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My controversial claim:

Our EG2 analysis shows the AV18 NN-interaction describing data well

up to relative momenta of 1 GeV/c.
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I. INTRODUCTION

We present an analysis of A(e, e0pp) and A(e, e0p) events in kinematics dominated by the break-up of short-
range correlated (SRC) pairs. The data analysis uses the same 5 GeV EG2 events as selected in a previously
approved CLAS analysis [1] with the only addition of previously approved fiducial cuts [2] to the protons
and removal of detector region with low e�ciency / acceptance. We compare the measured event yields
with those calculated using a new Monte Carlo event generator and a theoretical cross-section model that
is detailed in Ref. [3]. While the theory model is currently only available for 12C, we present the measured
(e, e0pp) /(e, e0p) ratios and data distributions for all measured nuclei.

II. REVIEW OF PREVIOUS ANALYSIS

We begin this analysis by using the same ROOT trees as the previously approved analysis “Probing pp-SRC
in 12C, 27Al, 56Fe, and 208Pb using the A(e, e0p) and A(e, e0pp) Reactions” [1] and published in Refs. [4–6].
The particles detected in these events all pass the electron and proton PID, have a vertex that originates in
the solid target, and, for the electrons only, pass EG2 electron fiducial cuts. See Ref. [1] for details. The
only di↵erence in the data-analysis between this work and Ref. [1] is the application of proton
fiducial cuts (detailed in section 3 below.) We list the event selection cuts of that analysis here.

“Leading proton events,” i.e., A(e, e0p) events, matched the following kinematics:

• 0.4 GeV/c < |~pm = ~pp � ~q| < 1 GeV/c. This is a tighter cut than the > 0.3 GeV/c cut used in Ref.
[1], to ensure that we are in kinematics best suited for comparisons with the theoretical model of Refs.
[3, 7].

• xB > 1.2

• ✓pq < 25� and 0.62 < |~pp|/|~q| < 0.96 (shown in figure 1)

• Mmiss < 1.1 (shown in figure 1)

No events had more than one proton passing leading proton cuts.
Out of these A(e, e0p) events, A(e, e0pp) events were selected by matching the additional criteria:

• |~prec.| > 0.35 GeV/c

III. PROTON FIDUCIAL CUTS AND REMOVAL OF LOW EFFICIENCY DETECTOR
REGIONS

After taking the ROOT trees used in Ref. [1], we add the additional requirement that the protons pass
fiducial cuts. We use the approved EG2 positive particle fiducial cuts developed in Ref. [2] (subsequently
used in approved SRC analysis of Ref. [8] and published in [6]). The e↵ect of the fiducial cuts is shown in
Fig. 2 and their functional form is detailed in Appendix C, taken from Ref. [8].

We also choose to completely cut out data in regions that have bad detectors and are therefore more
sensitive to the CLAS simulation. Fig. 3 shows the angular distribution of protons in (e,e’p) events compared
with a simualted distributions. As can be seen, three sectors exhibit regions of redued detection e�ciency in
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New EG2 Data Mining Analysis Note

1 Previous EG2 analyses selected SRC break-up events.

2 We have a new formalism, event generator to simulate SRC
break-up events.

Key input: 2-body wave function from NN-interaction

3 By comparing data to our generator, we can test short-distance

NN-interaction.
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Short-range correlations are universal in nuclei.

Pair with close-proximity

high relative momentum

Universal in nuclei:

≈ 20% of nucleons

Lead to high-momentum tails

7



Short-range correlations are universal in nuclei.

Pair with close-proximity

high relative momentum

Universal in nuclei:

≈ 20% of nucleons

Lead to high-momentum tails

8



Short-range correlations are universal in nuclei.

Pair with close-proximity

high relative momentum

Universal in nuclei:

≈ 20% of nucleons

Lead to high-momentum tails
0 200 400 600 800

Wiringa et al., 16O, AV18+UIX

Lo
g

pr
ob

ab
ili

ty
Nucleon momentum [MeV/c ]

9



SRC pairs are predominantly neutron-proton.

Evidence has come from EG2 data mining!
4

FIG. 1: (color online) Extracted ratios of pp- to np-SRC
pairs in nuclei. The open symbols show the measured reduced
cross-section ratios R = [A(e, e0pp)/2�ep]/[A(e, e0np)/�en].
The filled symbols show the extracted ratios of pp- to np-SRC
pairs obtained from the measured cross-section ratios after
SCX corrections using Eq. 1. The magenta square shows the
data of [14], which were also corrected for SCX. The shaded
regions mark the 68% and 95% confidence limits on the ex-
traction due to uncertainties in the measured cross-section
ratios and SCX correction factors (see Appendix for details).

A(e, e0np) cross-section ratio from the measured event
yields required minimal corrections. The accumulated
luminosity and detector live time was the same for both
reactions and therefore canceled in the ratio. The kine-
matics of all measured particles was the same for the two
reactions. Therefore, their acceptance and detection e�-
ciency should also cancel in the ratio. While this was true
for the scattered electron and recoil proton, this is not
necessarily the case for the leading proton and neutron.
Even if they were both emitted from the nucleus with
the same momenta and angles, they would have been
detected with di↵erent detectors in di↵erent regions of
CLAS as the proton trajectories were bent due to the
CLAS magnetic field. This was accounted for by our
event selection cuts that only considered leading nucle-
ons emitted into the phase-space region with good accep-
tance for both protons and neutrons. Therefore, the only
corrections applied were for the detection e�ciencies of
protons and neutrons.

We scaled the A(e, e0pp) /A(e, e0np) cross section ra-
tio by the ratio of the elementary electron-proton and
electron-neutron cross sections �ep and �en, �p/n =
�ep/�en ⇡ 2.5, and by the number of scattered protons
(1 or 2). This scaling was applied event-by-event using
�ep and �en from Ref. [35]. The resulting reduced cross-
section ratio [R= A(e, e0pp) / 2 · �ep] / [A(e, e0np) / �en]
for all measured nuclei is shown in Fig. 1 (see Table II in
the Appendix). The inner error bars show the statistical

uncertainties while the outer ones include systematic un-
certainties added in quadrature. The latter include sen-
sitivity of the extracted cross-section ratio to the event
selection cuts detailed in Table I, uncertainties in the
neutron and proton detection e�ciency and a small dif-
ference for the leading proton and neutron transparency
in lead [23, 36] (see table III in the appendix).

As can be seen, the extracted reduced cross-section ra-
tio R is largely A-independent and equals ⇠ 6%. This
is consistent with np-SRC pairs being ⇠ 20 times more
abundant than pp-SRC pairs. However, the complete ex-
traction of the relative abundance of pp- to np-SRC pairs
from the measured exclusive two-nucleon knockout cross-
section ratios require correcting for reaction mechanism
e↵ects. As mentioned above, these include the attenua-
tion of nucleons as they exit the nucleus and single-charge
exchange, SCX, interactions (e.g., (n, p) and (p, n) reac-
tions) that change neutrons to protons and vice versa.

At the measured outgoing nucleon momenta, the pp
and nn elastic scattering cross-sections are similar and
therefore the nucleon attenuation is similar, i.e., the
probability for a pn pair to exit the nucleus in an
A(e, e0np) reaction is approximately the same as that
of a pp pair in the A(e, e0pp) reaction, see [23] for de-
tails. Therefore, the SCX correction is the most sig-
nificant one. Because np-SRC pairs are dominant, np
pair knockout, followed by an (n, p) charge-exchange re-
action, could comprise a large fraction of the measured
A(e, e0pp) events. This will make the extracted ratio of
pp- to np-SRC pairs smaller than the measured reduced
cross-section ratio R, making the latter an upper limit
on the pp- to np-SRC pairs ratio.

Calculation of SCX e↵ects are model and kinematics
dependent. In the current analysis, we used the Glauber
calculations of Ref [23] that were done for the kinemat-
ics of our measurement. We applied these SCX correc-
tions by assuming that the measured two-nucleon knock-
out reactions predominantly probe SRC pairs. Under
this approximation, the relative abundance of pp- to np-
SRC pairs can be expressed as (see derivation in the Ap-
pendix):

#pp � SRC

#np � SRC
=

1

2
· 2 · R · Pnp

A � P
[n]p
A � P

p[n]
A /�p/n

P pp
A � 2 · �p/n · R · P

[p]p
A � 2 · R · ⌘A · P

n[n]
A

,

(1)
where ⌘A = #nn�SRC

#pp�SRC , PNN
A is the probability for scat-

tering o↵ an NN pair without subsequent SCX, and

P
[N ]N
A and P

N [N ]
A are the probabilities for scattering o↵

an NN pair and having either the leading or recoil nu-
cleon undergo SCX, respectively. The values and uncer-
tainties of the parameters used in Eq. 1 are listed in the
Appendix. While the current analysis uses the SCX cal-
culations of Ref. [23], the formalism detailed in the Ap-
pendix, along with the measured reduced cross-section
ratios shown in Fig. 1, other calculations for these cor-
rections can be applied in the future.
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nuclei. This backward peak is a strong signature
of SRC pairs, indicating that the two emitted
protons were largely back-to-back in the initial
state, having a large relative momentum and a
small center-of-mass momentum (8, 9). This is a
direct observation of proton-proton (pp) SRC
pairs in a nucleus heavier than 12C.
Electron scattering fromhigh–missing-momentum

protons is dominated by scattering from protons
in SRC pairs (9). The measured single-proton
knockout (e,e′p) cross section (where e denotes
the incoming electron, e′ the measured scattered
electron, and p the measured knocked-out pro-
ton) is sensitive to the number of pp and np SRC
pairs in the nucleus, whereas the two-proton
knockout (e,e′pp) cross section is only sensitive to
the number of pp-SRC pairs. Very few of the
single-proton knockout events also contained a
second proton; therefore, there are very few
pp pairs, and the knocked-out protons predom-
inantly originated from np pairs.
To quantify this, we extracted the [A(e,e′pp)/

A(e,e′p)]/[12C(e,e′pp)/12C(e,e′p)] cross-section dou-
ble ratio for nucleus A relative to 12C. The double
ratio is sensitive to the ratio of np-to-pp SRC
pairs in the two nuclei (16). Previous measure-
ments have shown that in 12C nearly every high-
momentum proton (k > 300 MeV/c > kF) has a
correlated partner nucleon, with np pairs out-
numbering pp pairs by a factor of ~20 (8, 9).
To estimate the effects of final-state interac-

tions (reinteraction of the outgoing nucleons in
the nucleus), we calculated attenuation factors
for the outgoing protons and the probability of
the electron scattering from a neutron in an np
pair, followed by a neutron-proton single-charge
exchange (SCX) reaction leading to two outgoing
protons. These correction factors are calculated
as in (9) using the Glauber approximation (22)
with effective cross sections that reproduce pre-
viously measured proton transparencies (23), and
using themeasured SCX cross section of (24).We
extracted the cross-section ratios and deduced the
relative pair fractions from the measured yields
following (21); see (16) for details.
Figure 3 shows the extracted fractions of np

and pp SRC pairs from the sum of pp and np
pairs in nuclei, including all statistical, systematic,
and model uncertainties. Our measurements are
not sensitive to neutron-neutron SRC pairs. How-
ever, by a simple combinatoric argument, even in
208Pb these would be only (N/Z)2 ~ 2 times the
number of pp pairs. Thus, np-SRC pairs domi-
nate in all measured nuclei, including neutron-
rich imbalanced ones.

The observed dominance of np-over-pp pairs
implies that even in heavy nuclei, SRC pairs are
dominantly in a spin-triplet state (spin 1, isospin
0), a consequence of the tensor part of the nucleon-
nucleon interaction (17, 18). It also implies that
there are as many high-momentum protons as
neutrons (Fig. 1) so that the fraction of protons
above the Fermi momentum is greater than that
of neutrons in neutron-rich nuclei (25).
In light imbalanced nuclei (A≤ 12), variational

Monte Carlo calculations (26) show that this re-
sults in a greater average momentum for the
minority component (see table S1). The minority
component can also have a greater average mo-
mentum in heavy nuclei if the Fermimomenta of
protons and neutrons are not too dissimilar. For
heavy nuclei, an np-dominance toy model that
quantitatively describes the features of the mo-
mentum distribution shown in Fig. 1 shows that
in imbalanced nuclei, the average proton kinetic
energy is greater than that of the neutron, up to
~20% in 208Pb (16).
The observed np-dominance of SRC pairs in

heavy imbalanced nuclei may have wide-ranging
implications. Neutrino scattering from two nu-
cleon currents and SRC pairs is important for the
analysis of neutrino-nucleus reactions, which are
used to study the nature of the electro-weak in-
teraction (27–29). In particle physics, the distribu-
tion of quarks in these high-momentum nucleons
in SRC pairs might be modified from that of free
nucleons (30, 31). Because each proton has a
greater probability to be in a SRC pair than a
neutron and the proton has two u quarks for
each d quark, the u-quark distribution modifica-
tion could be greater than that of the d quarks
(19, 30). This could explain the difference be-
tween the weak mixing angle measured on an
iron target by the NuTeV experiment and that of
the Standard Model of particle physics (32–34).
In astrophysics, the nuclear symmetry energy

is important for various systems, including neu-
tron stars, the neutronization of matter in core-
collapse supernovae, and r-process nucleosynthesis
(35). The decomposition of the symmetry energy
at saturation density (r0 ≈ 0.17 fm−3, the max-
imum density of normal nuclei) into its kinetic
and potential parts and its value at supranuclear
densities (r > r0) are notwell constrained, largely
because of the uncertainties in the tensor com-
ponent of the nucleon-nucleon interaction (36–39).
Although at supranuclear densities other effects
are relevant, the inclusion of high-momentum
tails, dominated by tensor-force–induced np-SRC
pairs, can notably soften the nuclear symmetry

energy (36–39). Our measurements of np-SRC
pair dominance in heavy imbalanced nuclei can
help constrain the nuclear aspects of these cal-
culations at saturation density.
Based on our results in the nuclear system, we

suggest extending the previous measurements of
Tan’s contact in balanced ultracold atomic gases
to imbalanced systems in which the number of
atoms in the two spin states is different. The
large experimental flexibility of these systems will
allow observing dependence of the momentum-
sharing inversion on the asymmetry, density,
and strength of the short-range interaction.
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Fig. 3. The extracted
fractions of np (top)
and pp (bottom) SRC
pairs from the sum of
pp and np pairs in
nuclei.The green and
yellow bands reflect
68 and 95% confidence
levels (CLs), respec-
tively (9). np-SRC pairs dominate over pp-SRC pairs in all measured nuclei.
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np-dominance arises from the tensor force.

?

Tensor interaction dominates

Potential

Distance

Scalar part of the NN interaction
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How does np-dominance evolve with momentum?

isotropic three-dimensional motion of the pair and varied
the width of the Gaussian equally in each direction until the
best agreement with the data was obtained. The nine
measured distributions (three components in each of the
three kinematic settings for np pairs) yield, within the
uncertainties, the same width with a weighted average of
100! 20 MeV=c. This is in good agreement with the c.m.
momentum distribution calculated in Ref. [10]. Figure 1
compares the simulated and measured distributions of the
opening angle between the knocked-out and recoiling nucle-
ons. The fraction of events detected within the finite accep-
tancewas used to correct themeasured yield. The uncertainty
in this correction was typically 15%, which dominates the
systematic uncertainties of the 4Heðe; e0pNÞ yield.
The measured 4Heðe; e0pNÞ=4Heðe; e0pÞ ratios are given

by the number of events in the background-subtracted
triple-coincidence TOF peak corrected for the finite accep-
tance and detection efficiency of the recoiling nucleons,
divided by the number of random-subtracted (double-
coincidence) 4Heðe; e0pÞ events. These ratios, as a function
of pmiss in the 4Heðe; e0pÞ reaction, are displayed as full
symbols in the two upper panels of Fig. 2. Because the
electron can scatter from either proton of a pp pair (but only
from the single proton of an np pair), we divided the
4Heðe; e0ppÞ yield by two. Also displayed in Fig. 2, as
empty symbols with dashed bars, are similar ratios for 12C
obtained from previous electron scattering [1,2] and proton
scattering [4] measurements. In comparing the 12C and 4He
data, it is noted that the measured ratios are about equal and
very different from the ratios of naive pair counting in these
nuclei. The horizontal bars show the overlapping momen-
tum acceptance ranges of the various kinematic settings.
The vertical bars are the uncertainties, which are predomi-
nantly statistical.
Because we obtained the 4Heðe; e0ppÞ and 4Heðe; e0pnÞ

data simultaneously and with the same solid angles and
momentum acceptances, we could also directly determine
the ratio of 4Heðe; e0ppÞ to 4Heðe; e0pnÞ. In this ratio, many
of the systematic factors needed to compare the triple-
coincidence yields cancel out, and we need to correct only
for the detector efficiencies. This ratio as a function of the
missing momentum is displayed in the bottom panel of Fig. 2
together with the previously measured ratio for 12C [2].
To extract from the measured cross-section ratios the

underlying pair ratios, corrections for final-state inter-
actions (FSI) were calculated using the Glauber approxi-
mation [17]. The Glauber corrections (TL ¼ 0.75 and
TR ¼ 0.66–0.73), with TL and TR the leading and recoil
transparencies, were calculated by the Ghent group [17].
We assumed the uncertainties to be !20% of these values.
The single charge exchange (SCX) probability (PSCX) was
assumed to be 1.5! 1.5% based on the SCX total cross
section of 1.1! 0.2 mb [18]. The pair fraction extracted
from the measured ratios with the FSI calculated correc-
tions are shown in Fig. 2 as bands (see the Appendix for

details). The statistical and systematic uncertainties were
treated as independent and combined by simulation to
create the width of the one standard deviation bands shown
in Fig. 2. The systematic uncertainties in the correction
factor (15% due to finite detector acceptance, ∼20% due to
FSI) and statistical fluctuations can explain the extension of
the band beyond 100%.
The correction to the ratios due to attenuation of the

leading-proton is small. The attenuation of the recoiling
nucleon decreases the measured triple- or double-
coincidence ratios. Because the measured 4Heðe; e0pnÞ
rate is about an order of magnitude larger than the
4Heðe;e0ppÞ rate, 4Heðe; e0pnÞ reactions followed by a
single charge exchange [and hence detected as
4Heðe;e0ppÞ] increase the 4Heðe; e0ppÞ=4Heðe; e0pnÞ and
the 4Heðe; e0ppÞ=4Heðe; e0pÞ measured ratios.
The two-nucleon momentum distributions were calcu-

lated for the ground states of 4He using variational Monte
Carlo wave functions derived from a realistic Hamiltonian

FIG. 2 (color online). Bottom panel: the measured ratios
4Heðe; e0ppÞ=4Heðe; e0pnÞ shown as solid symbols, as a function
of the 4Heðe; e0pÞ missing momentum. Each point is the result of
a different setting of the detectors. The bands represent the data
corrected for FSI to obtain the pair ratios, see text for details. Also
shown are calculations using the momentum distribution of
Ref. [10] for pairs with weighted-average c.m. momentum
assuming arbitrary angles between the c.m. and the relative
momenta in the pair (solid black line). The middle panel shows
the measured 4Heðe; e0ppÞ=4Heðe; e0pÞ and extracted #pp=#p
ratios. The top panel shows the measured 4Heðe; e0pnÞ=
4Heðe; e0pÞ and extracted #pn=#p ratios. The unphysical region
above 100% obtained due to systematic uncertainties and
statistical fluctuations is marked by white strips. Ratios for
12C are shown as empty symbols with dashed bars. The
empty star in the top panel is the BNL result [4] for
12Cðp; 2pnÞ=12Cðp; 2pÞ.

PRL 113, 022501 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending
11 JULY 2014

022501-4
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(e, e ′pp)/(e, e ′p) measures np-dominance.
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(e, e ′pp)/(e, e ′p) measures np-dominance.
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Previous EG2 analyses have identified (e, e ′pp)

and (e, e ′p) events in SRC break-up kinematics.

O. Hen et al., “Probing pp-SRC in 12C, 27Al, 56Fe, and 208Pb using

the A(e, e ′p) and A(e, e ′pp) Reactions”

Published in Science 346 pp 614–617 (2014)

E. O. Cohen et al., “Extracting the center-of-mass momentum

distribution of pp-SRC pairs in 12C, 27Al, 56Fe, and 208Pb” (2018)

Published in Phys. Rev. Lett. 121 092501 (2018)

Our analysis begins with these ROOT trees.
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A(e, e ′p) event selection

0.4 < pmiss < 1.0 GeV/c

xB > 1.2

0.62 < |~plead|/|~q| < 0.96
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e− fiducial cuts

p fiducial cuts
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FIG. 16: The relative angle between the detected proton and the momentum transfer
(i.e. the q⃗ vector) vs. the ratio of the detected proton momentum and the momentum

transfer. Only 12C(e,e′p) events with xB > 1.2 and |P⃗miss| > 300 MeV/c are shown.
The red box shows the cut applied to select leading protons.

Missing Mass Cut - Avoiding Delta Excitations

Even when working at large xB there is still some contribution from resonance

production. The most probable production mechanisms when scattering off protons

are pion and delta production. If the electron scatters from a pair of nucleons at rest

(i.e., Pc.m. = 0), then the missing mass of the (e,e′p) reaction is:

M2
miss = (q̄ + 2mN − P̄lead)

2 (3)

Where,

q̄ = (ω, q⃗) is the 4-vector of the virtual photon,

(2mN , 0) is the 4-vector of the pp pair,

P̄lead = (

√
m2

N + |P⃗lead|2, P⃗lead) is the 4-vector of the struck proton.

Neglecting the center of mass motion of the pair, the missing mass should be

equal to a nucleon mass. Due to the finite resolution of CLAS and the center of

mass motion of the pair, we expect this distribution to have a finite width and an

offset from the real proton mass. Indeed the missing mass distribution, shown in
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Fig. 17, is centered around 960MeV/c2. This distribution includes all 12C(e,e′p)

events that pass our xB, |Pmiss| and leading proton cuts. There is a small excess of

events at around Mmiss = 1200(MeV/c2). In order to avoid contamination from pion

production and delta excitations we cut on a missing mass that is smaller than the

center of the distribution + 140(MeV/c2) (i.e. pion mass) which in our case results

in Mmiss < 1100(MeV/c2).

FIG. 17: Missing mass distribution for all 12C(e,e′p) events with xB > 1.2 and

|P⃗miss| > 300 MeV/c that pass the leading proton cut. The red line indicates the
Mmiss < 960 + Mπ cut applied.

4.2.2 Characterizing the selected (e,e′p) Events

Missing Energy Distribution

The missing energy of the A(e,e′p) reaction is defined as the excitation energy of

the residual A − 1 system. As a first test of the success of our kinematical cuts

in avoiding delta and other resonance production we examine the missing energy

distribution of the 12C(e,e′p) reaction. The missing energy is defined as:

Emiss = ω − TP − TB (4)

Where, ω is the energy transfer of the (e,e′)reaction, and TP and TB are the kinetic
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A(e, e ′p) event selection
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FIG. 17: Fiducial region for electrons. Black: All events. Red: After applying the

fiducial cuts. Green: After applying the fiducial cuts and demanding xB > 1. The

e↵ect of the fiducial cuts on the edge of the � distribution (Red vs. Black points)

is clear. The missing section in sector 3 is due to dead wires on the region 3 drift

chamber.
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A(e, e ′p) event selection
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We also make fiducial cuts around dead areas in

three sectors.
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Distributions of A(e, e ′p) events
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Distributions of A(e, e ′p) events
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Distributions of A(e, e ′p) events
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Distributions of A(e, e ′p) events
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A(e, e ′pp) event selection

Event must pass A(e, e ′p) cuts, and have a second proton

Second proton must pass fiducial cuts

prec > 0.35 GeV/c
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Distributions of A(e, e ′pp) events
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Distributions of A(e, e ′pp) events
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Distributions of A(e, e ′pp) events
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Distributions of A(e, e ′pp) events

100 120 140 160 180
θpmissq [degrees]

0

20

40

60

80

C
o
u

n
ts

C

Al

Fe

Pb

30



A(e, e ′pp)/A(e, e ′p) ratio
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In my talk today:

1 Short-Range Correlations

2 Generalized Contact Formalism

3 Data-Theory comparisons

4 Results
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Generalized Contact Formalism

Ψ(kij � kF ) −→ ϕ̃(kij)× A(Kij , ~km 6=i 6=j)

For large k : ρ2(k) =
∑
α

Cα|ϕ̃α(k)|2

ϕ̃(k) is a 2-body solution to the Schrödinger eq. for an NN interaction.

See: R. Weiss et al., PLB 780 (2018) 211–215 and R. Weiss et al., arXiv:1806.10217
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GCF Event Generator

e

e'

ω,q

A

E1',p1'

EA-2,–pCM

pCM

E2,p2

E1,p1

dσ ∼ σeN · n(~pCM) ·
∑
α

Cα|ϕ̃α(k)|2
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Additional effects in the generator:

Radiative effects (via peaking approx.)

Transparency

Single-charge exchange (p ↔ n)

Y Exp
A(e,e ′pp) =Y GCFA(e,e ′pp) · P

pp
A · TA,pp+

Y GCFA(e,e ′np) · p
[n]p
A · T ∗A+

Y GCFA(e,e ′pn) · P
p[n]
A · T ∗A,

Y Exp
A(e,e ′p) =(Y GCFA(e,e ′pp) + Y GCFA(e,e ′pn)) · P

p
A · TA,p+

Y GCFA(e,e ′np) · P
[n]p
A · T ∗A+

Y GCFA(e,e ′nn) · P
[n]n
A · T ∗A,

(1)

35



In my talk today:

1 Short-Range Correlations

2 Generalized Contact Formalism

3 Data-Theory comparisons

4 Results

36



Data-Theory comparison

1 Generate MC events

2 Acceptance using fast MC

3 Smear e− and p momenta

4 Event selection cuts

5 Fiducial cuts
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Systematic Uncertainties

Simulate many universes with randomly varied model parameters:

Pair center-of-mass motion

Nuclear contacts

SCX probabilites

Transparency factors

Residual excitation energy

Relative momentum cut-off

e− momentum resolution

p momentum resolution
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For the results I’m showing:

Carbon only

Only target for which we have reliable contact values

Three different NN interactions

AV18

Local χPT (cut-off: 1 fm)

Non-local χPT (cut-off: 600 MeV/c)

Theory curves are normalized to data (e, e ′p)
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Missing Momentum Distributions
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Missing Momentum Distributions
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Many other distributions are included in the note.
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Missing Energy vs. Missing Momentum

0

100

200

300

400

C
ou

n
ts

0.4 < pmiss < 0.5 GeV/c

12C(e, e′p)

0

10

20

30

40

C
ou

n
ts

12C(e, e′pp)

EG2 data

SRC Breakup (no CM)

AV18
χ-LocalN2LO

χ-NonlocalN3LO

0

50

100

150

200

C
ou

n
ts

0.5 < pmiss < 0.6 GeV/c

0

5

10

15

20

25

30

35

C
ou

n
ts

0

20

40

60

80

100

C
ou

n
ts

0.6 < pmiss < 0.7 GeV/c

0

5

10

15

20

25

C
ou

n
ts

-0.1 0 0.1 0.2 0.3 0.4

Emiss [GeV]

0

10

20

30

40

50

60

C
ou

n
ts

0.7 < pmiss < 1.0 GeV/c

-0.1 0 0.1 0.2 0.3 0.4

Emiss [GeV]

0

5

10

15

20

25

C
ou

n
ts

Emiss Distributions by pmiss Region

44



(e, e ′pp)/(e, e ′p) Ratio
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Conclusions
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GCF agrees with EG2 data.

AV18 works well, even up to 1 GeV/c .

New constraints on NN interaction at high-momentum
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Fast vs. Full MC
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Fast vs. Full MC
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Fast vs. Full MC
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Fast vs. Full MC
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Fast vs. Full MC
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