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© Introduzione

© Le distribuzioni partoniche generalizzate di

nucleoni e nuclei leggeri

© Le distribuzioni partoniche doppie di
protoni e mesoni

© Glueballs studiate con modelli olografici

© Conclusioni: prospettive e aggiornamenti
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ALCUNI PROBLEMI APERTI

Obiettivo a lungo termine:
Capire la QCD e il confinamento

day, 13 November 12

Massa di protoni & neutroni
(nucleoni)

SPIN

Come cambia la struttura quando
protoni e neutroni sono legati per
formare i nuclei?



LA MASSA DEGLI ADRONI?

Orioin of Mass

» LHC has NOT found the “God Particle” because the Higgs boson is
NOT the origin of mass

— Higgs-boson only produces a little bit of mass

— Higgs-generated mass-scales explain neither the proton’s mass nor the
pion’s (near-)masslessness

— Hence LHC has, as yet, taught us very little about the origin, structure
and nature of the nuclei whose existence support the Cosmos

» Strong interaction sector of the Standard Model, S \ ' /“‘f
i.e. Quantum ChromoDynamics (QCD), :
is the key to understanding the BEYOND
origin, existence and properties FHI
of (almost) all known matter

GOD
PARTICLE

Craig Roberts: Continuum QCD (1)

S 2019/02 GGI {121 pes) 21



Esn = Lpiac + Lmams + Lgpange + Lgangety
& i

Here, STANDARD MODEL

Liirae = i€ Py + iop Py + iegPer + ity Pup + rff'lgi;fl_ t+ itig g + rrj']tgﬂ'flt 7

M3

Lonasa = —0 (NE ) + A ufy + Nyl dy + he) — MWW=+

“2costy *“ 7 Espressione molto compatta di alcune interazioni
£ ey = Emr;,,,]'-‘ éu-,:,,n' _ 114.4 li}',,.,f""’ Lo, fondamentali che governano la composizione
where della maggior parte della materia nell’'universo!
G2, = 8,40 — AL —|gaf* AL AT
Wt = 8.WF-a.ws
Zw = 0,Z,-8,3,
Fu = 044, — 0,4, Questo “piccolissimo termine”, che descrive
and _ la self-interaction tra i bosoni di gauge della QCD (gluoni)
Lwza = igecost [(WoW0 = WoWE) 00z« Waw ez - W W2 & rasponsabile per quasi il 98% della materia visibile!
+ie [(WeW) — Wo W) 07 A" + W W A" - WowHea]
+93 cos? Oy (WIW, 202" — Wi W +Z,2") _ _ _ o
+a3 (WHWi Ara” — Wiwra,a) Tuttavia,la QCD nel regime non perturbativo non ¢ risolvibile.
"r'-'*"’u [Wiwy (z4A" + z0a¥) - 2wt Wz, 4% Dopo quasi 50 anni dalla scoperta dei quarks siamo ancora agli
+-3-*f! (wWirwr) (Whew= —wow=r) inizi per comprendere come dai quark e gluoni si “costruiscono”
and _ pioni, protoni, neutroni e nucleil
Lonugeo =~ AL — 92 (W Tl + Wi Tl + Z,08) — eA,J%
\l'!ll‘l'l‘
- GAb T 4 T F Per esempio, infatti, ancora oggi non e chiaro come lo SPIN del
{8 = ! 3} ! Bk . . . . . . .
", = J}(“L et + Vi) protone si ottiene a partire dai suoi costituenti (SPIN CRISIS)
- = {'”:I ’ 1 1
JE - cos fy [‘EF}]I-H"H""L- + (_E e 6‘“-) ‘.:L“"ﬂri + [ﬁi”2 H\\,-]i"h’}“('h

g 2..'2 =l 2-2 YL
+ 3~ ibll.'l U B Ths la TH (—ism thw | tig " uR
T : & e .
s (—} +3 sin”~ Hw) dy yHdy, + I:_i sin® !’iw) dpy "d'“]
i bl 4 2 T | 1 i i
Jh = (—1)é'y% {;)u u —~(—§ day'd .



LO SPIN DEL PROTONE: UN PUZZLE IRRISOLTO

1

Dai modelli ci si aspettava
che questi contributi fossero piccoli
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L, = Orbital Angular Momentum (OAM)

Come misuriamo l
questo contributo?




% SN0 SPIN DEL PROTONE: UN PUZZLE IRRISOLTO

\ — R T y
¥ A /
% X . /

1
¥ (q) S ¢

Come misuriamo l
questo contributo?

Deeply Virtual
Compton Scatering
DVCS



IL NOSTRO APPROCCIO:



Consideriamo la diffusione profondamente anelastica (DIS):
A(e.e)X, se il bersaglio A ha spin J4=1/2, nel sistema
del laboratorio (LAB) allora q=(v,0,0,-Q), Nel limite di
Bjorken, Q2 =-Q2, V—>o0, allora il rapporto Q2 /v finito

d’o 5 S S s Sk G
—oap = el Zeqm-’lfI(I) 04 - 2Gev2<02<18 Gev2

” 4 _
F5(z) = funzione di struttura 0.3 ﬁm -

fq(x) = distribuzione partonica (PDF)

QZ % 02 - " 4]
T = 5p 5 €uno scalare: i ’ﬁ 5
9 Q°_ (LAB); :
T= 35 (LAB); 0.1 |- b B
; ; X - ” =
® . - frazione di momento del bersaglio W N “‘\
portata dal quark. nell’ Infinite OO 0.2 08 B -
Momentum Frame (IMF) (p. — o0) - X -

In generale, > dipende da Q2. Nel limite di Bjorken, F» scala in z: diffusione incoerente
su costituenti puntiformi, i partoni (Al LO in QCD, solo i quark contribuiscono ad 7).



Un problema aperto: effetto EMC wofié

Consideriamo un processo DIS su un nucleo A (EMC coll.,
CERN 1983) e studiamo il rapporto tra le sezioni d'urto

1.2
per un nucleone legato in un nucleo e per un nucleone -
. .. 1.15 -
libero. Si vide: ﬁ F_;
thi 1.1
Se il rapporto fosse 1, allora il nucleone libero e legato 105 _‘Vi]-li* } i
sarebbero UGUALI. w ;,A ------- Hn{y ---------------------------------------
0.95 Hf tt+
'T Il rapporto....non e 1 09 Y10,
e Ca, SLAC i i+
0851 u Ca, NMC 4
0.8 a Fe,SLAC +
Dopo tanti anni ancora non sappiamo perché. v Fe, BCIMS
0.75

Abbiamo tante ipotesi e per avere una risposta chiara servono
nuovi esperimenti, come il DVCS
VMisure piu difficili e descrizioni teoriche pit complesse



- - - .
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Per rispondere al problema dell’effetto EMC, dobbiamo arrivare,
essenzialmente, a capire a quale dei due spaccati i nuclei assomigliano:

Si puo fare! Possiamo studiare processi come:
Deeply Virtual Compton Scattering (DVCS)
e ottenere info riguardo le
distribuzioni partoniche generalizzate (GPDs).
Difficili misure ed analisi ma oggi possibile in
vari laboratori!




PROCESSI AD ALTA ENERGIA

N N ; ;
Electron - fl G(Q) |

=@ ime ,
Kk M I ']"] =

L
INCPD NP ; ; = B
N(£) f-»-w*-?” ) . [demeiPte {N{P)Ic’f( : )w*q(%)W(P)}
ul( P ['ﬁ-“l’l[QE} S 1o Lkt I ]'QEQEJ} wl )

21" Wy o
; Parton Distribution Function (PDF)
DIRAC PAULI i x = Longitudinal momentum fraction

Form Factor Form Factor : carried by the parton



PROCESSI AD ALTA ENERGIA

Electron

f(z)
- . | ' - (N(P)|q (%) ~Tg (7) |IN(P))
WP AT o — .
' ' : - . B
Parton Distribution Function (PDF)
DIRAC PAULI I x = Longitudinal momentum fraction

Form Factor Form Factor : carried by the parton



PROCESSI AD ALTA ENERGIA

ELASTIC processes ' DEEP INELASTIC processes
.‘;-':r.l I - s fix)
Ia, i
AN i D y
s =~ = , y i
g - R
(NP (NP " = aicPt s iarepyis =% Y~ 27N \nePY
2P b (02 + ia 22 p (O J TP I [dz—et? {.\UHU( 5 ) ,+r.,r( 5 ) IN(F ]l,
1- DI MENSIONAL INFORMATION B

DIRAC FAULI X = Longitudinal momentum fraction
Form Factor Form Factor : carried by the parton



PROCESSI AD ALTA ENERGIA

DEEPLY VIRTUAL COMPTON
SCATTERING

¥ (q) 1(q)

GENERALIZED PARTON
DISTRIBUTION FUNCTIONS (GPDs)

Double Parton Scattering

” ,ui
1\1\/\Hf\’\’\.?V Y (ﬁﬂ):
: 13

W
+
v, 75
(5,

g

dPDF Momentum scale

1 " R . i
do = = Z Fii(X1, X3, (0a )P (X2 Xa. fin) /dzzL@F_ﬂ(xa-&l ém‘B)
S \

Transverse distance between the two

Momentum fraction carried by the parton inside the hadron partons

dPDF= double parton distribution functions



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




Lo zoo delle distribuzioni

1 L }
ﬁ(p_kv OJ_E A |¢(O)F¢(O)|p+7 0J.7 A)

Depends on :
A AT . polarization

Vector
Parton number

Axial
Parton helicity

Tensor
Parton
transversity




Lo zoo delle distribuzioni

1 dz™ g - — = — A
2 [ o e 0 O N TWH (It 0 4)

Depends on :

AJ\'{' * Polarization
©~}= « Longitudinal momentum (fraction)

DIS

—— [dz



Lo zoo delle distribuzioni

1
2P+

(p*, B, N B(0)TH(0)[pt, — 5+, A)

Depends on :
AAMD o polarization

A * Momentum transfer

Elastic scattering

rS )

—_—— =

—— Jdx



Lo zoo delle distribuzioni

1 dz— ikt x — - = =
3| e - S BTNt B )

Depends on :
AANT

kt
FF

* Polarization

* Longitudinal momentum (fraction)
* Momentum transfer

Tr =
A

lapps|
DVCS

x7£7t

—_—— =0

—— [dz




Lo zoo delle distribuzioni

1 fdz—d%z; 4 -
= | S ik (ot §), AB(—E)TWe(2)|pT, B, A)

2 (2m)3 ik
Depends on :
AALT o polarization
i
T=Fr e Longitudinal momentum (fraction)
kL * Transverse momentum
No direct
connection
[rvps] © =" # [GpDs]
SIDIS z, k] S

—_ t =0

—p—  [dux

— (4%




Lo zoo delle distribuzioni

d d A
/ z ZL zkz<p ’TJ_ A"(/)( %)FW¢(%)|P+,_A_QJ_:A>

zt=0

Depends on : -
AALT o polarization 2k -A

-
r=4%r . Longitudinal momentum (fraction) ®, 8 KLk At
'j\‘ * Momentum transfer
kL * Transverse momentum

222 w, ke i

t

—— t:

——  f[dz

—— [d%k




Lo zoo delle distribuzioni

1 dz_ d2z ike2 ’ A R z 2z
5 [ ot e 4 A N - HIW T, A )

zt=0

Depends on : -
AALT o polarization 2k -A

+
T=FF . Longitudinal momentum (fraction) SRR
'j\‘ * Momentum transfer
kL * Transverse momentum

222 w, ke i

t

iz
A’L

—_ t =

——  f[dz




Lo zoo delle distribuzioni

1 dz_d2zL ikez ) 1+ AL ANTH = z\[nt _AL
§/W€ ", S A (=2TWe(R)IP™, - M) L
Depends on : -
AN T polarization 2 * ®
+
T=FF . Longitudinal momentum (fraction) SRR
'j\‘ * Momentum transfer
B * Transverse momentum
Z) « Transverse distance

T, ki

— /dﬁzlfdﬂfz

—— 4%




Lo zoo delle distribuzioni

Depends on :

/

Byt f Polarization o

— k- 5 8 ko ki A,
=77 « Longitudinal momentum (fraction) ey
A i
- °* Momentum transfer XGITMD - ”?nmp’
kL (xx, ff‘, Ax) (5 X, ks ks )
q * Transverse momentum R
i . 7

* Inter-parton distance ¥

XDGPD

I
d rTIMD
(XX A )) X

kako X)

[Diehl, Ostermeier, Schifer (2012)] [Thiirman, Master thesis (2012)]






“A machine that will unlock the secrets of the strongest force in Nature”

Nel prossimo decennio, I'unico acceleratore attivo negli USA sara I' EIC.
Servira 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

eeeeee

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

La partecipazione italiana € la piu consistente in Europa. Inoltre, Y
I" EIC & considerato un esempio di iniziativa extra-Europea supportata anche dal Vil a G B RN
C E R N . 100 me!er/s / 7_/ \\‘ \ : \\

L’EIC ¢ 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. E il momento per proporre misure. |l nostro gruppo & 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!



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



ForaJ = %— target, in a hard-exclusive process,
(@Q%, v — oo, Q?/v finite) such as DVCS:

*A=P —P,g" =(q0,G),and P = (P + P'")* /2
* x =kt /P"; ¢ = “skewness” = —At /(2P)

GPDs Hg(x, £, A%) and E4(x, £, A%) are introduced:

dz= ,,—pt - b4 z
F:.*,:qH(X:A2:£) = gem 3 (P'H'|1q (_E) v g (E) IPH) 24—z =0 =
1 o~ cafe
= HI(x, A%, &)U’ v U + E9(x, A%, )0 ——2U| + ...
Zp |00 A%, 0 U + E¥(x, A%, )0 T2 U]

@ P’ =P,ie, A = £ = 0, one recovers @ the x—integration yields Form Factors (F.F.)
the usual PDFs: g 5 &g al _
H9(x,0,0) = g(x); E9(x,0,0) unknown J ax Gy (x; A%, §) = Gy (A%) where here:

GI =H? + E9
Access
— to

OAM




Nuclear targets are crucial to obtain:

* the nuclear short range structure, at quark level , can be accessed and the reaction
mechanism of DIS off nuclei, e.g. the validity of |.A. and the relevance of effects beyond it
(non nucleonic degrees of freedom, nucleon modifications...) can be investigated... origin of
the EMC effect...;

+ information on the Neutron.

To this aim 3He is an ideal nucleus (and we are proposing an experiment at JLab):

@ 3He is theoretically well known. Even a relativistic treatment may be implemented;

@ °He has been used extensively as an effective neutron target, especially to unveil the spin
content of the free neutron, due to its peculiar spin structure

‘ ® % ('g Q’g ™) @ Ins-wave
SRR

3He = n'|

S (~90 %) S D
To what extent for OAM and G‘,‘L? The answer here.

@ To this aim, *He is a unique target:

+ °Hhasa very small GPD E,, crucial to access OAM,;
« “*He is scalar and has no £, GPD;

«x  heavier targets do not allow refined theoretical treatments.




coherent DVCS in LA.

(3 He does not break-up A2 « M2, ¢2 « 1, ): B q
—_— * .
In a symmetric frame P = (P’ + P)/2, at =0 4 48 the nucleus, A, is X Kkt A
describedby A — 1 .
" — ' —_ ; At interacting nucleons and + =
=(x+E&P=(x +€&)Pp, & =~ 3 an off-shell free nucleon, a P i P
4 kinematical condition: P =3 P’=A
! * 7 .
_ B — iy _ lym I g the virtual photon interacts Py
SR EE =R, X i only with the off-shell
nucleon;
o

3 az~ ixPtz— Il
ot 08,0 = [ Z " o(PSBL s (s O3, i) el 1PSNslcnz,

Y

—

where here: |a3) = |Pg Sr)[fs:)|Bs) = B = Pgr,Sr, 1,5, 5,5

2-body state in CM 2-body intrinsic state | | Nucleon state

—

(PrSn|(fst|(B's|PS) = (Bs, 1 51|PS)2r)°6*(P — Pr — B)ds.s0.55

5(‘;' = Wq(0, — z?, 0)~"wq(0, %, 0) “One body operator acting on the nucleon state”



H:;, with the correct behavior, can be obtained in terms of Hé,” :
Nucleonic input: GPDs

A 2, = R yaswe gl allig @@
Hq e = %/dEfdpggpss'SS(p‘p 'E)?Hq (x', A%, ¢ )/Radyushkin PRD61, 074027 (2000)

and éi,;q in terms of ém’q (M. R, S.Scopetta PRC 85, 062201(R) (2012) ):

Gt =3 [ae [aplPY . -PL ] GB ETE, A%,
N

- —+

where PQ’S:SS (p.p", E) is the one-body, spin-dependent, off-diagonal spectral function for the
nucleon N in the nucleus,

/TAE Nuclear input: Overla
Py 5,5°,E) = MVME [ 0 ﬁfs’*”*“"**r;s?. P :
ss ss' (PP L E) = = t Z ( P s . tst) (ps.1st|PS)" K Kievsky et 4, PRC 56, 64 (1997)
2(2n)
* 10°
For Gfﬂ’q the only possibile check is the magnetic F.F. L G2 (A2)
=3 r M
o S xGyO (x, A%, €) = Gy (A%); A* = /—A2 10"F R
B =,
I ™
* in perfect agreement with previous |A, Av18 102 B \“
calculations (L.E. Marcucci et al. PRC 58 (1998)) E Y
* in good agreement with data in the region relevant to the 103 _ !\\f\ e
coherent process, —A2 < 0.15 GeV2 B \'. k}
2 2 Aﬂ_....|....|....|....|[l'...\....
* To have agreement at higher A<, effects beyond IA are 10 0 1 2 3 4 3 Py

necessary: not important for the coherent channel! AV
m



S5 ja

Results of numerical evaluation of GPDs show that in the forward limit the neutron
contribution largely dominates “He and the proton one is almost negligible.
(M. R, S.Scopetta PRC 85, 062201(R) (2012) )

Beyond the forward limit, as shown: A2 = —0.1 GeVZ, ¢ = 0.1/\; o

The neutron contribution to 3 He still dominates
The proton contribution to ¥ He gets sizable

It is theoretically possible to separate the flavor contributions in the same case:
For the U flavor, the neutron contribution (dashed) to 3He (full) is less important

than for the d flavor:
Understandable, sketching the formula:

23,9 . p3 o AP.q a o #an.G
el g 80 183 g Gl

where PS( n) describes the proton (neutron) dynamics in 3He.

1

%6 3, )

PN T R T I I A A R
- o g e gt

o Lo

G, )

10 L
X3

As already explained, due to the spin structure of 3He,
Pg 6 s Pg —— heutron dominates in the forward limit. 28
06F
For this purpose it is useful to show the pr’o‘t-fi/-’_",/’_il‘3 _
and the neutron contribution to the S He F.F: -
With increasing Az, for the U flavor, ops
éﬁi U g é&” ——» the proton contribution grows. saak i

Mot far d | Besides, 1/2 of the d content of 3He comes from the
neutron, only 1/5 of the v one comes from it.

0 01 02 03 04 05 06 0.7 08
-A[GeV?]

=3

it




The convolution formula can be written as

16
PA a 3 2 uaNg[® 2 & :
G, A%, ¢) =Zf7W —an(z, A%, )G9 (—‘f.\. ,—) : "o
X z z z F
N 3 12 F gaﬂ(za 010)
10F
where gR, {2, Az, £) is a “light cone off-forward momentum distribution™: 8 F
6F
3 2 naDln Ma " ar
onG@ a%.6) = [dE [d5PYE.F E)s (24 (e —p" /P ;
2,
Where: 0:
_2’|||I||||I||||I\|||
0 0.5 1 15 2
Pre.p e =pPY_ 6.5, B)-F_ _ (5.5 E)
1
which, close to the forward limit, is strongly peaked around z = 1, so that: L .
08 Gi_llN__pumt(Ag)

~3.9 2 =N .q 2 3 2
639x,82,¢) ~ 36 x, A% ¢ j’ﬁ dzgs (z, A2, €)
low A2 ‘N ( ) 0 i

B S fl o0, NS 2 3,n,point . .2, =n -
=Gy (a%H)EP (x, 82, ¢) + Gy (a%)Gy(x, 2%, €)

where the magnetic point like ff has been introduced

M
3N, point aB
g2 ipaln (,52):/dEfdpPg(p.p+A,E)=/o_’f' dzgy(z, A%, ¢).

O = =



The Validity of the approximated formula: R

full: 1A calculation, Ggf (x, Az, £) and proton and neutron contributions to it, 0
atAZ? = —0.1GeVZ, £ = 0.1;

dashed: same quantities, with the approximated formula:

proton

xaéi’,,{x, A €)

3 2 3.p.point | , 2. = 2 3,n.point , , 2. = 2 04k

G, 2%, €) = G P PO (A2)E] (x, 8%, £) + G PO (A%)ERy (x, A%, €) :

Impressive agreement! -0.15F neutron
The only Nuclear Physics ingredient in the approximated formula is the magnetic peint like ff, F

which is under good theoretical control. '0-20 01 0o

The approximated relation can now be solved to extract the neutron contribution:

&h.extr X, ﬂ2‘ | S
M ( ) Gi,fin?pomr(ﬂg) {

from data for GEJ(X, Az, €) and é‘;(x, Az, £), using as theoretical ingredients the magnetic point

full : the neutron model for G”M (x, Az, £) and the different flavor contributions to it;

dashed: the neutron extracted using the |A calculation for éif (x, a2 L €)

and the model used in it for G‘Ea.(x, Az, &) together with the magnetic point like ffs. '0-60

The validity of the extraction procedure is emphasized showing the following ratio, which would be one 1.2
if the procedure were perfect:

GD,EXH’(X _.ﬂz ,E)

2 —
r'n(X,.& s&)_ énMO(,ﬁ ,E',')

full: forward limit; dashed: A2 — —0.1 GeV2, ¢ — 0; dot-dashed: A2 = —0.1 GeV2, £ = 0.1. gl

atxg < 0.7, in all the kinematical range relevant for coherent DVCS at JLab, the error

in the extraction is a few percents.
0.6

0

Gﬁ,(){, A21 E) - Gif,p,pojnr(ﬂz}éﬁ’(xs AE! &)} H
0.2

-0.4

1 1 1 1 1
03 04 05 06 07 08
X3

. L T L
0.2 04 0.6 0.8
Xs
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LE dPDFs DI
PROTONI E MESONI

Lavori ed articoli prodotti:
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Voglio menzionare che l'interesse per questo argomento & nato grazie alla collaborazione con CMS,

rappresentato a Perugia dal professore Livio Fano, del Dipartimento di Fisica e Gelogia, Universita
degli Studi di Perugia.

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



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:
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Risposta: Multi Parton Interactions

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)

™

d PIDF

Momenjum scales

1 A
= § Z Xlax37MA)0'kl(X2ax47,uB)/dzzJ_lFik(XlaX27@aMA7/~LB5Fj1(X3>X4aZJ.:/JAHUB)

'\

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

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
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@ LHC kinematics it is often used a factorized form of the dPDFs: (X17 XZ) —Z) factorization:

5 S o * Here and in the following:
Fij(xla L2,%1, ,u) = Fij(l'l, L2, /L)T(ZJ_, ,Lb) and X1, 92 factorization: L= Us=Ug

dPDF (2-Body) PDF (1-Body)

7 N

Fij(x1, 22, 0) =  qi(z1, 1) qj(we, 1) (1 — 2y — 22)(1 — 21 — 22)" (X1, X2, 1) ——  To fulfill sum rules

N -
“\”

N

unknown
¢ @
L

@
(NO DYNAMICAL 5 ?M‘ .
CORRELATIONS? M:%
€ @

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

“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 WHAT CAN WE LEARN ABOUT dPDFs AND
OF SUCH APPROXIMATION THE PROTON STRUCTURE?



Ingredienti del Calcolo

Effective potential and particles strongly bound and correlated
* CONSTITUENT QUARK MODELS (CQMs) <

Predictions are related to low energy scales and valence region
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Ingredienti del Calcolo

Effective potential and particles strongly bound and correlated
* CONSTITUENT QUARK MODELS (CQMs) <

Predictions are related to low energy scales and valence region

¢ RELATIVISTIC IMPLEMENTATION: LIGHT-FRONT APPROACH

3 3
Fij(x1, %2 3(v3) /Edk.é (;K) o ({k.},kiﬂ{k.}, kL)6< 1 Mo) 5( 2 MO>—> GOOD SUPPORT

LF wave function M2 — Z m? + k.

Conjugate toZ | (we need a CQMs)

*pQCD EVOLUTION OF dPDFs
Free proton mass

i) dPDF evaluated at the ) ii) dPDF evaluated at high generic scale.
initial scale of the model PQCD evolution of dPDFs We can compare with experimental

analyses.




COSA POSSIAMO OTTENERE: LA DISTANZA MEDIA TRA DUE PARTONI

M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097

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:

201
018
1) HP model = —
15| M. Traini et al, Nucl. Phys. A 656, 400-
012 420 (1999), non relativistic Hyper-Central
0.10{CQM ( potential by M. Ferraris et al, PLB
< 2) HO model 364 (1995)) (HP)
0:08 o
5 D08l The harmonic oscillator (HO)
x; =10* and x,=10
0.04
> = = °T 0.02
d 1 = b 1 =21
é: 1‘0 1‘5 2‘0 '5 1‘[) 1‘5 2'0
b, B,
One can also define the mean transverse distance (l'l - iL'Q) distribution as follows:

0.404 fm HP

i d2bJ_ b2Fi'$axabLaQ2:M2 A/ d? )ip-2 —2:<
<di>J _f 1 J( 142 W) < J_>10 ,10 0.365 fm HO

o [ d2b) F(wy,@2,b1, Q% = M2,)

0.391 fm HP

For example, for 2 gluons and two different models, one gets: - <:
VdLh0-120-4 = 0.393 fm HQO



COSA POSSIAMO OTTENERE: LA DISTANZA MEDIA TRA DUE PARTONI

M. R. and F. A. Ceccopieri,

JHEP 1909 (2019) 097

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

One can also define the mean transverse distance

partons!

For example, for 2 gluons perturbatively generated:

20r

1) HP model 7
012 ;
2) HO model
0:08 1o
- x; =10 and x,=10?

— 5r

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)

(D), 0y =

[ d*by B Fyj(y, 22,01, Q% = M)

fd2bj_ Fij(x17$27bJ_7Q2 = MI%V)
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N
10

i

n
15

L
20

(iEl - iBQ) distribution as follows:

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




COSA OTTENUTO: EFFETTI DELLE CORRELAZIONI

M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097

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

Fio(z1,29,71) @/ Hdl il P (p|O(z, 1y 0(0,15)|p)

Approxmated by the proton state!

T
/ % |p/> <p" GIDO Violation due to:

v Correlation between (x1,xz2)

Flg(aj‘l, T, EJ_) ~ f(xh 0’ EJ_)f(wg, 0’ EJ_) M. R., etal, PRD 87, 114021 (2013)

M. R., etal, JHEP 12, 028 (2014)

14

12 M.R, etal, JHEP 10, 063 (2016) e 2

“Correlation between (x3,x2) — k.
S M. R., et al, PRD 87, 114021 (2013)

\k
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e ‘ M. R., et al, JHEP 12, 028 (2014
SSao e dPDF — GPD X GPD et a ( )

vav (1, w2, k%, p1f)

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

M. R., and F.A. Ceccoperi, PRD 95, 034040 (2017)
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M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097
The dPDF is formally defined through the Light—cone correlator:

Fio(z1,29,71) @/ Hdl il P (p|O(z, 1y 0(0,15)|p)

Approxmated by the proton state!
ro1 I—l— ?I—-Y ) ,l

Violation due to:

- i Gp
14 a=g b=g o O _
L Pl + Correlation between (x1,%2)
R dPDF(k, =0 sily
F =l dPDF(k. =0) S0k ) M. R., et al, PRD 87, 114021 (2013)
12 14} *®~ "PDF x PDF & o vl
14 i | M. R., etal, JHEP 12, 028 (2014)
‘1.2" . ] : 7
2. M. R, etal, JHEP 10, 06— omall x correlations i M. R., etal, JHEP 10, 063 (2016)

“Correlation between (x3,x2) — k.
. R., et al, PRD 87, 114021 (2013)

M. R., et al, JHEP 12, 028 (2014)

M. R., and F.A. Ceccoperi, JHEP 09, 097 (2019)
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COSA OTTENUTO: EFFETTI DELLE CORRELAZIONI

M. R. and F. A. Ceccopieri, JHEP 1909 (2019) 097

The dPDF is formally defined through the Light—cone correlator:
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LA SEZIONE D’'URTO EFFICACE

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™:

Differential cross section for the

Sensitive to o ' > process: pp’ — A(B)+ X
correlations /Ueff
Differential cross section for a DPS
Combinatorial factor eventt PP’ > A+ B+ X
....EXPERIMENTAL STATUS: “+ ATLAS SJ/w+Wt Lansberg-Shao-Yamanaka)
30 | ~+ ATLAS (np Jip+Z, Lansberg-Shao)
2 Difficult extraction, approved analysis for the same P e
2 the model dependent extraction of Teff from ® o DOy
data is almost consistent with a “constant” T 20 ig&gﬁﬁ?ﬁ; gy
(within errors) (uncorrelated ansatz usually £ - gg;gyiégsj):;)) % {al
assumed!)...Some inconistencies in J ATLAS O+ 2t \ H /fﬁfﬁéf
production i b P
2 different ranges in X4 accessed in different 5 |- SHSLL 1 e
..—experiments. .. _______ ... —_— 0 FEUESY Seel

: without any approximations! valled]

: Within our CQM framework, we can calculate O off \ 0.1 1 10



PRODUZIONE

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

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.

!

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



Kinematical cuts

pp, /3 = 13 TeV
péffmg > 20 GeV, p}?ﬁleadm@ > 10 GeV
7]+ [t | > 45 GeV
M| <24
20 GeV < M, < 75 GeV or M, > 105 GeV

DPS cross section:

+
2 Uf,f_mix d2 agflp—m X
dmdpr  dnadpr2

dAgpr—rEuEX

7 (n;, pr,i)

= = | &b |F;; b, Mw)F by, M
dmde,ldnzde,z Z / il g(ivl,wz, 1 W) kl(x3,374, 1, W)

Momentum

My —>
scale

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 2) These correlations propagate to sea quarks
relativistic CQM model describing three valence quarks and gluons through pQCD evolution



PRODUZIONE

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:
/ /
~ pp pp
(Fer ) = 21.04 2037 (6Q0) *498(Gar) mb . . _mo, op
24 Oeff o 2 O'pp
T T T l.1 T T a" '<o_ef'f> r 4 dOUble
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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:

pp’ _pp’

(Fers) = 2104 T35 (5Q0) *§3R(6ar) mb moy, og
Ocff = 9 PP

U ey ﬁl@f'ﬁ = O double

I etWeSE Gy p . , , :
N 23 | pinerenc® LT is due 4 x- dependence of effective x-section consistent with analyses:
N En\m\“ 2y e 20 ons etlect® A M.Rinaldi et al PLB 752,40 (2016)
= 1 M. Traini, M. R. et al, PLB 768, 270 (2017)
s j g8 M.R. and F. A. Ceccopieri JHEP 1909 (2019) 097
v —

Oeff

m - —l l

Gluons ® Gluons

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

£ — 1000 bt is necessary to observe correlations”




PRODUZIONE

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:

To observe correlations,

(Geps) = 21.04

24

23 b itterence
pitter’ a0

[mb]

Oeff

/ ’
pp pp
J:g:g? (6Qo) fg:g?(&zp) mb . _ _ m &
Teff = 5 ~,pp
(Goss) B0 double
petwe Geops BETTH

1 x- dependence of effective x-section consistent with analyses:
4 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

v ) _

Gluons ® Gluons

| £ =1000 fb~"

is needed!

- REACHABLE IN THE PLANNED LHC RUN




PRODUZIONE

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:
/ /
~ pp pp
(Gefr) = 21.04 £567 (6Q0) *5:07 (Jur) mb . maoy, Op

5eff:_ PD
Y — e 2O-double

w= ﬁ“ 23 [ iperence Y— x- dependence of effective x-section consistent with analyses:
LAY > pitter!
PN cen and ¢ 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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QUALCHE INDIZIO DAI DATI

Considering the factorization ansatz, for which some

estimates of 0. are available, one has:

—>0eff = [

T(—EJ_)

1

— ~—_, Effective form factor (Eff)




QUALCHE INDIZIO DAI DATI

1

Considering the factorization ansatz, for which some it [ dk, ~ -
off =

(QW)QT(kL)f(—EL) \ Effective form factor (Eff)

estimates of 0. are available, one has:

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

5 1 e oL I
T(k'J_) = §/d$1d{£2F({E1,£B2,]{IL) :/dkldk‘g\I’(kl —|—]ﬁ_,kﬁ2)‘1ﬁ(k'1,k?2+kj_)

From the above quantity the mean distance in the 9 =
ius) (07) ~ —2 T(ky)
transverse plane (not necessary close to the proton radius) ki dk
] 1 @]
between two partons can be defined: k=0




QUALCHE INDIZIO DAI DATI

1

Considering the factorization ansatz, for which some it [ dk, ~ -
off =

(QW)QT(kL)T(—EL) \ Effective form factor (Eff)

estimates of o are available, one has:

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

5 1 e oL I
T(k'J_) = §/d$1d$2F((L’1,£B2,]€L) :/dkldkg\y(lﬁ —|—]ﬁ_,kﬁ2)‘1ﬁ(k'1,k2+kj_)

From the above quantity the mean distance in the 9 d ~ .o
transverse plane (not necessary close to the proton radius) k., dk, P )/
between two partons can be defined: k=0 9 .

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

— —m— LHCb (2)/¥), 45=13 TeV
.

ATLAS{Z)/W), {5=8 Tev W Iso:
Ueff 2 O-eff MeRasodFAC ieri, JHEP 1909 (2019) 097
< (b ) < e o ReF.15] (2174, 45=7 Tev . R. and F. A. Ceccopieri, J ( )
= - Extended the approach including splitting term
3 II II | | —e—  CMS (WW), {s=8 TeV !
—h—  ATLAS (4 jets), {s=13 TeV
=== —&—  CMS (W2 jets), {5=7 TeV/
DPS processes: I — e CMS (W+W), 15513 TeV
The vertical line stands for the it
transverse proton radius
— ¢+ Extended the approach to the most general

R P T R unfactorized case



QUALCHE INDIZIO DAI DATI

5 1
Considering the factorization ansatz, for which some it [ dk;
off =

s T(RL(=EL)|| =, Effecti
estimates of G are available, one has: (2r)? (kLT (=) Effective form factor (Eff)

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

5 1 e oL I
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transverse plane (not necessary close to the proton radius) <b > ~ _2k dk T(kl)
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Altri risultati ottenuti
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M. R., S. Scopetta, M. Traini and V.Vento, EPJC 78, no. 9,785 (201)

@ dPDFs of the pion within holographic models:

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

e |
T 0.4f
:;:"' Comparison of correlation effects between lattice data (full line) and
= different holographic models of the pion structure
0.2¢
L:]Qj 0 0* --------------------------------------
x q -
R kL = 0.0 GeV _0_2-_
— — kL =02GeV [
——— k. =05GeV L
- — = kL =06 GeV -0.4+
Pion: w.f. calculated within the 0001 0005 0010 0050 0.100
AdS/QCD soft-wall model Q? [GeV?]
S. J. Brodsky et al, PRD 77, 056007 (2008)




Altri risultati ottenuti

M. R., S. Scopetta, M. Traini and V.Vento, EPJC 78, no. 9,782 (20)

@ dPDFs of the pion within holographic models:
M. R., submitted to EPJC (Minor corrections requested)
b oL . . M. R. and F. A. Ceccopieri, PRD 95 (2017) 034040
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_ phino . ] . good support - Eelosh effecti
Fij(x1, %2, ki3 Q) = qi(x1; Q7)qj(x2; Q7) (1 — x1 — x2) f1x, x,, Q?) R(x1, x5, k) F(k))
phenomenology from PDFs sum rules correlations! Y

To be modeled:
CQMs, GPDs...
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Glueball spectroscopy is a unique laboratory to test non perturbative QCD and
CONFINEMENT

However :
1) several mesons have similar mass and quantum number mmpMIXING

2) Their measurements represent a very hard task
Why Glueballs?
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Glueball spectroscopy is a unique laboratory to test non perturbative QCD and
CONFINEMENT

However :
1) several mesons have similar mass and quantum number mmpMIXING
2) Their measurements represent a very hard task
3) Theoretical calculations of decay are very difficult! Models could help! Why Glueballs?



GLUEBALLS: LO SPETTRO

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)

ott o++ O++ o++ O++ 0++
MP 1730 £ 94 2400 = 122 2670 + 222
YC 1719 += 94 2390 += 124
LTW 1475 £ 72 2150 £ 104 2755 + 124 2880 + 164 3370 £ 180 3990 £ 277

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)

ott o++ 0++ o++ 0++ 0++
MP 1730 4= 94 2400 £ 122 2670 + 222
YC 1719 + 94 2390 + 124
LTW 1475 £ 72 2150 £ 104 2755 + 124 2880 + 164 3370 £ 180 3990 + 277

The mass of the lightest state is very hard to estimate

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



GLUEBALLS: LO SPETTRO

One of the main difficulties in the observation of glueballs is related to their mixing with mesons!

For example

JTC 0T 5T T i
MP 1730 £ 94] 2400 + 122 2670 £ 222

YC J1719 + 942390 + 124
LTW|1475 £+ 7212150 £ 104 2755 + 124

Meson [o(500) [o(980) fo(1370) | fo(1500) fo(1710) |f0o(2020) fo(2100) fo(2200)
PDG 475 + 75 990 + 20 1350 £+ 150]1504 £ 6 1723 £ 6 1992 £ 16 2101 £ 7 2189 + 13

Mixing?
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One of the main difficulties in the observation of glueballs is related to their mixing with mesons!

For example:

JTC 0T 5T T i
MP 1730 £ 94] 2400 + 122 2670 £ 222

YC J1719 + 942390 + 124
LTW|1475 £+ 7212150 £ 104 2755 + 124

Meson [o(500) [o(980) fo(1370) | fo(1500) fo(1710) |f0o(2020) fo(2100) fo(2200)
PDG 475 + 75 990 + 20 1350 £+ 150]1504 £ 6 1723 £ 6 1992 £ 16 2101 £ 7 2189 + 13

Mixing?

We use AdS/QCD models to study the MIXING problems and “predict” the kinematic conditions
where pure glueball states could be observed.
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From Maldacena conjecture: AdS/CFT

|

N=4SU(N) SYM €———————3String theory on AdSsx Ss

Isometries
between group
symmetries

4his is not QCD! \
i No supersymmetry

i Confinement

5 Conformal symmetry
broken

N is finite

" J

5 R4 R= radius of the
gYMN = 74 manifold
N—oo |
| = length



INTRODUZIONE: AdS/QCD

The dream (s ¢t understand QCD using
s dual gravity theeryl

No supersymmetry

Confinement
\ Conformal symmetr
R broken
B N is finite
Top-down Approach: Bottom-up Approach:
Find a gravitational theory dual to QCD Starts from QCD and attempts to
construct a five dimensional
holographic dual
\! (@l
“‘6“ 09».
.08 >
“‘\0 0%
co G’et
Hard-wall model Soft-wall model

Compattification of the 5°
dimension by hand. AdS
geometry cut by two
branes: UV and IR.

Soft cutoff of AdS space by

introducing a gigloaton field.
(S



AdS/QCD: PREDIZIONI

HADRON SPECTRUM: <<
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H.G. Dosh et al PRD 91, 045040 (2015),
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AdS/QCD: THE HARD WALL

R2
In this case we have the following AdS; x Sy metric : ds® = gMNdXMdXN + R2dQs = — (dz2 + nuydxl‘dxy) + R2dQs
y4
1
In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < 7.« = A
QCD

0++ @ 2++ GLUEBALL SPECTRA M.Rinaldi and V. Vento EPJA 54 (2018)

ool Dirichlet conditions ] Good agreement!

Neumann conditiong,,‘e»*

% However the HW model does not reproduce the
= meson spectrum.
=
2000 -
M2 ~ n?
1000} -

In order to have a unified view we
need another model, i.e.: the Soft-wall model!




AdS/QCD: THE SOFT WALL

R2 karch et al, PRD 74, 015005 (2006)
. . M N 2 wA vV
In the original model we have: gyndx dx® = = (dz + Ny dxtdx )

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: Mﬁ y~n + j, J 2 0

WHAT ABOUT GLUEBALLS?



AdS/QCD: THE SOFT WALL [:ﬂ

R2
In this case we have the following AdSs x Ssmetric: ds® = gMNddexN + R%dQs = — (dz2 + nwjdx“dx’/) + R?dQs
4
We consider the profile function: QO(Z) = /‘iZ2
SCALR FIELD EQUATION: SCALAR GLUEBALL SPECTRUM:

Equation of motion of the scalar glueball can be obtained: _5k=0,1... scalar
q 9 M§:4k+4+2\/4+J(J+4):4k+8<t:12 tensor
| = /d5x g e ¥@ [gMNﬁMQONQ + M%Qz} A = conformal , , 1 , , . .

dimension S00% A= 2+ '
Dilaton field A =2+ /4+ MR o= 0+

1) scalar glueball state 0++ is represented by: Oa—4 = Tr(F*'F,,) fooer ] 1

2) For example for even spin J: Oa=s44j = FDy,1..D 0 F = {

The equation of motion for the scalar is: g 2000 i

15 <
— V" (z) + [22 + st 2] V(z) = M2W(z) =
zZ
where: 32 20001 1
: z 2_2
g(x’ Z) _ elPux“ (ﬁ) e’z /2\U(Z), P2 — _M2 %
Eduardo Folco Capossoli et al, PLB 753 (2019) 419-423 1000 : : . ! '




AdS/QCD: THE GRAVITON SOFT WALL

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:

. B R
gMNddexN el (dz + 1y dxtdx” )
However, a dilatonic contribution in the action can still be kept:
7= / d°x /—g e~ XL
In order to preserve the good description of the hadronic spectrum we require:
/ d5x e~ e o d5x —g e— () p

kinetic term

WHAT ABOUT GLUEBALLS? -




AdS/QCD: THE GRAVITON SOFT WALL

- . R?
In this case we have the following AdS; metric : gMNdXM dxN = e @vl?) - (dz2 + nuydx"dx”)

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider 04/12 as the only one parameter!
GRAVITON EoM and SPECTRUM

1-~. 1~ 1-~. 1-~. ~
o Eh,ai);c o 5 E;ab + Ehécc;b + Ehijcc;a + 4hap =0

10

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

0 1 2 3 4 8 6 ir 8 9 10




IL MIXING

Glueball and meson states could mix!

Jl‘(;

0+~+

T T 0FT

MP

1730 £ 94

5100 £ 122 2670 £ 229 ¢

YC

1719 + 94

2390 + 124

LTW

1475 £ 72

2150 £ 104 2755 £ 124

PDG 475 £ 75 990 + 20 1350 £ 15001504 £ 6 1723 £ 6 1992 + 16 2101 £ 7 2180 + 13




IL MIXING

We define the probability for NO MIXING as: P =1 — [(WE|YM)|?

M.Rinaldi and V.Vento arXiv:1803.05738

e : e ey Meson wave function
09} ]
\
; N ;
0.8 — )
s | Q«S\\ ng =0 Gluon wave function
Z oL phiyi N T Ng = 1 ;
Q B R | ) ng =2
0.6 _ ]
L ng P—
osf/ T ng =4
0.4: I | i
6 8 10
n Meson mode number

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!



CONCLUSIONI:
AGGIORNAMENTI
E
PROSPETTIVE




DVCS SU ‘HE

In seqguito 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:

M Coherent case s. Fucini, S. Scopetta and M. Viviani, PRC98 (2018), no.1, 093001
* I.A. calculation of the GPD H within a non-diagonal spectral function
based on the AV18 + UrbanalX interaction, realistic only in the ground

part; Nucleonic model: GK
i Forward limit and nuclear FFs recovered, momentum SR slightly violated

& .
Numbers for CFFs, X-sections, BSA
= Incoherent case S. Fucini, S. Scopetta and M. Viviani, PRD101 (2020) no.7, 071501

* I.A. calculation of cross sections within a diagonal spectral function based .
on the AV18 + UrbanalX interaction, realistic only in the ground part; cross
section developed for a bound proton; Nucleon model: GK, MMS;
numbers for X-sections, BSA -

A



DVCS SU ‘HE

In seqguito 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:

COERENTE s. Fucini, S. Scopetta and M. Viviani, PRC98 (2018), no.1, 093001
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DVCS SU ‘HE

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

K Mandatory for the EIC setup
B Torealize the feasibility of relevant measurements (e.g., at £ and —t high enough,
look for non-nucleonic degrees of freedom at parton level

(Berger, Cano, Diehl and Pire PRL 2002))
Very useful in general (JLAb @ 12 GeV!)

|

Ultimate Goal:

a new event generator, based on the FOAM library, flexible

(different light nuclei (d, 3He, *He... "Li?); different setups (fixed target, collider)),
open (different available models to be implemented), accessible to interested
colleagues for their studies

B Medium term (weeks? Months?):
— introduce shadowing in the description
(a discussion with M. Strikman has started);
— introduce other nuclei
(*He cross section evaluation in progress from our GPDs (with M. Rinaldi));
— incoherent channels (S. Fucini, $.S., M. Viviani, Phys. Rev. C101 (2020) no.7, 071501)
— other people’s models for the cross sections



=X
@

@

Progetti futuri: Fisica Nucleare

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 I'approccio Light-Front,
in collaborazione con Sergio Scopetta, Emanuele Pace e Giovanni Salme.



Progetti futuri: dPDFs

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 e finanziato dai “Fondi Ricerca di Base” z:>
dell’Universita degli Studi di Perugia: d

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

Pl: Matteo Rinaldi
Collaborators: Sergio Scopetta, Livio Fano, Simone Pacetti ed Alessandro Rossi



GRAZIE PER L’ATTENZIONE!!.




