the Symmetry Energy

O. Lopez (LPC Caen) & S. Piantelli (INFN Florence)

Isospin transport :

redistribution of neutrons & protons

between projectile/target & neck

during reaction time (10-22-10-20 sec.)

58,64Ni

projectile

58,64Ni

target
32,52

AMeV

peripheral

central

Event by event selection

2019: first INDRA-FAZIA campaign at 
GANIL with old INDRA electronics



Projectile Energy Target Events

58Ni 32AMeV 58Ni 27 764 899

64Ni 34 085 718

52AMeV 58Ni 42 533 432

64Ni 39 563 517

64Ni 32AMeV 58Ni 34 297 052

64Ni 34 283 433

52AMeV 58Ni 29 896 441

64Ni 30 296 143

R(δ) = (2Xi-X1-X2)/(X1-X2) with Xi=f(Z,N)=δ

Caterina Ciampi et al. PRC 106 (2022) 024603

Measured QP remnant Complex particles H, He…Be

E789 : Isospin Transport and the Density Dependence of the Symmetry Energy

O. Lopez (LPC Caen) & S. Piantelli (INFN Florence)

58,64Ni

projectile

58,64Ni

target
32,52

AMeV

In e789 (so far) mainly the forward part 
of the emitted particles has been studied 
To benefit from the large isotopic capabilities
of FAZIA (1.5°-13° in the lab)

 But now INDRA is able to better 
A identification too

QP remnant

equilibration



Transport model calculations: BLOB 

Courtesy of Paolo Napolitani, NUSYM Catania September 2022

Stochastic event Kr+Sn at 35 A MeV
• Matter drift outward but the flow is along the reaction plane
• A large disk of low density (ρ~ρsat/4) neutron rich matter forms
• From the disk fragments and clusters arise at mid velocity and are emitted

with a dominant perpendicular component 

Distribution of isospin



Kr+Sn at 35 A MeV with BLOB (500 stochastic events at 300 fm/C)
Isotopic composition of arising fragments

Transport model calculations: BLOB 

Neutron enrichment at mid velocity

Courtesy of Paolo Napolitani, NUSYM Catania September 2022



Transport model calculations: BLOB 

86Kr+124Sn at 35 A MeV with BLOB

Low density
at mid velocity

Remnant of projectile
and target

Transport model shows
some sensitivity to EoS

Courtesy of Paolo Napolitani, NUSYM Catania September 2022



HIPSE simulations for 86Kr+124Sn at 35 & 45 A MeV 

Filtred events with the 
INDRA-FAZIA set-up

We verified with simulations that indeed the INDRA-FAZIA set-up is able to isotopically 
resolves the mid velocity clusters produced in the course of the reaction

INDRA upgrade in 
A identification

System Beam energy

78Kr + 112Sn 35 & 45 A MeV

86Kr + 124Sn 35 & 45 A MeV



What next?

• So far we have 12 complete FAZIA blocks in D5 (and in the world)
+ 2 spare blocks

• To extend our geometrical efficiency and to do experiments elsewhere => more blocks
• The FEE FAZIA cards are already obsolete (and difficult to repair/maintain)
• Difficult also to buy new silicon detectors (nTDs wafers)

 Ending of the road map?

No, thanks to our new colleagues from Korea since 2019



Future developments

Old/current FAZIA FEE card (2 FPGA Virtex 5)

Analog stage Digital stage Converters stage

New prototypes FAZIA FEE card (FPGA Virtex 5->Kintex 7)
One Complex Programmable Logic Device chip (VHDL) makes two FPGAs
New clock generator (old one no more available) 250->500 MHz

IJCLab Orsay
Naples

NOTICE Co
Korea

After a series of tests during summer 2022: the two new prototypes were validated!

Courtesy of Minjung Kweon,
Jiyong Kim & Simone Valdré

Update of the components



NOTICE Co
Korea

Future developments

Analog stage
Digital stage

(no signal processing)
Converters stage

(HV-LV )

FAZIA Korean initiative: a simpler version of the FEE
Development of a “small” card with mainly the analog part (PreAmp)
=> Coaxial outputs 

This initiative brings new developments towards simpler FAZIA block
• Increasing the angular coverage especially at larger angle (mid velocity) or backward
• More versatile for experiments with other groups (LISE, ACTAR…)

감사합니다
Thank you

Courtesy of Minjung Kweon
& Jiyong Kim



Future developments

Courtesy of Minjung Kweon

• Korean colleagues already delivered 500 and 750 µm thick for FAZIA at GANIL
• New silicon chip detectors for FAZIA developed in Korea as well (100 to 1000 µm)
• Better partnership between them and the detector companies too



Conclusions

• For the forthcoming years the FAZIA collaboration is still involved at GANIL to complete
our scientific program in relation with the study of the nuclear EoS with heavy ion reactions.
(phase transition, symmetry energy, clustering effects…)
• INDRA was renewed completely and is operational as good as it was in 1993.
• More oriented structure experiments too (LISE ZDD, ACTAR, cluster sub-structure…)
• In the mean while radioactive beam facilities will start too (SPIRAL2, FRAISE, SPES…) 
and we would do some tests there too.
• In Korea the RAON project is starting as well. The goal here is to replicate the FAZIA set-up
with many (at least 4) blocks (new electronics, new detectors…) 
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30 anniversary of the first INDRA experiment at GANIL in 2023
=> Join the party
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