
Outline

• The MoU 
• Intro to SYMEOS and its synergies to other initiatives 

(links to other talks at this meeting)
• Intro to Femtoscopy (experimental view) à talk by 

Isaac (theory view)
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FRIB (Facility for Radioactive Ion Beams @ MSU)

S2 vault

E/A=100-350 MeV
(E/A=40-100 MeV)

E/A<10 MeV

• Unique facility
• Complimentary to EU facilities
• Already running
• Large presure on PAC (!): 

proposals have to «perfect»

See A. Spyrou’s 
talk (yesterday)



History and status
• September 2024 

Consensus about establishing a 10 years 
program… following a LoI approved by PAC
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History and status
• September 2024
• October 2024 – March 2025: NUSDAF LoI submitted to PAC2 – Positive answer in March ‘25
• June 2025: first draft of MoU – answer in September by MSU – Positive

• September 2025 – Answer by Foreign relation officers at INFN – Positive
• October 2025 – started iteration for approval at CD



MoU between INFN and FRIB
• Scientific and Instituttional Preamble
• 13 Articles and 2 Annexes

• The agreement concerns INFN in general (no references 
to individual divisions, groups, initiatives, experiments… 
very flexible)

• Duration: 10 years starting on Jan 1st, 2026
• Constitution of a bilateral CoMB (Collaboration 

Management Board): 50% INFN-50% FRIB
• synergy between groups
• Co-financing of postdocs, PhD students, undergraduate 

fellowships 

Synergy within CSN3 – Share physics cases, 
equipment, human and financial resources (!) 



First approved exp (58023): n/p effective mass 
splitting and symmetry energy à SYMEOS

Shadow 
bars

HiRA - Blocks of Silicon 
strips and CsI(Tl)

FROG detector @ FRIB

LANA n det @ FRIB
Liquid Scintillators for 
n-𝛾 discrimination

VETO wall

Start detectors

• First approved experiment (exp 58023/PAC1)
56Ni+58Ni, 70Ni+64Ni E/A=175 MeV (Schedule: summer 2026)

• Neutron and proton elliptic flow à probe of the interaction and Esym
• Tests with FAZIA blocks underway (stay tuned on Simone’s talk, today!)
• Participation welcome… in the spirit of NUSDAF



SYMEOS/RIBDCE - Future plans - multi-purpose setup
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+ Electronics/DAQ – new solutions strongly needed…M. Battaglieri/G. Cerizza

K. Brown/G. Verde
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SYMEOS: Transport Properties Vs. Observables



SYMEOS: Transport Properties Vs. Observables
INFN
Gain



RIBDCE/SYMEOS synergy

Shadow 
bars

HiRA - Blocks of Silicon 
strips and CsI(Tl)

Fiber Array @ FRIB

LANA n det @ FRIB
Liquid Scintillators for 
n-𝛾 discrimination

VETO wall

Start detectors

+ FAZIA-like blocks

+ FARCOS blocks 
Increase correlators               
(Silicon strips and CsI(Tl))

+ 4-5 Si-CsI(Tl) Chimera rings
Improve reaction plane and b

First case: t + 3He à 3 n + 3 p  3p detected with FAZIA blocks

Talk by F. Cappuzzello (yesterday)



SYMEOS/NUSYC: IMS close to the rp-process region
Decay of p-rich nuclei à relevant for rp-process 

HiRA Si-strip
+ 

S800 magnetic 
spectrometer

Heavy residue of breakup – S800

Si-strip/CsI(Tl) detectors 
for LCP - HiRA(FRIB)

S800 focal 
plane

68Se p



Fazia
Fazia

Fazia
Fazia

Si-strip/CsI(Tl) detectors for LCP
HiRA(FRIB) and FARCOS (INFN)

FAZIA – spectrometer-like performances (selected physics cases)

FAZIA-like Vs. Magnetic Spectrometers

SYMEOS/NUSYC: IMS close to the rp-process region



Femtoscopy and IMS

12N à11C + p 
10B  à6Li+𝛼, 8Be+d, 9Be+p
12C à 8Be+ 𝛼, 𝛼+𝛼+𝛼
… and many more in one single experiment

MSU data (30 years ago)
Si-NaI + SWPC 

Need efforts to increase angular resolution
• Gas detectors? FIASCO-like vs new tech.
• Si-pixels? CALIFA@GSI using MAPS…

Need some deep thinking on this

N + Ag        E/A=35 MeV Central



Femtoscopy: imaging correlation functions
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Extend to clusters correlations
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(NSCL)

Talk by S. Burrello



Femtoscopy: imaging correlation functions
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Femtoscopy: probing the interaction
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See Isaac Vidana’s talk

NN or N-Cluster 
interaction
Esymàneutron stars

G. Verde, A. Chbihi, R. Ghetti, J. Helgesson, Eur. Phys. J. A 30, 81–108

Talk by L. Marcucci
Yesterday

Talk by Isaac Vidana
Today

Talk by S. Burrello 
Today



IMS of 4He and 4Li: proton-cluster interaction

40Ar + 197Au E/A=60 MeV 40Ar + 197Au E/A=60 MeV

p-t p-3He

Very interdisciplinary…



IMS of 4He and 4Li: proton-cluster interaction
HADES data @ GSI 

Recent work by pp and pPb by ALICE on 

𝑝̅ − ̅𝑡 correlations à 4𝐻𝑒	resonances
𝑝̅ − 3𝐻𝑒 correlations à 4𝐿𝑖 resonances

Matter Vs. Anti-Matter in 
proton-cluster interactions 

In-medium dependence of proton-cluster interactions 
(beam energy scan - FRIB Vs. GSI/FAIR)



Femtoscopy: Experimental needs
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Koonin-Pratt equation

Source function 
«measured» with other 
observables 
• 4pi detectors needed!

• New generation TPCs
See talk by K. Brown
      + Ancillary detectors for    
          Femtoscopy àR(q) 
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TPCs @ FRIB – Important for EoS and Femtoscopy

• Spirit-like geometry or AT-TPC-like geometry? 
• Important to consider position of pad plane (depending on square or 

cyclindric geometry)

Phase I
neutrons

Charged part 
and fragments

Phase II

Kyle. Brown’s talk – stay tuned! (…and awake)



Probing sources and neutron-cluster interactions

FRIB: maybe the right time to 
finally do it!

n-p, n-n and p-p 
correlations at E/A>100 
MeV

Samurai Image  (courtesy 
of T. Nakamura)

FAZIA/HiRA/FARCOS…

Mona Lisa

FRIB TPC



Challenges to think about

• Large reaction chamber – neutron «transparency» at forward angles
• 4𝜋 coverage for event characterization (reaction plane, impact parameter, 

Femtoscopy and IMS)
• High angular resolution à pixelation and/or position sensitive gas detectors – 

tracking capabilities 
• Neutron-proton correlations (cross-talk, sweeper magnets, …)
• New TPCs at FRIB and ancillary detectors (charged particles and neutrons) à 

see K. Brown’s talk (today)
• Electronics – PSD, ASIC, SRO… sustainable solutions with shared expertise 
à NextGenDD initiative, see Marco’s and Giordano’s talks at SYSTERSE 
session (today)


