
In this 2020 review paper the editor asked Angelo 
to write, as appendix to the paper, a short 
presentation of his scientific activity 



The start of experimentation at GANIL in the Fermi energy regime : projectile fragmentation  

Nucl. Phys. A460, 299 (1986)

This paper, often commented in his lectures to the students,  was considered by 
Angelo as one of the most significative of his early activity  with the Saclay group 
for the scientific accuracy in the method and precision of the results 



The ARGOS BaF2 + NE102A detector:  more than 20 years of experiments for light particles, 
heavy ions  and electrons detection  NIM A312 (1992), 515 

NIMA A323 (1992), 694 
NIM A332 (1993), 161 
NIM A342 (1994), 527 
IEEE NS 56 (2009) 2519 
. . . . . . . . . . . . . . . . . 

Caloric curve in projectile fragmentation 

Particle-particle correlations 
Roberta Ghetti et al., NPA765 (2006) 307 
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Argos,  alpha-deuteron correlation data Nucl. Phys. A733 (2006), 1-23 



Lolly (Pollacco) Tano (Lanzanò) Angelo (Pagano)

GANIL, first experiment with the ARGOS array   :   40Ar+ natAg, 27Al    58.7 MeV/A

ARGOS



A complex experiment some years before CHIMERA :   40Ar+ 232Th  at 27, 44 and 77 MeV/A      

Claude Volant
Disentangling 
fission 
fragments (FF) 
from heavy 
residues (HF) in 
central 
collisions 

Phys. Rev. C57 1788 (1998)

A moment of relax at GANIL guesthouse

Urso Pollacco?



 The CHIMERA 4π project: a long trip started as idea (or dream) around 1992

•The CHIMERA project idea was launched by Angelo and a group of physicists of INFN 
sezione and INFN-LNS following the researches on multifragmentation  and the needs 
of a second generation 4π detector with respect to INDRA (EPJA 30, 275, (2006)

•Approved by INFN, the building phase spanned to 1994-1999 (INFN Catania, LNS, 
Messina, Milano).  The electronic front-end was projected in synergy with the 
CHIMERA and INDRA group, producing new advances in Si and CsI  detectors 
read-out.  In 1997 the first ring of CHIMERA was coupled with INDRA at GANIL

•Angelo was national spokeperson of the group up to 2008. The first phase of  
experiments was started at LNS in 1999 (REVERSE experiment, 1999-2003) by 
using 124,112Sn on 64,58Ni at 35 A.MeV with the detector forward part  and in 
the following phase with the complete detector (ISOSPIN experiment, 
2003-2008).   The IWM conference series started in 2001. 

•It was in this period that the scientific program was pursued with the 
formation of a big international collaboration (over 70 researchers) 
converging to the LNS from Italy (Catania, LNS, Milano, Napoli, 
Bologna, Firenze), Europe (France, Poland, Romania) China, India, 
United States.  



Angelo, Marie-France and Bernard at IWM-EC 2014, 

the periodic conference organized by CHIMERA and INDRA-FAZIA collaborations 

This conference was born 
in 2001 on initiative of 
Angelo, Marie-France 
Rivet and Bernard 
Borderie  (IPN Orsay). 

It is organized about every 
two years alternately in 
France and Italy 
(last edition was in 2024). 
From the beginning, the 
conference Proceedings 
are published. 



Starting with CHIMERA : the REVERSE experiment, the “magic years”  2003-2005 

See: A. Pagano, Nuclear Phys. 
News 22, 25 (2012) for a brief 
history of the REVERSE  exp. and 
CHIMERA at LNS  and  EPJA  50, 32 
(2014)  for a review 

First papers on physics…

NN2003 Moskow

… with Reverse data



 A slide from Angelo’s talk at IWM-EC 2021 (Caen) . . .  
A brief history of the analysis with CHIMERA 

First interpretation of this plot for 124Sn+64Ni at 35MeV/A:  
A.Pagano et al. Nuclear Physics A734 (2004) 504-511 

A. Pagano with J. Wilczynski

. . . describing the neck 
emission in ternary 
events of Chimera data

Phys. Rev C71, 044602 (2005) 
Phys. Rev. C71, 064604 (2005) 
Phys. Rev. C81, 064605 (2010) 
Phys. Rev. C86, 014610 (2012) 
Phys. Rev. C91, 014610 (2015) 
EPJA  50, 32 (2014)  
EPJA 56, 12 (2020) 
EPJA 56, 102 
(2020)  . . . . . . . . . . . . . . . . . .  



Janusz, Eryk Piasecki and Mihir Chatterjee  

I would like  to invite you to read this 
paper written by Angelo for the Kazimiers 
workshop in 2016 honouring prof. J. 
Wilczynski. I think you will find in the 
paper  many aspects (more than I can 
poorly describe in these slides) of Angelo 
personality as a scientist, as a man and as 
a friend. 

DOI:10.5506/APhysPolBSupp.10.139

doi:10.5506/APhysPolBSupp.10.139


 Dynamical (non-equilibrated) fission and . . . a long collaboration with Warsaw group  

Au + Au  @ 15 MeV/A

35 MeV/A

Sp
ok

es
: P

ag
an

o 
an

d 
W

ilc
zy

ns
ki

Th
e 

In
Ki

Is
Sy

 e
xp

er
im

en
t



Chimera third phase (EXOCHIM 2008-2015) : the Pulse-Shape upgrade  
17x23 mm2

The idea of pulse-shape 
upgrade was proposed by 
Angelo to advance in charged 
particle discrimination with 
PSD methods applied to 
Silicon detectors in direct 
mode injection. A new front-
end electronic was developed 
for Silicons,  

with  R. Bassini (INFN-Mi) at GSI

measuring the Rise-Time of 
the signals for particles 
stopping in the Si-detectors 

Energy vs. rise-time 64Ni+ 124Sn 35 A.MeV

E.d.F and A. Pagano EPJA  50, 32 (2014) 

 86Kr beam at 10 MeV/A     

The ISODEC  
low energy 
experiment 
wouldn’t be 
possible 
without the PS 
upgrade

S. Pirrone et al., EPJA  55, 22 (2019)  



HIB2015: An initiative for a 
workshop at ending  of INFN-
Catania direction (2007-2015)

•Angelo was always highly involved to support LNS 
facilities and the upgrade project toward high 
intensity beams and the production of radioactive 
beams. In July 2015 he proposed to the LNS User 
Committee together with the LNS director G. 
Cuttone the organization of a two days workshop  
called HIB. 

Organized in few months, the 
workshop was a successful 
discussion among many local and 
internationals groups  



 Fast Timing :   The FATA workshop The E-Tof identification technique is fundamental for 
mass identification in CHIMERA detector, but good ns or 
sub-ns timing is a basic ingredient also for new detectors  
and PET medical applications

In 2019 Angelo was chair and promoter of the FATA 
workshop in Acireale putting together Fast timing studies 
in Nuclear physics and Medical applications for PET 

no ToF

with ToF



Two Chimera children :  FARCOS and NARCOS
Angelo had always a great interest for neutron detection, 
in particular to add the neutron signal detection to 
capabilities of 4π arrays for the study of Heavy Ion 
Collisions under extreme conditions of isospin asymmetry 
produced by RIBs (radioactive beams) .  

NARCOS prototype EJ-276G

FARCOS telescope: Femtoscopy ARray for 
CHarged particles COrrelations and Spectroscopy 

After a long study phase on EJ 299 and EJ 276 crystal 
family a project for the construction of a prototype of 64 
plastic scintillator detector has started in 2022 under the 3 
years funding of  PRIN2021 ANCHISE project (about 600 
k€ budget) whose Angelo was responsible up to 2023.   

See. E.V. Pagano et al., Front. Phys. 10 (2023) 
         E.V. Pagano et al., NIM A1064, 169425 (2024)

EJ-276G



ASYEOS : Investigation of the symmetry energy at supra-saturation densities at GSI

SPIRIT

L = 72 ± 13 MeV  
with Esym(ρ0) = 34 MeV

P. Russotto et al., PRC 94, 034608 (2016) 

Probably, the first idea to move the CHIMERA rings to GSI started during a 
discussion at IWM2005 between Angelo and Wolfgang.   After that a long 
history started, continuing up to now with the recent ASYEOS-II S122  
experiment at GSI : -  Symmetry energy at high densities from neutron/
proton  flow excitation functions.  

Asyeos Au+Au 400 MeV/A (2011) 

Asyeos-II experiment in R3B cave C (2025) 
Au+Au at 280,400,600,1000 MeV/A  

AsyEos workshop 2017



AsyEos workshop :  making our research work known to people 

Asyeos 2006:  GSI Darmstadt 
Asyeos 2008:  Militello/Sez. Catania 
Asyeos 2010:  Noto 
Asyeos 2012: Siracusa 
Asyeos 2015: Piazza Armerina 
Asyeos 2017: LNS and Caltagirone 



But Angelo can not be understood without his studies on physics history, economy, environment, politics, philosophy…

S. (Totò)Notarrigo

“It was a matter of recovering the ancient 
ideal of the italic scientist-philosophers, of a 
unitary and indivisible science where  logic 
and philosophy proceeded together, being 
no separation between knowledge, physics, 
mathematics. We began a long process of 
reworking ancient italic thought, known by 
the names of Pythagoras, Parmenides, 
Democritus, Archimedes, etc., and then 
moving on to its rediscovery by Galileo, 
Newton, Bolzmann, and Peano”. [A Pagano 
and G. Boscarino in MondoTre (1999)]

Thinking new things every day…  
(sentence attributed to Democritus)

Chair@SISFA 2018



Hope he 
is hearing 
us...



 Angelo’s main physics contributions during his life and …..  some  triggered consequences:

➢ First analysis of projectile fragmentation and test of a modified abrasion model at Fermi energies.   
Project of the ARGOS BaF2 multidetector,  LCP emission and correlations 

       evaporation residues in hot nuclei, 
       Fast electron production in collisions of swift heavy ions (G. Lanzanò)  

➢ Coalescence of a big international group  having for many years a leader role in dynamical process, 
fission and multifragmentation studies with experiments mainly done at INFN-LNS.      Born of 
biennial  IWM Chimera-Indra conference (first one in 2001,  last one IWM-EC in 2024) 

➢ Study of dynamical fission at Fermi energies. Experimental method  for the measurement of 
emission time of light fragments  by means of velocity correlation techniques.  Method developed 
in collaboration with Prof. Janus Wilcynski.  Symmetry energy at low densities. Triggering 
improvements in transport theories.   

➢ Charge preamplifiers (CEA, INFN-Mi), amplifiers and discriminators for CHIMERA (Orsay,  
CEA, INFN-Mi, CAEN). Definition of the Pulse-Shape upgrade for CHIMERA. Studies on plastic 
scintillators. Neutron detection. FARCOS and NARCOS ancillary devices. Signal digitalizations. Fast 
timing. ANSIP2011 (Acireale) and FATA2019, FATA2025 workshops. Use of exotic beams and nuclear 
structure studies in CHIMERA 

➢  Study of the EOS of nuclear matter at high density (GSI). ASYEOS experiment (2011). The ASYEOS 
workshops. The ASYEOS-II experiment (2025)  

➢ Newtonian and relativistic mechanics. Economy, physics  and environmental problems. Studies and 
divulgation on Archimedes, Peano, Democritus, Mach …  SISFA congress chair.  

➢ Projectile and target 
fragmentation, break-
up and low energy 
fission   

➢  The CHIMERA 4π 
project, Multi-
fragmentation 

➢ TimeScale 

➢ New devices  

➢ AsyEOS@GSI 

➢ History of Physics and 
Epistemology 


