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Short-range correlations produce

a complicated picture.
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The short-distance part of the NN-interaction

is not well-constrained by data.
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Short-range correlations produce

a complicated picture.
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We now have a consistent scale-separated

view of SRCs.

Three important properties:

Pair abundances

Pair CM motion

Pair relative motion
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In my talk today:

1 Generalized Contact Formalism

Scale-separated description of SRCs

2 Moving from GCF to cross sections

Modeling abundances, CM motion, relative motion

3 Comparisons to data

Constraining the short-range NN interaction
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We have lots of data to compare to!
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Generalized Contact Formalism

exploits scale separation.

PCM � prel .

R. Weiss, R. Cruz-Torres et al., PLB 780 211–215 (2018)
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Generalized Contact Formalism

exploits scale separation.

When two particles are in close proximity:

Ψ(rij → 0) −→ ϕα(rij)× A(Rij ,~rk 6=i ,j)

ρ2(rij) −→
∑
α

Cα|ϕα(rij)|2

When two particles have high relative momentum:

ρ̃2(kij) −→
∑
α

Cα|ϕ̃α(kij)|2
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Universal ϕα functions are Schrödinger solutions

for a given NN potential.

0 0.5 1 1.5 2 2.5 3

|ϕ(r)|2

r [fm]

for AV18
pp/nn, s = 0
np, s = 0
np, s = 1
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Universal ϕα functions are Schrödinger solutions

for a given NN potential.

0 1 2 3 4 5 6 7 8 9 10

|ϕ̃(r)|2
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Generalized Contact Formalism

exploits scale separation.

When two particles are in close proximity:

ρ2(rij) −→
∑
α

Cα|ϕα(rij)|2 X

When two particles have high relative momentum:

ρ̃2(kij) −→
∑
α

Cα|ϕ̃α(kij)|2 X
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Contacts can be determined from fits to ab initio

calculations.

0 0.5 1 1.5 2 2.5 3

np ab initio

pp ab initio

ρ2(ri j)

r [fm]

Contact Fits
Total np
np, s = 1
pp, s = 0
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These fits faithfully reproduce

high-momentum tails.214 R. Weiss et al. / Physics Letters B 780 (2018) 211–215

Fig. 2. (left) 4He one-body momentum densities extracted from ab-initio VMC cal-
culations (solid black band) and using the nuclear contact formalism (solid red 
band). The dashed lines show the contribution of different channels to the total 
contact calculation, using the contacts extracted in momentum space. The resid-
ual plot shows the ratio of the contact calculations to the VMC. The shaded region 
marks the 10% agreement region. The width of the black and red lines represents 
the individual uncertainties in the calculations. (right) The same, without error 
bands, comparing VMC calculations (dashed lines) and the nuclear contact formal-
ism (solids lines) for different nuclei. The contacts used to calculate the distributions 
on the right plot were extracted in coordinate space.

details. Within the contact formalism, these experimental quanti-
ties can be expressed as:

a2(A/d)

∞∫

kF

|ψ̃d(k)|2dk =
C s=0

nn + C s=0
pp + C s=0

pn + C s=1
pn

A/2
(6)

S RC pp

S RC pn
(k) =

C s=0
pp |ϕ̃s=0

pp (k)|2
C s=0

pn |ϕ̃s=0
pn (k)|2 + C s=1

pn |ϕ̃s=1
pn (k)|2

(7)

where ψ̃d(k) is the deuteron wave function, normalized to one. In 
Eq. (7) it is assumed that the c.m. motion of SRC pairs is small, and 
similar for the different types of pairs in a given nucleus, as ob-
served experimentally [46–48,58]. The experimental values of the 
contacts, shown in Table 1, were extracted for symmetric nuclei 
using these relations, assuming isospin symmetry.

The agreement between the values of the contacts that were 
extracted in momentum and coordinate space, points to a quan-
titative equivalence between high-momentum and short-range 
physics in nuclear systems. The agreement with the experimental 
extraction is an important indication for the validity of the con-
tact formalism to nuclear systems. Another interesting feature of 
the extracted values is that, for symmetric nuclei, the momentum 
space s = 0 pp and pn contacts are the same within uncertainties, 
in contrast to combinatorial expectations.

We can now utilize the values of the contacts to further in-
vestigate the predictions of the theory. First, we note that as the 
relation between the contacts and the one body momentum dis-
tribution, given in Eq. (3), was not used to fit the values of the 
contacts it can be considered as a verifiable prediction. Fig. 2
compares, for several nuclei, the one-body momentum distribu-
tion obtained from many-body VMC calculations to the prediction 
of Eq. (3). As can be seen, the asymptotic 1-body density, as pre-
dicted by the contact theory, reproduces with 10%–20% accuracy 
the many-body calculation starting from kF to 5 fm−1, where the 
momentum density varies over 3 orders of magnitude. It is worth 

emphasizing that even though the contacts fitting range was only 
k > 4 fm−1 using the two-body momentum distribution, the one-
body momentum distribution is reproduced starting from kF , as 
expected.

The contacts can also be used to calculate the pp to pn SRC 
pairs ratio using Eq. (7). This ratio can be compared with exper-
imental electron induced two-nucleon knockout data [44–48] as 
shown for 4He in Fig. 1. A similar comparison for 12C [46] also 
shows a good agreement [57]. We can see that the contact predic-
tions are in a good agreement with the experimental results and 
ab-initio calculations.

The contact formalism also allows us to evaluate the contribu-
tions of the different two-body channels to SRC pairs. Such de-
composition is shown in Fig. 2 (left panel) for 4He. The values of 
the contacts clearly show the expected dominance of the deuteron 
channel in SRC pairs. The fact that the contact formalism repro-
duces the VMC one-body momentum density to 10%–20% accu-
racy, without utilizing the spin–isospin ST = 11 channels, indicates 
their small importance to SRCs in the nuclei considered here. This 
stands in contrast to other works that do find a non-negligible 
contribution of ST = 11 pairs [59,60]. A possible explanation for 
this difference goes back to our discussion of the regions where 
the two-body momentum distribution describes SRCs. In these two 
papers, the c.m. momentum was not limited to small values and, 
thus, contributions from non-correlated pairs are expected to be 
significant. The contact theory provides a simple framework to per-
form such decompositions for SRC channels.

Conclusions – Even though nuclear systems do not strictly ful-
fill the scale-separation conditions required by the contact theory, 
both ab-initio one body momentum distribution above kF and the 
experimental data are well reproduced using factorized asymptotic 
wave-functions and nuclear contact theory.

Consistent contacts extracted by separately fitting coordinate 
and momentum space two-body densities show equivalence be-
tween high-momentum and short-range dynamics in nuclear sys-
tems. Experimental extraction of the contacts gives also similar 
results. The values of the contacts allow a proper analysis of the 
spin–isospin quantum numbers of SRC pairs, and also reveal the 
non-combinatorial isospin-spin symmetry of SRCs.

This work provides clear evidence for the applicability of the 
generalized contact formalism to nuclear systems, and open the 
path towards further SRC studies.
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. . . and short-distance two-body densities.
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Different NN interactions can lead

to very different two-body densities.
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Different NN interactions can lead

to very different two-body densities.
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Relative SRC pair abundances are largely

scale and scheme independent.

Adapted from J. Lynn et al., arXiv:12587 (2019)
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We can use GCF to calculate

this plane-wave reaction.

e

e'

ω,q

A

E1',p1'

E2,p2

E1,p1
E1+E2,pCM

pCM
2 + (mA-2+E*)2,–pCM

pCM � prel � q

22



We can use GCF to calculate

this plane-wave reaction.

e

e'

ω,q

A

E1',p1'

E2,p2

E1,p1
E1+E2,pCM

pCM
2 + (mA-2+E*)2,–pCM

pCM � prel � q

23



GCF allows us to calculate a spectral function

or a decay function.

R. Weiss et al., PLB 790 p 241 (2019)

Two-nucleon knockout:

D(E1, p1, p2) =
∑
α

Cα|ϕα(prel)|2n(pCM)δ(Ei − Ef )

Single-nucleon knockout:

S(E1, p1) =
∑
α

Cα

∫
d3~p2
(2π)3

|ϕα(prel)|2n(pCM)δ(Ei − Ef )

dσ ∝ σeN · S(E1, p1)
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Ingredients to the GCF cross section

Relative momentum −→ NN interaction

SRC pair abundances −→ estimate from ab initio calcs.

Pair center-of-mass motion
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We measured the CM momentum distribution

and confirmed its width is small.

E.O. Cohen et al., PRL 121 092501 (2018)

Aðe; e0ppÞ events were selected by requiring that the
Aðe; e0pÞ event had a second, recoil proton with momen-
tum jp⃗recoilj ≥ 350 MeV=c. There were no events in which
the recoil proton passed the leading proton selection cuts
described above. The recoil proton was emitted opposite to
p⃗miss [10], consistent with the measured pairs having large
relative momentum and smaller c.m. momentum.
In the Plane Wave Impulse Approximation (PWIA),

where the nucleons do not rescatter as they leave the
nucleus, p⃗miss and p⃗recoil are equal to the initial momenta of
the two protons in the nucleus before the interaction. In that
case we can write

p⃗c:m: ¼ p⃗miss þ p⃗recoil ¼ p⃗p − q⃗þ p⃗recoil; ð3Þ

p⃗rel ¼
1

2
ðp⃗miss − p⃗recoilÞ: ð4Þ

We use a coordinate system where ẑ is parallel to p̂miss, and
x̂ and ŷ are transverse to it and defined by: ŷkq⃗ × p⃗miss
and x̂¼ ŷ× ẑ.
Figure 2 shows the number of Aðe; e0ppÞ events plotted

versus the x and y components of p⃗c:m: [see Eq. (3)]. The
data shown are not corrected for the CLAS acceptance
and resolution effects. As the Aðe; e0ppÞ cross section is
proportional to nAc:m:ðp⃗c:m:Þ, we can extract the width of

nAc:m:ðp⃗c:m:Þ from the widths of the measured distributions.
Both px

c:m: and p
y
c:m: are observed to be normally distributed

around zero for all nuclei. Thus, as expected, nAc:m:ðp⃗c:m:Þ
can be approximated by a three-dimensional Gaussian
[5,7,9,14,35], and we characterize its width using σx and
σy, the standard deviation of the Gaussian fits in the two
directions transverse to p⃗miss. We average σx and σy for
each nucleus to get σc:m:, the Gaussian width of one
dimension of nAc:m:ðp⃗c:m:Þ. These widths are independent
of the magnitude of pmiss, supporting the factorization
of Eq. (3).
There are three main effects that complicate the inter-

pretation of the raw (directly extracted) c.m. momentum
distribution parameters (i.e., σc:m:): (i) kinematical offsets
of the c.m. momentum in the p̂miss direction, (ii) reaction
mechanism effects, and (iii) detector acceptance and
resolution effects. We next explain how each effect is
accounted for in the data analysis.
(i) Kinematical offsets in the c.m. momentum direction:

Since the relative momentum distribution of pairs falls
rapidly for increasing jp⃗relj, it is more likely for an event
with a large nucleon momentum (p⃗miss) to be the result of a
pair with smaller p⃗rel and a p⃗c:m: oriented in the direction of
the nucleon momentum. This kinematical effect will
manifest as a shift in the mean of the c.m. momentum
distribution in the p̂miss (nucleon initial momentum) direc-
tion. To isolate this effect, we worked in a reference frame
in which ẑkp̂miss and x̂ and ŷ are perpendicular to p̂miss. The
extracted c.m. momentum distributions in the x̂ and ŷ
directions were observed to be independent of p⃗miss, as
expected.
(ii) Reaction mechanism effects: These include mainly

contributions from meson-exchange currents (MECs), iso-
bar configurations (ICs), and rescattering of the outgoing
nucleons (final-state interactions or FSI) that can mimic the
signature of SRC pair breakup and/or distort the measured
distributions [50–52].
This measurement was performed at an average Q2 of

about 2.1 GeV2 and xB ≥ 1.2 to minimize the contribu-
tion of MEC and IC relative to SRC breakup [49,53–55].
Nucleons leaving the nucleus can be effectively
“absorbed,” where they scatter inelastically or out of the
phase space of accepted events. The probability of absorp-
tion ranges from about 0.5 for C to 0.8 for Pb [47,57–60].
Nucleons that rescatter by smaller amounts (i.e., do not
scatter out of the phase space of accepted events) are still
detected, but have their momenta changed. This rescatter-
ing includes both rescattering of the struck nucleon from
its correlated partner and from the other A − 2 nucleons.
Elastic rescattering of the struck nucleon from its correlated
partner will change each of their momenta by equal and
opposite amounts, but will not change p⃗c:m: [see Eq. (3)]
[49,55]. To minimize the effects of rescattering from the
other A − 2 nucleons, not leading to absorption, we
selected largely antiparallel kinematics, where p⃗miss has

FIG. 2. The number of Aðe; e0ppÞ events plotted versus the
components of p⃗c:m: perpendicular to p⃗miss. The red and blue
histograms show the x̂ and ŷ directions, respectively. The data are
shown before corrections for the CLAS detector acceptance.
The dashed lines show the results of Gaussian fits to the data. The
widths in parentheses with uncertainties are corrected for the
CLAS acceptance as discussed in the text.

PHYSICAL REVIEW LETTERS 121, 092501 (2018)

092501-4
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We measured the CM momentum distribution

and confirmed its width is small.

E.O. Cohen et al., PRL 121 092501 (2018)

possible NN pairs from shell-model orbits, while Ref. [35]
considers both all pairs, and nucleons in a relative 1S0 state
(i.e., nodeless s-wave with spin 0) [64,65]. The simplistic
Fermi-gas prediction samples two random nucleons from a
Fermi sea with kF from [63].
The agreement of the data with calculations supports the

theoretical picture of SRC pair formation from temporal
fluctuations of mean-field nucleons [15]. The experimen-
tally extracted widths are consistent with the Fermi-Gas
prediction and are higher than the full mean-field calcu-
lations that consider formation from all possible pairs. The
data are lower than the 1S0 calculation that assumes
restrictive conditions on the mean-field nucleons that form
SRC pairs [35].
We note that the SRC-pair c.m. momentum distributions

extracted from experiment differ from those extracted
directly from ab initio calculations of the two-nucleon
momentum distribution. The latter are formed by summing
over all two-nucleon combinations in the nucleus and
therefore include contributions from non-SRC pairs. See
discussion in Ref. [34].
In conclusion, we report the extraction of the width of the

c.m. momentum distribution, σc:m:, for pp-SRC pairs from
Aðe; e0ppÞ measurements in C, Al, Fe, and Pb. The new
data are consistent with previous measurements of the
width of the c.m. momentum distribution for both pp and
pn pairs in C. σc:m: increases very slowly and might
even saturate from C to Pb, supporting the claim that final
state interactions are negligible between the two outgoing
nucleons and the residual A − 2 nucleus. The comparison
with theoretical models supports the claim that SRC pairs
are formed from mean-field pairs in specific quantum
states. However, improved measurements and calculations
are required to determine the exact states.

The raw data from this experiment are archived in
Jefferson Labs mass storage silo [66].
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We can compare to data from

the CLAS EG2 experiment.
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CLAS’s large-acceptance is crucial for

detecting multi-particle final states.

electron

proton
31



CLAS’s large-acceptance is crucial for

detecting multi-particle final states.
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We’ve selected events to minimize

competing reactions.
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We’ve selected events to minimize
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SRC events are selected in kinematics that

minimize final-state interactions.

Missing Momentum
         = p1 - q

Leading Proton
(High mom.)

Recoil
(Low mom.)
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~pmiss is anti-parallel to ~q

for C, Al, Fe, Pb.

Missing Momentum
         = p1 - q

Figure courtesy of M. Sargsian
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We remain anti-parallel over our pmiss range.
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Connecting the model to data

DataModel

Radiative corrections
Acceptance corrections
FSI corrections, etc...
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Connecting the model to data

DataModel

Radiative corrections
Acceptance corrections
FSI corrections, etc...

Transparency, SCX
Radiative effects
Detector model
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We forward propagate the model to the data.

1 Generate events according to

model

2 Radiative effects

3 Transparency/SCX using

Glauber

4 Detector acceptance

5 Same event selection as data

e

e'

ω,q

A

E1',p1'

EA-2,–pCM

pCM

E2,p2

E1,p1
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We forward propagate the model to the data.

1 Generate events according to

model

2 Radiative effects

3 Transparency/SCX using

Glauber

4 Detector acceptance

5 Same event selection as data
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We forward propagate the model to the data.

1 Generate events according to

model

2 Radiative effects

3 Transparency/SCX using

Glauber

4 Detector acceptance

5 Same event selection as data
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We forward propagate the model to the data.

1 Generate events according to

model

2 Radiative effects

3 Transparency/SCX using

Glauber

4 Detector acceptance

5 Same event selection as data
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We forward propagate the model to the data.

1 Generate events according to

model

2 Radiative effects

3 Transparency/SCX using

Glauber

4 Detector acceptance

5 Same event selection as data

Missing Momentum
         = p1 - q
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We compare our GCF calculation to several

reactions.

12C(e, e ′np)

0.4 < pmiss < 1.0 GeV/c

Only a few dozen neutron events

arXiv:1810.05343, just accepted to PRL

12C(e, e ′p) and 12C(e, e ′pp)

0.4 < pmiss < 1.0 GeV/c

Few hundred to few thousand events

Analysis under review (still preliminary!)
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12C(e, e ′pp)/12C(e, e ′np)
4

TABLE II: Measured [A(e, e0pp)/2�ep]/[A(e, e0np)/�en]
reduced cross-section ratios in percent units and their
uncertainties divided into two recoil proton momentum
bins. The first uncertainty is statistical while second is

systematical. See text for details.

A
|Precoil| [GeV/c]

0.3 - 0.6 0.6 - 1.0
C 5.33 ± 0.65 ± 0.35 7.87 ± 1.68 ± 0.70
Al 5.33 ± 1.09 ± 0.33 8.76 ± 3.63 ± 1.05
Fe 5.88 ± 0.68 ± 0.34 6.53 ± 1.16 ± 0.41
Pb 5.71 ± 1.49 ± 0.39 6.70 ± 1.93 ± 0.40

sured flight times and momenta. For low-momentum par-
ticles (p < 700 MeV/c), proton/pion separation was fur-
ther improved by requiring the protons to deposit more
than 15 MeV in the 5-cm thick TOF counters. Neu-
trons were identified by observing interactions in the for-
ward EC (covering about 8� to 45�) with no associated
hit in the corresponding TOF counter and no matching
charged-particle track in the drift chambers. The angle-
and momentum-dependent neutron detection e�ciency
and momentum reconstruction resolution were measured
using the exclusive d(e, e0p⇡+⇡�)n and d(e, e0p⇡+⇡�n)
reactions. See the on-line supplemental information of
Refs. [3, 6] for details of the analysis.

We selected high missing-momentum (e, e0p) and
(e, e0n) events (i.e., events with a “leading” proton or
neutron) following the procedure of Ref. [6] using the cuts
detailed in Table I. We further required the detection of
a lower-momentum recoil-proton (350  |~precoil|  1000
MeV/c) to obtain (e, e0pp) and (e, e0np) events. Since the
recoil protons had relatively low momentum, following [3]
we corrected their momenta for energy loss in the target
and the CLAS detector.

As CLAS uses an open (e, e0) trigger, A(e, e0pp) and
A(e, e0np) reactions were measured simultaneously. We
matched the A(e, e0pp) and A(e, e0np) acceptances by
considering only leading nucleons which were detected
in the phase-space region with good acceptance for
both protons and neutrons. To extract the A(e, e0pp) /
A(e, e0np) cross-section ratio from the measured event
yields, we weighted each event by the inverse of the
leading-nucleon detection e�ciency.

Figure 2 shows the resulting reduced cross-section ratio

R =
Y (A(e, e0pp))/2�ep

Y (A(e, e0np))/�en
(1)

for all measured nuclei (where Y is the e�ciency-
corrected yield, and �ep and �en are the elementary
electron-proton and electron-neutron cross sections, re-
spectively [46]), divided into two bins of recoil proton mo-
menta (350�600 and 600�1000 MeV/c). The weighting
factors of 1/(2�ep) and 1/�en were applied event-by-event
to account for the di↵erent elementary electron-nucleon
cross sections and the di↵erent nucleon counting. The er-
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FIG. 2: (color online) Extracted reduced cross-section ratios
R for pp to np SRC pair knockout as a function of recoil pro-
ton momenta. Di↵erent filled symbols mark di↵erent nuclei.
The black dashed lines show the average cross-section ratio
for all four nuclei and their horizontal extents show the width
of each recoil proton momenta bin. The open symbols show
the results of GCF calculations for 12C using three di↵er-
ent NN interactions. The inner (green) and outer (yellow)
bands represent the 68% and 95% confidence ranges of the
calculation. The points with dashed error bars correspond to
GCF calculations using the “old” pp to np contact ratios of
Ref. [28] and the points with the solid error bars use “new”
contact ratios fit to this data set. See text for details.

ror bars show both statistical and systematical uncertain-
ties added in quadrature. The latter include sensitivity
of the extracted cross-section ratio to the event selection
cuts detailed in Table I, uncertainties in the neutron and
proton detection e�ciencies, and a small di↵erence for
the leading proton and neutron transparencies in iron and
lead [31, 47] (see table I in the online supplementary ma-
terials). Numerical values for the extracted cross-section
ratios are listed in Table II.

The reduced cross-section ratio R in each bin is A-
independent, and increases from an average of 5.5±0.4%
at the lower Precoil bin to 7.0±0.9% at the higher bin. Its
small value is consistent with np-SRC pairs being 15�20
times more abundant than pp-SRC pairs. The increase
between the two bins is also consistent with the expected
increased contribution of pp-SRC pairs at higher relative
momenta where the tensor part of the nuclear interaction
is less predominant [21].

In order to extract the ratio of np to pp pairs in the
nucleus from the reduced cross-section ratio, we need to
correct for the attenuation and SCX interactions (e.g.,
(n, p) and (p, n) reactions) of the nucleons as they exit
the nucleus. At the measured outgoing nucleon mo-
menta, the pp and nn elastic scattering cross-sections
are similar, so nucleon attenuation largely cancels in the
A(e, e0np) / A(e, e0pp) cross-section ratio (see [31] for
details). However, SCX can increase the observed re-
duced cross-section ratio. Because there are so many

M. Duer, A. Schmidt et al., accepted to PRL (2019)
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Comparison to 12C(e, e ′p) and 12C(e, e ′pp)

Carbon data only

Contacts determined from fits to ab initio VMC

NN interactions

AV18

Local χPT N2LO (1 fm cut-off)

Model uncertainty from:

Contacts

σCM

SCX prob.

Transparency

A− 2 excitation E ∗

prel. cut-off

e− res.

p res.
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Comparison to 12C(e, e ′p) and 12C(e, e ′pp)

Carbon data only

Contacts determined from fits to ab initio VMC

NN interactions
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Local χPT N2LO (1 fm cut-off)

Model uncertainty from:

Contacts

σCM

SCX prob.
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Comparison to 12C(e, e ′p) and 12C(e, e ′pp)

Carbon data only

Contacts determined from fits to ab initio VMC

NN interactions

AV18

Local χPT N2LO (1 fm cut-off)

Model uncertainty from:

Contacts

σCM

SCX prob.

Transparency
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The model accurately predicts kinematics.
C(e, e ′p)
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C(e, e ′pp)
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Missing momentum distributions show

sensitivity to the NN interaction.
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We can verify no significant FSIs.

Different pmiss dependence for

e ′p, e ′pp events

No excess transverse missing

momentum

No A-dependence in

distributions!
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We can verify no significant FSIs.

Different pmiss dependence for

e ′p, e ′pp events

No excess transverse missing

momentum

No A-dependence in

distributions!
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We can verify no significant FSIs.

Different pmiss dependence for

e ′p, e ′pp events

No excess transverse missing

momentum

No A-dependence in

distributions!
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Missing-momentum and missing-energy
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(e, e ′pp)/(e, e ′p) ratio
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Isospin-dependence of the repulsive core
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To recap:

1 Generalized Contact Formalism

2 GCF cross sections

3 Comparisons to data

0 0.5 1 1.5 2 2.5 3

np ab initio

pp ab initio

ρ2(ri j)

r [fm]

Contact Fits
Total np
np, s = 1
pp, s = 0
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To recap:

1 Generalized Contact Formalism

2 GCF cross sections

3 Comparisons to data

e

e'

ω,q
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E1',p1'

E2,p2

E1,p1
E1+E2,pCM

pCM
2 + (mA-2+E*)2,–pCM
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To recap:

1 Generalized Contact Formalism

2 GCF cross sections

3 Comparisons to data
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SRC data can constrain the NN interaction

up to 1 GeV/c!
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Different observables have different

scale and scheme dependence.
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Different observables have different

scale and scheme dependence.
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Different observables have different

scale and scheme dependence.

65



We now have a consistent scale-separated

view of SRCs.

Three important properties:

Pair abundances

Pair CM motion

Pair relative motion
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Other talks at this meeting:

In this session:

Or Hen

Later today:

Dien Nguyen (D15)

Sunday Morning:

Rey Cruz-Torres (G05)

Florian Hauenstein (H15)

Holly Szumila-Vance (H15)

Sunday Afternoon:

Afroditi Papadopoulou (J12)

Eli Piasetzky (L05)

Holly Szumila-Vance (L05)

Monday:

Holly Szumila-Vance (S01)

67



BACK-UP
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Model cross section

d8σ

dQ2dxBdφed3~pCMdΩ2
=

σeN
32π4

n(~pCM)J
∑
α

Cα|ϕ̃α(|~prel |)|2

J =
E ′1E2p

2
2

|E2(p2 − Z cos θZ ,2) + E ′1p2|
ω

2EbeamEexB

~Z ≡ ~q + ~pCM

69



Leading and recoil protons are distinct.
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Leading and recoil protons are distinct.
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Leading and recoil protons are distinct.
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Missing momentum distributions show

sensitivity to the NN interaction.
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Implementation of single charge exchange (SCX)

and transparency

Colle, Cosyn, Ryckebusch, PRC 034608 (2016)

Glauber calc of avg. probabilities:

Leading p ↔ n
Recoil p ↔ n
Transparency factor for NN

Transparency factor for N

e'NN

e'NN e'NN e'NN e'NN

e'NN e'NN e'NN

SCX

Transp.
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Inclusive scaling relies on kinematical assumptions.
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Inclusive scaling relies on kinematical assumptions.
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