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Introduction



Some history

Inclusive DIS process A(e,e’)X = Parton distribution functions (PDFs)
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Some history

Inclusive DIS process A(e,e’)X = Parton distribution functions (PDFs)
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&(ﬂ z is the longitudinal momentum fraction for a quark ¢ in a nucleon N
_)_‘<> x  Consider the ratio
P Ff (@)
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What is the right way to explain the EMC trend?

* Elastic scattering — Form factors
F(Q?) — no inner parton structure
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What is the right way to explain the EMC trend?

* Elastic scattering — Form factors
F(Q?) — no inner parton structure

* Inclusive DIS —; PDFs fy(z,Q?%) —
Longitudinal momentum space

¢ 222? — Fy(x,Q?,77..)) — Transverse plane
q El

We can do a tomography of nuclei in
coordinate space. =
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Exclusive processes: DVCS off nuclei in handbag approximation

Two different channel for DVCS off nuclei: coherent and incoherent

. Jfﬁy(qz)

e(k)

VAC v (@,) *E Factorization
P=P+A

k=x+&
Factorization

GPDs 2 & D
A(P/\' = 3
-7 2 T~

- A

e Factorization property( A? < Q2):
> HARD PART — perturbative QED & QCD
» SOFT PART — non-perturbative QCD — Generalized Parton Distributions

® GPDs depend on :

> A2= (P~ P)?=(q1 — q2)? oAb

% > Q%= —(k— k)2

® ¢ < ¢: GPDs describe antiquarks;—¢ < z < &: GPDs describe ¢g pairs; = > &: ~ l.
GPDs describe quarks -

> .-
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GPDs in a nutshell (i)

GPDs are introduced considering the light cone correlator:
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{HA(I £, 0)a(P', 8"y u(P, ) + EA(x, €, t)ya(P', 8")

— For a target of spin S, the number of GPDs is (2S+1)2

Form factor

Z/dacz:eq (z,€,t) = FA (1)

q=u,d

Probabilistic interpretation in impact parameter

space

pl(z,br) =

/

L SR
@m?
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2 u(P, S)} +

PDFs (when P = P’,iet=£ =0)

A A
H3(2,0,0) = g5 (2)

longitud.

x<0.1

pion valence
/ doud quarks.
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GPDs in a nutshell (ii)

+ At JLab kinematics, Bethe Heitler process interferes with DVCS enhancing this
latter. For this reason, it is convenient to measure asimmetries, ie.

g —o

o'++0*

Ay =

) ) " »
o xTpy+ThyvestIBH-DVCS +

that can be expressed in terms of

+ Charge Form Factor

Tpu x Fi(A%)
« Compton Form Factor (< GPDs)
5 //,/‘zw.;.A’)x 5 5
Tpvecs x H(E,AT) = de———— = ReH(E, A7) +iSmH(E, A7)
z + €+ ie
« for a nuclear target, it is difficult to disentangle coherent and incoherent channels
because of the large energy gap between the photons and the slow-recoiling
systems which requires different detectors 20.
EFB
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Why is “He a golden nucleus?

+ “He is a typical few body system and it is theoretically well known
« exact and realistic calculations are difficult BUT possible
* e = 0F e I.y, =0 = only one chiral-even GPD at LO

» CLAS and ALERT collaboration are carrying on an experimental program at JLab
using *He target

Coherent (PRL 119, 202004 (2017)) and incoherent (PRL 123, 032502
(2019)) DVCS off *He has been measured at the Jefferson Laboratory!

» good perspectives at the forthcoming EIC

Our point is to obtain models necessary to distinguish effects due to
“conventional” or to “exotic” nuclear structure in order to proper interpret the
data.

EFB24 2019 September 2th - 6th 6/19



Coherent DVCS off ‘He



Framework at leading twist

Coherent DVCS channel Handbag approximation

P'=P +A

o
N
ey { -A
yOq (\)A_f\}q
Kk k+A
VA
¥> P P=p+D
P > P'=P +A
PR
Impulse approximation (IA) 2‘.
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Our formalism for the nuclear GPD (s. F,, S.Scopetta, M. Viviani, PRC 98 (2018) 015203)

A convolution formula for the GPD H, can be obtained in terms of:
4Hc 2) He 2 N(Z § .2
(z,&,A%) —h z,&,A%) H (7,7,A>
Z / T\¢7¢
« light-cone momentum distribution /
WFe(z,0%,6) = /dE/dpP Hep, 5+ A, E)5( —?)

_ Ma /d,E/ dp/ d¢p MPH (5, 5+ A, E)

min

A+
WhereEAfif Z=z+¢€a, ]wfﬁ( A+ \/5> pmmL*f(ZgAvE)
As an input, one needs the non-diagonal spectral function and the !
(we used the Goloskokov-Kroll model (EPJA 47 212 (2014)). 2_ e
EFB
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The *He spectral function: off diagonal case

2-body channel
* (*Help, ®H);
© (*He |n, 3He );

4 —
P55+ A, E) = p(B) Y _(P+A|-pEa,p+Aoy)

aon

(pon,—pEalP)

4-body channel
* (*Hen,pnp); i
(*He |p,dn); 2-
. * (*Help,npn). ‘E—F‘B-
(*He|n,dp);
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Our model for the spectral function (s. F, s.scopetta, M. Viviani, PRC 98 (2018) 015203)

P @5+ A E) = no(i i+ A)S(E) + P55+ A, E)
= no(Ipl, |5+ Al,cos 0 . x)8(E) + PL(|l, |5+ Al, cos b - x, E)
~ ao(|p)ao(|F+ ADS(E) + V/mu(|p)ma (|5 + ADS(E — )
where

the total momentum distribution is n(p)

n1([pl) = n(|pl) — no(|p)

no(k) is the momentum distribution of the recoiling system in the ground state

no(|p1) = lao(|5])|?
with
ao(|p]) =< ®3(1,2,3)xan4lj0(|p] R123,4)Pa(1,2,3,4) >

n(p) has been evaluated for the 4-body and 3-body systems within the Av18 NN
interaction + UIX three-body forces

F is the average excitation energy of the recoiling system ( model of diagonal s.f.
by M. Viviani et al., PRC 67(2003) 034003). L’_‘_
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Some checks for our model

* EMC-like effect

H(z4,0,0)
2(Hg (z4,0,0) + Hp (2 4,0,0))

RCI(xv 0, 0) =

v’ Good EMC-like behavior:

085010203 o‘ﬁAd.s 06 0.7 08 0.9 . Charge form factor
10 . 1 1 .
He 2\ He 2
FoHe(A )_izeq/ dzH, (2,6, A%)
0
q
1 ]
£ et Data (e) from PRC 160, 4 (1987),
) b s theoretical one-body calculation (a) by
01r S Marcucci et al., PRC 58, 3069 (1998).
\/ Good agreement with the experimental
00lg——%os 01 015 02 data. D
-t [Gevz] EFB
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Coherent DVCS: a comparison with EG6 data, 7{ 4 (s.F., S.Scopetta, M. Viviani, PRC

98 (2018) 015203)

Our results (red stars) compared with experimental results (black squares)

SMHAE ) = Y eA(HMEEA?) — H (—6,6,47))
q=u,d,s
1
SRe?'[A 57 - Z / S - +5L><qu(l£7t> - H(1A<7x~,€7t))
qg=u,d,s
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Coherent DVCS: a comparison with EG6 data, A.y (s. F., S.Scopetta, M. Viviani,

PRC 98 (2018) 015203)

Beam spin asimmetry as a function of azimuthal angle ¢ = 90°
ao(¢p) Sm(Ha)
1 (6) + 2 (9) Re(Har) + a3 (9) (Re(Ha)? + Sm(H.0)? )

Apu(e) =

where «;(¢) are kinematical coefficients from A. V. Belitsky et al., Phys. Rev. D 79,

014017 (2009).
Results of our approach VS EG6 data
0.6 0.6 0.6
0.5 05 05
_os i _oa _o0a i +
S 03 S 03 g03
5/“ * + g@/u.z i + l( q%:oz %
:(3 01 :(3 01 <01
) 0 0
01y 15 2 25 0157 0.15 02 0.25 0.3 01666 008 01 012 014 016
Q” [GeV?] *g t[cev?)
From left to right, the quantity is shown in the experimental Q?, x5 and —t bins, 2‘,
EFB
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Incoherent DVCS off ‘He




BSA for incoherent DVCS off “*He in IA (S. F., S. Scopetta, M. Viviani in preparation)

The beam spin asimmetry (observable) is:

V(@) dot —do~

A Factorization ALU = —_—
“““““““ dot +do—

where
+refers to positive(negative) beam polarizations.

Fundamental starting points for our Impulse Approximation approach are:

» kinematical off shellness:
po=My— /M3 +p2 =My —E—Tree = p? #m?

» general expression for cross section

1

(dai),Nc=(2w)42P kE E |AE|26%(Py+k—k —px —pN —q2) LIPS

"
N X

where LIPS = dp x dk'dgodpn 20,
EFB
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Incoherent DVCS: work in progress (i)

In a frame where the target nucleus is at rest, the cross
section and its azimuthal dependence are expressed in
terms of a convolution formula between:

« the diagonal spectral function Pi,He of the inner nucleons

XA p-k Ma _ A, AN
do-Incoh‘,E Z PA k Do Z dp PN €(p7 E) dJCOH
E

» the DVCS cross sect|on off a bound nucleon

Differentiating with respect to the experimental variables, one gets

do )\ He 4 »
In(‘oh — He /=~ N, -\ (2
o« K dE | dgP B AN (0, o, K) 2g(p, o, K
drpdQ2dA%dd Z/ / P PN (D, B) AL (0o K)Pg(p, pa s K)
where
+ K includes different combination of kinematical variables: Q2, ¢, 25, y, A2 2‘,
EFB

* g(p,pN, K) arises from the integration of LIPS and accounts for the flux factor
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Incoherent DVCS: work in progress (ii)

Schematically do o [ df [ dEP4H€(;3‘, E)AN:E (p, pr, kin)|2 with
+ 2 _ 2
MEonl? = T + TRves + Thves_pa-

The observable we computed is :

HF T -
Alneoh — AP He fdpdeP (0, E)Ipycs—_pu(P P, K)
L [ dp [ dEP)He (5, E)| i (p.pn . K)|?

« our expression for |7 1 (p. pr ., K)|? = ¢+ P cos(o) + P cos(20) is a
generalization for a moving bound nucleon of results by Muller et al.(2002)

~“DVCS—BH
contains CFF, i.e SmH(En+, A2, Q3).
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Incoherent DVCS: preliminary results

« For nucleon GPD HY, again, we used GK model (2013) evaluated for

q
— Q2 g _
v = (ptpn)(a1+q2) # 2*53 =<

« For the diagonal spectral function P;Hc(ﬁ, E) we use an Av18-based model (M.
Viviani et al., PRC 67, 034003 (2003)) update of Ciofi et al., PRC 53 1689
(1996) . Realistic energy dependence only in the ground part.
Our results are compared with the experimental data from EG6 collaboration at
JLab (M. Hattawy et al., PRL 123, 032502 (2019)). Each point, at a given z g,
corresponds to an almost definitive experimental analysis.

L m EG6
04— e Theory
. PRELIMINARY!!
S While we are still playing with our
2 L model testing numerical stability
;23 F ! * * dependence on exp. kinematics etc, for
< F L the moment our model reproduces

the experimental data trend!

| I | I ¢ ‘Z : .‘
0 0.2 0.4 0.6
EFB
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Conclusions and outlooks

Our straightforward and workable approaches to DVCS off “He seem suitable for
planning new measurements and interpreting the present data.

. Formal development of a theoretical formula for the only GPD describing the “He
with an overall good agreement with data.

® Realistic AV18 + UIX momentum dependence
® Dependence on E, angles and A in the s.f is modeled and not yet realistic
Q Explicit calculation of the beam spin asymmetry of a bound moving nucleon
. Evaluation of the incoherent channel considering Final State Interaction
O A full realistic evaluation of the spectral function, both diagonal and off-diagonal
. Relativistic description of both channels in a Light Front scenario
pict
EFB
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Thank you ...
Questions?

B
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Backup slides



Form factor of the * He at high 2

Red dashed line: One body part of the form factor from a direct integration of the
diagonal momentum distribution of the 4He within Av18+UIX calculation (Phys. Rev.
Lett. 112, 132503 )
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Light cone momentum distribution

Forward limit

29t
he(2,0,0) = fHe(2) :/dE /dﬁPN(ﬁ,E)é(z— ‘ﬂ;

M

).

It reproduces in the forward limit the correct IA result for the nuclear PDF

20
150 1 z€x:1]
. f(2) is strongly picked around
& 10f ] z~025
I
N
5 L
0




EMC effect with our model for the off diagonal spectral function

where

Fﬁlz.ﬁ(fb) = /

12

11¢

0.9+

}MIA)"ijflfél

N 2FY, ()

Fi(z) = Z eng:HE(z, 0,0)

q

M

My /M ,
‘ L My kz + VEZ 1 M2
dz /dk nd(|k|)6<z - —dé)}vgv(f)
z

R(Xa)

2Vk2 + M?

¢
¢¢¢¢¢¢¢¢¢¢¢¢¢

02 03 04 05 06
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