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My controversial claim:

Our new analysis shows that SRC data can constrain the NN interaction
up to relative momenta of 1 GeV/c.



Constraining the NN interaction
with SRC data
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Constraining the NN interaction
with SRC data

NN Interaction SRC Data
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Constraining the NN interaction
with SRC data

SRC Data

in kinematics where
plane-wave is valid

NN Interaction

> Plane-wave calculation

Contact Formalism _
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Generalized Contact Formalism

When r;; — 0 or kjj — oo:
Y(rnrn...ra) — () x A(n,...ra)

Universal ~~ constant



Generalized Contact Formalism

When r;; — 0 or kjj — oo:

Y(rn,rn...ra) — o(ri) X

Universal

m ©: determined from NN interaction model
m A: abundance of pairs in this nucleus
m [ A— C, nuclear contact

A(I’l, . I’A)

~~ constant



We assume a fully plane-wave reaction.
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We assume a fully plane-wave reaction.
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Integrating over p, produces a spectral function
for SRC break-up.

From Weiss et al., PLB 791 (2019) pp 242-248:

p1 — P2
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So= 37 | Grd((P2)
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Integrating over p, produces a spectral function
for SRC break-up.

From Weiss et al., PLB 791 (2019) pp 242-248:

p1 — P2
O 5

2
”a(ﬁl + 52)

1 dp .
So= 37 | Grd((P2)

By sampling instead of integrating, we get a generator:

do ~ Oep - n(/_j(:l\/l) : Z Ca‘(ﬁa(k)|2

a
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Model Input

u (Pa(ﬁrel.)
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Model Input

u (pa(ﬁrel.)
m Cy

-
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n(k) [fm°]
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Full VMC Calculation

Full Contact Calculation
mEes C::o contribution
si==e C::o contribution

=== C;, contribution
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Model Input

u (Pa(ﬁrel.)
m Cy

| n(ﬁcm): 3D Gaussian with o

-500 -250

measured (corrected)

0,=195%21 (173 +22) MeV/c
0,=163+17 (148 +18) MeV/c
0, =176+ 13 (157 + 14) MeV/c

0, =178 +7 (156 £ 9) MeV/c
0,=185+9 (163 +9) MeV/c
0:=181£6 (159 £ 6) MeV/c

0,=180+ 14 (162 + 15) MeV/c
0,=166+ 13 (150 + 13) MeV/c
0;=172+9 (155 + 10) MeVic

0,=157+7 (141 +7) MeVic
0,=160+7 (146 + 7) MeVic
0, =159+ 5 (143 +5) MeVic

0 250 500
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Model Input

u (Pa(ﬁrel.)
m Cy

—

m n(Pcm): 3D Gaussian with o¢m

m Residual excitation energy: E*

measured (corrected)

Pb | 0,=195+21 (173 +22) MeV/c
10 L y 0,=163+17 (148 + 18) MeV/c
"I 0, =176+ 13 (157 + 14) MeV/c

40 | Fe 0,=178+7 (156 + 9) MeV/c

0,=185+9 (163 +9) MeV/c
0:=181£6 (159 £ 6) MeV/c

0,=180+ 14 (162 + 15) MeV/c
0,=166+ 13 (150 + 13) MeV/c
0;=172+9 (155 + 10) MeVic

0,=157+7 (141 +7) MeVic
0,=160+7 (146 + 7) MeVic
0, =159+ 5 (143 +5) MeVic

500 -250 O 250 500

Pé.m. [MeVic]
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Connecting the model to data

Radiative corrections
Acceptance corrections
FSI corrections, etc...

N
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Connecting the model to data

Transparency, SCX
Radiative effects
Detector model

17



We forward propagate the model to the data.

Generate events according to
model e

E\p;'

E2rﬁ2

EA-2r _ﬁ M
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We forward propagate the model to the data.

Generate events according to
model e

Radiative effects
E\p;'

E2rﬁ2

EA-2r _ﬁ M
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We forward propagate the model to the data.

Colle & Hen et al., PRC 722, 63 (2013)

- — ZRA
== ZRA-RMSGA

Generate events according to
model

Radiative effects

Transparency/SCX using
Glauber

10

A(e,e'pp) cross-section ratios
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We forward propagate the model to the data.

Protons at 1 GeV/c

300° =

Generate events according to 240° —_n

model

Radiative effects 180" -
Transparency/SCX using 120° ¢ - -7

Glauber

Detector acceptance _n"

100° 140°
9

Acceptance




We forward propagate the model to the data.

Generate events according to
model

Radiative effects

Transparency/SCX using
Glauber

Detector acceptance
Same event selection as data
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80
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Choosing kinematics that minimize FSI

Isobar Config. Meson-exchange curr.
e’ e'
e e
Lead
Lead
Recoil
Recoil A
A A-2
A2

FSI with nucleus

e

Lead

Recoil




Choosing kinematics that minimize FSI

Isobar Config.

Meson-exchange curr.
.

e
Lead

Recoil

FSI with nucleus

e

Lead

Recoil

mxg>12
m High Q2
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Choosing kinematics that minimize FSI

Isobar Config.

Meson-exchange curr.
.

e
Lead

Recoil

FSI with nucleus

e

Lead

Recoil

mxg>12
m High Q2

m Anti-parallel kinematics
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SRC events are selected in kinematics that
minimize final-state interactions.

Missing Momentum

Recoil R Leading Proton
(Low mom.) (High mom.)
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Dmiss 1S anti-parallel to g
for C, Al, Fe, Pb.

Missing Momentum
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We remain anti-parallel over our pss range.

o

Counts (normalized to

Counts (normalized to C)
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Event selection criteria

m A(e, €'p)

xg > 1.2

Opg < 25°

0.62 < |,|/|dl < 0.96
Mpiss < 1.1 GeV

0.3 < |Pmiss| < 1.0 GeV/c
Fiducial cuts on €', p
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Event selection criteria

m A(e, €'p)

xg > 1.2

Opg < 25°

0.62 < |,|/|dl < 0.96
Mpiss < 1.1 GeV

0.3 < |Pmiss| < 1.0 GeV/c
Fiducial cuts on €', p

m A(e, €pp)

m Event passes A(e, €'p) criteria
m Additional recoil proton with || > 0.35 GeV/c

B ... passing fiducial cuts
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Leading and recoll protons are distinct.

Momentum [GeV/c]
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Leading and recoll protons are distinct.

Recoil protons
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Data-Model comparisons

m Carbon data only
m Contacts determined from fits to VMC
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Data-Model comparisons

m Carbon data only
m Contacts determined from fits to VMC

m NN interactions

m AV18
m Local xPT N2LO (1 fm cut-off)
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Data-Model comparisons

m Carbon data only
m Contacts determined from fits to VMC

m NN interactions

= AV18
m Local xPT N2LO (1 fm cut-off)
m Not ready yet:

m Local xPT N2LO (1.2 fm cut-off)
m Non-local xPT
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Data-Model comparisons

m Carbon data only
m Contacts determined from fits to VMC

m NN interactions

= AV18
m Local xPT N2LO (1 fm cut-off)
m Not ready yet:

m Local xPT N2LO (1.2 fm cut-off)
m Non-local xPT

m Model uncertainty from:

m Contacts m SCX prob. m A— 2 excitation E*

B Ocy m Transparency W Py cut-off

H & res.

B D res.
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‘The model accurately predicts kinematics.

C(e, €p)

2C(e, e'p)
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Missing-momentum distributions

Counts

1000. - .
— ¥ 12@ke ¢'p)
= AVl
== y-Localyzro
100.
10.
1
0.4 05 0.6 0.7 05 09

Pmiss [GeV/c]

Counts

I Data
= AvI8
0.01f &= x-Localyzr0
04 05 0.6 0.7 0.8 09 1

Pmiss [GeV/c]

38



Missing-momentum and missing-energy

2C(e.c'p) 2C(e.'pp)
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(e, €'pp)/(e, €'p) ratio

Fepp/#ep
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My controversial claim:

Our new analysis shows that SRC data can constrain the NN interaction
up to relative momenta of 1 GeV/c.
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BACK-UP

42



Reaction

: N (ﬁN B+ /p;+m§,)

........ }® ’ p (-’reco[l' Przecoii+m123)

5 2
A-2 (_Pcmr Ey2= [Phnt (mA—Z + E*) )
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Model cross section

déo _ Oen
dQ2dXBd¢ed3[_5CMdQQ N 327!'4

n(/_jCM)j Z Ca|¢a(|/_5rel|)|2

7= EjEop3 w
|E2(p2 — Z cos 92,2) + E{p2| 2EpeamEexp

Z

G+ Pcm
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(e, €'pp)/(e, €'p) ratio
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Missing-momentum distributions

1000

100.

10,
Data
L= avis
== y-Localyzro (1.0 fm) N
x-Localyaro (1.2 fm) o
== x-Nonlocalyszo D
01 . . . . "
0.4 05 06 0.7 0.8 0.9 1

Pmiss [GeV/c]

C(e, €'pp)

o1) ¥ Daa

20 (e, ¢'pp)

N |
= Avi8 N
&= y-Localyzz0 (1.0 fm) N N
x-Localyazo (1.2 fn)
0.015 === x-Nonlocalysro N
04 05 0.6 0.7 0.8 09 1

Pmiss [GeV/c]

46



