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The spring run used a tritium target.
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The spring run used a tritium target.
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Tritium in real life is even cooler

than in Spiderman 2.

Small

It’s well in range of ab initio approaches.

Isospin doublet
3He is stable mirror nucleus.

Wicked asymmetric

A/2Z = 1.5, compare to Pb, ≈ 1.27
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Tritium targets are once-in-a-generation.

Lab Year

SLAC 1963
...

...

Bates 1984

Saclay 1985

Saclay 1992
...

...

JLab 2018
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Hall A 2018 Spring Tritium Run
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Hall A 2018 Spring Tritium Run

1 MARATHON

Inclusive deep-inelastic scattering: d/u ratio

2 (e, e ′p) Experiment

Coincident quasielastic proton knock-out

3 xB < 3 Experiment

Inclusive scattering in the 1 < xB < 3 range
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In my talk today:

1 Hall A target and equipment

A quick refresher of what we had to work with

2 Spring experiments

(e, e ′p)
xB < 3

MARATHON

3 Looking ahead

Tritium running this fall

8



The Jefferson Lab target is sealed-cell gas design.
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The JLab target is designed to maximize

luminosity per unit activity.

Target Thickness [mg/cm2] Current [µA] Activity [kCi] FoM

SLAC 800 1 25 32

Bates 300 20 180 33

Saclay 1200 10 10 1200

JLab 80 22.5 1 1800

10



The target ladder had identical cells

for 1H, 2H, 3H, 3He.
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Hall A has two high-resolution spectrometers.

Angular acceptance: 6.7 msr

Momentum acceptance: ±4.5%

e– beam

Target

Left HRS

Right HRS

dump
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Hall A has two high-resolution spectrometers.
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Hall A has two high-resolution spectrometers.
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Hall A has two high-resolution spectrometers.
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The (e, e ′p) experiment used protons in tritium

to learn about neutrons in helium-3.

E12-14-001

What is the isospin dependence of short range correlations in

extremely asymmetric nuclei?
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Short-range correlations produce

high-momentum tails.
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Short-range correlations produce

high-momentum tails.

0 1 2 3 4

Lo
g

P
ro

ba
bi

lit
y

Nucleon momentum [fm−1]

Nucleons in 12C

0 1 2 3 4

Fermions in a box

Wiringa et al.
PRC 89 024305 (2014)

18



Short-range correlations produce

high-momentum tails.
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Between 300–600 MeV, np pairs predominate.

These kinematic settings covered (e,e'p) missing
momenta, which is the momentum of the
undetected particles, in the range from 300 to
600 MeV/c, with overlap between the different
settings. For highly correlated pairs, the missing
momentum of the (e,e'p) reaction is balanced
almost entirely by a single recoiling nucleon,
whereas for a typical uncorrelated (e,e'p) event,
themissingmomentum is balanced by the sum of
many recoiling nucleons. In a partonic picture, xB
is the fraction of the nucleon momentum carried
by the struck quark. Hence, when xB > 1, the
struck quark has more momentum than the entire
nucleon, which points to nucleon correlation. To
detect correlated recoiling protons, a large
acceptance spectrometer (“BigBite”) was placed
at an angle of 99° to the beam direction and 1.1
m from the target. To detect correlated recoiling
neutrons, a neutron array was placed directly
behind the BigBite spectrometer at a distance of 6
m from the target. Details of these custom proton
and neutron detectors can be found in the
supporting online material (16).

The electronics for the experiment were set
up so that for every 12C(e,e'p) event in the HRS
spectrometers, we read out the BigBite and
neutron-detector electronics; thus, we could deter-
mine the 12C(e,e'pp)/12C(e,e'p) and the 12C(e,e'pn)/
12C(e,e'p) ratios. For the 12C(e,e'pp)/12C(e,e'p)
ratio, we found that 9.5 ± 2% of the (e,e'p) events
had an associated recoiling proton, as reported in
(12). Taking into account the finite acceptance of
the neutron detector [using the same procedure
as with the proton detector (12)] and the neutron
detection efficency, we found that 96 ± 22% of
the (e,e'p) events with a missing momentum above
300 MeV/c had a recoiling neutron. This result
agrees with a hadron beam measurement of
(p,2pn)/(p,2p), in which 92 ± 18% of the (p,2p)
events with a missing momentum above the Fermi

momentum of 275 MeV/c were found to have a
single recoilingneutroncarrying themomentum(11).

Because we collected the recoiling proton
12C(e,e'pp) and neutron 12C(e,e'pn) data simulta-
neously with detection systems covering nearly
identical solid angles, we could also directly
determine the ratio of 12C(e,e'pn)/12C(e,e'pp). In
this scheme, many of the systematic factors
needed to compare the rates of the 12C(e,e'pn)
and 12C(e,e'pp) reactions canceled out. Correct-
ing only for detector efficiencies, we determined
that this ratio was 8.1 ± 2.2. To estimate the effect
of final-state interactions (that is, reactions that
happen after the initial scattering), we assumed
that the attenuations of the recoiling protons and
neutrons were almost equal. In this case, the only
correction related to final-state interactions of the
measured 12C(e,e'pn)/12C(e,e'pp) ratio is due to a
single-charge exchange. Because the measured
(e,e'pn) rate is about an order of magnitude larger
than the (e,e'pp) rate, (e,e'pn) reactions followed
by a single-charge exchange [and hence detected
as (e,e'pp)] dominated and reduced the measured
12C(e,e'pn)/12C(e,e'pp) ratio. Using the Glauber
approximation (17), we estimated that this effect
was 11%. Taking this into account, the corrected
experimental ratio for 12C(e,e'pn)/12C(e,e'pp) was
9.0 ± 2.5.

To deduce the ratio of p-n to p-p SRC pairs in
the ground state of 12C, we used the measured
12C(e,e'pn)/12C(e,e'pp) ratio. Because we used
(e,e'p) events to search for SRC nucleon pairs, the
probability of detecting p-p pairs was twice that
of p-n pairs; thus, we conclude that the ratio of
p-n/p-p pairs in the 12C ground state is 18 ± 5
(Fig. 2). To get a comprehensive picture of the
structure of 12C, we combined the pair faction
results with the inclusive 12C(e,e') measurements
(4, 5, 14) and found that approximately 20% of
the nucleons in 12C form SRC pairs, consistent

with the depletion seen in the spectroscopy ex-
periments (1, 2). As shown in Fig. 3, the com-
bined results indicate that 80% of the nucleons in
the 12C nucleus acted independently or as de-
scribed within the shell model, whereas for the
20% of correlated pairs, 90 ± 10% were in the
form of p-n SRC pairs; 5 ± 1.5%were in the form
of p-p SRC pairs; and, by isospin symmetry, we
inferred that 5 ± 1.5% were in the form of SRC
n-n pairs. The dominance of the p-n over p-p
SRC pairs is a clear consequence of the nucleon-
nucleon tensor force. Calculations of this effect
(18,19) indicate that it is robust anddoes not depend
on the exact parameterization of the nucleon-
nucleon force, the type of the nucleus, or the
exact ground-state wave function used to de-
scribe the nucleons.

If neutron stars consisted only of neutrons, the
relatively weak n-n short-range interaction would
mean that they could be reasonably well approxi-
mated as an ideal Fermi gas, with only perturba-
tive corrections. However, theoretical analysis of
neutrino cooling data indicates that neutron stars
contain about 5 to 10% protons and electrons in
the first central layers (20–22). The strong p-n
short-range interaction reported here suggests
that momentum distribution for the protons and
neutrons in neutron stars will be substantially
different from that characteristic of an ideal Fermi
gas. A theoretical calculation that takes into
account the p-n correlation effect at relevant
neutron star densities and realistic proton concen-
tration shows the correlation effect on the mo-
mentum distribution of the protons and the
neutrons (23). We therefore speculate that the
small concentration of protons inside neutron
stars might have a disproportionately large effect
that needs to be addressed in realistic descriptions
of neutron stars.

References and Notes
1. L. Lapikas, Nucl. Phys. A. 553, 297 (1993).
2. J. Kelly, Adv. Nucl. Phys. 23, 75 (1996).
3. W. H. Dickhoff, C. Barbieri, Prog. Part. Nucl. Phys. 52,

377 (2004).
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Fig. 3. The average fraction of nucleons in the
various initial-state configurations of 12C.

www.sciencemag.org SCIENCE VOL 320 13 JUNE 2008 1477

REPORTS

 o
n 

M
ar

ch
 1

6,
 2

01
7

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

E. Piasetzky et al., PRL 97 162504 (2006)

R. Shneor et al., PRL. 99, 072501 (2007)

R. Subedi et al., Science 320, 1476 (2008)

20



np-dominance was indirectly observed

from carbon to lead.

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.

S
R

C
 P

ai
r 

fra
ct

io
n 

(%
)

100

50

0
10 50 100 A

C Al Fe Pb

68% C.L. 

95% C.L. 

np fraction

pp fraction

RESEARCH | REPORTS

 o
n 

M
ar

ch
 1

6,
 2

01
7

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

O. Hen et al, Science 346, 614 (2014)

21



. . . and has now been directly confirmed

by detecting neutrons in CLAS.
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np-dominance implies a transition in the n/p ratio.
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np-dominance implies a transition in the n/p ratio.

1

1.5

2

2.5

3

0 100 200 300 400 500

n
n
(k
)/
n
p
(k
)

Nucleon momentum [MeV/c ]

VMC
Nogga
Kaptari
Sargsian

24



Proton momentum can be determined from

coincident detection.
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Target
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Proton momentum can be determined from

coincident detection.

q

pp

pp – q = pmiss 

26



Care must be taken to avoid

final state interactions.

High Q2 −→ reduce meson-exchange currents

x > 1 −→ reduce resonance production

~pmiss anti-parallel to ~q −→ reduce rescattering
Accessing	momentum	distribu$ons	-	FSI	

17	
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The (e, e ′p) experiment will be able to map out

this transition.
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The (e, e ′p) experiment will be able to map out

this transition.
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We can also make comparisons to deuterium.
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The xB < 3 experiment used two spectrometers

to maximize inclusive acceptance.
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The xB < 3 experiment used two spectrometers

to maximize inclusive acceptance.
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Inclusive electron scattering can already tell us

about short range interactions.
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At high x , quasielastic scattering can only proceed

from a high-momentum nucleon.
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a2 plateaus tell us that high-momentum tails

are universal.
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Isospin-dependence between 1 < xB < 3

a2 scaling in 3H and 3He

3N correlations: xB > 2

Elastic neutron form factors
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The xB < 3 experiment covered a wide range of

Q2 and xB settings.
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The xB < 3 experiment covered a wide range of

Q2 and xB settings.
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The xB < 3 experiment covered a wide range of

Q2 and xB settings.
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How can u and d quark distributions

be extracted from DIS?

dσ

dΩdE ′
=

(
2αE ′

Q2

)2
×
(

1

ν
F2 +

2

M
F1 tan2

θ

2

)

In the infinite-momentum frame:

F1 =
1

2

∑
i

e2i qi(x)

F2 = x
∑
i

e2i qi(x)
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How can u and d quark distributions

be extracted from DIS?

dσ

dΩdE ′
=

(
2αE ′

Q2

)2
×
(

1

ν
F2 +

2

M
F1 tan2

θ

2

)

In the infinite-momentum frame:

F2 = x

[(
2

3

)2
(u(x) + ū(x)) +

(
−1

3

)2
(d(x) + d̄(x)) +

(
−1

3

)2
(s(x) + s̄(x))

]
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How can u and d quark distributions

be extracted from DIS?

1 Semi-inclusive DIS

Smaller cross section

Messy extraction of u/d from π+/π− . . .

2 Exploit isospin symmetry: F p2 /F
n
2

No free neutron target
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Deuterium has a neutron

but also binding, fermi-motion!
larger F n

2 /F p
2 values as compared with the Fermi-motion only extracted values. As can be

seen in Figure 3, the difference at x = 0.85 can be up to ∼ 50%.

Figure 3: The Fn
2 /F p

2 ratio extracted from proton and deuteron DIS measurements [11] with a)

a Fermi-smearing model (Bodek et al. [12]), b) a covariant model that includes binding and off-

shell effects (Melnitchouk and Thomas [34]), and c) the “nuclear density model” [39] that also

incorporates binding and off-shell effects (Whitlow et al. [36]).

Whitlow et al. [36] incorporated binding effects using the “nuclear density model” of

Frankfurt and Strikman [39]. In this model, the EMC effect for the deuteron scales with

nuclear density as for heavy nuclei:

F d
2

F p
2 + F n

2

= 1 +
ρd

ρA − ρd

[
FA

2

F d
2

− 1

]
, (13)

where ρd is the charge density of the deuterium nucleus, and ρA and FA
2 refer to a heavy

nucleus with atomic mass number A. This model predicts for the ratio F n
2 /F p

2 values that

11

are significantly higher (> 100%) than the Fermi-motion only extracted ones at high x, as

can be seen in Figure 3.

M. Botje, Eur. Phys. J. C14, 285-297, 2000

Figure 4: A typical uncertainty in the determination of the quark d/u distribution ratio by the

QCD fit of Botje [40] on DIS cross section data. The solid curve is a QCD fit, and the shaded area

shows the uncertainty in the fit. The dot-dashed curve represents the standard CTEQ4 fit [43],

while the dashed curve corresponds to the CTEQ4 fit with a modified d quark distribution with

d/u →≈ 0.2 as x → 1.

It is evident from the above two models that neglecting nuclear binding effects in the

deuteron can introduce, at large x, a significant uncertainty in the extraction of the F n
2 /F p

2

and d/u ratios. A typical example for the magnitude of the uncertainty for the d/u ratio,

as estimated by one calculation from a QCD fit of proton and deuteron structure function

data, is given in Figure 4 [40] (see also Ref. [41]). The more recent CTEQ6X analysis

[42] gave a similarly large spread for the d quark distribuion above x ∼ 0.5, depending on

12
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Tritium/Helium-3: a better way to get F p2 /F
n
2 !

F p2
F n2

=
2R− F 3He2 /F

3H
2

2F
3He
2 /F

3H
2 −R

Depends on the ratio of EMC effects!

R ≡ F
3He
2

2F p2 + F n2
× 2F n2 + F p2

F
3He
2
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MARATHON can make huge improvements on

current uncertainties.
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What is the EMC effect in A = 3?

So far, only data on Helium-3
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We tried to model the modification

of a single np-SRC pair.

See Barak Schmookler’s talk tomorrow!

FA2 = ZF p2 + NF n2 + nASRC(∆F p2 + ∆F n2 )
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We extracted the “modification” of a single SRC

pair.
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We extracted the “modification” of a single SRC

pair.
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We can make predictions for A = 3.
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We can make predictions for A = 3.
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There will be more tritium running in the fall.

1 xB < 3 continued . . .

Investigation of x > 1 and x > 2 regions

2 xB = 3 Experiment

Elastic form factors of the triton.

3 Hypernucleus Experiment

Λn interaction via 3H(e, e ′K+)
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xB < 3 will take data at higher Q2.
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The xB > 2 region will tell us about

3N-correlations.

examined the high-momentum tail of the deuteron momen-
tum distribution and used target ratios at x > 1 to examine
the A and Q2 dependence of the contribution of 2N-SRCs.
The SRC contributions are extracted with improved statis-
tical and systematic uncertainties and with new corrections
that account for isoscalar dominance and the motion of the
pair in the nucleus. The 9Be data show a significant devia-
tion from predictions that the 2N-SRC contribution should
scale with density, presumably due to strong clustering
effects. At x > 2, where 3N-SRCs are expected to domi-
nate, our A=3He ratios are significantly higher than the
CLAS data and suggest that contributions from 3N-SRCs
in heavy nuclei are larger than previously believed.

We thank the JLab technical staff and accelerator divi-
sion for their contributions. This work supported by the
NSF and DOE, including contract DE-AC02-06CH11357
and contract DE-AC05-06OR23177 under which JSA,
LLC operates JLab, and the South African NRF.
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Previous tritium experiments have poor coverage

of the diffraction minima.(Rosenbluth separation). The above formalism describes also electron scattering from the

3He mirror nucleus.

Figure 1: 3He charge form factor data from Stanford [4, 29], Orsay [30], SLAC [35], Saclay [3],

Mainz [34] and MIT/Bates [5] experiments, and theoretical IA+MEC calculations by Marcucci et

al. [6, 8] (see text). The solid squares are the results from the recent E04-018 Hall A experiment

on the form factors of the helium isotopes [37, 36].

The electromagnetic form factors of the few-body nuclear systems (3He, 3H and 4He) [16]

provide fundamental information on their internal structure and dynamics. They are very

sensitive to the choice of the nucleon-nucleon interaction potential, the treatment of meson-

exchange currents and relativistic corrections, and to a possible admixture of multi-quark

states. At large four-momentum transfers, larger than those accessible now by the JLab

energies, they may offer an opportunity to uncover a possible transition in the description of

5
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Previous tritium experiments have poor coverage

of the diffraction minima.

Figure 2: 3He magnetic form factor data from Stanford [4, 29], Saclay [3], MIT/Bates [32], and

theoretical IA+MEC calculations by Marcucci et al. [6, 8] (see text). The solid squares are the

results from the recent E04-018 Hall A experiment on the form factors of the helium isotopes [37, 36].

elastic electron scattering off the few-nucleon systems, from meson-nucleon to quark-gluon

degrees of freedom, as predicted by quark dimensional scaling [17].

Theoretically, in the non-relativistic impulse approximation approach, the few-body form

factors are calculated using numerical solutions of the Faddeev equations, the correlated (or

uncorrelated) hyperspherical harmonics (CHH) variational method, or Monte Carlo meth-

ods to solve for the nuclear ground states [7]. All three methods provide a solution of the

Schrödinger equation for non-relativistic nucleons bound by the nucleon-nucleon interaction.

The Faddeev decomposition for the three- or four-body problem rewrites the Schrödinger

equation as a sum of three or four equations, in which only one pair of nucleons interacts

6
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Previous tritium experiments have poor coverage

of the diffraction minima.

Figure 3: 3H charge form factor data from Stanford [4], Saclay [2, 3], and Bates [5] experiments, and

theoretical IA+MEC calculations by Marcucci et al. using the correlated hyperspherical harmonics

variational method [6, 8] (see text).

Also shown in the Figures are very recent theoretical calculations by Marcucci and Col-

laborators [6, 8], based on the impulse approximation with and without inclusion of meson-

exchange currents. They used the CHH variational method to construct high-precision wave

functions obtained with the Argonne v18 two-nucleon [39] and Urbana-IX three-nucleon inter-

actions model [40]. In this calculation, the two-body MEC operators have been constructed

by the same method of the earlier calculation by Schiavilla et al. [18, 19] and significant

new advances have been made in the construction of the irreducible three-nucleon exchange

current operator and in the systematic treatment of ∆-isobar configurations in the nuclear

bound states. It can be seen that the impulse approximation alone totally fails to describe all

8
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Previous tritium experiments have poor coverage

of the diffraction minima.

Figure 4: 3H magnetic form factor data from Stanford [4], Saclay [2, 3], and Bates [5] experiments,

and theoretical IA+MEC calculations by Marcucci et al. using the correlated hyperspherical har-

monics variational method [6, 8] (see text).

data, necessitating the need for inclusion of meson-exchange currents. The full calculation

describes very well the 3He charge form factor data up to large momentum transfers, quite

well the 3H magnetic form factor data, fairly well the 3H charge form factor data, but sig-

nificantly fails to reproduce all the 3He magnetic form factor data around its first diffraction

minimum.

The above well known 3He magnetic form factor discrepancy between theory and exper-

iment has been attributed to the need for fully relativistic calculations [41, 42, 43] for the

three-body form factors. Gross, Stadler and Collaborators have initiated a serious effort to

calculate the three-body form factors in a consistent relativistic framework. Their initial

9
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To recap:

Tritium target in Hall A

(e, e ′p) Experiment

xB < 3 Experiment

MARATHON

Experiment

More tritium running

coming up this fall.
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To recap:

Tritium target in Hall A

(e, e ′p) Experiment

xB < 3 Experiment

MARATHON

Experiment
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To recap:

Tritium target in Hall A

(e, e ′p) Experiment

xB < 3 Experiment

MARATHON

Experiment

More tritium running
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Conclusions

Lots of new results are on the way!

See additional talks about the SRC-EMC connections!

Or Hen, tomorrow afternoon

Barak Schmookler, tomorrow afternoon
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BACK-UP SLIDES
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EMC-effect correlates with SRC pair density.
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We tried to model the modification

of a single np-SRC pair.

See Barak Schmookler’s talk tomorrow!

FA2 = (Z − nASRC)F p2 + (N − nASRC)F n2 + nASRC(F p∗2 + F n∗2 )

FA2 = ZF p2 + NF n2 + nASRC(∆F p2 + ∆F n2 )

F d2 = F p2 + F n2 + ndSRC(∆F p2 + ∆F n2 )
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of a single np-SRC pair.

See Barak Schmookler’s talk tomorrow!

FA2 = (Z − nASRC)F p2 + (N − nASRC)F n2 + nASRC(F p∗2 + F n∗2 )

FA2 = ZF p2 + NF n2 + nASRC(∆F p2 + ∆F n2 )

F d2 = F p2 + F n2 + ndSRC(∆F p2 + ∆F n2 )

70



We tried to model the modification

of a single np-SRC pair.

ndSRC
F d2

(∆F p2 + ∆F n2 ) =

FA2
F d2
− (Z − N)

F p2
F d2
− N

nASRC
ndSRC
− N

Universal function Nucleus-dependent
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EMC data vary significantly by nucleus.
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The SRC-modification function seems universal.
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The SRC-modification function seems universal.
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The SRC-modification function seems universal.
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MARATHON Prediction
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MARATHON Prediction
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