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Iniziative Specifiche di Gruppo IV

Sigla FTE Responsabile

SPIF 10.25 → 7.3
Giuseppe Degrassi
Davide Meloni

LQCD123 5.55 → 6.40 Francesco Sanfilippo

GSS 3 Dario Francia

TOTALE 16.7 Diminuzione per chiusura INDARK

+ 1 Postdoc Gr IV (SPIF) coming in October (Joao Penedo)



  

SPIF @ RMIII
● Phenomenology for present

and future colliders
● Flavor physics bounds to BSM
● Neutrino physics

Degrassi Giuseppe Associato 100% 

Simula Silvano Staff 20% 

Greco Mario Senior * 

Giarnetti Alessio Dottorando 100% 

Marciano Simone Dottorando 100% 

Ciuchini Marco Staff 80% 

Franceschini Roberto Associato 90% 

Lubicz Vittorio Associato 20% 

Meloni Davide Associato 100% 

Tarantino Cecilia Associato 20% 

Ronca Jonathan Assegnista 100% 
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R.Franceschini Activity
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D. Meloni – Flavor Problem in Neutrino Physics 

Awarded of the Horizon 2020: ESSnuSB plus  - Roma Tre University node
New Physics in the neutrino sector at the future facility ESSnuSB in Sweden

Collaborators:
● Alessio Giarnetti (postdoc), 
● Simone Marciano (PhD), 
● Matteo Parriciatu (borsista); 
● Joao Penedo (Postdoc Gruppo IV, from October)

Publications:
● P.B.Denton, A.Giarnetti and D.Meloni, JHEP 02 (2023)         
● G.Arcadi, S.Marciano and D.Meloni, Eur. Phys. J. C 83 (2023)

Preprints:
● S.K.Agarwalla, S.Das, A.Giarnetti, D.Meloni and M.Singh, [arXiv:2211.10620 [hep-ph]]
● D.Meloni and M.Parriciatu, [arXiv:2306.09028 [hep-ph]].



  

D. Meloni – Flavor Problem in Neutrino Physics 

1

The Flavor Problem

Mass hierarchies Fermion mixing

almost a diagonal matrix

all mixing are large but 
the 13 element

very small neutrino 
masses

2

Suggested solutions

* Hierarchical    
   Pattern

   Froggatt-Nielsen   
   mechanism

mlight∼
mD
2

MM
R

* Smallness of 
  neutrino masses:

  See-saw

* mixing angles

No clue on mixing !

elegant explanation:  
non-Abelian
discrete flavour symmetries 

Complicated scalar sector

L∼Ψ LHΨR ( θ
Λ )

n

Too many O(1) coefficients

Works better for small mixing

Working hard to find a reliable solution!



  

LQCD123 @ RMIII
           NPQCD calculations of hadronic matrix elements

Inclusive decays via Inverse Laplace Problem

● QED effects in spectrum and decay

● Precision below % for selected observables

Sanfilippo Francesco Staff 100% 

Simula Silvano Staff 70% 

Martinelli Guido Senior 50% 

Melis Aurora Borsa Gr IV 100% 

Lubicz Vittorio Associato 80% 

Di Palma Roberto Dottorando 100% 

Tarantino Cecilia Associato 80% 

Gagliardi Giuseppe Assegnista 100% 

2 Prin 2021 awarded: V.Lubicz (University RM3, PI) and S.Simula (INFN RM3, PI @Torino)

4.5k€ per missioni nel 2022



  

The g μ -2 puzzle 

Extremely precise
measurement

Extremely precise 
calculation...

More than 4σ discrepancy with theory!



  

The g μ -2 puzzle 

Extremely precise
measurement

Extremely precise 
calculation...

With some 
caveat...

So far, experimental R-Ratio in place of 
leading hadronic contribution

More than 4σ discrepancy with theory!



  

g-2 EXPERIMENT

DISPERSIVE PREDICTION LATTICE CALCULATION

4.2σ DISAGREEMENT 1.5
σ “

AGREEMENT”

Lattice came in - The “new” g μ -2 puzzle 

BMW coll.
Nature 593 
(2021) 51



  

Do we know precisely R(E)?

Partial contribution of 
R(E) to g-2

“Energy Window 
observables”



  

Do we know precisely R(E)?

Partial contribution of 
R(E) to g-2

“Energy Window 
observables”

Three different contributions can be computed on the 
lattice from different times of the correlator: SD = Short 
Distance, W=(intermediate) Window, LD=Long Distance



  

Do we know precisely R(E)?

● R(E) computed on the lattice disagrees with experiment at ~1 GeV energies 
● Agreement at large energies (and likely at very small energies)

[ETM collaboration, Phys.Rev.D 107 (2023) 7, 074506] 97 citations on INSPIRE!



  

Can we compute precisely R(E)?



  

Can we compute precisely R(E)?

Infamous No-go theorem [L.Maiani, M.Testa Phys.Lett.B 245 (1990) 585-590]
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Can we compute precisely R(E)?

Infamous No-go theorem [L.Maiani, M.Testa Phys.Lett.B 245 (1990) 585-590]

In Minkowski
spacetime Inverse Fourier Transform

In Euclidean
spacetime Inverse Laplace Transform

On the lattice we are forced to change

Can determine “easily” R(E0) at threshold energy by taking 

So far, it was considered impossible to determine hadron properties above 
threshold, beside special cases, from lattice simulations



  

Solve the Inverse Laplace transform numerically

Old ideas studied in 
Geophysics:
[G.E Backus and 
F.Gilbert,  1968]

Determine a “smoothed” inverse Laplace transform



  

Solve the Inverse Laplace transform numerically

Old ideas studied in 
Geophysics:
[G.E Backus and 
F.Gilbert,  1968]

Determine a “smoothed” inverse Laplace transform

Adaptation to Particle physics needed: implement a method to fix the smoother

[M.Hansen, A.Lupo, N.Tantalo, PRD 99 2019]



  

Solve the Inverse Laplace transform numerically

Old ideas studied in 
Geophysics:
[G.E Backus and 
F.Gilbert,  1968]

Determine a “smoothed” inverse Laplace transform

Adaptation to Particle physics needed: implement a method to fix the smoother

[M.Hansen, A.Lupo, N.Tantalo, PRD 99 2019]

Smoothed inverse Laplace transform                    can be compared with smoothed 

Proof-of-concept calculation with        of size ~440 MeV

“Probing the Energy-Smeared R-Ratio Using Lattice QCD”, Phys.Rev.Lett. 130, 2023



  

Comparison of R(E) smoothed over ~440 MeV 
“Probing the Energy-Smeared R-Ratio Using Lattice QCD”, Phys.Rev.Lett. 130, 2023

● At these details level, no discrepancy visible yet
● More statistics needed to increase the resolution
● Applied to EuroHPC call, 4M Gpu Hours on Leonardo?

Stay tuned



  

Same idea applied to radiative decays
arXiv:2306.07228



  

FS Partecipa con il 25% su WP 2 e 4

WP2: Design and development of 
science-driven tools and innovative 
algorithms for Theoretical Physics

WP4: porting of applications to GPUs

Fondato con PNRR, guida INFN INAF

Kick off meeting 26 nov 2022



  

FS Partecipa con il 25% su WP 2 e 4

WP2: Design and development of 
science-driven tools and innovative 
algorithms for Theoretical Physics

WP4: porting of applications to GPUs



  

Attività e prestazioni del centro

● ~ 15 tra borse di dottorato ed RTDA
alle sedi universitarie membre del centro

● Use cases finanziati con tempo di
calcolo su nuove facilities @Tecnopolo
Testbed, prototipazione, porting

● Scuola di formazione su GPU
→dedicato ai membri del centro

● Formazione su uso di FPGA 
in medio futuro



  

Attività e prestazioni del centro

● ~ 15 tra borse di dottorato ed RTDA
alle sedi universitarie membre del centro

● Use cases finanziati con tempo di
calcolo su nuove facilities @Tecnopolo
Testbed, prototipazione, porting

● Scuola di formazione su GPU
→dedicato ai membri del centro

● Formazione su uso di FPGA 
in medio futuro

Open call presentata da FS per attività di 
sviluppo di codici QCD+QED su GPU

Richiesto 1 RTDA – sotto valutazione

...possono rispondere le università non 
membro: es. Roma Tre…?
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