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ABSTRACT

We report the first measurement of the (e,e’p) reaction cross-section ratios for Helium-3 (3He),
Tritium (3H), and Deuterium (d). The measurement covered a missing momentum range of 40 <
Pmiss < 550 MeV/c, at large momentum transfer ((Q2) ~ 1.9 (GeV/c)?) and xz > 1, which minimized
contributions from non quasi-elastic (QE) reaction mechanisms. The data is compared with plane-
wave impulse approximation (PWIA) calculations using realistic spectral functions and momentum
distributions. The measured and PWIA-calculated cross-section ratios for He/d and 3H/d extend to just
above the typical nucleon Fermi-momentum (kr ~ 250 MeV/c) and differ from each other by ~ 20%,
while for 3He/?H they agree within the measurement accuracy of about 3%. At momenta above kg, the
measured 3He/?H ratios differ from the calculation by 20% — 50%. Final state interaction (FSI) calculations
using the generalized Eikonal Approximation indicate that FSI should change the 3He/*H cross-section
ratio for this measurement by less than 5%. If these calculations are correct, then the differences at
large missing momenta between the 3He/>H experimental and calculated ratios could be due to the
underlying NN interaction, and thus could provide new constraints on the previously loosely-constrained
short-distance parts of the NN interaction.

© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

Nuclear interaction models are a crucial starting point for mod-
ern calculations of nuclear structure and reactions, as well as the
properties of dense astrophysical objects such as neutron stars.
Phenomenological or meson-theoretic two-body potentials, such as
Argonne-V18 (AV18) and CD-Bonn, were developed in the 1990s
using constraints primarily from nucleon-nucleon (NN) scattering
data [1,2]. More recently, chiral effective field theory (EFT) has led
to the development of potentials with systematic and controlled
approximations [3,4]. Light atomic nuclei have played a crucial
role in constraining modern nuclear interaction models, including
many-body forces, as many of their properties (e.g., charge distri-
butions and radii, ground- and excited-state energies) can be both
precisely measured and exactly calculated for a given two- and
three-nucleon interaction model [5-10].

While the combination of NN scattering and light-nuclei data
allows one to constrain the two- and three-nucleon interaction
at large distances, its short-ranged behavior is still largely un-
constrained. The latter is important for understanding nucleon-
nucleon short-range correlations (SRC) in nuclei [11,12], their re-
lation to the partonic structure of bound nucleons [13-17], and
the structure of neutron stars [18,19].

Constraining the short-ranged part of the nuclear interac-
tion requires studying nucleon momentum distributions at high-
momentum. However, previous attempts to extract these were
largely unsuccessful, due to the fact that nucleon momentum
distributions are not direct observables, and typical experimen-
tal extractions suffer from large reaction mechanism effects. These
introduce significant model-dependent corrections that mask the
underlying characteristics of the momentum distribution, espe-
cially at high-momentum [20-23].

Advances in nuclear reaction theory now allow us to identify
observables with increased sensitivity to nucleon momentum den-
sities at high-momentum [18,24-27]. In light of these advances,
we report on a new study of the momentum distribution of nu-
cleons in Helium-3 relative to Tritium over a broad momentum
range.

We study nucleon momentum distributions using Quasi-Elastic
(QE) electron scattering. In these experiments, an electron with
momentum P, is scattered from the nucleus, transferring energy
® and momentum ¢ to the nucleus. We choose @ and ¢ to be
appropriate for elastic scattering from a moving bound nucleon.
By detecting the knocked-out proton (p,) in coincidence with the
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scattered electron (p,), we can measure the missing energy and
missing momentum of the reaction:

Emiss=w —Tp —Ta_1, (1)
Z’misszﬁp —?1, (2)

where § = p, — p,, is the momentum transfer, T4_1 = (v + ma —

Ep) — \/(w +ma — Ep)% — |Pmiss|? is the reconstructed kinetic en-

ergy of the residual A—1 system, and T and E, are the measured
kinetic and total energies of the outgoing proton.

In the Plane-Wave Impulse Approximation (PWIA) for QE scat-
tering, where a single exchanged photon is absorbed on a single
proton and the knocked-out proton does not re-interact as it leaves
the nucleus, the cross-section for A(e, e’p), electron-induced pro-
ton knockout from nucleus A, can be written as [28,29]:

dS¢

—— =K S(1D:l. E; 3
dwdE pdQ.dQ) 0epS(Ipil, Ei) 3)

where o is the cross-section for scattering an electron from a
bound proton [29], K = Ep|pp| is a kinematical factor, d2, and
d2, are the electron and proton solid angles respectively, and
S(|pil, E;) is the spectral function, which defines the probability
to find a proton in the nucleus with momentum |p;| and separa-
tion energy E;. The nucleon momentum distribution is the inte-
gral of the spectral function over the separation energy: n(|p;|) =
[ SUpil, EDE;.

In PWIA, the missing momentum and energy equal the initial
momentum and separation energy of the knocked-out nucleon:
Pi = Dmiss» Ei = Emiss. However, there are other, non-QE, reaction
mechanisms, including final state interactions (the rescattering of
the knocked-out proton, FSI), meson-exchange currents (MEC), and
exciting isobar configurations (IC) that can lead to the same mea-
sured final state. These also contribute to the cross section, com-
plicating this simple picture. In addition, relativistic effects can be
significant [30-32].

Previous measurements of the 3He(e, e’p) two- and three-body
breakup cross-sections were done at Q2 = 1.5 (GeV/c)? and xp =

% =1 where m, is the proton mass [21,22], near the expected
maximum of the proton rescattering. The measured cross-sections
disagreed by up to a factor of five with PWIA calculations for
Pmiss > 250 MeV/c. These deviations were described to good ac-
curacy by calculations which included the contribution of non-QE
reaction mechanisms, primarily FSI [18,24-26]. The large contribu-
tion of such non-QE reaction mechanisms to the measured (e, e'p)
cross-sections limited their ability to constrain the nucleon mo-
mentum distribution at high momenta.

Guided by reaction mechanism calculations, which agree with
previous measurements, we can reduce the effect of FSI in
two ways [25,27,33-37] by: (A) constraining the angle between
Precoil = —DPmiss and ¢ to be 64 < 40° and (B) taking the ratio
of (e,e’p) cross-sections for same-mass nuclei. The effect of FSI
should be similar in both nuclei because knocked-out protons in
both nuclei can rescatter from the same number of nucleons and
FSI should therefore largely cancel in the ratio.

Additional non-QE reaction mechanisms such as MEC and IC
were shown to be suppressed for Q2 = g% — w? > 1.5 (GeV/c)?
and xg > 1 [33,38]. Thus, the ratio of 3He(e,e’p) to 3H(e,e'p)
cross-sections in QE kinematics at Q2 > 1.5 (GeV/c)?, xg > 1 and
Orq < 40° should have increased sensitivity to the ratio of their
spectral functions.

We measured the ratios of d, 3He, and 3H (e, ¢’p) cross-sections
in Hall A of the Thomas Jefferson National Accelerator Facility
(JLab) using the two high-resolution spectrometers (HRS) and a

20 pA 4.326 GeV electron beam incident on one of four 25-cm
long gas target cells [39]. The four identical cells were filled with
Hydrogen (70.8 &+ 0.4 mg/cm?), Deuterium (142.2 & 0.8 mg/cm?),
3He (53.4+0.6 mg/cm?) and Tritium (85.1+0.8 mg/cm?) gas [40].
We detected the scattered electrons in the left HRS at a cen-
tral angle 6, = 20.88° and momentum p. = 3.543 GeV/c, corre-
sponding to a central four-momentum transfer Q% = 2.0 (GeV/c)?,
energy transfer w = 0.78 GeV, and xgp = 1.4. We detected the
knocked-out protons in the right HRS at two different kinemati-
cal settings, (0, pp) = (48.82°, 1481 GeV/c), and (58.50°, 1.246
GeV/c), referred to here as “low ppiss” and “high pmiss” respec-
tively. These two settings cover a combined missing momentum
range of 40 < ppiss < 550 MeV/c. Deuterium measurements were
only done in the “low ppiss” kinematics and thus extended only
up to pmiss ~ 300 MeV/c.

Each HRS consisted of three quadrupole magnets for focus-
ing and one dipole magnet for momentum analysis [43,44]. These
magnets were followed by a detector package, slightly updated
with respect to the one in Ref. [43], consisting of a pair of
vertical drift chambers used for tracking, and two scintillation
counter planes that provide timing and trigger signals. A CO,
Cherenkov detector placed between the scintillators and a lead-
glass calorimeter placed after them were used for particle identifi-
cation.

Electrons were selected by requiring that the particle deposits
more than half of its energy in the calorimeter: %“T’ > 0.5. (e,e'p)
coincidence events were selected by placing a =30 cut around the
relative electron and proton event times. Due to the low experi-
mental luminosity, the random coincidence event rate was negligi-
ble. We discarded a small number of runs with anomalous num-
bers of events normalized to the beam charge.

Measured electrons were required to originate within the cen-
tral £9 cm of the gas target to exclude events originating from
the target walls. The electron and proton reconstructed target ver-
tices were required to be within +1.2 cm of each other, which
corresponds to +30 of the vertex reconstruction resolution. By
measuring scattering from an empty-cell-like target we determined
that the target cell wall contribution to the measured (e, e’p) event
yield was negligible (« 1%).

To avoid the acceptance edges of the spectrometer, we re-
stricted the analysis to events that are detected within +4% of the
central spectrometer momentum, and +27.5 mrad in in-plane an-
gle and 4+55.0mrad in out-of-plane angle relative to the center
of the spectrometer acceptance. In addition, we further restricted
the measurement phase-space by requiring 6,4 < 37.5° to mini-
mize the effect of FSI and, in the high pniss kinematics, xg > 1.3
to further suppress non-QE events.

The spectrometers were calibrated using sieve slit measure-
ments to define scattering angles and by measuring the kinemati-
cally over-constrained exclusive H(e, e’p) and 2H(e, e’ p)n reactions.
The H(e, e'p) reaction pmjss resolution was better than 9 MeV/c.
We verified the absolute luminosity normalization by comparing
the measured elastic H(e,e’) yield to a parametrization of the
world data [45]. We also found excellent agreement between the
elastic H(e, e’p) and H(e, e’) rates, confirming that the coincidence
trigger performed efficiently.

Fig. 1 shows the number of measured 3H(e,e’p) events as a
function of Eniss and of Q2 for the low pmiss setting as well as
the same distributions calculated using the Monte Carlo code SIMC
[41] and normalized to give the same integrated number of events
as the data. SIMC generated (e, e’p) events using Eq. (3), with the
addition of radiation effects, that were then propagated through
the spectrometer model to account for acceptance and resolution
effects, and subsequently analyzed as the data. The SIMC calcula-
tions used a 3He spectral function calculated by C. Ciofi degli Atti
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Fig. 1. Number of 3H(e, ¢’p) events (counts) versus missing energy for the low ppiss
kinematics. The black markers correspond to the measured data. The lines corre-
spond to the calculated distributions obtained from a SIMC [41] simulation with a
spectral function calculated by C. Ciofi degli Atti and L. P. Kaptari [42] and normal-
ized to give the same integral as the data. Due to the lack of 3H proton spectral
functions, we assumed isospin symmetry and used the 3He neutron spectral func-
tion for the 3H(e, 'p) simulation (see text for details). The insert shows the Q2
distribution for the same kinematical setting. See online supplementary materials
for equivalent >He distributions.

and L. P. Kaptari using the AV18 potential [42]. Due to the lack of
3H proton spectral functions, we assumed isospin symmetry and
used the 3He neutron spectral function for the 3H(e,e’p) simu-
lation. The difference between the calculated momentum distribu-
tions of neutrons in He and protons in 3H is small and contributes
a 3% uncertainty to the 3H(e, e’p) calculations and to the spectral-
function ratio calculations [46]. The spectral function calculation
appears to describe the measured Q2 and Epn;ss distributions well.
See online supplementary materials for details and additional com-
parisons (including 3He(e, e’p) spectra).

For each measured nucleus, we calculated the normalized
(e, e'p) event yield as:

C'tlive'(p/A)'b’
where A is the target atomic weight, N(pmiss) iS the number of
counts for that target in a given bin of pn;ss integrated over the
experimental Epjss acceptance, C is the total accumulated beam
charge, tjjve is the live time fraction in which the detectors are able
to collect data, p is the nominal areal density of the gas in the
target cell, and b is a correction factor to account for changes in
the target density caused by local beam heating. b was determined
by measuring the beam current dependence of the inclusive event
yield [40]. We formed three yield ratios, >He/d, >H/d, and 3He/3H.

We corrected the measured ratio of the normalized yields for
the radioactive decay of 2.78 & 0.18% of the target 3H nuclei to
3He in the six months since the target was filled, and denote the
corrected yield ratio by Reorr-vield,

The point-to-point systematical uncertainties on this ratio due
to the event selection criteria (momentum and angular accep-
tances, and 64 and xp limits) were determined by repeating the
analysis 5000 times, selecting each criterion randomly within rea-
sonable limits for each iteration. The systematic uncertainty was
taken to be the standard deviation of the resulting distribution of
ratios. They range from 1% to 8% and are typically much smaller
than the statistical uncertainties. There is an overall normalization
uncertainty of 1.8%, predominantly due to the target density un-
certainty. Other normalization uncertainties due to beam-charge
measurement and run-by-run stability are at the 1% level or lower,
see Table 1. See online supplementary materials for details.

Y (Pmiss) = (4)

Table 1
Systematic uncertainties in the extraction of the 3He/d, 3H/d,

and 3He/3H (e, ¢’p) normalized event-yield ratios, R§‘g;{§’d,

(Fig. 2) and the 3He’H cross-section ratio, O3pe(e,e'p)/
O34(e,e'py (Fig. 3). Uncertainties marked by “* contribute only
to the cross-section ratio. All uncertainties are summed in
quadrature. See text for details.

Overall Point-to-point
Target walls <L 1%
Target density 1.5%
Beam-charge and stability 1%
Tritium decay 0.18%
Cut sensitivity 1% - 8%
Simulation corrections* 1% - 2%
(bin-migration, radiation,
En acceptance)
*He / *H
3 *H/%H
&
g2
o
E T fagmme®oosonngs d ¢ e T
2 “H
8
S T e e T
ol dmmmanagty A
"0 100 200 300 400 500
B_ ..l MeVic]
3
e}
8z 2
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8[21 |
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3 —---0®o000®g0 g ¢ - _________|
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Fig. 2. Missing momentum dependence of the measured (e, e’p) 3He/d and 3H/d
(top) and 3He/>H (bottom) normalized event yield ratios. The circles and squares
correspond respectively to 3He/d and 3H/d in the top panel and to the low and
high ppmiss settings in the bottom panel. The error bars include both statistical and
point-to-point systematical uncertainties. An additional overall normalization uncer-
tainty of 1.8% is not shown (see Table 1). The solid histogram shows the PWIA SIMC
simulation using Eq. (3) and the spectral function of Ref. [42] for A =3 and AV18
for A =2. The bin widths are the same for the histogram and the data.

Fig. 2 shows the missing momentum dependence of the cor-

. . corr.yield corr.yield corr.yield
rected event yield ratios R3He/d , R3H/d , and R3He/3H for

each kinematical setting. The ratios of 3He and 3H to deuterium
are very small at low pp;ss, due to the much narrower deuterium
momentum distribution, and increase to a constant value of about
two for 3H/d and about three for 3He/d at the largest measured
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Pmiss of about 270 MeV/c. By contrast, the 3He/>H ratio is about
three at the smallest measured ppiss and decreases to about 1.5 at
Pmiss ~ 250 MeV/c, with a possible rise after that. This is consistent
with the low-ppn;ss expectation of 2.5 to 3 and slightly higher than
the SRC-based high-pnss expectation of one. The change in the ra-
tios is much smaller than the four order-of-magnitude decrease in
the calculated momentum distributions (see online supplementary
information).

Both measured 3He/d and 3H/d ratios are about 20% larger than
the PWIA spectral-function based SIMC calculation. This indicates
that FSI effects are the same for both ratios. For the same miss-
ing momentum range, the measured and calculated 3He/3H ratios
agree within the measurement accuracy of about 3%. This is a
clear indication for cancellation of FSI effect in the 3He/3H ratio.
At higher missing-momentum (ppiss > 250 MeV/c), the measured
3He/?H ratios are about 20 — 50% larger than the calculation.

To extract the experimental cross-section ratio, Ospee e'p)/
O3H(e.e'p) (Pmiss), We corrected the measured yield ratios using
SIMC for radiative and bin-migration effects as well as for the finite
Emiss acceptance of the spectrometers. The finite Epjss correction
equals the calculated momentum distribution ratio divided by the
calculated ratio of spectral functions integrated over the missing
energy acceptance. The individual and total corrections were all
less than 10% for all ppiss values. We apply a point-to-point sys-
tematic uncertainty of 20% of the resulting correction factors. See
Table 1 and online supplementary material for details.

We also calculated the final state interaction effects of single
rescattering of the knocked-out proton with either of the two other
nucleons in the three-body-breakup reaction in the generalized
Eikonal approximation [47,48] using a computer code developed
by M. Sargsian [49]. For each bin we calculated both the PWIA and
FSI cross section and integrated over the experimental acceptance.
FSI changed the individual 3He and 3H(e, e’p) cross-sections by be-
tween 10% and 30%. However, they largely cancelled in the double
ratio
RFSI OFsI/OPWIAl3He 5)

OFs1/Opwialzy

producing at most a 5% effect at the highest ppiss. This reinforces
the claim that FSI effects are very small in the cross-section ra-
tio. We did not correct the data for FSI. See online supplementary
materials for more information.

We tested the cross section factorization approximation by
comparing the factorized spectral function approach used in SIMC
with an unfactorized calculation by J. Golak [50-52]. The difference
between the factorized and non-factorized calculations was about
5%, which is not enough to explain the data-calculation discrep-
ancy at high ppiss.

Fig. 3 shows the ppmiss dependence of the extracted 3He/*H
(e, e'p) cross-section ratio. In the simplest model, this ratio should
equal two, the relative number of protons in >He and 3H. However,
at large pmiss the ratio should equal one, the relative number of np
SRC pairs in *He and 3H [53-61]. These SRC pairs will shift equal
amounts of cross-section strength from low ppiss to high ppiss in
both nuclei, increasing the 3He to 3H ratio at low ppjss to more
than two. The measured ratio follows this simple model of a tran-
sition from independent nucleons at the lowest ppiss to np-SRC
pairs at higher ppiss, decreasing from almost three at low pmiss
towards about 1.5 at ppiss = 250 MeV/c. At larger pmiss the mea-
sured ratio is approximately flat, with a possible rise at the largest
DPmiss-

With the missing-energy acceptance correction for 3He/>H and
the small expected FSI effects, the resulting cross-section ratios
should be sensitive to the ratio of momentum distributions. We

Spectral Function
— —— — CDA & Kaptari
2 —— — Benhar & Pandharipande

Momentum Distribution (VMC)
AV18+UX

—— N’LOE1 (1.0 fm)

NPLO Et (1.0 fm)

miss
w
I

=

GaHe(e,e'p)/ GaH(e,e‘p)(lﬁ i l)
N

data / theory
Y

0 100 200 300 400 500
Ip. .| [MeVic]

Fig. 3. The measured He to >H cross-section ratio, O3He(e,e'p)/ T3 H(e,e' p) (Pmiss). plot-
ted vs. pmiss compared with different models of the corresponding momentum
distribution ratio. The filled circle and square markers correspond to the low and
high pmiss settings respectively. Uncertainties shown include both statistical and
point-to-point systematical uncertainties. The overall normalization uncertainty of
about 1.8% is not shown (see Table 1). Horizontal bars indicate the bin sizes and
are shown for only the first and last points in each kinematical setting as all other
points are equally spaced. The bottom panel shows the double ratio of data to differ-
ent calculated momentum distribution ratios, with the grey band showing the data
uncertainty. The theoretical calculations are done using different local and non-local
interactions, as well as different techniques for solving the three-body problem. See
text for details.

therefore compare in Fig. 3 the measured cross-section ratios di-
rectly with the ratio of various single-nucleon momentum dis-
tributions. The momentum distribution calculations are obtained
using either the variational Monte Carlo (VMC) technique with
local interactions [46,62] or the Hyperspherical Harmonics (HH)
method [63,64] with non-local interactions.

The local interactions used include the phenomenological
AV18 [2] two-nucleon potential augmented by the Urbana X
(UX) [65] three-nucleon force and the chiral EFT potentials at N2LO
(including two- and three-body contributions), using a coordinate-
space cutoff of 1 fm and different parametrizations of the three-
body contact term Et and E1 [10,66-69]. Non-local interactions
include the meson-theoretic CD-Bonn [70] two-nucleon potential,
together with the Tucson-Melbourne [71] (TM) three-nucleon po-
tential, or the latest chiral two-body potentials from NLO to N*LO
[72], including three-nucleon interactions. The main contribution
to the latter, namely the one arising from two-pion exchange, is
effectively included at the same chiral order as the two-nucleon
interaction, as explained in Refs. [64,72]. In these calculations, the
momentum-space cutoff A is kept fixed at 500 MeV. The VMC cal-
culations using the AV18 and UX interactions produce equivalent
results as the HH calculations using the AV18 plus Urbana IX [73]
interactions.

For completeness, Fig. 3 also shows the momentum-distribution
ratio calculated by integrating over the missing energy in the spec-
tral functions of Ref. [42] and Ref. [74], obtained using the AV18
two-nucleon only and the AV14 [75] two- and the Urbana VIII [76]
(UVII) three-nucleon interactions, respectively.

All calculated momentum-distribution ratios shown agree with
the data up to pmiss ~ 250 MeV/c. At larger pmiss, the theoreti-
cal predictions obtained by integrating the spectral functions or by
calculating the momentum distribution ratio with local potentials
or with the CD-Bonn/TM model disagree with the data by 20-50%.
In the case of the non-local chiral potential models, the calcula-
tions show significant order dependence.

Note that, while momentum distributions calculated with local
chiral-interactions depend strongly on the cutoff parameter, these



6 Jefferson Lab Hall A Tritium Collaboration / Physics Letters B 797 (2019) 134890

effects appear to mostly cancel in the ratio of the momentum dis-
tributions [77].

Finally, although FSI calculated in the generalized Eikonal ap-
proximation are small, more complete calculations are needed,
including two- and three-body interaction operators [78], to de-
termine if the discrepancy between data and calculation is due to
the reaction mechanism or to the validity of the underlying NN
potentials at short-distances. In addition, fully relativistic calcula-
tions are needed to see if there are any significant corrections due
to longitudinal-transverse interference effects [30-32].

One possible explanation for the discrepancy could be single-
charge exchange FSI, where a struck neutron from an SRC rescat-
ters at almost 180° from a proton, and the proton is detected (np
SCX), or a struck proton from an SRC rescatters at almost 180°
from a neutron (pn SCX). A struck proton in an SRC rescattering
from its partner neutron will decrease the number of observed
proton events and a struck neutron in an SRC rescattering from
its partner proton will increase the number of observed proton
events. These two effects will largely cancel in both 3He(e, ¢'p)
and 3H(e, ¢’p). However, in 3He the struck neutron in an SRC can
rescatter from the uncorrelated proton, increasing the number of
observed proton events but in 3H it cannot. This can increase the
observed 3He/?H ratio. In addition, if the SCX occurs at 6 < 180°,
then events at small ppjss will be observed at larger pmiss, ampli-
fying the effects of SCX at large pmiss.

To summarize, we presented the first simultaneous measure-
ment of the 3He(e, ¢'p), >H(e, ¢’p) and d(e, e’p) reactions in kine-
matics where the cross-sections are expected to be sensitive to
the proton momentum distribution, i.e., at large Q2 xg > 1, and
Org < 40° that minimize two-body currents and the effects of FSIL
We further enhanced the sensitivity to the momentum distribution
by extracting the ratio of the cross-sections, so that most of the re-
maining FSI effects cancel, as confirmed by a generalized Eikonal
approximation calculation of leading proton rescattering.

The measured 3He/d and 3H/d corrected yield ratios are small
at low ppiss and increase to three and two respectively at ppiss =
250 MeV/c. Both are about 20% lower than PWIA calculated yield
ratios, indicating that FSI effects are about the same in both pairs
of reactions.

While the measured corrected cross-section ratio Ospee e'p)/
O3pe.e'p) 1S Well described by PWIA calculations up to ppmiss &~ 250
MeV/c, they disagree by only 20 - 50% at high pmiss, despite a
four order of magnitude decrease of the momentum distribution
in this range (see Fig. 2 of the online supplementary information).
This is a vast improvement over previous osye ./py Mmeasurements

at lower Q2 and xz = 1, which disagreed with PWIA calculations
by factors of several at large pmiss [21,22]. This, together with FSI
calculations, strongly supports the reduced contribution of non-QE
reaction mechanisms in our kinematics.

The data overall supports the transition from single-nucleon
dominance at low pmiss, towards an np-SRC pair dominant region
at high ppmiss [53-61]. However, more complete calculations are
needed to assess the implications of the observed 20-50% devia-
tion of the data from the PWIA calculation in the expected np-SRC
pair dominance region, including the effects of single charge ex-
change. If the observed difference between the 3He/>H experimen-
tal ratio and momentum distribution ratios at large missing mo-
menta is due to the underlying NN interaction, then it can provide
significant new constraints on the previously loosely-constrained
short-distance parts of the NN interaction.
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