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ALCUNI PROBLEMI APERTI

※ Massa di protoni & neutroni 
                     (nucleoni)

※ SPIN

※ Come cambia la struttura quando
     protoni e neutroni sono legati per
     formare i nuclei? 
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LA MASSA DEGLI ADRONI? 3



STANDARD MODEL
Espressione molto compatta di alcune interazioni
fondamentali che governano la composizione
della maggior parte della materia nell’universo!

Questo “piccolissimo termine”, che descrive
la self-interaction tra i bosoni di gauge della QCD (gluoni)
è responsabile per quasi il 98% della materia visibile!

Tuttavia,la QCD nel regime non perturbativo non è risolvibile. 
Dopo quasi 50 anni dalla scoperta dei quarks siamo ancora agli 
inizi per comprendere come dai quark e gluoni si “costruiscono”
pioni, protoni, neutroni e nuclei!

Per esempio, infatti, ancora oggi non è chiaro come lo SPIN del
protone si ottiene a partire dai suoi costituenti (SPIN CRISIS) 
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Dark 
spin

Quark        
spin

?
~ 30 %

Dai modelli ci si aspettava
che questi contributi fossero piccoli

LO SPIN DEL PROTONE: UN PUZZLE IRRISOLTO 5
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spin

Quark        
spin

?
~ 30 %

Come misuriamo 
questo contributo?

LO SPIN DEL PROTONE: UN PUZZLE IRRISOLTO

Lq = Orbital Angular Momentum (OAM)
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Quark        
spin

?
~ 30 %

Come misuriamo 
questo contributo?

Deeply Virtual 
Compton Scatering

DVCS

LO SPIN DEL PROTONE: UN PUZZLE IRRISOLTO 5



Protoni e Neutroni in 3D
IL NOSTRO APPROCCIO:
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Protoni e Neutroni in 3D
Consideriamo la diffusione profondamente anelastica (DIS):
A(e,e’)X, se il bersaglio A ha spin JA =1/2 , nel sistema 
del laboratorio (LAB) allora q=(ν,0,0,-q), Nel limite di 
Bjorken, Q2  =-q2 , ν          , allora il rapporto  Q2 /ν finito          ∞
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Consideriamo un processo DIS su un nucleo A (EMC coll., 
CERN 1983) e studiamo il rapporto tra le sezioni d’urto 
per un nucleone legato in un nucleo e per un nucleone
libero. Si vide:

Se il rapporto fosse 1, allora il nucleone libero e legato 
sarebbero UGUALI.

                Il rapporto....non è 1

Dopo tanti anni ancora non sappiamo perché. 

                     Abbiamo tante ipotesi e per avere una risposta chiara servono
                                    nuovi esperimenti, come il DVCS

Un problema aperto: effetto EMC 8



Effetto EMC: come ne usciamo?
Per rispondere al problema dell’effetto EMC, dobbiamo arrivare,

essenzialmente, a capire a quale dei due spaccati i nuclei assomigliano:

                 

Per rispondere serve fargli una 

                 

Si può fare! Possiamo studiare processi come:
 (DVCS)

e ottenere info riguardo le 
 (GPDs).

Difficili misure ed analisi ma oggi possibile in 
vari laboratori!
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Double Parton Scattering

dPDF= double parton distribution functions

PROCESSI AD ALTA ENERGIA 11



Lo zoo delle distribuzioni

Da molti processi si ottengono un
gran numero di distribuzioni, ognuna che

fornisce informazioni diverse sulla struttura
non-perturbativa di un adrone
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Lo zoo delle distribuzioni

dPDFs

�⊥ • Transverse distance

12



[Thürman, Master thesis (2012)]

  DPDFs

  DPDFs

• Polarization
• Longitudinal momentum (fraction)
• Momentum transfer
• Transverse momentum
• Inter-parton distance

 Depends on :

[Diehl, Ostermeier, Schäfer (2012)]

Lo zoo delle distribuzioni 12



Electron Ion Collider (EIC)
“A machine that will unlock the secrets of the strongest force in Nature”

13



Electron Ion Collider (EIC)
“A machine that will unlock the secrets of the strongest force in Nature”

Nel prossimo decennio, l’unico acceleratore attivo negli USA sarà l’ EIC. 
Servirà per capire la QCD nella sua anima non perturbativa:
adronizzazione, confinamento... passi fondamentali per la ricerca di nuova Fisica!

Oltre 2 miliardi di dollari di investimento

1055 users, 216 istituzioni (PG rappresentata da me, Sergio Scopetta e Sara Fucini)

La partecipazione italiana è la più consistente in Europa. Inoltre,
l’ EIC è considerato un esempio di iniziativa extra-Europea supportata anche dal 
CERN.

L’EIC è il luogo naturale dove si faranno esperimenti che riguardano la linea di ricerca del 
gruppo teorico nucleare di Perugia. In quest’ultimo periodo sono aumentati notevolmente 
inviti e richieste di calcoli. È il momento per proporre misure. Il nostro gruppo è coinvolto 
nella stesura dello “Yellow report” dove si raccolgono queste idee! DOBBIAMO 
CONTINUARE A LAVORARE IN QUESTA DIREZIONE e ci sono molti temi caldi da 
studiare!
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2
LE GPDs DI 
NUCLEONI E

NUCLEI LEGERI
Lavori ed articoli prodotti:

 - Tesi di laurea magistrale
 - M. R. and S. Scopetta, PRC 87 (2013) no.3, 035208
 - M. R. and S. Scopetta, PRC 85 (2012) no.3, 062201
 - M. R., PLB 771 (2017), 563-567



GPDs definizione e proprietà
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GPDs Nucleari: 3He 16



Δ

Δ

Δ
Δ

GPDs Nucleari: 3He 17



Δ

Δ

Δ
Δ

GPDs Nucleari: 3He 18



GPDs Nucleari: 3He 19



GPDs Nucleari: 3He 20
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3
LE dPDFs DI

PROTONI E MESONI
                                   Lavori ed articoli prodotti:

 - M. R., S. Scopetta and V. Vento, PRD 87 (2013) 114021
 - M. R., S. Scopetta, M. Traini and V. Vento, JHEP 12 (2014) 028
 - M. R., S. Scopetta, M. Traini and V. Vento, JHEP 10 (2016) 063
 - F. A. Ceccopieri, M. R. and S. Scopetta, PRD 95 (2017), no.11, 114030
 - M. R., S. Scopetta, M. Traini and V. Vento, PLB 752 (2016), 40-45
 - M. Traini, M. R., S. Scopetta and V. Vento, PLB 768 (2017), 270-273
 - M. R., F. A. Ceccopieri, PRD 95 (2017), no.3, 034040
 - M. R., F. A. Ceccopieri, PRD 97 (2018), no.7, 071501
 - M. R., S. Scopetta, M. Traini and V. Vento, EPJC 78 (2018), no.9, 781
 - M. R., F. A. Ceccopieri, JHEP 09 (2019) 097
 - M. R., arXiv:2003.09400, sottomesso a EPJC, richieste correzioni minori



Voglio menzionare che l’interesse per questo argomento è nato grazie alla collaborazione con CMS, 
rappresentato a Perugia dal professore Livio Fanò, del Dipartimento di Fisica e Gelogia, Università 
degli Studi di Perugia.

Grazie a questa collaborazione il sottoscritto è entrato nella comunità che studia le Multi Parton 
Interactions, facendo anche parte dei conveners di un Workshop tenutosi a Perugia nel 2018.



MOTIVATION II:THE 3D STRUCTURE OF THE PROTON

The 3D structure of a strongly interacting system (e.g. nucleon, nucleus..) could be accessed through different processes (e.g. 
SIDIS, DVCS …), measuring different kind of parton distributions, providing different kind of information. The parton 

distribution puzzle is:

Double Parton Distribution Functions 22



MOTIVATION II:THE 3D STRUCTURE OF THE PROTON

The 3D structure of a strongly interacting system (e.g. nucleon, nucleus..) could be accessed through different processes (e.g. 
SIDIS, DVCS …), measuring different kind of parton distributions, providing different kind of information. The parton 

distribution puzzle is:All these distributions are ONE-BODY 
functions! 

How can we access new information as 
two particle correlations?

MOTIVATION II:THE 3D STRUCTURE OF THE PROTONDouble Parton Distribution Functions 23



Multiparton interaction (MPI) can contribute to the, pp and pA, cross section @ the LHC:

The cross section for a double parton scattering (DPS)
 event can be written in the following way:

 N. Paver, D. Treleani, Nuovo Cimento 70A, 215 (1982)

Momentum scales

Momentum fractions carried by the parton inside the proton Transverse distance between partons

DPS processes are important for fundamental studies, e.g. the background for the research of new physics and to grasp information on the 3D PARTONIC 
STRUCTURE OF THE PROTON

Risposta: Multi Parton Interactions 24



? GPDs

Double Parton Distribution Functions 25



@ LHC kinematics it is often used a factorized form of the dPDFs:                             factorization:
* Here and in the following:

and                    factorization:

unknown

NO DYNAMICAL 
CORRELATIONS?

In this scenario, dynamical parton correlations inside the proton are neglected        NO NEW INFORMATION!
BUT:

Correlations are present
dPDFs are non perturbative in QCD and DPCs cannot be directly evaluated within QCD

HOW CAN WE BE SURE OF THE ACCURACY
 OF SUCH APPROXIMATION

WHAT CAN WE LEARN ABOUT dPDFs AND 
THE PROTON STRUCTURE?

� =  �� = ��

f(��, ��, �) To fulfill sum rules

Double Parton Distribution Functions 26



 CONSTITUENT QUARK MODELS (CQMs)

 RELATIVISTIC IMPLEMENTATION: LIGHT-FRONT APPROACH

pQCD EVOLUTION OF dPDFs 

Effective potential and particles strongly bound and correlated

Predictions are related to low energy scales and valence region

GOOD SUPPORT

LF wave function
(we need a CQMs)

Conjugate to 

i) dPDF evaluated at the  
 initial scale of the model

ii) dPDF evaluated at high generic scale. 
We can compare  wi th exper imenta l 
analyses.

pQCD evolution of dPDFs

Free proton mass

Ingredienti del Calcolo 27
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1) HP model

2) HO model

1 2

One can also define the mean transverse distance                      distribution as follows:

For example, for  2  gluons and  two different models, one gets:

HP

HO

x1 =10-4 and x2=10-2  

Since, in coordinates space, dPDFs get a number density interpretation, in principle one can  calculated the mean distance between 
partons!

For example, for 2 gluons perturbatively generated:

 M. Traini et al, Nucl. Phys. A 656, 400-   
 420 (1999),  non relativistic Hyper-Central 
CQM ( potential by M. Ferraris et al, PLB 
364   (1995))    (HP)

 The harmonic oscillator (HO) 

HP

HO

COSA POSSIAMO OTTENERE: LA DISTANZA MEDIA TRA DUE PARTONI
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097 
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1) HP model

2) HO model

1 2

x1 =10-4 and x2=10-2  

Since, in coordinates space, dPDFs get a number density interpretation, in principle one can  calculated the mean distance between 
partons!

For example, for 2 gluons perturbatively generated:

 M. Traini et al, Nucl. Phys. A 656, 400-   
 420 (1999),  non relativistic Hyper-Central 
CQM ( potential by M. Ferraris et al, PLB 
364   (1995))    (HP)

 The harmonic oscillator (HO) 

Are two slow partons  closer (in       plane) then two fast partons?

One can also define the mean transverse distance                      distribution as follows:

COSA POSSIAMO OTTENERE: LA DISTANZA MEDIA TRA DUE PARTONI
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097 
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Approximated by the proton state!

The dPDF is formally defined through the Light-cone correlator:

dPDF

dPDF = GPD x GPD

M. R., et al, JHEP  10, 063 (2016)

COSA OTTENUTO: EFFETTI DELLE CORRELAZIONI
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097 
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The dPDF is formally defined through the Light-cone correlator:

dPDF

dPDF = GPD x GPD

M. R., et al, JHEP  10, 063 (2016)
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COSA OTTENUTO: EFFETTI DELLE CORRELAZIONI
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097 
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The Effective X-section
A fundamental tool for the comprehension of the role of DPS in hadron-hadron collisions  is the so called “effective X-section”.  
This object can be defined through a “pocket formula”:

Combinatorial factor

Differential cross section for the 
process:Sensitive to 

correlations 

….EXPERIMENTAL STATUS:
 Difficult extraction, approved analysis for the same 
 the model dependent extraction of           from  

   data is almost consistent with a “constant” 
   (within errors) (uncorrelated ansatz usually   
   assumed!)...Some inconistencies in     
   production

 different ranges in          accessed in different   
   experiments.  

Within our CQM framework, we can calculate
without any approximations!

Differential cross section for a DPS 
event: 

LA SEZIONE D’URTO EFFICACE 31



Same sign W’s in pp collisions at              TeV at 
the LHCF. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 

In this channel, the single parton scattering (usually dominant w.r.t to the double one)
starts to contribute to higher order in strong coupling constant.

“Same-sign W boson pairs production is a promising channel to look for signature of  double Parton interactions at the LHC.”

PRODUZIONE DI DUE MESONI W DELLO STESSCO SEGNO AD LHC 
LHC

32



Same sign W’s in pp collisions at              TeV at 
the LHCF. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 

Can double parton correlations be  observed for the first time in the next LHC run ?

In this channel, the single parton scattering (usually dominant w.r.t to the double one)
starts to contribute to higher order in strong coupling constant.

F. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 
PRODUZIONE DI DUE MESONI W DELLO STESSCO SEGNO AD LHC 32



Same sign W’s in pp collisions at              TeV at 
the LHCF. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 

In order to estimate the role of double parton correlations
we have used as input of dPDFs:

1) Longitudinal and transverse correlations arise from the  
    relativistic  CQM model describing three valence quarks

Kinematical cuts

Momentum
scale

DPS cross section:

2) These correlations propagate to sea  quarks  
    and gluons through pQCD evolution 

PRODUZIONE DI DUE MESONI W DELLO STESSCO SEGNO AD LHC 33



Same sign W’s in pp collisions at              TeV at 
the LHCF. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 

In order to understand whether correlations can be accessed in experimental observations, using dPDF evaluated within the QM model, the effective cross 
section has been calculated for this process and compared with its mean value:

PRODUZIONE DI DUE MESONI W DELLO STESSCO SEGNO AD LHC 34



Same sign W’s in pp collisions at              TeV at 
the LHCF. A. Ceccopieri, M. R., S. Scopetta, Phys.Rev. D95 (2017) no.11, 114030 

In order to understand whether correlations can be accessed in experimental observations, using dPDF evaluated within the QM model, the effective cross 
section has been calculated for this process and compared with its mean value:

“Assuming that the results of the first and the last bins can be distinguished if they differ by 1 sigma, we 
estimated that

is necessary to observe correlations”                              

Gluons ⊗ Gluons

x- dependence of effective x-section consistent with analyses: 
M.Rinaldi et al PLB 752,40 (2016)
M. Traini, M. R. et al, PLB 768, 270 (2017)
M.R. and F. A. Ceccopieri JHEP 1909 (2019) 097
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In order to understand whether correlations can be accessed in experimental observations, using dPDF evaluated within the QM model, the effective cross 
section has been calculated for this process and compared with its mean value:

REACHABLE IN THE PLANNED LHC RUNTo observe correlations,                          is needed!
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M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Considering  the factorization ansatz, for which some 
estimates of  σeff  are available, one has:    Effective form factor (Eff)

QUALCHE INDIZIO DAI DATI 35



      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Considering  the factorization ansatz, for which some 
estimates of  σeff  are available, one has:    Effective form factor (Eff)

Eff can be formally defined as FIRST MOMENT of dPDF (like for GPDs) through the proton wave function:

From the above quantity the mean distance in the 
transverse plane (not necessary close to the proton radius) 
between two partons can be defined:
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      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Considering  the factorization ansatz, for which some 
estimates of  σeff  are available, one has:    Effective form factor (Eff)

Eff can be formally defined as FIRST MOMENT of dPDF (like for GPDs) through the proton wave function:

From the above quantity the mean distance in the 
transverse plane (not necessary close to the proton radius) 
between two partons can be defined:

Eff is unknown but using general model independent properties and comparing Eff with standard proton ff, we  found: 

DPS processes:

We also:
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097
 Extended the approach including splitting term

 Extended the approach to the most general 
unfactorized case

The vertical line stands for the 
transverse proton radius

Matteo Rinaldi

����
3 � ≤  ���� ≤  
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Considering  the factorization ansatz, for which some 
estimates of  σeff  are available, one has:    Effective form factor (Eff)

Eff can be formally defined as FIRST MOMENT of dPDF (like for GPDs) through the proton wave function:

Eff is unknown but using general model independent properties and comparing Eff with standard proton ff, we  found: 

DPS processes:

We also:
M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097
 Extended the approach including splitting term

 Extended the approach to the most general 
unfactorized case

The vertical line stands for the 
transverse proton radius

Matteo Rinaldi

DATA SUGGESTS THAT THE DISTANCE OF THESE 
PARTONS IS SMALLER THEN THE PROTON RADIUS

From the above quantity the mean distance in the 
transverse plane (not necessary close to the proton radius) 
between two partons can be defined:

����
3 � ≤  ���� ≤  

����
 �  
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      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Altri risultati ottenuti

dPDFs of the pion within holographic models:
M. R., S. Scopetta, M. Traini and V.Vento, EPJC 78, no. 9,782 (2018)

M. R., submitted to EPJC (Minor corrections requested)

Pion: w.f. calculated within the
        AdS/QCD soft-wall model
S. J. Brodsky et al, PRD 77, 056007 (2008)

Comparison of correlation effects between lattice data (full line) and 
different holographic models of the pion structure

36



      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

dPDFs of the pion within holographic models:

Relativistic effects in dPDFs calculations: M. R. and F. A. Ceccopieri, PRD 95 (2017) 034040

M. R. and F. A. Ceccopieri, JHEP 09 (2019) 097

f(��, ��, ��) �(��, ��, �⊥) �(�⊥)
phenomenology from PDFs

good support

sum rules

Melosh effects

correlations!

To be modeled:
CQMs, GPDs...

M. R., S. Scopetta, M. Traini and V.Vento, EPJC 78, no. 9,782 (2018)

M. R., submitted to EPJC (Minor corrections requested)

Altri risultati ottenuti 37
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GLUEBALLS 

STUDIATE CON 
MODELI 

OLOGRAFICI
                                   Lavori ed articoli prodotti:

 - M. R. and V. Vento, EPJA  54 (2018) 151
 - M. R. and V. Vento, J. Phys. G 47 (2020) no.5, 055104
 - M. R. and V. Vento, arXiv: 2002.11720, sottomesso a J. Phys. G



The QCD, the gauge theory describing strong interactions

gluon field strength tensor:

GLUEBALLS 38
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HYBRIDS

GLUEBALLS

GLUEBALLS 39



The QCD, the gauge theory describing strong interactions

                     Mesons                               Baryons                 Exotic states

HYBRIDS

GLUEBALLS

GLUEBALLS 39



The QCD, the gauge theory describing strong interactions

                     Mesons                               Baryons                 Exotic states

HYBRIDS

GLUEBALLS

GLUEBALLS 39



The QCD, the gauge theory describing strong interactions

                     Mesons                               Baryons                 Exotic states

HYBRIDS

Why Glueballs?

GLUEBALLS
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The QCD, the gauge theory describing strong interactions

                     Mesons                               Baryons                 Exotic states
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So far, data have been obtained from Lattice
QCD! BUT also in this framework we have problems:  

MP: C.J. Morningstar et al, PRD  60, 034509 (1999)      YC: Y. Chen et al, PRD 73, 014516 (2006)       LTW: B. Lucini et al, JHEP 06, 012 (2004)

The mass of the lightest state is very hard to estimate 
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So far, data have been obtained from Lattice
QCD! BUT also in this framework we have problems:  

MP: C.J. Morningstar et al, PRD  60, 034509 (1999)      YC: Y. Chen et al, PRD 73, 014516 (2006)       LTW: B. Lucini et al, JHEP 06, 012 (2004)

The mass of the lightest state is very hard to estimate 

Could model help in this scenario?
We used AdS/QCD models!
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For example:

Mixing?
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From Maldacena conjecture: AdS/CFT 

N=4 SU(N) SYM                          String theory on AdS5 x S5
Isometries

between group
symmetries

R= radius of the 
manifold
l = length 

INTRODUZIONE: AdS/QCD 42



This is not QCD!
 No supersymmetry
 Confinement
 Conformal symmetry
        broken 
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Find a gravitational theory dual to QCD
 

Starts from QCD and attempts  to 
construct a five dimensional 

holographic dual
 

Confin
ement Confinement

   Hard-wall model
Compattification of the 5° 
dimension by hand. AdS 

geometry cut by two
branes: UV and IR.

Soft-wall model
Soft cutoff of AdS space by 
introducing a dilaton field.

 No supersymmetry
 Confinement
 Conformal symmetry
        broken 
    N is finite
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HADRON SPECTRUM:
S.J. Brodsky et al, Phys. Rep. 584 (2015)
H.G. Dosh et al PRD 91,    045040 (2015),
                                         085016 (2015) 

see Brodsky's talk on Thursday
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In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff:

In this case we have the following AdS5 x S5 metric :

Dirichlet conditions
Neumann conditions

M.Rinaldi and V. Vento EPJA 54 (2018)

Good agreement!

However the HW model does not reproduce the
meson spectrum. 

In order to have a unified view we
need another model, i.e.: the Soft-wall model!
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karch et al, PRD 74, 015005 (2006)
In the original model we have:

but a soft cutoff to space-time is obtained by adding a dilaton field in the action: 

Successful in describing the Regge behavior of the spectrum:
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Equation of motion of the scalar glueball can be obtained:

In this case we have the following AdS5 x S5 metric:

We consider the profile function: 

conformal 
dimension

1) scalar glueball state 0++  is represented by:
2) For example for even spin J:

where:

The equation of motion for the scalar is:

Eduardo Folco Capossoli et al, PLB 753 (2019) 419-423

Dilaton field
= 2++

= 0++

scalar
tensor
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In  M.Rinaldi and V. Vento EPJA 54 (2018) we propose to use a soft-wall graviton (GSW) model.
In this case a dilatonic cutoff is incorporated in the metric:  

However, a dilatonic contribution in the action can still be kept:

In order to preserve the good description of the hadronic spectrum we require:

kinetic term

 AdS/QCD: THE GRAVITON SOFT WALL 48



In this case we have the following AdS5 metric :

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider          as the only one parameter!

Also in this case we have a good
description of data, but now 

(w.r.t. the HW model):
we have a complete description

of the meson and glueball
spectra

Glueb
all s

pect
rum

Meson spectrum

Standard SW
Graviton SW
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Glueball and meson states could mix!

 IL MIXING 50



 M.Rinaldi and V.Vento arXiv:1803.05738

We define the probability for NO MIXING as:

Meson mode number

GRAVITON SO
FT

-W
ALL

Within the Soft-Wall AdS/QCD models (standard and with graviton) pure glueballs
in the scalar sector exist in the mass range above 2 GeV!

Meson wave function

Gluon wave function

 IL MIXING 51



5
CONCLUSIONI:

AGGIORNAMENTI
E

PROSPETTIVE



In seguito ai lavori di successo di Sergio Scopetta e Sara Fucini, riguardo il calcolo e il confronto con i
dati delle asimmetrie (combinazioni e rapporti di sezioni d’urto) del processo DVCS su 4He, ho iniziato a provare

interesse per questo argomento: 

S. Fucini, S. Scopetta and M. Viviani, PRC98 (2018), no.1, 093001

S. Fucini, S. Scopetta and M. Viviani, PRD101 (2020) no.7, 071501

 DVCS SU 4HE 52



COERENTE

INCOERENTE
S. Fucini, S. Scopetta and 

M. Viviani, PRD101 (2020) no.7, 071501

S. Fucini, S. Scopetta and M. Viviani, PRC98 (2018), no.1, 093001
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In seguito ai lavori di successo di Sergio Scopetta e Sara Fucini, riguardo il calcolo e il confronto con i

dati delle asimmetrie (combinazioni e rapporti di sezioni d’urto) del processo DVCS su 4He, ho iniziato a provare
interesse per questo argomento: 



Dati i positivissimi risultati, è in corso una collaborazione con i colleghi sperimentali di Orsay per costruzione un 
generatore Monte Carlo di eventi! Questo passo è fondamentale perché:

 DVCS SU 4HE 54



      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Calcolo sezioni d’urto ed asimmetrie per il processo DVCS su 3He

Implementazione del generatore Monte Carlo per la simuzione di dati per 
il processo DVCS su 3He.

Introduzione degli effetti dei gluoni nel calcolo delle GPDs nucleari in collaborazione
con Sergio Scopetta, Michele Viviani e Mark Strikman

Studio dell’effetto EMC attraverso la funzione spettrale di 3He includendo 
formalmente effetti relativistici tramite l’approccio Light-Front,
in collaborazione con Sergio Scopetta, Emanuele Pace e Giovanni Salmè.

55Progetti futuri: Fisica Nucleare



      A clue from data?
M. R. and F. A. Ceccopieri, PRD 97, no. 7, 071501 (2018) rapid communication

Confronto con i dati di lattice per il nucleone: C. Zimmermann, arXiv:1911.05051

Studio del DPS ad EIC via processi iniziati da Fotoni.

Questo progetto è finanziato dai “Fondi Ricerca di Base” 
dell’Università degli Studi di Perugia:

“Photon initiated double parton scattering: illuminating the proton parton structure”

PI: Matteo Rinaldi
Collaborators: Sergio Scopetta, Livio Fanò, Simone Pacetti ed Alessandro Rossi

56Progetti futuri: dPDFs




