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● Electromagnetics in nonlinear media  
   general/systematic approach for solving Maxwell equations in nonlinear media,  based on Volterra    
   functional series, Lindsted-Poincare’ renormalization, and  Pade’ resummation [A1,A2];  applications    
   to harmonic generation in guided- and free-space problems [A3,A4];  living cells with electrically non-    
   linear membranes [A5,A6], and gravito-electric coupling [A7];  
 

● Chaos signatures in electromagnetic reverberating chambers  (ERC) 
   [A8] applications to   antenna free-space radiation pattern retrieval from measurements in reverbe- 
    rating environments [A9,A10]; reverberating chambers in the pulsed regime [A11]; 
 

● Study of a new class of boundary value problems that exhibit eikonal chaos 
    full-wave (asymptotic) analysis showing characteristic chaos signatures [A12,A13];  
 

● Radiation from regular-non-periodic antenna arrays  
    (planar Penrose tilings, Rudin-Shapiro, Fibonacci’s, and other recursive sequences [A14, A15]). 
 

● Applications of Feynman path-integrals and Donsker-Kac formula to waveguides 
    dominant eigenvalues/eigenfrequencies in complex/hybrid geometries [A16, A17];    
 

● Miscellaneous work :   
    ● coding-theory approach to EM field configurations in complex environments [A19];  
     ● generalized Leontóvich boundary conditions [A20];     
     ● neural-net based large-array faulty-element diagnostics [A21];  
     ● recursive algorithms for GTD ray-tracing over hilly landscapes [A22];  
     ● defected fractal multilayers [S22];   
     ● percolation thresholds in  urban short-wave propagation [A23];  
     ● tune-shifts & beam-coupling impedances in complex accelerator pipes (LHC) [A24];     
     ● effects of weak (sub-thermal) pulsed EM fields on living cells with dispersive membranes [A25],  etc. 

Research – I Electromagnetics 
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New Class of EM Boundary Value Problems Exhibiting Eikonal Chaos 

I.M. Pinto, L.B. Felsen et al., IEEE T-AP 53 (2005) 753; ibid. T-AP 56 (2008) 2638 

(a) Nearby-incident ray paths evolution;  
(b) Separation d between nearby-incident  rays  (scaled to initial value) 

as a function of  the  (scaled)  “ray time” ; 
(c,d) Meandric (Chladni) level-maps of full wave solution as  𝜆/𝑎 ⟶ 0.  

(c) (d) 

… and study of chaos footsteps in the 𝜆 ⟶ 0 asymptotic 
full wave regime.  



Radiation from Regular/non-Periodic Antenna Arrays 

V. Pierro, I.M. Pinto , L.B. Felsen et al., IEEE T-AP 53 (2005)  635, ibid. T-AP 53 (2005) 2044, 
ibid. T-AP 53 (2005) 3568, IEEE T-AP 55 (2007) 1554, etc.  

… originated a plethora of further developments, on behalf of our own & other Groups. 
Ended up in a fruitful cooperation (and personal friendship) with prof. Nader Engheta 
(Univ. of Pennsylvania), and a new research line on functional metamaterials (V. Galdi) 



… toy model of frequency-dispersive cell membrane 

… implies fast selective heating of the membrane  
(up to protein denaturation -> cell apoptosis) under 
pulsed EM radiation, with almost no bulk cytoplasm 
heating - motivated by results by prof. K Schoenbach 
(Old Dominion University, Norfolk VA, US) on medical 
applications (melanoma ablation) of pulsed fields. 

Thermal Effects on Cell Membranes under Nonthermal Pulsed Exposure 

Fig. 6. Membrane (left panel) and cytoplasm (right panel) temperature response versus time for an exponentially 
damped train of applied pulses (shown in the  
inset). First pulse: 2 J/kg; second pulse: 0.77 J/kg. Total delivered dose: 4.35 J/kg. Time constant of pulse energy decay: 
10−8 s 

A. DeVita, I.M. Pinto et al., IEEE T-PS  38 (2010) 149; ibid. PS-42 (2014) 2236  



(GW induced parametric conversion  
 in coupled EM resonators )    

EM-GW Coupling 



The USannio – (L-S-X band)  RS Satellite Groundstation (2006) 

The tripod sustaining the 5m spherical radome was designed by artist Mimmo Palladino. 

Was meant to support the environment-protection policies of the local (regional 
and prefectural) Administration.  Project co-led with USannio Colleagues D. Villacci  
and M. DiBisceglie. Relied on past experience in building a smaller-scale station (X  
and L band) at UniSA (project co-led qith UniSA Colleagues M. Longo and F. Rossi) 
Possibly the 1st University-scale RSGS in Italy, State funded through MIUR-CIPE.  



Our EM Lab Facilities (-2015) 

… was an underground facility that was literally swept away by  
the flood that hit Benevento  on October 15 2015, as an effect  
of exceptional rainfall and subsequent flooding of the two rivers 
(Sabato and Calore)  that encircle the city … 



USannio Laurea Honoris Causa  bestowed  
on professor Leopold B. Felsen (02/02/2003) 

Personal Memories 

… and Proceedings of the related Symposium 



Research – II Gravitational Waves 

● Gravitational waves from inspiraling binary systems 
Exact solution of Peters-Mathews equation  [B1] for orbital evolution under GW emission; phasing 
errors due to nonzero orbital eccentricity and periastron advance [B2,B3]; fast and accurate compu- 
tation of gravitational radiation from eccentric binaries (based on Carlini-Meissel expansion & Kap-

teyn series [B4]); 
 

● Minimally-redundant template-families for matched-filter CBS-GW detection  
Based on Shannon-Kotel’nikov theorem [B5,B6]; including generalization to higher PN orders via Ta-
naka-Tagoshi transformation [B7], and  optimum-tiling of the source parameter-space [B8]; statistical 
characterization of the correlator bank-supremum including proximity (template-correlation) effects 
[B9]; 
 

● Study of detectors based on the phenomenon of stochastic resonance   
[B10] relevant to continuous GW from spinning neutron stars; 
 

● Time-frequency representation based GW data analysis techniques  
including CBS-GW [B12], DOA retrieval for un-modeled transients [B13], and TF-skeleton sparsification 
techniques [B14]; 
 

● Modeling of glitch noise in interferometric detectors 
including robust detection statistics for a network of interferometers observing un-modeled signals 
[B15], NN-based glitch classification [B16], and MIMO model based BSS-aided constructiin of glitch-
dictionaries  [B17];  
 

● Chirp-mass retrieval for eccentric binaries from their GW TF skeleton (PIRT-2021 Procs) 
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GWs from Eccentric Inspiraling Binaries 



Template Interpolation and Optimum tiling of Parameter Space for Correlation  
Based Detection / Source Parameter Estimation of GWs from Inspiraling Binaries 

V. Pierro, I.M. Pinto et al., PRD 62 (2000) 121101R, PRD 62 (2000) 124020, PRD 64 
(2001) 042005, PRD 64 (2001) 087101, PRD 65 (2002) 102003, CQG 20 (2003) S803, 
PRD 70 (2004) 122001, CQG 20 (2003) S803, CQG 21 (2004) 4955; etc. 

The patches are the regions of parameter space where the center-

template matches the received waveform to a level exceeding Γ   

Template density reduction factor upon cardinal                  

        (Shannon-Kotel’nikov) interpolation 



Time-Frequency Based GW Detection and Estimation 

Chirp mass retrieval from TF skeletons 
of GW from eccentric binaries 
I.M. Pinto, PIRT 2021 Proceedings 

T-norm data fusion in the TF plane   
for DOA and chirp-mass estimation  
[E. Mejuto Villa, I.M. Pinto et al, Int.  
J. Approx. Reas. 113 (2019) 372 ; 
IEEE Trans. Fuzzy Sys., 28 (2020) 534;] 
 

Work on time-frequency methods in GW data analysis started in 1994, and is still ongoing :   



Stochastic-Resonance Based Detection of Weak Quasi-Monochromatic Signals 

Under suitable conditions, the system may lock to  
the time-harmonic forcing term 

V. Galdi, V. Pierro, I.M. Pinto, PRE-57 (1998) 6470 , ibid. E69 (2004) 062104 

(Kramers switching time) 



Research – II Gravitational Waves, cont.d 

● Study of radiation-pressure driven chaos in multi-pendular Fabry-Perot resonators [B18]  
may explain observed excess noise in interferometric detectors in the transition between the seismic 
and thermal noise dominated spectral regions. 
 

● Thermal noise minimization in the HR optical coatings of interferometric GW antennas,     
explicit coating design method for thermal noise minimization at a prescribed transmittance [B19],  
and methods for the direct measurement of coating thermal noise [B20,B21], etc.  –  
These ideas were adopted by the advanced LIGO and Virgo detectors. 
 

● Impact of laser beam profile on thermal noise, and cavity mode optimization for thermal 
noise minimization  [B22,B23] 
Abstract and realistic  bounds (based on prolate spheroidal basis mode representations) on substrate-
Brownian, coating, and substrate-thermoelastic noise are derived, indicating fair margins of further 
noise reduction; comparison with Gaussian, flat-top and Gauss-Laguerre modes.   
 

● Study of nm-layered materials (in particular, Silica/Titania, and Silica/Alumina) for low 
noise HR optical coatings (collaboration with Caltech and NTHU) [B24]; 
Extensive experimental work is ongoing in our Lab to test the most promising nanolayered “formulas”  
(in particular, Silica/Titania for high-index, and Alumina-Silica for low-index materials); 
 

 

● Methods for thermal noise minimization in ternary (and more generally, multimaterial)  
coatings, at ambient and cryogenic temperatures [B25], under prescribed transmittance  
And absorbance bounds,  based on Pareto-manifold (trade-off) analysis.  
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Chaos in Multi-Pendular Fabry-Perot Resonators 

V. Pierro, I.M. Pinto Phys. Lett. A185 (1994) 14 

…may explain excess noise in GW IFOs at the boundary  
between seismic and thermal noise dominated regimes… 
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Minimizing Thermal noise in Interferometric GW Detector Mirrors 



[A. Villar, I.M. Pinto et al., PRD 81 (2010) 122001] 
 

Coating Design Optinization for Minimum Brownian Noise 



Nanolayered Coating Materials & Optimized Ternary (Multimaterial) Coatings 

[V. Pierro , I.M. Pinto, et al., PRR 3 
(2021) 023172;  LIGO-G2101479, etc.] 

75 nanolayers Silica-Titania QWL film  TEM and ED (insets) 
as deposited (a) and after 12h 600C annealing in air (b) 

Measured mechanical losses (clamped cantilever) before and after annealing 

[S. Chao, I.M. Pinto et al, Opt. Expr. 22 (2014) 29487;  
IEEE 2019 PIERS Proc, etc.] 



Our Optical (Nano) Film  LAB Facilities (2021) 

 
Ion-assisted, fully GUI program- 
mable dual e-beam thin film 
deposition facility, with Xtal 
thickness-monitoring and con- 
trolled substrate heating. 
Up to six co-deposited materials, 
per run, with sub - nanometer  
deposition accuracy/repetability. 
   
 

@USannio 

Direct (QDPI) thermal 
noise measurement  
facility under contruc- 
tion (tbc 2022). 
 

@UniSA 



1st Virgo proposal to INFN (1987) 1st Virgo paper  (1990,  NIM A289) 

Personal Memories (1987-1990) 



1998-2000 EU Senior visiting scientist @ NAO for TAMA-300 
… first medium-size (300m arm) operational interferometric GW antenna … 

MoU with TAMA for TF data analysis of early TAMA-300 data 
(in R.P. Croce PhD thesis, supervised by M.K. Fujimoto & I.M. Pinto)  

Personal Memories (1998-2000) 



Night (“owl”) shift @ LIGO-Hanford control room (2007) 

Our group joined LIGO in 2005, and is still an active member of LIGO and the LVK. 

Personal Memories (2005-) 



● V. Pierro, I.M. Pinto et al., “Ternary Quarter Wavelength Coatings for Gravitational Wave Detector 
Mirrors: Design Optimization via Exhaustive Search,” Phys. Rev. Research 3 (2021) 023172 
https://doi.org/10.1103/PhysRevResearch.3.023172   
  

● O. Durante, I.M. Pinto et al., “Emergence and Evolution of Crystallization in TiO2 Thin Films: a 
Structural and Morphological Study,”  Nanomaterials 11 (2021) 1409 
https://doi.org/10.3390/nano11061409 
  

● R. DeSalvo, G. Pelosi, I.M. Pinto, S. Selleri, “Stepped Beam-Pipes and Helical Baffles for Scattered 
Light Absorption in Future Gravitational Wave Detectors,” Rev. Sci. Instr. 91  (2020)  054505  
https://doi.org/10.1063/1.5144862  
  

● E. Mejuto-Villa, L. Troiano, I.M. Pinto, “Triangular Norms for Gravitational Wave Data Fusion,” 
IEEE Trans. Fuzzy Sys., 28 (2020) 534 
https://doi.org/10.1109/TFUZZ.2019.2910453  
  

● The KAGRA Collaboration, including I.M. Pinto, “KAGRA: 2.5 Generation Interferometric 
Gravitational Wave Detector,” Nature Astron., 3 (2019) 35 
https://doi.org/10.1038/s41550-018-0658-y  
 

● V. Pierro, I.M. Pinto et al., “On the Performance Limits of Coatings for Gravitational Wave 
Detectors made of Alternating Layers of two Materials,” Opt. Mater. 96 (2019) 109269.  
https://doi.org/10.1016/j.optmat.2019.109269  
 

● E. Mejuto-Villa, L. Troiano, I.M. Pinto, “On the Application of T-norms to Gravitational Wave Data 
Fusion: a Confirmatory Study,” Int. J. Approx. Reasoning, 113 (2019) 372 
https://doi.org/10.1016/j.ijar.2019.07.013  
 
  

Selected Papers (last 10 years) 
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● A. Fusco, I.M. Pinto e al., “Glitch Entomology,” Proc 14th Marcel Grossman Meeting on Recent 
Developments in Theoretical and Experimental General Relativity,  M. Bianchi et al., Eds., World 
Scientific (2018) 3645. 
https://doi.org/10.1142/9789813226609_0474  
  

● M.L. Gorodetsky, Y. Levin, I.M. Pinto, S.P. Vyatchanin, “In Memoriam Vladimir Borisovich 
Braginsky,” Phys. Lett. A382 (2018) 2157 (Editorial) 
https://doi.org/10.1016/j.physleta.2018.05.025 
  

● M. Magnozzi, I.M. Pinto et al., “Optical Properties of Amorphous SiO2-TiO2 Multi-Nanolayered 
Coatings for 1064-nm Mirror Technology,” Opt. Mat. 75 (2018) 94 
https://doi.org/10.1016/j.optmat.2017.09.043  
 

● The LIGO and Virgo Collaborations, including I.M. Pinto, “GW170817: Observation of Gravitational 
Waves from a Binary Neutron Star Inspiral,” Phys. Rev. Lett. 119 (2017) 161101 
https://doi.org/10.1103/PhysRevLett.119.161101  
  

● M. Principe and I.M. Pinto, “Locally-Optimum Network Detectors of Unmodeled Gravitational 
Wave Bursts in Glitch Noise,” Phys. Rev. D 95 (2017) 082006 
https://doi.org/10.1103/PhysRevD.95.082006  
 

● D.V. Martynov, I.M. Pinto et al., “Sensitivity of the Advanced LIGO Detectors at the Beginning of 
Gravitational Wave Astronomy,” Phys. Rev. D 93 (2017) 112004 
https://doi.org/10.1103/PhysRevD.93.112004  
 

● V. Fiumara, I.M. Pinto, et al., “Free-Space Antenna Pattern Retrieval in Nonideal Reverberation 
Chambers,”  IEEE Trans. EMC-58 (2016) 673. 
https://doi.org/10.1109/TEMC.2016.2539351  
 
  

Selected Papers (last 10 years), contd. 
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● M. Principe, I.M. Pinto et al., “Material Loss Angles from Direct Measurements of Broadband 
Thermal Noise,” Phys. Rev. D 91 (2015)  022005.  
https://doi.org/10.1103/PhysRevD.91.022005  
  

● The LIGO and Virgo Collaborations, “Observation of Gravitational Waves from a Binary Black 
Hole Merger,” Phys. Rev. Lett. 116 (2016) 061102 
https://doi.org/10.1103/PhysRevLett.116.061102  
  

● P. Addesso, I.M. Pinto et al., “Sparsifying Time-Frequency Distributions for Gravitational Wave 
Data Analysis,” Proc.  3rd International Workshop on Compressed Sensing Theory and its 
Applications (2015)  
https://doi.org/10.1109/CoSeRa.2015.7330283  
  

● V. Pierro, A. DeVita, R.P. Croce, I.M. Pinto et al.,“Membrane Heating in Living Tissues Exposed to 
Nonthermal Pulsed EM Fields,” IEEE Trans. PS-42 (2014) 2236 
https://doi.org/10.1109/TPS.2014.2342492  
 

● G. Castaldi, V. Gald, I.M. Pinto,  “Short-Pulsed Wavepacket Propagation in Ray-Chaotic 
Enclosures,” IEEE Trans. AP-60  (2012)  3027 
https://doi.org/10.1109/TAP.2012.2201126  
  

● R.P Croce, I.M. Pinto et al., “Robust Gravitational Wave Burst Detection and Source Localization 
in a Network of Interferometers using Cross-Wigner Spectra,”  Class. Quantum Grav. 29 (2012) 
045001  
https://doi.org/10.1088/0264-9381/29/4/045001  
  
 
 
 

Selected Papers (last 10 years), contd. 
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● H.-W. Pan, I.M. Pinto et al., “Thickness-Dependent Crystallization on Tthermal Anneal for 
Titania/Silica nm-Layer Composites Deposited by Ion Beam Sputter Method,”  Opt. Expr. 24 (2014) 
29847. 
https://doi.org/10.1364/OE.22.029847   
  

● S. Rampone, V. Pierro, L. Troiano, I.M. Pinto, “Neural Network-aided Glitch-Burst Discrimination and 
Glitch Classification,”  Int. J. Mod. Phy. C24 (2013) 1350084. 
https://doi.org/10.1142/S0129183113500848  
  

● I.M. Pinto, M. Principe, R. DeSalvo, “Reflectivity and Thickness Optimization,” Ch. 12 in Optical 
Coatings and Thermal Noise in Precision Measurements,  G.M. Harry et al., Eds., Cambridge University 
Press  (2012) 
https://doi.org/10.1017/CBO9780511762314.014   
  

● A. DeVita, I.M. Pinto et al., “Nonlinear Interaction of Electromagnetic Radiation at the Cell 
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