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The EMC eftect
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The EMC eftect

In DIS off a nuclear target with A nucleons:
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The EMC eftect
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The EMC eftect

Conventional calculations:

and momentum sum rules

¥ Qualitative agreement & "~ |No fulfillment of both Particlfl x
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The EMC eftect

Conventional (NR) calculations:

¥ Qualitative agreement & " |No fulfillment of both particl%:l x

and momentum sum rules
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In general, the lack of the Poincaré covariance and macroscopic locality* generates biases for the
study of genuine QCD effects (nucleon swelling, exotic quark contigurations ...)
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The EMC eftect

Conventional (NR) calculations:

and momentum sum rules

e e S ——————— S ——m——————— -

¥ Qualitative agreement & " |No fulfillment of both particl%:l x

In general, the lack of the Poincaré covariance and macroscopic locality* generates biases for the
study of genuine QCD effects (nucleon swelling, exotic quark contigurations ...)

Macroscopic locality (= cluster separability (relevant in nuclear physics)): i.e. observables associated to different
space-time regions must commute in the limit of large space like separation (i.e. causally disconnected).

In this way, when a system is separated into disjoint subsystems by a sufficiently large space like separation, then the
subsystems behave as independent systems

B.D.Keister and W.N.Polyzou, Adv.Nucl.Phys. 20 (1991), 225-479
Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 10



The EMC eftect

Our approach (Light-Front

e — _ e ——

LI\/Iacroscopic Ioc:alitﬂ

S —— e e e e S

lPoincaré c:ovariant'

B.D.Keister and W.N.Polyzou, Adv.Nucl.Phys. 20 (1991), 225-479
P. A. M. Dirac, Rev. Mod. Phys. 21 (1949) 392-399
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The EMC eftect

Our approach (Light-Front

Sum rules fulfilled

e — - e ——

LI\/Iacroscopic Ioc:alitﬂ

lPoincaré c:ovariant'

B.D.Keister and W.N.Polyzou, Adv.Nucl.Phys. 20 (1991), 225-479
P. A. M. Dirac, Rev. Mod. Phys. 21 (1949) 392-399

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024)

S —— e e e e e e

12



The EMC eftect

Our approach (Light-Front + Bakamjian-Thomas)

Only nucleonic d.o.t.

Conventional nuclear Physics
Standard Model of Few-Nucleon Systems

Sum rules fulfilled
LI\/Iacroscopic Iocalityl

IPoincaré covariant'

B.D.Keister and W.N.Polyzou, Adv.Nucl.Phys. 20 (1991), 225-479
P. A. M. Dirac, Rev. Mod. Phys. 21 (1949) 392-399

achieved high-sophistication!

B. Bakamijian, L. H. Thomas, Phys. Rev. 92 (1953) 1300-1310
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The EMC eftect

Our approach (Light-Front + Bakamjian-Thomas)

Only nucleonic d.o.t.

Conventional nuclear Physics
Standard Model of Few-Nucleon Systems

achieved high-sophistication!

lPoincaré covariant'

¥ \We provide a reliable baseline for the calculation of the nuclear SFs where only the well known nuclear

part is considered
€ This relativistic treatment is needed for the kinematics of the JLab12, JLab22 and EIC

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 14



LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = O; [M™, P"] = — i(g""P” — g""P")
[M,MI/, Mpa] — i(g,uvaa R gvaM,up o g/vap b gl/O'M,uO')

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024)

=



LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = O; [M™, P"] = — i(g""P” — g""P")
[M,MI/, Mpa] — i(g,upMya R gvaM,up o g/vap b gI/O'M,uO')

Such a goal can be achieved in
different equivalent ways

depending on the initial conditions
T et
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LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = 0; [M*, P?] = — i(g""P" — g’ P¥)
[M,m/, Mpa] — _ i(g,uvaa B gvaM,up L g/vap . gUO'M,ua) —

Such a goal can be achieved in IF f=x0=0

different equivalent ways

depending on the initial conditions
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LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = O; [M™, P"] = — i(g""P” — g""P")
[M,MI/, Mpa] — i(g,uvaa R gvaM,up o g/vap b gUO'M,ua)
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different equivalent ways i f ol
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LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = O; [M™, P"] = — i(g""P” — g""P")
[M,MI/, Mpc)'] — i(g,uvaa R gvaM,up o g/vap b gUO'M,ua)
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different equivalent ways

depending on the initial conditions
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LF approach in pills

Poincaré covariance — Find 10 generators:
P# — 4D displacements and M** — Lorentz transformation, that fulfill:

[P*, P*] = O; [M™, P"] = — i(g""P” — g""P")
[M,MI/, Mpc)'] — i(g,uvaa R gvaM,up o g/vap b gUO'M,ua)

Such a goal can be achieved in IF b
different equivalent ways

depending on the initial conditions
e = e ———————

e 7 Kinematical generators (max n°): i) 3 LF boosts (in instant form they are dynamical!) ; The front fogrl |
P=P*=P°+ P>, P ) ; iii) Rotation around the z-axis
e The LF boosts have a subgroup structure: trivial separation of intrinsic and global motion, as in the NR case

e P™ >0 — meaningful Fock expansion, once massless constituents are absent
¢ The infinite-monentum frame (IMF) description of DIS is easily included
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction
ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M? |y > = s|y > is formally equivalent to the Schrédinger equation
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction
ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M? |y > = s|y > is formally equivalent to the Schrédinger equation

For a nucleus A: Mp[1,2,3,...,A] = M[1,2,3,..., A1+ V(k*; k - ki K; - k)
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction

ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M* |y > = 5|y > is formally equivalent to the Schrédinger equation

Free mass

| A
For a nucleus A: Mg {1,2,3,...,A] = My[1,2,3,..., A1+ V(k%: K - k; K; - k) Mjt2: 1 2\/m2+kg

A
> k=0
=1
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction
ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M* |y > = 5|y > is formally equivalent to the Schrédinger equation

| Free mass S
For a nucleus A: My;1,2,3,...,A] = M,[1,2,3,..., A] V(k2 kk k Mo[l v A= Z\/m +k?
o bo s
operator Zk =4
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction
ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M* |y > = 5|y > is formally equivalent to the Schrédinger equation

| Free mass S
For a nucleus A: My;1,2,3,...,A] = M,[1,2,3,..., A] V(k2 kk k Mo[l v A= Z\/m +k?
o bo s
operator Zk =4

Eram this construction:

1) The commutation rules impose to V invariance for translations and rotations as

well as independence on the total momentum, as it occurs for V*®
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| F + Bakamjian-Thomas construction

BT properly constructed the 10 Poincaré operators in presence of interactions following this scheme:
) Only the mass operator M contains the interaction
ii) It generates the dependence of the 3 dynamical generators (P~ and LF transverse rotations)

i) The eigenvalue equation M* |y > = 5|y > is formally equivalent to the Schrédinger equation

| Free mass S
For a nucleus A: My;1,2,3,...,A] = M,[1,2,3,..., A] V(k2 kk k Mo[l v A= Z\/m +k?
o bo s
operator Zk =4

Eram this construction:

1) The commutation rules impose to V invariance for translations and rotations as

well as independence on the total momentum, as it occurs for V*®

2) One can assume Mp{1,2,...,A] ~ MNR

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 26



| F + Bakamjian-Thomas construction

B \ T
BT pr eme:
) On
TE e
i) Th | Therefore what has been learned till
now about the nuclear interaction, .
Fo cle within a non-relativistic framework, | D / m* + k7

can be re-used in a Poincaré

covariant framework.
From

1) The S8}
we| BEN
D

2) On¢j

L
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Our approach: Reference frames

In order to implement macro-locality, it is crucial to distinguish between ditterent frames:

| _— -
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Our approach: Reference frames

In order to implement macro-locality, it is crucial to distinguish between ditterent frames:

e The Lab frame, where P = (My7,0,)

| .
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Our approach: Reference frames

In order to implement macro-locality, it is crucial to distinguish between ditterent frames:

e The Lab frame, where P = (My7,0,)
e The intrinsic LF frame of the whole system, [1,2,...,A], where
P = (My[1,2,...,A],0,) with

A
kt = EM[1,2,...,Al and My[1,2,...,A] = Z\/mz e
=1
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Our approach: Reference frames

In order to implement macro-locality, it is crucial to distinguish between ditterent frames:

e The Lab frame, where P = (My7,0,)
e The intrinsic LF frame of the whole system, [1,2,...,A], where
P = (My[1,2,...,A],0,) with

A
kt = EM[1,2,...,Al and My[1,2,...,A] = Z\/mz e
=1

e The intrinsic LF frame of the cluster [1;2,3,..., (A — 1)] where
P=(Myl1;23,....,A—1]),0)) with

et = EMlof1523,...A = 1] andlly[1;2.3,...., A — 1] = V/m® + &2 + /M2 + &2

M, = (A — 1)m + € is the mass of the

LAB _ ke — fully interacting spectator system

While py

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 3]



Our approach: LF spectral function |

Since we use an impulse approximation assumption, we rely on the spin-dependent LF spectral function
o D

Pé\,’g(i%, €,5, M) = Z Zp(e)LF <tTa,6Jl;70, R\ Y S, TyT, > <Y S, T0,, | a6 0] i &
T IT
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Our approach: LF spectral function |

Since we use an impulse approximation assumption, we rely on the spin-dependent LF spectral function

o D

Pé\,’g(i%, €,5, M) = Z Zp(e)LF <tTa,6Jl;70, R\ Y S, TyT, > <Y S, T0,, | a6 0] i &

1. T

| 1T a, €;JJ; 10", K > is the tensor product of the plane wave of the struck nuc
interacting spectator system [2,...,A — 1] in the intrinsic reference frame of the c

spectator system has energy e. It fulfills the macrolocality*
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Our approach: LF spectral function |

Since we use an impulse approximation assumption, we rely on the spin-dependent LF spectral function

o D

Pé\,’g(i%, €,5, M) = Z Zp(e)LF <tTa,6Jl;70, R\ Y S, TyT, > <Y S, T0,, | a6 0] i &

1. T

| 1T a, €;JJ; 10", K > is the tensor product of the plane wave of the struck nuc
interacting spectator system [2,...,A — 1] in the intrinsic reference frame of the c

spectator system has energy e. It fulfills the macrolocality*

eon ancd the siaie = F ¢

ne fully

uster [1: 2.3 = % |

when the

| WS, T, Ty, >, 5 is the eigenstate of Mp,[1,...,A] ~ MM in the intrinsic frame of the system [1,2,...,A]

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024)
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Our approach: LF spectral function |

Since we use an impulse approximation assumption, we rely on the spin-dependent LF spectral function
o D

Pé\,’g(i%, €,5, M) = Z Zp(e)LF <tTa,6Jl;70, R\ Y S, TyT, > <Y S, T0,, | a6 0] i &
T IT

1T a, €;JJ; 10", K > is the tensor product of the plane wave of the struck nucleon and the state of the tfully

interacting spectator system [2,...,A — 1] in the intrinsic reference frame of the cluster [1;2,3,...,A — 1] when the

spectator system has energy e. It fulfills the macrolocality*

| WS, T, Ty, >, 5 is the eigenstate of Mp,[1,...,A] ~ MM in the intrinsic frame of the system [1,2,...,A]

The LF spectral function contains the determinant of the Jacobian of the transformation between the
intrinsic frames [1;2,3,...,A — 1]and [1,2,..., A], connected each other by a LF boost

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 35



Our approach: LF spectral function ||

4 =

P (Re,S,M) = Z Zp(e)LF <tha,eJ),16, k| ¥ S, T, ><YWYppS, LI, | g acll e

x Sl e
2 : = -

How do we deal with LF states?

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 36



Our approach: LF spectral function ||

=

P (Re,S,M) = Z Zp(e)LF <tha,eJ),16, k| ¥ S, T, ><YWYppS, LI, | g acll e

| Sl e
= — =

How do we deal with LF states?

1) We can express the LF overlap in terms of the IF overlap using Melosh rotations:

<t a,e,J] ;170 , k|5 S, TyTy, >1p > <tTya,e;0) 70, k| Y0 S, ThTs, >p
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Our approach: LF spectral function ||

N

Pro&.€.5,M) = Z ZP(E)LF <tha,e;J ;10 K| Y pp S, TyTy, > < WS, Ty Ty | (T @ €, 570,k > p

7 7T

How do we deal with LF states?

1) We can express the LF overlap in terms of the IF overlap using Melosh rotations:

<tla,e;J) ;10 ,&|¥Y; S, TyTy, >1p = <tTa,e;J0 ;10 k| i S, TaTy, >

2) Then we can approximate the |IF overlap into a NR overlap by using the NR wave function for the nucleus,
thanks to the BT construction:

=t acll t0,, K| 51p5 S, L Loy ~<tla,¢J]; to,, K| 5175 S, )Ty, >NR

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 38



Our approach: LF spectral function ||

N

Pro&.€.5,M) = Z ZP(E)LF <tha,e;J ;10 K| Y pp S, TyTy, > < WS, Ty Ty | (T @ €, 570,k > p

7 7T

How do we deal with LF states?

1) We can express the LF overlap in terms of the IF overlap using Melosh rotations:

<tla,e;J) ;10 ,&|¥Y; S, TyTy, >1p = <tTa,e;J0 ;10 k| i S, TaTy, >

2) Then we can approximate the |IF overlap into a NR overlap by using the NR wave function for the nucleus,
thanks to the BT construction:

<tla,e;J) ;10 k|5 S, TyTy, > ~ <tTya,e;J0 ;716 k| ¥ p S, TyT,, >N
Poincaré covariance preserved but using the successful NR phenomenology

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 39



Our approach: LF spectral function |l

=

P(];\,’G(fc', €,5, M) = Z Zp(e)LF <tha,eJl,t6 . K| S, T\ T, ><¥nppS LI, | gL aecll g e
5 I

™\ Vi

How do we deal wi

1) We can express tt

<il.a,e,JJ,;76 3

We used wave functions of °H,> H,> He,* He calculated
through 3 different potentials: Av18+UIX* and 2 versions of

the Norfolk yEF1 interactions NVIa+3N** and NVIb+3N**

2) Then we can app
thanks to the BT cor

'the nucleus,

=ft.ace J) 10,
*R. B. Wiringa, V. G. J. Stoks, R. Schiavilla, Phys. Rev. C 51 (1995) 38-51;

R. B. Wiringa et al., Phys. Rev. Lett. 74 (1995) 4396-4399

Poincare covariar
“*M.Viviani et al., Phys. Rev. C 107 (1) (2023) 014314; M. Piarulli et al.,Phys.

Rev. Lett. 120 (5) (2018) 052503; M. Piarulli, S. Pastore, R. B. Wiringa, S.

—— Brusilow, R. Lim,Phys. Rev. C 107 (1) (2023) 014314 40



Nuclear SFs and EMC ratio

F{(x)

To calculate the EMC ratio RéMC(x) = a0 for any nucleus A, we need the nuclear SFs.
2 x

Within our approach we have:

I = longitudinal momentum fraction carried

by a nucleon in the nucleus

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 41



Nuclear SFs and EMC ratio

Fo\(x
To calculate the EMC ratio RéMC(x) = FZE )) for any nucleus A, we need the nuclear SFs.
2 x

Within our approach we have:

I = longitudinal momentum fraction carried

by a nucleon in the nucleus

e ES Unpolarized LF spectral function:
JhL - PR YPiE s
= 2j+14~
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Nuclear SFs and EMC ratio

F{(x)

To calculate the EMC ratio RéMC(x) = a0 for any nucleus A, we need the nuclear SFs.
2 x

Within our approach we have:

I = longitudinal momentum fraction carried

by a nucleon in the nucleus

1) L Biortken imi % he LCMD N(f) %Ed J dK‘J_ | PN(~ ) ES Unpolarized LFlspectraI function:
INn the bjorken [Imit we have the : = € K, € N =

Since our approach fulfill both macro-locality and Poincaré covariance the LC momentum distribution satisfies 2
essential sum rules at the same time:

1
— J df[fo(f) + (A — Z2)f"(&)]: Baryon number SR;

0
|

- = = < >y= J dfff{v(é): Momentum SR (MSR)
0
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Nuclear SFs and EMC ratio

F{(x)

To calculate the EMC ratio RéMC(x) = a0 for any nucleus A, we need the nuclear SFs.
2 x

Within our approach we have:

I = longitudinal momentum fraction carried

by a nucleon in the nucleus

1 E Unpolarized LF spectral function:

dx
1) in the Bjorken limit we have the LCMD: fY(&) = %Edej — PN(R, e - == =
) : U (2r7)3 2kt (k. €) - = MK o= T ;PQ(K, €,S, H)

2) The free nucleon SFs E.Pace, M.Rinaldi, G.Salme and S. Scopetta, Phys. Scr. 95, 064008 (2020):

a) we choose a parametrization for F(x)
b) we use the MARATHON data (MARATHON Coll., Phys. Rev. Lett 128 (2022) 13,132003)

n

for the parametrization of the ratio F_?’ to get Fy
2
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T h e E M C ef{e Ct -FO r 3 H eE.Pace, M.R. G.Salmé and S.Scopetta, Phys. Lett. B 839(2023) 127810

[1] J. Arrington, et al,
Phys. Rev. C 104 (6)
(2021) 065203

[2] S. A. Kulagin and R.
Petti, Phys. Rev. C 82,
054614 (2010)
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Small but solid effect, comparable to the experimental data
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Dotted-dashed: Av1i8/UIX
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Full squares: JLab data
from experiment E03103
1[1] as reanalyzed in [2]

 *[B. Adeva, et al., Phys. Lett. B 412

¥ (1997) 414-424.]

**[A. Accardi, L. T. Brady, W.
Melnitchouk, J. F. Owens, N. Sato,

| Phys. Rev. D 93 (11) (2016) 114017]
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The EMC eftect for 4He

F.Fornetti, E.Pace, M.R., G.Salme, S.Scopetta and M.Viviani, Phys.Lett.B 851 (2024) 138587

Full squares: JLab data
from experiment
E03103
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Av18/UIX
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of Fg >
Dashed line: CJ15 +TMC
Parametrization of Fé’ =

F;‘ extracted from MARATHON
data

*IB. Adeva, et al., Phys. Lett. B 412
(1997) 414—-424.]

**[A. Accardi, L. T. Brady, W.
Melnitchouk, J. F. Owens, N. Sato, Phys.
Rev. D 93 (11) (2016) 114017]

The dependence on the choice of the free nucleon SFs is largely under control in the properly EMC region
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The EMC eftect for 4He

F.Fornetti, E.Pace, M.R., G.Salme, S.Scopetta and M.Viviani, Phys.Lett.B 851 (2024) 138587

Full squares: JLab data
from experiment
E03103
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Both lines calculated with

Remc(X)
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—- — *IB. Adeva, et al., Phys. Lett. B 412

B _ (1997) 414—-424.]
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Recent (ongoing) calculations

1.20;
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Data from:

D. Abrams, H. Albataineh, B.

~S. Aljawrneh,... et al,

“The EMC Effect of Tritium and Helium-3 from the JLab MARATHON Experiment,"’

[arXiv:2410.12099 [nucl-ex]].
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Some recents works...

F. Fornetti, E. Proietti..., M. R. et al, PRC 110 (2024), 3, L0O31303

Calculation of the spin dependent 3He structure functions within the Light-Front covariant approach:

0.1

| | | | 10 I l | | \
0 - : PAPNPNP P
—0.1 ] SH - |
Also in this case there are no —02 | - o Chmtt ki bbbt
3 — —0.3 F 4 —~
free parameters and the 3He s O :
. s 0T 1
w.t. corresponding to the Av18 05 | [T
potential has been usead 06 1
—0.7 |
—0.8 |
—0.9 '
0 0.2 0.4 0.6 0.8 1
i
e

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 49



Some recents works...

F. Fornetti, E. Proietti..., M. R. et al, PRC 110 (2024), 3, L0O31303

Extraction of the neutron spin dependent structure from 3He data:

@
?;'7'(33) = 2% [9?(93) — 217?9?(55)] (J=12) 0'01()? Points: extracted
’ 0.005¢ from 3He data
. 0000 using our formula
with the effective polarizations obtained | = -0.05,
from the 3He w.f. = -0.010} Line: M. Gluck, et al,
-0.015 Phys. Rev. D 63,
rp’f ~ 0.873‘ rp’f ~ —0.0230‘ -0.0202 094005 (2001).
p? ~ 0.873 ph ~ —0.0245 -0.025!

. <

. -

The 3He spin structure is makes this nucleus unique to extract the neutron distributions!
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Conclusions

® EMC of light-nuclei within a Poincaré covariant LF approach

M We developed a rigorous formalism for the calculation of nuclear SFs (also for TMDs)
involving only nucleonic DOF with the conventional nuclear physics

M For 3He we obtain results in agreement with experimental data
for the EMC effect. Useful analysis for planned experiments in future facilities

M For the deviations from experimental data could be ascribed to genuine QCD eftects:
our results provide a reliable baseline to study exotic phenomena

® To do next

O Inclusion of the fully Poincaré relativistic approach to Generalized Parton Distributions

O Include off-shell effects

O Application of the approach to heavier nuclei (éLi starting project)

O Studying Double Parton Distributions of light-nuclei (in preparation)
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B ~ Results similar to°He and *He
115 _
B | Solid line: Av18/UIX; Dashed-line: NVIb/UIX
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MARATHON coll. : experimental data of the super-ratio R"(x) = F;He(x)/FSH(x)

SHe: 2p + n: °H: n + 2p

Is possible to extract the ratio Fé’(x)/Fé’ (x) through the super-ratio

P
=
o0

O
o

(x) / FA(x)

2
F

n
=
AN

-
[\

[
| | I I

Matteo Rinaldi

E.Pace, M.Rinaldi, G.Salme and S.Scopetta Phys. Lett. B 839(2023) 127810

Dashed line: ratio from SMC collaboration
Empty squares: MARATHON extraction

Solid line: cubic and conic extractions from Fé’ SMC parametrization, fitted to
MARATHON data
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& |n Instant form (initial hyperplane t=0), one can couple spins and orbital angular momenta via Clebsch-Gordan
(CQ) coefficients. In this form the three rotation generators are independent of the the interaction.

& To embed the CG machinery in the LFHD one needs unitary operators, the so-called Melosh rotations that
relate the LF spin wave function and the canonical one. For a particle of spin (1/2) with LF momentum

1 1 k = {k+?EL}
k;=,0)e=Y D (Ru(k)) |k; =,0")ir
i ; e ‘ :

Wigner rotation for the J=1/2 case

"~

e Ru(k)is the Melosh rotation connecting the intrinsic LF and canonical frames, reached through different boosts
from a given frame where the particle is moving

m+ kT —10- (2 x k)

D1/2[RM(E)]U’0 = \CT,/
V(m+ k)2 + ko2

Xo = trik;so’|k; so)c

two-dimensional spinor

N.B. If |k | << k™,m — Dyry > Iy,

Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 54



Backup slides

Numerical results A. Del Dotto, E. Pace, G. Perna, A. Rocco, G. Salmé and S. Scopetta, Phys.Rev.C 104 (2021) 6, 065204)
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Matteo Rinaldi JLab at 22 GeV (LNF-INFN 2024) 55



Backup slides

Numerical resu|ts A. Del Dotto, E. Pace, G. Perna, A. Rocco, G. Salmé and S. Scopetta, Phys.Rev.C 104 (2021) 6, 065204)
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* E.Pace, M.Rinaldi, G.Salme and S. Scopetta, Phys. Scr. 95, 064008 (2020)

nucleon

J dKJ_dK_I_ . 1 P | - o - \‘;adronic tensor of the
e = L. 2<2n>3z<+? ’ |

Unpolarized LF spectral function:

— ; T PR =—— 3 PYR.€.S, M)
W *"is parametrized by the SFs Fy'(x) and F) (x) 2j+1 <

FA(X) = _xg,uuW . Z Z J J' (2;)_3 2K‘+ PN(K G)Fé\l(Z) ‘ Free nucleon SF

2 + 2
TR iz A1 2-q Pfé
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* A. Del Dotto, E.Pace, G. Salme and S.Scopetta, Phys. Rev. C 95,014001 (2017)

FA(X) = _xg,ul/W s Z Z [ J (271_)3 2K+ PN(K G)FN(Z) ‘(

In the Bjorken limit | de | dk™ = Jdk‘+ [de so we can use the light-cone momentum distribution

(LCMD) instead of the LF spectral function *

LCMD: /() = X de P (K, €) = [dk n"(, k)]

Squared nuclear wave function. Thanks to
the BT construction, one is allowed to
use the NR one

=

LF momentum dIStrlbUthn e ',

ntc ko — J dk T kI &k '
A = H[ 1 ag‘ AU ST VY

~Deferminant of the Jacobian matrix. LF boost: effect of a Poincaré
covarlance approach
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The distributions are peaked at 1/A with an accuracy of 1/1000:

<
L)~ -

P T 2 T
7 o &

10F | ‘
=
/ \
\
, /
: /
' \ \
I 7\ \
I : /,// ‘\\ \\‘\
! ///'/ ‘\ \ ‘\\\
0.01 ! I/I' |\‘\ | \\\\ '
0.2 0.4 c 0.6 0.8

1

* The tails of the distributions are generated by
the short range correlations (SRC) induced by
the potentials (i.e the high-momentum content of
the 1-body momentum distribution)

e The tails of the LC momentum distribution
calculated by the Av18/UIX potential is larger

than the ones obtained by the yEFT potentials
for both *He and deuteron

F.F. E.Pace. M.Rinaldi. G.Salme. S.Scopetta and M.Viviani. Phvs.Lett.B 851 (2024)
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For the polarized DIS we need to calculate the antysimmetric part of the hadronic tensor:

=22 qﬁdej P GeSs ] Wi [T

hadronic tensor of the
nucleon

> Spin-dependent LF spectral function

W" #" is parametrized by the the spin-dependent SFs (SSFs) g; A(x, 0?) and g‘24(x 0?)

As for the unpolarized case, in the Bjorken limit we can write a convolution formula for the SSFs:

i < o Sl Ol Y s . NS P TS . il BTSN gn S N AN PRSP ” el gn A L o O L Rl gon S SRR g LAt
1 .
d

2 ) = Z[ de [N @M +8Y@RV(E)]. =12
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g 5 () = ZJ d¢ [g{V<z>lN<<§>+g§V<z>hN<<f>] e

The spin-dependent LCMD ZJN (&) and h]N (&) are related to the transverse momentum-

We used the TMDs for >He calculated with the Av18 potential in Ref. [1]

GRSV parametrization [2] for the g!'(x) SSF
(x) extracted by g; V(x) with the Wandzura-Wilczek formula [3]:

<x>——g1<x>+J a5

[11 R.Alessandro. A.Del Dotto.”E.Pace. (%} Perna. G.Salme and S.Scopetta. Phvs.Rev.C 104(2021) 6.065204

21 M. Gliick. E. Reva. M. Stratmann. and W. Voaelsana. Phvs. Rev. D 63. 094005 (2001)
I31 S. Wandzura and F. Wilczek. Phvs. Lett. B 72. 195 (1977)
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/0= | defel@nrabn)

One can approximate this equation using that ZJN (&), h]N (&) are peaked around & ~ 1/A and so

Where the effective polarization pJN are integral of the TMDs Af(&, k) and A7 (&, k| )*

| 1 1 ;:
oY = | de|dk Ak andpl = | de|akarfek) |

We compared our extraction of the neutron SSFS with the one of the GRSV parametrization
and with the NR extraction, obtained through the effective polarizations calculated from a NR
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