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QUANTUM   : Finite and infinite quantum systems                             Facchi* 
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FIELDTURB : Fields and particles in turbulence and complex fluids         Gonnella

*Resp. Nazionale.    N.B.:  Gr IV - Bari ha 4 resp. naz. su 35 nella CSN4
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Anagrafica prevista per il 2019-2020:
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                                  STATUS PREVISTO PER IL 2019-2020: 18 strutturati & 13 non-strutturati  
  4 staff  INFN  (Colangelo, Cosmai, De Fazio, Lisi) 
13+1 staff  Univ.  (Cea, Petroni, D’Angelo, Facchi, Florio, Garuccio, Gasperini, Gonnella, 
                                      Marrone, Mirizzi, Pascazio, Scrimieri, Stramaglia, Tedesco+Palazzo)                        
  13 dottorandi  (2018-2019)
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                        Recenti o prossimi avvicendamenti 2018-2019    
   staff  INFN  In: - [?]    Out: - 
   staff  Univ.  In: - [Palazzo]   Out: - Angelini,Cufaro 
   dottorandi In: Carenza, Loparco, Nuzzi, Scagliarini Out: Di Lena



   Riassumendo:   ~33 afferenti nel 2019 

                              Serie storica 2007-2019: 
                                            ~50              ...                    42          39          27          27         26          29           26         28          25         29         33    

  
  

2007-2012:    brusca diminuzione di un fattore ~1/2  
2012-2018:        … plateau ~27 [= ~20 staff  + ~3 phD + ~4 postdoc] 
2019:                   incremento grazie a 4 nuovi dottorandi 

N.B.: 1) finora il Gr.IV non ha richiesto nessun assegno (co)finanziato INFN 
           2) ultime assunzioni INFN: De Fazio (2001), Lisi (1996) ...
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Attività scientifica 2019-20
NPQCD  : Nonperturbative QCD 
   
QFT-HEP : Phenomenology of  the Standard Model and Beyond 

QUANTUM : Finite and infinite quantum systems  

TAsP  : Theoretical Astroparticle Physics 

BioPhys  : Biological applications of  theoretical physics methods 

FIELDTURB : Fields and particles in turbulence and complex fluids 

       [+ foto, per attuale staff  Università/INFN]



NPQCD:	Non	perturbative	QCD
Paolo	Cea
Leonardo	Cosmai (*)

(*)	responsabile	nazionale

 
NPQCD: Non perturbative Quantum Chromo Dynamics 
 
 
 
 
 
Paolo Cea*,  
Leonardo Cosmai 
 
*Responsabile locale  
 

Paolo Cea Leonardo Cosmai 

9 
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Studio non perturbativo del diagramma di fase della QCD

Studio del diagramma di fase della QCD a 
partire da “first principles”

Perché quark e gluoni sono confinati negli 
adroni?

Il confinamento è uno stato permanente della 
materia?

Esistono (o sono esistite) condizioni nel nostro 
Universo per fasi diverse della QCD?

Possiamo predire le varie possibili fasi della 
QCD e la natura delle transizioni di fase?
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Il metodo:  discretizzazione su reticolo della teoria
Le osservabili fisiche sono ottenute calcolando integrali funzionali 
a patire dalla Lagrangiana della QCD.  

Grazie alla discretizzazione dello  spazio-tempo, gli integrali 
funzionali diventano integrali ordinari (ma con O(10^6) variabili di 
integrazione !!!)

Lo spazio-tempo è approssimato da un reticolo euclideo 
finito 4-dimensionale.

Metodi Monte Carlo per valutare integrali funzionali

High Performance Computing MARCONI@CINECA   ~ 20 
PFlop/s
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Highlights 2018

Eur. Phys. J. C           (2019) 79:478 Page 5 of 10   478 
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Fig. 4 Surface and contour plots for the three components of the non-
perturbative chromoelectric field, ENP ≡ E − EC , at β = 6.240 and
d = 1.142 fm. All plotted quantities are in physical units

value should be assigned to the center of the plaquette. This
also means that the z-component of the field is probed at a
distance of 1/2 lattice spacing from the xy plane, where the
z-component of the Coulomb field EC

z is nonzero and can be
matched with the measured value Ez for the same value of
Q.

Fig. 5 Transverse cross sections of the nonperturbative field ENP
x (xt )

at β = 6.240, d = 1.142 fm, for several values of xl

In Table 2, we list the values of the effective charge Q
obtained from lattice measurements of Ez and Ey at three
values of d, the quark–antiquark separation. The statistical
uncertainties in the quoted Q values result from the compar-
isons among Coulomb fits of Ey and Ez at the values of xl , for
which we were able to get meaningful results for the fit. The
variability in the values of the fit parameters extracted from
all acceptable fits to Ey and Ez at different xl values was also
taken into account to assess systematic uncertainties. How-
ever, the stability of Q under a change of the fitting strategy,
its dependence upon the values of xl included in the fit and the
global assessment of the systematic uncertainties will be pre-
sented in a forthcoming extended version of this work. The
values of R0 in physical units grow with the lattice step a,
while in lattice units they show more stability. This suggests
that the effective size of a color charge in our case is mainly
explained by lattice discretization artifacts and the smearing
procedure, and is not a physical quantity. In Appendix B we
present some details about the Coulomb fit.

Evaluating the contribution of the field of the quark to
EC (r) in Eq. (4) at the position r−Q of the antiquark and
multiplying by the charge −4πQ of the antiquark yields a
Coulomb force between the quark and antiquark with coef-
ficient −4πQ2. By comparison, in the standard string pic-
ture of the color flux tube, a Coulomb correction of strength
−π/12 to the long distance linear potential (the universal
Lüscher term) arises from the long wave length transverse
fluctuations of the flux tube [40]. This Lüscher term is equal
to the Coulomb force generated by the field EC (r) (4) when
Q = 1/(4

√
3) ≈ 0.144. This is roughly 1/2 the values of Q

measured in our simulations and listed in Table 2. (We note
the Lüscher value of the Coulomb force is consistent with
the results [41–43] of lattice situations of the heavy quark
potential at distances down to ≈ 0.4 fm.) Although the con-
nection between these two descriptions of the Coulomb force
is not clear, we note that the color fields we measure point
in a single direction in color space. The fluctuating color
fields in the other color directions might affect the strength
of the effective Coulomb force between the quark and the
antiquark.

123

E’ stata isolata la 
componente non 
perturbativa del campo 
cromoelettrico 
responsabile del 
confinamento del colore in 
QCD  (—> potenziale 
lineare)

d

xt

xl

Ex(xt)

vedi: Baker-Cea-
Chelnokov-Cosmai-Cuteri-
Papa  “Isolating the 
confining color field in the 
SU(3) flux tube” 

Eur. Phys. J. C (2019) 
79:478

antiquarkquark

Per la prima volta, sono state 
misurate tutte le componenti del 
tensore del campo 
cromoelettromagnetico 
prodotto da una coppia quark-
antiquark nella teoria di pura 
gauge SU(3)
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Argomenti di ricerca 2019

Caratterizzazione della struttura del tubo di flusso prodotto da cariche di colore in 
QCD in presenza di fermioni dinamici con massa del pione vicina al valore fisico. 

Evoluzione della struttura del tubo di flusso attraverso la transizione di 
deconfinamento.

Studio del diagramma di fase della QCD utilizzando  azioni improved   e masse dei 
quark vicine ai valori fisici con particolare riguardo alla caratterizzazione del punto 
critico.

Studio della QCD in presenza di campi magnetici e campi cromomagnetici di 
background (rilevante per la fisica dell’universo primordiale e per la fisica delle 
stelle compatte)
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Bari
ricercatori 
• Pietro Colangelo
• Fulvia De Fazio (resp. locale & nazionale)
• Egidio Scrimieri
PhD (34 ciclo)  Francesco Loparco

Attività 2018/2019 – progetto per il 2020
• Fisica del flavor nel Modello Standard ed estensioni 
• Analisi di sistemi fortemente interagenti mediante la dualità 

gauge/gravita’:  applicazioni alla QCD (fenomeni fuori 
dall’equilibrio, proprieta’ degli stati, effetti caotici)

QFT-HEP
Flavor Physics, Electroweak vacuum stability, 

Phases of strong interactions as possible paths to new Physics
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analoghi effetti nella transizione b  -> u l nl ?

Ricerca di Fisica oltre il Modello Standard: settore del sapore

Alcuni recenti misure nel settore del flavour sono in tensione con lo SM

In particolare, in processi di corrente carica b  -> c l nl

Ø rapporti di BR:                                                       ((Mc=D,D* , l=e,µ)      (3.1 s da SM)

-> violazione dell’universalita’ del sapore leptonico (simmetria accidentale dello SM)
Ø discrepanza per |Vcb| da decadimenti semileptonici inclusivi B -> Xc l nl ed esclusivi 

B -> D(*) l n (confermata da BaBar-2019 e Belle-2018) : |Vcb|exclusive <  |Vcb|inclusive

analoga tensione in  |Vub|:      |Vub|exclusive <  |Vub|inclusive

origine comune per queste anomalie?
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- accoppiamenti complessi
- intervengono diversamente nei processi indotti dalla stessa transizione
- costretti in regioni limitate dai dati sperimentali 

Processi mediati dalla transizione b -> u l - n
estensione model-independent dell’Hamiltoniano effettivo dello SM

✔ ✔

✔

✔

✔

✔
✔

✔
✔
✔

✔
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distribuzioni completamente differenziali nel decadimento B ->r (p p) l n
per comprendere il ruolo dei possibili contributi BSM

coefficienti angolari
distinguono SM da NP
nel programma di Belle II 
(forse anche LHCb)

P. Colangelo, F. De Fazio and F. Loparco, 1906.07068

strutture particolarmente sensibili a NP 
esempio

zeri non presenti in SM
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Possibile origine delle anomalie di flavour: 
modelli con un nuovo bosone di gauge neutro Z’

Estensione minimale del gruppo di gauge dello SM: SU(3)c x SU(2)L x U(1) x U(1)’

un nuovo bosone di gauge Z’  che può mediare a livello albero le FCNC

i nuovi contributi possono spiegare alcune anomalie nel settore del sapore

J. Aebischer, A.J. Buras, M. Cerda-Sevilla and F. De Fazio, in preparation (2019)
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Applicazioni della corrispondenza AdS/CFT alle interazioni forti

dualità gauge/gravità ->  teoria di gauge fortemente accoppiata in 4D duale a
una teoria di gravità semiclassica in AdS5

QCD: entropia di configurazione (SCE) di mesoni e barioni gli stati osservati corrispondono ai 
valori minori di CE

ordinary meson

hybrid meson

tetraquark

radial number
0 1 2 3 4 5 6 7 8

0.7

0.8

0.9

1.0

1.1

1.2

1.3

n

S C
E(
n,
σ) σ=4

σ=7
σ=9
σ=10

baryons

glueball

P. Colangelo and F. Loparco,  Phys. Lett. B 788 (2019) 500 

progetto 2019: caos e bound di Maldacena in osservabili di QCD 



Attività di ricerca 
(QUANTUM) 

Milena D’Angelo 

                     Paolo Facchi 

Augusto Garuccio 

             Saverio Pascazio 

Giuseppe Florio 

Iniziativa Specifica QUANTUM

Milena D’Angelo
Paolo Facchi
Giuseppe Florio
Augusto Garuccio
Saverio Pascazio

Francesco Pepe (ora in PICS)

Francesco Di Lena

Giovanni Gramegna

Davide Lonigro

Domenico Pomarico

Giovanni Scala

Iniziativa Specifica QUANTUM

Milena D’Angelo
Paolo Facchi
Giuseppe Florio
Augusto Garuccio
Saverio Pascazio

Francesco Pepe (ora in PICS)

Francesco Di Lena

Giovanni Gramegna

Davide Lonigro

Domenico Pomarico

Giovanni Scala
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Pubblicazioni QUANTUM

16 pubblicazioni nel 2018
7 pubblicazioni nel 2019

Some highlights:

• Physical Review Letters
A. Crespi, et al., Phys. Rev. Lett. 122 (2019) 130401

• New Journal of Physics
T. Matsubara, et al., New J. Phys. 21 (2019) 033014

• Journal of Physics A Highlights of 2018 collection
F. Cunden, et al.,  J. Phys. A: Math. Theor. 51 (2018) 35LT01
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Simulatore quantistico di QED
[collaborazione con E. Ercolessi (BO)]

Hamiltoniano (Schwinger model): teoria di gauge U(1) su reticolo

Prima proposta di Quantum Simulator con comparatore unitario

Implementazione su
reticolo ottico
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2⇡
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Modello di Schwinger: adatto 
a simulazioni quantistiche di 
QED e molto flessibile.

Individuata una Transizione 
di Fase.

Modello di Schwinger

E. Ercolessi, et al., Phys. Rev. D 98 (2018) 074503
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Imaging plenottico quantistico
[collaborazione con G. Scarcelli (College Park, Maryland)]

Σref
za;zbðρaÞ≔

Z
d2ρbΓza;zb(

za
zb
ρa−

ρb
M

!
1−

za
zb

"
;ρb): ð11Þ

Figure 3 reports the simulation of CPI for (a) a focused
image, (b) an out of focus image taken at zb ¼ 5za, and
(c) the refocused image obtained by applying the scaling
rule of Eq. (11) to the out-of-focus image. We conclude that
the correlation properties of chaotic light [18,21] enable
achieving a much higher refocusing capability with respect
to plenoptic imaging.
The computational steps required for rescaling [Eq. (10)]

and integration [Eq. (11)] grow linearly in the total number
N2

u of angular pixels. Since the operation must be repeated
N2

x times, the computational steps required for refocusing
scale like ðNuNxÞ2, as in standard plenoptic imaging. The
overall computational time has an additional scaling factor,
given by the number of frames which must be averaged to
obtain the correlation image.
Depth of focus.—It is worth comparing the performance of

PI and CPI in terms of the maximum achievable depth of
focus (DOF), namely, the maximum distance from the actual
detection plane at which perfect refocusing is allowed. For
any plenoptic device, we can define α ¼ Si=S0i as the ratio
between the distance Si from the focusing element (the main
lens in standard plenoptic, the source in CPI) to the image
plane, and the distance S0i between the focusing element and
the detector. Perfect refocusing is possible when [2]:

####1−
1

α

#### < M
δx
δu

¼ Δx
Δu

; ð12Þ

whereΔx¼2δx is the minimum distance that can be resolved
on the image plane, and Δu¼2δu=M is the minimum
distance that can be resolved on the focusing element, with
M the latter’s magnification. Now, in standard PI, the image
resolution is given by the width of the macropixel
ΔxðpÞ¼2δNðpÞ

u , while each (micro)pixel δ coincides with a
region on the lens plane of widthΔuðpÞ ¼ 2Ds=N

ðpÞ
u ; hence,

!
Δx
Δu

"ðpÞ
¼ δ

Ds
ðNðpÞ

u Þ2: ð13Þ

In CPI, the relation ΔuðcpÞ ¼ 2Ds=N
ðcpÞ
u is unchanged, but

ΔxðcpÞ ¼ 2δ, since pixels of width δ can be used also to
retrieve the image. Hence,

!
Δx
Δu

"ðcpÞ
¼ δ

Ds
NðcpÞ

u : ð14Þ

In conclusion, CPI enables to extend perfect refocusing at a
much longer distance with respect to PI, since

DOFðcpÞ

DOFðpÞ
¼ NðcpÞ

u

ðNðpÞ
u Þ2

ð15Þ

can be easily made larger than one in experiments.
Based on Eq. (12), in the simulation reported in Fig. 3,

the maximum object distance for perfect refocusing is
zb ¼ 5za. For the given total number of pixels per side
Ntot ¼ 300, a PI system with the same spatial resolution
NðpÞ

x ¼ 150, would lead to an angular resolution of NðpÞ
u ¼

Ntot=N
ðpÞ
x ¼ 2. Based on Eq. (15), the CPI system enables

refocusing at a depth of focus that is almost 40 times higher
than for the equivalent PI system.
Conclusions and outlook.—We have presented an inno-

vative approach to plenoptic imaging which exploits the
fundamental correlation properties of chaotic light to
decouple spatial and angular resolution of standard imaging
systems. This has enabled us to perform plenoptic imaging
at a significantly higher depth of field with respect to an
equivalent standard plenoptic imaging device. As plenoptic
imaging is being broadly adopted in diverse fields such as
digital photography [3], microscopy [10,11], 3D imaging,
sensing, and rendering [4], our proposed scheme has direct
applications in several biomedical and engineering fields.
We have analyzed the CPI setup as an imaging device;
potentially, it would also represent an interesting tool to
characterize turbulence, thus enabling volumetric imaging
within scattering media [5]. Interestingly, the coherent
nature of the correlation plenoptic imaging technique

FIG. 2. Geometrical representation of the scaling property
given in Eq. (10), in the case za > zb.

FIG. 3. Simulations of a CPI system illuminated by a chaotic
source with λ ¼ 500 nm and a Gaussian intensity profile of width
Ds ≃ 3σ ¼ 1.8 mm; the source is magnified by M ¼ 0.8, the
pixel size is δ ¼ 32 μm, the number of pixels for spatial and
directional resolutions are NðcpÞ

x ¼ NðcpÞ
u ¼ 150. (a) Focused

image in za ¼ zb ¼ 10 mm. (b) Out-of-focus correlation image
retrieved in za ¼ 10 mm, with zb ¼ 50 mm. (c) Refocused image
as given by Eq. (11).

PRL 116, 223602 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending
3 JUNE 2016

223602-4

Esempio di rifocalizzazione con CPI
A FUOCO        SFOCATA   RIFOCALIZZATA

A differenza dell'imaging ordinario (a), nell'imaging plenottico (b) è possibile
acquisire sia l'immagine dell'oggetto, sia la direzione della luce. Ciò consente
di ricostruire immagini tridimensionali e di effettuare rifocalizzazioni.

Sfruttando le correlazioni dei fotoni, è stata elaborata una tecnica di acquisizione 
plenottica di immagini di correlazione (CPI), che consente di superare le forti 
limitazioni alla risoluzione degli attuali disposivi plenottici.

BREVETTO
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QED in guide d'onda
[collaborazione con M. Kim e T. Tufarelli (Imperial College London) 

e  K. Yuasa (Waseda University Tokyo)]

Generazione di entanglement

L'esistenza dello stato legato fa sì che il
sistema evolva spontaneamente verso uno
stato altamente entangled.

ESTENSIONE a settori con più eccitazioni.

In una guida d'onda unidimensionale: esistenza di stati legati
formati da due atomi e un fotone confinato, per valori discreti
della distanza interatomica.

d

λ /2

d

ω
0

ω
0

ω
0

ω
0

ReE

ImE

Stato legato

Polo instabile

Piano complesso
dell'energia
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Two-excitation sector

Emissione correlata di due fotoni. Quantum optical dyodeFACCHI, PASCAZIO, PEPE, AND POMARICO PHYSICAL REVIEW A 98, 063823 (2018)

FIG. 5. Representation of the processes that contribute to the
probability of parallel (P⇔) and antiparallel (P!) photon pair
emission.

limit λ → 0, the integrals over the different quadrants of the
(k1, k2) plane can be evaluated, yielding

P⇔ = 1
2

∫

D⇔

dk1dk2P (k1, k2)

= 1
2

(
1 + sin2(k0d )

1 + sin2(k0d )

)
, (40)

P! = 1
2

∫

D!
dk1dk2P (k1, k2)

= 1
2

(
1 − sin2(k0d )

1 + sin2(k0d )

)
, (41)

where D⇔ = {(k1, k2) ∈ R2| k1k2 > 0} and D! =
{(k1, k2) ∈ R2| k1k2 < 0}. The factor 1/2 has been introduced
to remove redundancy with respect to momentum exchange.
The processes contributing to P⇔ and P! are pictorially
represented in Fig. 5.

The ratio of asymptotic probabilities to observe parallel
and antiparallel photon pairs reads

R(λ)
∣∣
λ→0 = P⇔

P!
= 1 + 2 sin2(k0d ), (42)

being minimal and equal to 1 at resonance, when the two
photons are emitted in states with the same spatial symmetry,
characterized by equal weights of the parallel and antiparallel
configurations. The limiting value of R is universal, in the
sense that it depends only on the dimensionless product
between interatomic distance and momentum of the emitted
photon and not on the dispersion relation, the atomic exci-
tation energy, or the speed of propagation. Nonetheless, it
is crucially determined by the dynamics through the relation
between the phase shifts and the linewidths in Eqs. (30)
and (31). The maximal value R = 3 corresponds to the off-
resonant points sin(k0d ) = ± 1, where constructive interfer-
ence between photon states with opposite spatial symmetry
favors parallel photon emission.

This effect is similar to the photon bunching occur-
ring in a Hong-Ou-Mandel (HOM) interferometer [52], with
the role of the input photons played by the initial double
atomic excitation. In fact, neglecting dynamical effects, in the
off-resonant case k0d = (n + 1/2)π the atom pair is expected

FIG. 6. The upper panel displays the density plot of the two-
photon distribution P (k1, k2), normalized to its maximal value, for
ω0 = 1.1M , λ = 10−2M , and k0d = π/2. Colors range from blue
(normalized density equal to 0) to white (normalized density equal to
1). It is evident that the probability is concentrated in very small areas
of linear size O(λ2) around the on-shell points. The lower panels (a)
and (b) represent magnifications of the on-shell peaks highlighted
in the upper plot, around (−k0, k0) and (k0, k0), respectively. The
different shape of these peaks is due to the fact that emission with
intermediate symmetric and antisymmetric atomic states interfere
constructively in the parallel case (b) and destructively in the antipar-
allel case (a). For such choice of parameters, the ratio R(λ) between
the total parallel and antiparallel emission is close to 3.

to behave like the beam splitter in the HOM experiment,
fully suppressing the possibility of antiparallel emission (i.e.,
R → ∞). However, the two-photon emission differs from the
HOM case in two aspects, both related to dynamics: first, the
emitted photons are characterized by a typical momentum dis-
tribution and the relative phase between spatially symmetric
and antisymmetric photons depends on momentum; second,
the difference in the energy shifts δ± [see Eq. (30)] lifts the
degeneracy between the symmetric and antisymmetric atomic
excitations. The combination of such effects regularize the
ratio to a nontrivial finite value, as in Eq. (42). Notice that
a different expression of δs and γs would lead to generally
different value of R. The effect of interference between sym-
metric and antisymmetric states on the structure of the parallel
and antiparallel peaks is displayed in Fig. 6.

In order to compute the two-photon amplitude in the case
of larger couplings, some approximations are needed. In

063823-6
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limit λ → 0, the integrals over the different quadrants of the
(k1, k2) plane can be evaluated, yielding

P⇔ = 1
2

∫

D⇔

dk1dk2P (k1, k2)

= 1
2

(
1 + sin2(k0d )

1 + sin2(k0d )

)
, (40)
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∫
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, (41)

where D⇔ = {(k1, k2) ∈ R2| k1k2 > 0} and D! =
{(k1, k2) ∈ R2| k1k2 < 0}. The factor 1/2 has been introduced
to remove redundancy with respect to momentum exchange.
The processes contributing to P⇔ and P! are pictorially
represented in Fig. 5.

The ratio of asymptotic probabilities to observe parallel
and antiparallel photon pairs reads

R(λ)
∣∣
λ→0 = P⇔

P!
= 1 + 2 sin2(k0d ), (42)

being minimal and equal to 1 at resonance, when the two
photons are emitted in states with the same spatial symmetry,
characterized by equal weights of the parallel and antiparallel
configurations. The limiting value of R is universal, in the
sense that it depends only on the dimensionless product
between interatomic distance and momentum of the emitted
photon and not on the dispersion relation, the atomic exci-
tation energy, or the speed of propagation. Nonetheless, it
is crucially determined by the dynamics through the relation
between the phase shifts and the linewidths in Eqs. (30)
and (31). The maximal value R = 3 corresponds to the off-
resonant points sin(k0d ) = ± 1, where constructive interfer-
ence between photon states with opposite spatial symmetry
favors parallel photon emission.

This effect is similar to the photon bunching occur-
ring in a Hong-Ou-Mandel (HOM) interferometer [52], with
the role of the input photons played by the initial double
atomic excitation. In fact, neglecting dynamical effects, in the
off-resonant case k0d = (n + 1/2)π the atom pair is expected

FIG. 6. The upper panel displays the density plot of the two-
photon distribution P (k1, k2), normalized to its maximal value, for
ω0 = 1.1M , λ = 10−2M , and k0d = π/2. Colors range from blue
(normalized density equal to 0) to white (normalized density equal to
1). It is evident that the probability is concentrated in very small areas
of linear size O(λ2) around the on-shell points. The lower panels (a)
and (b) represent magnifications of the on-shell peaks highlighted
in the upper plot, around (−k0, k0) and (k0, k0), respectively. The
different shape of these peaks is due to the fact that emission with
intermediate symmetric and antisymmetric atomic states interfere
constructively in the parallel case (b) and destructively in the antipar-
allel case (a). For such choice of parameters, the ratio R(λ) between
the total parallel and antiparallel emission is close to 3.

to behave like the beam splitter in the HOM experiment,
fully suppressing the possibility of antiparallel emission (i.e.,
R → ∞). However, the two-photon emission differs from the
HOM case in two aspects, both related to dynamics: first, the
emitted photons are characterized by a typical momentum dis-
tribution and the relative phase between spatially symmetric
and antisymmetric photons depends on momentum; second,
the difference in the energy shifts δ± [see Eq. (30)] lifts the
degeneracy between the symmetric and antisymmetric atomic
excitations. The combination of such effects regularize the
ratio to a nontrivial finite value, as in Eq. (42). Notice that
a different expression of δs and γs would lead to generally
different value of R. The effect of interference between sym-
metric and antisymmetric states on the structure of the parallel
and antiparallel peaks is displayed in Fig. 6.

In order to compute the two-photon amplitude in the case
of larger couplings, some approximations are needed. In
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(a) (b)

(c) (d)

s s s’

s’s’s s

FIG. 2. Contributions of order V 2 [diagram (a)] and V 4 [dia-
grams (b), (c), and (d)] to the double-excitation propagator G2(z)
[Eq. (17)]. The diagrams (a), (b), and (c), without external legs,
represent the O(V 4) contributions to the self-energy !2(z). The
wavy lines represent photons; the double horizontal line represents
the free propagator G

(0)
2 (z) in (11); the single horizontal line with a

wavy line represents the free propagator (12) of |"s ; k⟩, namely, the
state with one photon and a single atomic excitation with sign s; and
the dashed line with two wavy lines represents the free propagator
G

(0)
1 (z, k) in (13). The crosses represent one of the vertices vs (k)

in (14)–(16). Processes (b) and (c) preserve the sign s (i.e., s ′ = s),
while in diagram (c) the relative sign of s and s ′ is arbitrary.

and sum the relevant diagrams. The basic building blocks of
the matrix elements of the expanded resolvent (10) are given
by the free propagators

⟨eA, eB | 1
z − H0

|eA, eB⟩ = 1
z − 2ω0

= G
(0)
2 (z), (11)

⟨"s ′
; k′| 1

z − H0
|"s ; k⟩ = G

(0)
1 (z, k) δs,s ′δ(k − k′),

G
(0)
1 (z, k) = 1

z − ω0 − ω(k)
, (12)

⟨k′
1, k

′
2|

1
z − H0

|k1, k2⟩ = G
(0)
0 (z, k1, k2)[δ(k1 − k′

1)δ(k2 − k′
2)

+ δ(k1 − k′
2)δ(k2 − k′

1)],

G
(0)
0 (z, k1, k2) = 1

z − ω(k1) − ω(k2)
, (13)

and by the interaction vertices

⟨"s ; k|V |eA, eB⟩ = s vs (k), (14)

⟨k1, k2|V |"s ; k⟩ = vs (k1)δ(k2 − k) + vs (k2)δ(k1 − k), (15)

vs (k) = g(k)
1 + seikd

√
2

, (16)

with s = ± 1. Since the interaction Hamiltonian is off-
diagonal, no O(V ) terms appear in the decomposition of the
propagator,

G2(z) = ⟨eA, eB |G(z)|eA, eB⟩ = 1
z − 2ω0 − !2(z)

, (17)

where !2(z) is the self-energy of |eA, eB⟩. The smallest-order
contribution to (17) comes from the process of emission and
reabsorption of a photon through an intermediate state |"s , k⟩.
In this process, represented in Fig. 2(a), it is clear from (12)
that the atomic excitation cannot switch its sign s during the

intermediate free evolution, before the photon is reabsorbed.
Transitions can generally occur only in higher-order diagrams,
such as the O(V 4) terms in Figs. 2(b)–2(d). However, a
diagram in which a photon is emitted and then reabsorbed
takes the general form

∫
dk g2(k)

(1 + s ′e− ikd )(1 + seikd )
2

#ss ′ (z,ω(k)), (18)

where s (s ′) is the sign of the atomic excitation attached to the
emission (absorption) vertex, and the function # is related to
the particular structure of the diagram. Since we have assumed
that both the dispersion relation and the form factor are even
functions, only terms with s = s ′ survive integration over k
and contribute, for instance, to the diagrams in Figs. 2(b) and
2(c); no constraint on the relative sign exists, instead, for the
diagram (d).

The diagrams (b) and (c) in Fig. 2 are both contributions of
order V 4 to the self-energy of |eA, eB⟩, but they qualitatively
differ. In (b), the emission and reabsorption of a second photon
is dressing the intermediate one-excitation propagator, while
this is not the case in (c), where, since the first emitted photon
is absorbed before the second one, two photon lines cross. Di-
agrams with crossings can be interpreted as a renormalization
of the vertex between the double-excitation state |eA, eB⟩ and
the states |"s ; k⟩. Notice that since we consider the dynamics
in the N = 2 sector, where at most two photons can be
present in an intermediate state, each photon line can cross at
most two other lines before being reabsorbed. The self-energy
appearing in (17), containing the sum of all the intermediate
diagrams between the two double-excitation states, can be
resummed as

!2(z) =
∑

s=±

∫
dk g2(k)

(1 + Xs (k, z))(1 + s cos(kd ))
z − ω0 − ω(k) − !s (z − ω(k))

,

(19)

where !s is the self-energy of the one-excitation state |"s⟩,

!s (z) =
∫

dk g2(k)
1 + s cos(kd )

z − ω(k)
. (20)

Observe that in Eq. (19), the argument of !s is shifted by
the energy ω(k) of the additional propagating photon [35],
and notice that !s (z − ω(k)) does not coincide with the self-
energy function of |"s ; k⟩. The vertex renormalization Xs is
implicitly defined by the integral equation

Xs (k, z) =
∫

dq g2(q )
(1 + Xs (q, z))(1 + s cos(qd ))
z − ω0 − ω(k) − !s (z − ω(k))

× 1
z − ω(q ) − ω(k)

. (21)

The renormalization of the propagator G2(z) is graphically
represented in Fig. 3.

The evaluation of the renormalized vertex requires an ap-
proximation procedure that will be detailed in the next section,
where it will be crucial for the consistent evaluation of the
two-photon amplitude and spectrum.

In order to characterize the lifetime of the double excita-
tion, it is sufficient to consider the lowest order of the self-
energy by neglecting Xs (k, z) and !s (z − ω(k)) in its integral

063823-3

Diagrammi di Feynman
del secondo ordine

P. Facchi, et al., Phys. Rev. A 98 (2018) 063823
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Crespi, Pepe et al, Phys. Rev. Lett. 122, 130401 (2019)

Experiment: integrated photonics

Wave function 
renormalization

Power law decay
(first observation)

Quantum time evolution
[collaborazione con P. Mataloni e F. Sciarrino (RM)

e A. Crespi e R. Osellame (MI)]



!27

TASP: Theoretical astroparticle physics

Eligio Lisi*
Maurizio Gasperini
Antonio Marrone
Alessandro Mirizzi
Antonio Palazzo
Luigi Tedesco
Pierluca Carenza (dott.)

*Responsabile locale e nazionale

n

Antonio Marrone

Luigi Tedesco

!

Maurizio Gasperini Eligio Lisi

Alessandro Mirizzi Antonio PalazzoPierluca Carenza
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Attivita’ in corso (2019) e prevista (2020)

Observation angles and Geodesic Light Cone gauge, JCAP 01, 004 (2019)
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L. Tedesco

Si studieranno le distanze di luminosita’ alla luce di teorie di gravita’
modificata. In particolare si analizzeranno le distanze di luminosita’ per 
emissioni di onde elettromagnetiche e quelle relative alla emissione di 
onde gravitazionali. Eventuali discordanze verranno esaminate in dettaglio 
nell’ambito di modelli con estensione della relativita’ generale.

Analisi di un Universo in espansione anisotropa 
(Bianchi I) alla luce dei dati di CMB, BAO, BBN.

Studio della distanza di luminosita’ in relazione
a segnali elettromagnetici e gravitazionali

E’ possibile che un universo possa espandersi in modo anisotropo, rimanendo 
coerente con i dati sperimentali relativi alla radiazione cosmica di fondo, alle 
oscillazioni acustiche barioniche,  alla nucleosintesi primordiali e ai dati sperimentali 
relativi ai valori della costante di Hubble? Si cerchera’ di rispondere a queste e ad 
altre domande relative.
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Assioni in astrofisica e cosmologia (Mirizzi & Carenza)

Gli assioni sono particelle ipotetiche previste in diverse estensioni del
Modello Standard. Esse offrono un caso fisico convincente in relazione alla
Materia Oscura e a diversi puzzle astrofisici.

Gli assioni potrebbero essere prodotti nel nucleo di una supernova costituendo
un canale di energy-loss addizionale a quello standard prodotto dai neutrini.
Richiedendo che il segnale dei neutrini non sia ridotto significativamente
rispetto a quello standard si possono ottenere dei limiti sulla massa degli
assioni.

In tale ambito abbiamo condotto un calcolo accurato dell’emissivita’ degli
assioni attraverso NN bremmsthralung, ottenendo un nuovo bound sulla
massa dell’assione, ma < 20-40 meV.

arXiv: 1906.11844

Obiettivi futuri riguardano 
l’inclusione in maniera 
consistente
dell’emissionedegli assioni
nelle simulazioni di 
esplosione di supernova e 
la rianalisi del limite dalla 
SN 1987A
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Fisica dei neutrini: (Lisi, Marrone, Mirizzi, Palazzo)

“Hint” a favore di gerarchia normale e violazione CP
al centro dell’interesse nella comunità scientifica
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Capozzi, Lisi, Marrone, Palazzo: Review 2018 e updates 2019

In corso: Gerarchia e fisica di precisione in JUNO (+TAO)  
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Diversi esperimenti sensibili alle oscillazioni di neutrino presentano dei risultati anomali
che non possono esssere spiegati per mezzo del Modello Standard delle interazioni
elettrodeboli e puntano verso l’esistenza di nuova fisica. Questa puo’ manifestarsi in
diversi modi: nuovi stati “sterili”, nuove interazioni (NSI), violazioni dell’unitarieta’, …

Neutrini come sonda di fisica BSM (A. Palazzo)

Numerose conseguenze per la fenomenologia:

- Emergono nuovi fenomeni di violazione di CP  

- I risultati delle analisi 3-flavor subiscono variazioni

- La performance di esperimenti futuri si deteriora a    
causa di degenerazioni introdotte da nuovi parametri

Palazzo, PLB (2016)
Agarwalla, Chatterjee, Dasgupta, Palazzo,  JHEP (2016)
Agarwalla, Chatterjee, Palazzo,  JHEP (2016)
Agarwalla, Chatterjee, Palazzo, PLB (2016) 
Capozzi, Giunti, Laveder, Palazzo,  PRD (2017)
Agarwalla, Chatterjee, Palazzo, PRL (2017)
Agarwalla, Chatterjee, Palazzo, JHEP (2018)
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Proceedings di NOW 2018 su POS-SISSA
(Ed. by Marrone, Mirizzi, Montanino)

Organizzazione del Workshop ECT* 2019
SN neutrino at the crossroads (Mirizzi)

Organizzazione della GGI PhD School 2019 
Theor. Astroparticle, Cosmology & Gravit. (Lisi)

E.Lisi: Chairman ESSnuSB Int. Advis. Panel
Member of SAC of Canfranc Laboratories
Co-Chair of Fellini-Cofund INFN fellowships

A. Mirizzi: Lectures at  55th Karpacz School

A. Marrone: Plenary talk at Elba Workshop

A. Palazzo: Plenary talk at Lomonosov Conf.

All members: NOW 2020 in preparation

Highlights 2019

PRIN “NAT-NET” Linea Sud



Biophys: applicazione dei metodi 
della fisica teorica all’analisi dei dati 

da sistemi complessi

S. Stramaglia, L. Angelini, N Cufaro Petroni
Dottorandi: Davide Nuzzi, Tomas Scagliarini
•Complex Networks per le Neuroscienze 
•Sviluppo di algoritmi di causalità basati sulla decomposizione della 
transfer entropy
•Processi stocastici per la descrizione di serie temporali

Biophys: applicazione dei metodi 
della fisica teorica all’analisi dei dati 

da sistemi complessi

S. Stramaglia, L. Angelini, N Cufaro Petroni
Dottorandi: Davide Nuzzi, Tomas Scagliarini
•Complex Networks per le Neuroscienze 
•Sviluppo di algoritmi di causalità basati sulla decomposizione della 
transfer entropy
•Processi stocastici per la descrizione di serie temporali



Highlight 1: Scoperta di un circuito 
neurale che gioca un ruolo 
fondamentale nell’invecchiamento, 
articolo pubblicato sulla rivista 
HUMAN BRAIN MAPPING



Highlight 2: proposta della Sinergia come metrica 
per prevedere transizioni in sistemi complessi 
(epilessia, crash finanziari, polarizzazione delle 

opinioni, etc..)
Argomento del Prin 2017 finanziato dal Miur

(PI=Rosario Mantegna, Palermo) 
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Non-equilibrium statistical
systems and fluids (Turbo-Field)

Giuseppe Gonnella,
Isabella Petrelli, 
Livio Carenza,
Giuseppe Negro, 
Pasquale Di Gregorio
Antoni Lamura
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• Aspetti generali.  
Ex: - Proprietà  delle fluttuazioni

- Funzioni di grande deviazione e pdf  singolari
- Temperatura efficace  

• Modelli per il  comportamento collettivo di sistemi biologici.
Ex: - Particelle browniane autopropulse 

- DNA supercoiling (topologia e proprietà di trascrizione)
• Dinamica di fluidi complessi e delle transizioni di fase 

- Transizioni di percolazione  e di melting nei colloidi (v. dopo)
- Lattice Boltzmann methods
- Miscele di fluidi e sistemi liquido-vapore
- Cristalli liquidi e altri fluidi complessi (v. dopo)

Meccanica statistica di sistemi  non in equilibrio 
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Transizione di percolazione e di melting nei 
colloidi (hard brownian disks and dimers)

Phase diagram:

• Physical Review Letters, Gonnella, Digregorio, Cugliandolo, Suma 2018

Fluctuations with singular pdf:

• Physical Review Letters, Cagnetta, Corberi, Suma, Gonnella 2017

In this picture you see coexistence of  
hard brownian particles between a more 
dense ordered (red) phase and a 
disordered less dense phase. Adding a 
self-propulsive  force  constant in 
magnitude directed along the axis of 
each dimer makes this system useful to 
describe bacteria and other living 
systems.
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I order

II order

!

2D Melting Transitions in hard disks: the role 
of  extended defects 

Linear cluster  of defects, not considered in Kosterlitz-Thouless phase
transition mechanism, show a percolation transition behavior

SOLID

LIQUID 

LIQUID CRYSTAL 
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I order

II order

!

2D Melting and   Percolation transition 

P. Digregorio, G. Gonnella, D. Levis,  in preparation

P(n) probability of having a cluster of defect of size n 
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Biomimetic materials:  Cellular extracts and motility

Cytoskeletal suspensions (such as
microtubules) activated by means of kinesin
motors and ATP are able to stress the 
surrounding fluid, converting chemical energy
into motion.

This
generates spontanous
flows that lead to 
complex dynamics and 
phenomena such as
active turbulence, 
negative viscosity, 
liquid crystal defect
dynamics, 
autopropulsion, etc...
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Example of self-propulsion: Motility of an active chiral 
droplet

Chirality is ubiquitous in 
biological systems: DNA, 
acto-myosin bundles, 
microtubules are all
examples of systems
that implement chirality
to fullfill tasks
fundamental for the life 
of a cell.

We performed Lattice Boltzmann simulations to 
simulate a cholesteric active liquid crystal droplet.

While an ordinary nematic droplet can only sustain
a simple rotational motion, in a cholesteric one the 
rearrangement of the two defects on the surface
generates a new rotational mode that leads to the 
propulsion of the droplet.

Such motility mode strongly resambles the 
mechanism at the base of the motion of bacteria
equipped with flagella and spermatozoa.

Our simulations have been run on ReCas exploitng 
the Parallel Computing resources of the farm, for a 
total amount of 20 years of CPU time.



Workshops  - Gruppo IV - Bari 

2020 

• NOW 
• QCD@Work



                                        Incarichi: 

- L. Cosmai   Consulente del presidente della CSN4 per il calcolo  

- S. Pascazio in Editorial Board of  Phys. Rev. A (2016+3y)  

- E. Lisi in Scientific Committee Canfranc Lab (2016+6y) 

                               Miscellanea: 

- Organizzazione seminari + visite di ospiti stranieri 

- Supporto economico e scientifico al calcolo in Sezione 

- Supporto economico e organizzativo a Scuola Otranto 



[Richieste realistiche (proporzionali a FTE) 
Incremento di ~25-30% su richieste anno precedente 
In passato assegnati ~100-110 kE]

Richieste finanziarie 2020 

  (in kEuro; importi preliminari, da confermare entro il 26/7/2018) 

Sigla Missioni Consumo Inviti Semin. Manut. 
   

Invent. Lic. SW  TOT

NPQCD 4.0 4.0

QFT-HEP 6.0 6.0

QUANTUM 18.0 18.0

TAsP 14.0 14.0

ByoPhys 5.0 5.0

FIELDTURB 7.0 7.0

Tot IS 54.0 54.0
DOT4 26.0 16.0 11.0 13.0 3.0 21.0 6.0 96.0
TOT 80.0 16.0 11.0 13.0 3.0 21.0 6.0 150.0



+  Collaborazione tecnico-amministrativa S.ra Enza D’Alba (che ringraziamo) 
+ 4 mesi uomo (Servizio Calcolo): V. Spinoso, A. Casale (che ringraziamo 
     assieme a G. Donvito) per gestione del calcolo per il Gruppo IV

Richieste finanziarie 2020 

  (in kEuro; importi preliminari, da confermare entro il 26/7/2016) 

Sigla Missioni Consumo Inviti Semin. Manut. 
   

Invent. Lic. SW  TOT

NPQCD 4.0 4.0

QFT-HEP 6.0 6.0

QUANTUM 18.0 18.0

TAsP 14.0 14.0

ByoPhys 5.0 5.0

FIELDTURB 7.0 7.0

Tot IS 54.0 54.0
DOT4 26.0 16.0 11.0 13.0 3.0 21.0 6.0 96.0
TOT 80.0 16.0 11.0 13.0 3.0 21.0 6.0 150.0



Grazie per l’attenzione.

Richieste finanziarie 2020 

  (in kEuro; importi preliminari, da confermare entro il 24/7/2019) 

Sigla Missioni Consumo Inviti Semin. Manut. 
   

Invent. Lic. SW  TOT

NPQCD 4.0 4.0

QFT-HEP 6.0 6.0

QUANTUM 18.0 18.0

TAsP 14.0 14.0

ByoPhys 5.0 5.0

FIELDTURB 7.0 7.0

Tot IS 54.0 54.0
DOT4 26.0 16.0 11.0 13.0 3.0 21.0 6.0 96.0
TOT 80.0 16.0 11.0 13.0 3.0 21.0 6.0 150.0


