
LNF Theory Group– July 2014 

Human Capital 

6+1 Ten. Res. [Bellucci, Benfatto, Corcella, Del Duca, Lombardo, Nardi, (Isidori)] 

 
Four yrs. ago we were 12 (10 TRs + 2 NTRs)... 
ALL TR above 40 
Two of the above 7 TR are returning from mobility elsewhere (Del 
Duca, Lombardo); Isidori at University of Zurich, probably for good 
 

6 Postdocs [1 supported by external funds (Fermi Inst.)] + 2 PhD + 1 
laurea students 
 
4 Senior Associates 

+ 

    14 Associates from outside LNF (Univ. Tor Vergata, Pavia, Marche, CERN) 

+ 

 ̴ 15 frequent visitors from outside LNF, supported by INFN invitation 

funds and by many new EU Curie Projects 



LNF Theory Group– July 2014 

Research activity 

I.S.          Loc. (Nat.)    FTE    Topics 
          Spokesperson 

 
SEMS       Bellucci        16.1      [Complex systems] Methods in Cond. Mat. Phys., 
 
GSS           Bellucci          5.3       [Fields/Strings] Supersymmetry, supergravity, BH 
 
PHENOLNF     Isidori        1.9       [Phenomenology] Flavor Physics, Physics@LHC 
 
TASP          Nardi             3.0        [Astroparticles] Leptogenesis, neutrino physics 
 
FTECP      Lombardo       1.0        [Fields/Strings] Lattice, QCD at finite T  
 

Theory Nat. projects (Iniziative Specifiche) at LNF 



SEMS Spectroscopies, Electron correlations, Modeling-Simulations and low-
dimensional systems - S. Bellucci (nat. spokesperson) + M. Benfatto, M. Cini, K. 
Hatada, K.Hayakawa, C.Natoli, L.Pierantoni, F.Palumbo,G.Stefanucci, A.Tagliacozzo 

Main research issues 

Spectroscopies, Electron correlations, Modeling-Simulations and low-dimensional systems 

LNF activities in 2015  
The project uses tools from field theory, quantum mechanics, modeling and simulations, 
to analyze spectroscopies, electron correlations and various properties of low-dimensional 
systems in condensed matter physics: 
* Electron spectroscopy of magnetic systems; 
* Magnetic properties of quantum rings; 
* NanoElectromagnetics (microwave/RF/photonics);  
* Multiple scattering theory for non-local and multichannel potentials;  
* Quantum effects in nanoparticles;  
* Collective response of low dimensional, many body systems to abrupt perturbations;  
* Electronic properties and plasmon excitations in graphene and doped graphene;  
* Ab initio simulations and spectroscopy of Graphene/Metal interfaces. 
The interdisciplinary and multidisciplinary character of the project ranges from the fusion of 
classical electrodynamics with novel methods and approaches of condensed matter physics; 
to methods allowing elucidating local properties of magnetic systems;  to understanding the 
2D character of the interface collective excitation in the electronic structure of graphene sheets 
deposited on metal surfaces; to the elaboration of a theoretical framework, providing a unified 
description of the electronic ground state as well as the excited states of a physical system, 
taking into account correlation effects, at least at a local level, beyond what can be reached in 
a description based on Density Functional Theory.  



SEMS - S. Bellucci (nat. spokesperson) + M. Benfatto, M. Cini, K. Hatada, K. 
Hayakawa, C. Natoli, L. Pierantoni, F. Palumbo, G. Stefanucci 

LNF collaborations in 2015  

• - University of Lorraine, and Belarus State University, Institute for Nuclear Problems, 

through the 7th FRAMEWORK PROGRAMME, International Research Staff Exchange 
Scheme “Nano-thin and micro-sized carbons: Toward electromagnetic compatibility application 
(NAmiceMC)”, Proposal Number: 610875, Grant Agreement Number: PIRSES-GA-2013, 
2013-2017. S. Bellucci 
 
• - Laboratory for Solid State Physics at the Department of Physics of matter and radiations 
University of Namur, Nanostructures Department from the Research Institute for Technical 
Physics and Materials Science of the Hungarian Academy of Sciences in Budapest, Institute 
for Biochemical Physics at the Russian Academy of Sciences in Moscow, Institute of Physics 
of the National Academy of Sciences of Ukraine in Kiev, Department of  Radiophysics  of  the 
Faculty of  Physics in Vilnius University, and Belarus State University, Institute for Nuclear 
Problems, through the 7th FP International Research Staff Exchange Scheme “Fundamental 
and Applied Electromagnetics Of Nanocarbon (FAEMCAR)”, Proposal Number: 318617, 
Grant Agreement Number: PIRSES-GA-2012, 2012-2015. S. Bellucci 



SEMS - S. Bellucci (nat. spokesperson) + M. Benfatto, M. Cini, K. Hatada, K. 
Hayakawa, C. Natoli, L. Pierantoni, F. Palumbo, G. Stefanucci 

LNF collaborations in 2015 
 
 
  

• - CNRS Université de Rennes, Ludwig-Maximilians-Universität München, Université de 
Bourgogne, Institute of Physics in Prague of the Academy of Sciences of the Czech Republic, 
Southern Federal University at Rostov-on-Don, University of Science and Technology of 
China of the Chinese Academy of Sciences, Chiba University in Japan, Birla Institute of 
Technology and Science at Pilani in India, through the 7° FP International Research Staff 
Exchange Scheme “A Multiple Scattering Computing Platform For (Nano) Materials 
(MSNano)”, Grant Agreement Number: 2012-317554, 2012-2016, M. Benfatto 
 
• - Yerevan State University, Armenia, through EMERGING SECURITY CHALLENGES 
DIVISION SCIENCE FOR PEACE AND SECURITY (SPS) PROGRAMME PROJECT 
PROPOSAL -  Multi-Year Science for Peace (SfP) 
“Development of Biosensors using Carbon Nanotubes”, NATO Grant SPS EAP SFP 984537 
2014-2016, S. Bellucci. 
 
 
 

 



SEMS - S. Bellucci (nat. spokesperson) + M. Benfatto, M. Cini, K. Hatada, K. 
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LNF collaborations in 2015 
 
 
  
• - Grant ASI Italian Space Agency: 2014-2017  “SHAPE- A New Theoretical Framework 
of the Microgravity-Cell Interaction” , S. Bellucci: Definire il modello teorico 
capace di spiegare l’interazione tra campo gravitazionale ed organismi viventi. 
 
• Graphene-Based Revolutions in ICT And Beyond GRAPHENE Flagship 
Grant agreement n. 604391 CP-CSA.“Multi-layered sandwich graphene devices  
(MILESAGE)”, 2015-2017, S. Bellucci. 
 
• Italian Ministry for Health, Research Project PE-2011-02347026  
(Ricerca Finalizzata, “Delivery and imaging of miRNAs by 
multifunctional carbon nanotubes and circulating miRNAs as innovative therapeutic 
and diagnostic tools for pediatric pulmonary hypertension”, 2014-2017, S. Bellucci. 
 
 
 
 

 



GSS Gauge Theories, Supergravity and String Theory (ex MI12)  - S. Bellucci 
(loc. spokesperson) + S. Ferrara (ass.), G. Gionti (ass.),  A. Yeranyan (Fermi Inst. 
PostDoc)  

Main research issues 

 I) String Theory, Supergravity.  
II) Perturbative and non perturbative properties of Gauge Theories.  
 
String Theory seems the best candidate to describe in one framework both Quantum Gravity and the 
usual Quantum Field Theory models of the Fundamental Interactions. Because of this, String Theory 
has become an efficient theoretical laboratory to explore the limits of our understanding of the 
fundamental forces. Indeed, the most plausible models for new physics beyond the Standard Model 
have been inspired by ideas developed in the context of String Theory.  
 
Supergravity emerges as the low energy limit of String Theory. The study of Supergravity in its 
many forms is crucial for understanding the perturbative and non-perturbative dynamics of String 
Theory, the landscape of vacua,  compactifications and the issue of supersymmetry breaking. It is 
also important for a better understanding of black holes and their microstates, which is is a central 
problem in Quantum Gravity.  
 
In the last decades a considerable progress has been obtained in the investigation of non perturbative 
properties and different dualities between strong and weak coupling regimes in Gauge and String 
Theory.  Integrability and a better understanding of the structure of scattering amplitudes has shed 
new light on the quantum properties of certain gauge theories. 
 



GSS  - S. Bellucci (loc. spokesperson) + S. Ferrara (ass.), G. Gionti (ass.),  
A. Yeranyan (Fermi Inst. PostDoc) 

Main research issues (continued) 

 A major role as a candidate bridge between line I and line II  is played  by D-branes, extended objects 
in String Theory, whose low energy dynamics is described by supersymmetric gauge theories. Analysis 
of D-brane configurations therefore provides non- perturbative information on gauge theories and leads 
to a framework that unifies string theory, supergravity and gauge theory.  An analogous role is played 
by the AdS/CFT duality, which, emerged from string theory,  has been centered on the analysis of 
strongly interacting gauge field theories by mapping them to classical gravity and it has been recently 
extended to the description of the quark-gluon plasma and to condensed matter.  
 
Important and acknowledged results. The IS includes internationally known experts in gauge theories, 
supergravity, D-branes, compactifications and the AdS/CFT correspondence  whose competences are 
naturally complementary. Many collaborations are active with international Institutions.  The future 
research activity will be devoted to the study of some of the main open problems in the fields of: 
1) The AdS/CFT correspondence, with an eye to three, four and possibly higher dimensional theories, 
the relation with integrability and the holographic description of realistic systems.  
2) Supergravity and Black Holes, with attention to the classical and quantum properties of supergravity 
and  the properties of BPS and non-BPS  black-holes and their microstates. 
3) Properties of supersymmetric Gauge Theories, with attention  to integrability and the properties of 
scattering amplitudes, the study of protected quantities in various dimensions, topological theories and 
the (brane) instantonic calculus. 
4) String Theory, compactifications and string vacua, with an eye to the most tractable vacua, the 
supersymmetric ones, and to the deepening of  our knowledge of semi-phenomenological models.  
 
 
 



PHENOLNF -  G. Corcella, V. Del Duca, G. Pancheri, (G. Isidori) 

Main research issues 

1) Higgs mass implications on the stability of the electroweak vacuum  
2) U(2) and Minimal Flavour Violation in Supersymmetry  
3) A toy-model to explain the large t-tbar FB asymmetry observed at 
Tevatron  
4) The one-loop six-dimensional hexagon integral with three massive 
corners 
5) Investigation of the infrared structure of gauge theory amplitudes in the 
high-energy limit  
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PHENO LNF (ex LF21) - G. Isidori (nat. spokesperson) + G. Corcella, V. Del 
Duca (?  RM1), G. Pancheri 

External fundings 

LHCPhenoNet, an Initial Training Network (ITN) supported by the 7th Framework 
Programme of the European Commission. Network Contract PITN-GA-2010-264564 
2011-2014.  
12 teams from 28 European Universities and Research Institutes, including INFN-LNF, 
the University of Buenos Aires, CERN, and 3 partners from the industrial sector.  
http://www.lhcphenonet.eu/ 
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TASP  - E. Nardi (loc. spokesperson) + 2 (pdoc) + 2 A.R. + 1 PhD 

Main research issues 

The Theoretical Astroparticle Physics (TAsP) research network is being proposed by a well-established 
scientific community formed by 13 INFN nodes, with a strong tradition of common scientific interests, 
research programs and integrated activities in the field of astroparticle physics. The goal of TAsP is to 
undertake a vast and diversified research program at the crossroad of particle physics, astrophysics and 
cosmology, where deeper levels of theoretical understanding are clearly demanded by a number of 
phenomena, including neutrino masses and mixings, the puzzles of dark matter and dark energy, the 
observed baryon asymmetry of the universe, as well as the origin and spectra of high-energy cosmic rays 
and gamma rays.  

Planned activities 

(1) Neutrino Physics;  
(2) Dark Matter;  
(3) Astrophysical Sources of Radiation;  
(4) Cosmology;  
(5) Interplay with Particle Physics. 
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FTECP - M.P. Lombardo (loc. spokesperson) + F. Palumbo  

Main research issues 

Lattice Field Theories and Phase Transitions in Particle Physics.  

Link with the Center for Mathematics and Theoretical Physics (CMTP)  

http://cmtp.uniroma2.it/index.php 
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