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Introduction

Why a description of electromagnetic scattering from deeply bound nucleons?

Experiments at quasi-elastic kinematics established signatures that deeply
bound nucleons emerge from short range nucleon-nucleon correlations.

Study the structure of nuclei at short distance.
Use of nucleons as the main degrees of freedom
Study high momentum components of the bound nucleon

TN < p ey N Q*~ afew GeV —  p;~ afew GeV
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Introduction

Simplest case: Exclusive Electro-Disintegration of Deuteron

e+d—e 4+ Nf+ N, (1)
Ny: ejected nucleon
N,.: recoil nucleon

q: virtual photon momentum, ¢ < 0

Within the Plane Wave Impulse Approx. (PWIA):

Easy and general enough to extend to bigger nuclei
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Introduction

Feynman amplitude:

NN D
M= A 17e [ M) q2”<8f,8r|-Aﬁ | $a), (2)
with, v*d — NN scattering amplitude:
_ i TMN _ s
AL = (sgosy | A% | sa) = —alop, )0 B s )T ot (9
i N

Extracting electro-bound nucleon Cross Sect. — Time ordered amplitude:

r Iy nn P,
v
P b; P
d P, = P RN n
= — )
Ip TNown
(@) (©)

pi = mn/2(Q = 2my) — 7Z-graph” can not be ignored

Frank Vera (FIU) electro-production on the light-front May 17, 2018



Set Up

Light Front 7-time ordered scattering amplitude:

a) F'onn

LF coordinates: (z+,27,z,y), 2t =t+z ot =71

Lo N x///
LF momenta: (p™,p~,ps,py), p™ =FE £p,

No “Z-Graph” in a collinear-frame z

g
A . . target v
where Z is opposite to q 7
scattering plane

[
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Nuclear Amplitude

LFPT diagrammatic rules produces two contributions
(Kogut and Soper 1970) (Lepage and Brodsky 1980)

Propagating:
— 1 (ﬁ + mN)on _
AL op = —U(py,sp)TEL ——(pr, s-)ToNNX™ (4)
pror N pF (pg = pr = pign)
Instantaneous:
A — M 1 1 + | 5 T Sd
inst u(pf78f)F7*Np_—'|- 57 U’(pTJST) DNNX (5>
Factorisation of the amplitude:
AH — AP A Ju o il}?’rSd (ChPT) 2(92 )3
prop T Ajpst = Z N (pfsfapzsz) o ( T
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Nucleonic Current

o qn T
J J(prop) + J(inst) (6)
where,
® = U ) v R . .
J(I”“Op) o u(pf’ Sf) <7MF1 + io* QVF2 2mN> u(pu 3@) (7)
J(znst) (pf7 )F( *N) u<p27 Sz) (8)

Ay, q"
DUt — (P Fy ot g, Fy— -Rdq(
N (7 1+107g 29mn ) 2mn 1q 54

MLy ()

2mN
dynamic off-shell factor: Ap} = plj — pi' —p ., = Pi' — P on
280 =7 (07 — Pion)

JN

(prop) 1Ot an on-shell current, g¢" # p/Jf — p’/ifon
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Structure Functions

Electro Nucleon Cross Section in terms of Structure Functions

Lk
2pap; Ey

nLVIJJV + nTLVJ{\E cos ¢ + nTVwa + UTTV:,{VT Cos(2q§))

Nucleonic EM tensor in LF components

4
Vi = C{TV(HFq:WjLC;HE_qu;—TH&_)
VN = Q2 <H+|I— H;,”q+>
vy = vl 4+ v
vy = gl _ g
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Structure Functions

2 2
_ p p
fovpmp = q° [F12T 1(1 + % + 71 (n; + nq)) — F1F2H(2 + nq) + Ff/ﬁ(% +7(1+ 77q)>:|
Viiinae = [Ffm' (Tm(l +ng) —2— 77q) + Fleﬂ(Tm- (2 —2n; —mng) + 77q)
+F22Fe2T(Tm(m +ng) — nq)]
(6
VAL prop = 2lal pr (Ff + Far’r) [2+ 4a—N +2ni + g
q
V%VL inst = 2|lqlpT (F12 + F22n27') (1 —77m;)ng
2 2
p P
VP prop = Am% [F7 (=2 +27(1+ng)) + 2F1 Fant (2 + ng) + F3 627 (24 —= + 273 (0 +71q) ) |
mN mN
VTNinst = 2Q° [Ff (Tm(m +nq) — nq) + Flem(Tm (21, +mnq — 2) — nq)

+F3 T, (Tm-(l +ng) —2— nq)]

V’I{VT prop = 4p'2I' (F12 + F22K’2T)
V’IJ“VT inst = 0
with,
_ 1 (my+pr?) 2 : :
n= g2 (4W —mj |, a universal parameter controlling off-shell effects

anda T = Q2/(4m%\7)7 n, = aN/zv Ng =1 qu/2
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Results

Different off-shell Scattering Cross Sections lead to significantly different
results (specially for deeply bound nucleons).

Comparison with the widely used de Forest off-shell extrapolations:

1 12 1.
Proton Q* =1 (GeV/c)? Proton Q%=1 (GeV/c)* Proton Q* =14 (GeV/c)* Proton Q? =4 (GeV/e)?
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Proton Q=1 (GeV/c)? Proton | ! \ Q> =1 (GeV/e)? Proton Q2 =4 (GeV/c)? Proton Q2 =4 (GeV/e)?

— ! 1
R Hq—y pi=04GeV/e | 7 A \ p=06GeV/e |2 o R4 pi=04GeV/e [ =Y P=06GeV/e |2 b
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Results

Comparison with the widely used de Forest off-shell extrapolations:

©

®
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Figure 2: Q2 distribution. R = -Zei
eN

Increasing the photon’s virtuality reduces the off-shell effects.
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Results

Kinematics for E01-020 (Boeglin et al., arXiv:1410.6770)
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Figure 3: p; distribution. R = 2L
eN
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Results

For wide range of kinematics,

n <0.1

—

off-shellness < 5%
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Effective method for controlling the uncertainties in the reaction mechanism.
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Electron—bound-nucleon cross section calculation based on Light Front
Perturbation Theory.

Identification of parameter (n) that universally characterizes the
off-shell extend of the electromagnetic current.

n can be used by experimentalists to suppress or isolate the off shell
effects for dedicated studies.

Results are more general than just PWIA:
The EM current is applicable to F'SI within eikonal approximation.
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Thank You
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