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A quick look on the nuclide’s chart
~3400 known nuclei 
291 found on earth

~7000 are estimated to 
be bound 

 Island of 
Stability

• Understanding the r-process 
(rapid neutron capture) 

• Degrading of the binding Energy 

• Quenching of shells 



Fissione (n, p + U) 

Tecniche ISOL e In Flight   

? ?

How to produce the unknown nuclei?

Fusione

? ?



1. What is dark matter?   
2. What is dark energy?  
3. How were the heavy elements from iron to uranium made?  

4. Do neutrinos have mass?  
 … 

 

The 11 Greatest Unanswered Questions of Physics 
(National Research Council, NAS, USA, 2002): 
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Macroscopic theory
SuperHeavy elements: liquid drop

A. Sobiczewski, F. A. Gareev, and B. N. Kalinkin, 
Phys. Lett. 22, 500 (1966).



A. Sobiczewski, F. A. Gareev, and B. N. Kalinkin, 
Phys. Lett. 22, 500 (1966).

SuperHeavy elements: shell effects



Reaction channels in the collisions of heavy 
ions at barrier energies

Capture

 σER = σcapture × PCN × Wsurvival σcapture = σQF + σCNF + σER

𝜎QF ≫CNF + ER

~10-6 %
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52 neutron-rich isotopes of the 15 heaviest elements  
 were synthesized in 48Ca-induced fusion reactions
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Tavola periodica (Mendeleev, 1869)



Fissione (n, p + U) 

Tecniche ISOL e In Flight   

? ?

How to produce the unknown nuclei?

Fusione

? ?



Fusion vs. Multi-Nucleon Transfer

Fusion
Fission

Quasi-Fission

Multi-nucleon Transfer PLF

TLF



Production of neutron-rich Os-isotopes
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N=126

fragmentation of 238U

massive transfer
136Xe + 198Pt

J. Kurcewicz et al.,(2012)

fragmentation of 208Pb
T. Kurtukian-Nieto et.al (2014)

Y.X. Watanabe et.al (2015)



238U + 248Cm @ 750 MeV

Super-Heavy Region

V.Zagrebaev and W.Greiner, PRC 83 044618 (2011)

MNT as a channel for production of SHE



What is the best 
tool to investigate 
these reactions ?



….……TWO-BODY: ENERGY AND MOMENTUM CONSERVATION
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∥   𝑃1 = 𝑃3cos𝜃3+ 𝑃4cos𝜃4⊥ 0   = 𝑃3sin𝜃3 − 𝑃4sin𝜃4

,  ,  𝑉3 𝑉4 𝜃3, 𝜃4, 𝑚3, 𝑚4

     Primary A1, A2, TKE, 
folding angles, Vpar, 

Vper…..

100 × 10−3𝑛𝑠
200𝑛𝑠

= 
∆ 𝒕
𝒕

≈  5 × 10−4 = 0.05%

200 × 10−3𝑛𝑠
200𝑛𝑠

= ∆ 𝑬
𝑬

= 2
∆ 𝑡
𝑡

≈  0.1%

E* = Ecm – TKE + 
QggTKE = E3 (CM) + E4 (CM)
TKEL = ECM - TKE

   Ranges -   A: 30-250             E: 50-200 MeV



….……TWO-BODY: FULL MOMENTUM TRANSFER

⊥

∥

Vcm



TARGET

What do we measure:  

• Time of  Flight 

• Hit Position 

Start

Stop

2V - TOF method:  
The simplest Mass Spectrometer

• Conservation Laws 

• Correct ions  (non tr ivial)  

     Primary A1, A2, TKE, 
folding angles, Vpar, 

Vper…..



Advantages of the kinematics method

  
▪ Measurement of the primary mass of the TLF 

and PLF 

▪ Removal of not-FMT events 

▪ Mass distribution vs. different degrees of energy 
dissipation (TKEL) 

▪ Effect of Qgg values on the secondary mass 
distribution (after neutron evaporation) 



Time resolution 150-180 ps
ToF base 10-30 cm

ToF arm rotation 
range

15°-165°

Solid angle 100 -200 msr

Angular resolution 0.3° 
Mass resolution 2-4 u
Energy resolution 1%

Double Arm TOF - CORSET

E. M. Kozulin et al., Instruments and Experimental Techniques 51, 44 (2008)



Time-of-flight arms

Target 
assembly

ToF-E arms
ToF1

ToF2

ToF-E2

ToF-E1

ToF-E3 

48Ca, 50Ti beams

Faraday cup

3 monitors

An extraordinary simple TOF Spectrometer: 2V - method

• Time of  F l ight  

• Posit ion 

• Energy and Momentum 
Conservat ion Law 

• Correct ions
     Primary A1, A2, TKE, 

folding angles, Vpar, Vper…..



Position Sensitive STOP

E. M. Kozulin et al., Instruments and Experimental Techniques 51, 44 (2008)



Busch-Type TOF Unit

F. Busch et al., Nuclear Instruments and Methods 171, 71 (1980)



F. Busch et al., Nuclear Instruments and Methods 499, 71 (1982)



M.B. Williams, S.E. Sobottka  IEEE Trans. NS, 36, Feb.1989, p.227



Fission and Quasi Fission: Hs (Z=108) 



Shell manifestation: 
Potential Energy Landscape 

and FF/QF Paths

V. Zagrebaev and W. Greiner, “Giant Nuclear Systems of Molecular Type”, Cluster in Nuclei Vol. 1, C. Beck Editor



TKE deconvolution

QFasym

CNF
QFsym

ACN /2±20 u

Courtesy of Iulia Itkis
Workshop on Fission of SHN, ECT*, Trento, 2018



Mass and Energy distributions in the Ca-induced reactions



M.G. Itkis, E. Vardaci, I.M. Itkis, G.N. Knyazheva, E.M. Kozulin, Nucl. Phys. A 944 (2015) 204

Shell effects -1



Shell effects-2

M.G. Itkis, E. Vardaci, I.M. Itkis, G.N. Knyazheva, E.M. Kozulin, Nucl. Phys. A 944 (2015) 204

Width of  the QF component



8πLP & CORSET @ LNL



FWHM = 4.54 * 41.29 =187.45 ps



32S + 126Te→132Ce
F- LEFT



32S + 126Te→132Ce



A new passing through detector – TOSCA unit 

▪Position sensitive based on MCP: X,Y position and 
(fast) time signal

(X,Y) Position Grid on PCB

Time-Of-flight-sub-nano-second Spectrometer for Charged radiation Applications 

INFN - Napoli





TOSCA unit 



Time-Of-flight-sub-nano-second Spectrometer for Charged radiation Applications 
TOSCA unit 



XY  grid detail

STRIPS

PADS
Horizontal position 

Vertical position 

A. Vanzanella et al., SER, INFN-NA



Signals production

UP signal

DOWN 
signal

RIGHT 
signal

LEFT 
signal

STRIPS
Vertical position 

HIT
STRIPS/PAD lines 

PADS
Horizontal position 

𝑋 =  
𝑅 − 𝐿
𝑅 + 𝐿

𝑌 =  
𝑇 − 𝐵
𝑇 + 𝐵

A. Vanzanella et al., SER, INFN-NA



TRIGGER
CFD DIGITIZER

TOP

BOTTOM

RIGHT

LEFT

SPEC 
AMPLIFIER 

DIGITIZER

-3kV POWER

+6  & -6 V

TOSCA electronics



TOSCA at JYFL 

February - March - September 2023



Beam

Target

Beam point

Start x,y

Stop x,y

Stop x,y

Start x,y

TOF Spec. with Position Sensitive START



Figure 4. X-Y  position matrix obtained with a mask in front of the detector and alpha 
particles from an Am source. These are raw data, without any “cleaning” methods 
(thresholds, gate on the total charge, position calibration…). The letters have a width of 
3mm. The lines that appear on the letters O, R and A have a width of 1mm. 

TOSCA unit: position resolution (1) 



TOSCA unit: position resolution with mirror 

0.5 mm



54Cr + 209Bi →  263Bh 

TOSCA – JYFL - March 2023



E = 261 MeV E = 271 MeV E = 278 MeV 

54Cr + 209Bi 



Elab = 484 MeV Elab = 524 MeV Elab = 543 MeV 

88Sr + 208Pb -> 296120 



88Sr + 208Pb -> 296120 

TOSCA - JYFL - 2023

132Sn

…
P
relim

inary…



 TOSCA @ GSI (X6)  for Binary channel Xe + Au/Ir



83

82 204Pb 206Pb 207Pb 208Pb

81 203Tl 205Tl 207Tl

80 196Hg 198Hg 199Hg 200Hg 201Hg 202Hg 204Hg 206Hg

79 195Au 197Au 205Au

78 194Pt 195Pt 196Pt 198Pt 204Pt

77 193Ir 203Ir

76 192Os 202Os

75 191Re 201Re

74 190W 200W

116 117 118 119 120 121 122 123 124 125 126

-8 protons-3 protons + 10 neutrons

-5 protons + 8 neutrons

p-
pi

ck
up

n-stripping

 136Xe + 193Ir, 197Au

▪ More likely (with respect to models) transfer of many nucleons 
▪ More negative Q values (less excited fragments)

Target Qgg   
200W

Pb -18.9
Pt -24.2
Ir -32.7

Au -32.2

Ex = Ecm – TKE + Qgg



136Xe + 197Au

700 MeV

760 MeV

136Xe + 193Ir



 Mass Width



136Xe + 197Au136Xe + 193Ir



2V - Kinematics method

     Primary M1, M2, TKE, folding 
angles, Vpar, Vper….. - No Z identification

Key Point:  
          measure  Z of the products event-by-event



 Two-Arm TOF-TOF-ΔE- E method

M1 

TOF1, V1 

TOF2, V2 

Passive absorber 

Micro

calori

meter 

Energy 2nd branch (V2,E2)

1st branch (V1) 

M2 
Start

Stop

- Primary and Secondary masses 
- Z of fragments 
- Total Kinetic energy

“Trigger”

“Sweeper”



G-22-00174 
In-beam test of a TOF-DE-E method for complete identification via mass-(A) and charge-

(Z) number of fragments produced in Multi Nucleon Transfer reactions

Spokespersons:  
E. Vardaci (UNINA and INFN, Naples, Italy); 

 S. Kraft-Bermuth (IMPRP, THMUAS, Gießen, Germany) 
GSI Contact Person: Timo Dickel (GSI and Justus-Liebig-University Gießen)

Reactions: 209Bi + 124Sn, 115In Beam time, 9-13 May 2025



VIPERS DAQ 4.0 





1. Kinematic method allows to extract a wealth of 

information about Two-Body Reactions 

2. Extension of the TOF spectrometer necessary to 

fully identify the ions 

3. Detector development (replacement of MCP) 

mandatory

Conclusions and Perspectives





Thank you for your 
attention


