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Abstract

We propose to perform a precision test of the isospin dependence of two-nucleon short range correlations

using mirror nuclei: 3He and 3H. We will also extend the cross section ratio measurement to the x > 2 region

where three-nucleon short range correlations dominate; This will constitute the first test of the isospin

dependence of three-nucleon clusters. An unpolarized electron beam of 4.4 GeV, the under-design room

temperature 3He and 3H target system and the left HRS in standard electron detection configuration are

needed for our proposed measurement. The proposed measurement requires 8 days of beam time including

calibration, overhead, and background measurements.
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I. INTRODUCTION TO SHORT RANGE CORRELATIONS

Short-Range correlations (SRCs) have been recognized as responsible for the high momentum tail of the nucleon

momentum distribution in nuclei. The attractive core (Fig. 1) contributes to nucleon-nucleon correlations at short

distances. The presence of SRC leads to a significant increase on the nuclear cross section (for momenta greater than

kF ) as compared to that predicted by the single particle (shell model) description.

FIG. 1: the nucleon-nucleon potential as a function of the nucleon-nucleon separation.

While single nucleon knockout reactions allow us to look at the shell model contributions, it is much more difficult to

probe the high-momentum nucleons generated by correlations, as the cross section in this region has large contributions

from other processes such as final-state interactions and meson-exchange currents. Inclusive electron scattering can

be used to probe these high-momentum nucleons, providing cleaner measurements that complement the more detailed

measurements possible in coincidence reactions.

By choosing the kinematic region where the nucleon momemtum is well above the Fermi momentum, the cross

section will be dominated by the scattering on high momemtum nucleons belonging to short-range correlations. In

a nucleus of A nucleons, the region in Bjorken x where SRC dominates extends from x = 1.3 to the elastic limit

(x = A). (This is only technically true: at the limit there is no knockout and we can expect FSI to dominate even

before the limit is reached.)

As it would be expected for scattering on a tighly bound system, a scaling behavior in the nuclear cross sections

is expected to manifest in the x > 1.3 region. In their approach, Frankfurt and Strikman [1, 2] showed that the

cross section for x >∼ 1.3 (where the single particle contribution is negligible) is a sum of contributions from 2N, 3N,...

correlations,

σA(x, Q2) =

A∑

j=2

A

j
aj(A)σj(x, Q2)

=
A

2
a2(A)σ2(x, Q2) +

A

3
a3(A)σ3(x, Q2) + ...,

where σj is the cross section for scattering from a j-nucleon correlation and the constants aj(A) are proportional to the

probability of finding a nucleon in a j-nucleon correlation which should fall rapidly with j as nuclei are dilute. In this
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model, the isospin dependence of the SRCs is neglected (as it is throughout Section I). Taking aj(A) = 1 for A = j, i.e.

defining a2(A) to be probability of finding a 2N-SRC in nucleus A relative to deuterium, the cross section σj reduces to

the cross section for scattering from a nucleus with A = j, e.g. for A = 2, σeD(x, Q2) = a2(A)σ2(x, Q2) = σ2(x, Q2),

with σj(x, Q2) = 0 for x > j.

In the region where 2N-SRCs dominate, the SRC model predicts scaling of the cross section ratio:

(2/A)σA(x, Q2)/σD(x, Q2) = a2(A)/a2(D) = a2(A), (1)

where the factor (2/A) yields the ratio of cross sections per nucleon. Thus, for all values of x and Q2 where the

scattering is dominated by 2N-SRCs, the ratio of the cross section from a heavy nucleus to deuterium (or in fact

the ratio of any two nuclei) should be independent of x and Q2, and be a direct measure of the relative number of

2N-SRCs in the nuclei. While this neglects the effects of FSI, it has been argued [3] that in these small-sized SRCs,

the FSI is confined to the nucleons in the correlation itself , and should cancel in the ratio. Similar scaling should be

observed in the ratio A/3He in the region where scattering from 3N-SRCs dominates. The SRC model outlined here

assumes isospin independence and that the CM of the correlation is at rest.

FIG. 2: Evidence of 2N SRC in the cross section ratio of iron over deuterium from SLAC data [4]. The curve is a calculation
based on the nuclear spectral function of Zverev and Saperstein.

This scaling behavior for 2N-SRCs was first observed in SLAC data [2, 4]. Figure 2 shows the SLAC results on the

cross section ratios of iron over deuterium at several average Q2. A plateau can be seen at most of the averaged Q2

but is best observed at < Q2 >= 2.3 (GeV/c)2. This is a clear signature of scattering off a strongly correlated pair of

nucleons. More recently in Hall C and Hall B at Jefferson Lab [5, 6], the same high x scaling behavior was observed.

Moreover, the results from CLAS provided the first direct evidence for such scaling in the 3N-SRC region, as shown

in Figure 3.
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FIG. 3: 2N and 3N correlations from recent JLab Hall B data [5]. See text for definition of r(A/3He).

The data from Ref. [5] (Fig. 3) provided the first direct indication of scaling in the x-region between 2.25 and 2.80,

corresponding to dominance of three-nucleon short range correlations. But these data have limitations that make it

difficult to make a quantitative extraction of the 3N-SRC probabilities, or even to ensure that the measurement is

directly sensitive to the 3N-SRC contributions. Experiment E08-014 [7] is expected to take high precision data in the

3N-SRC region for a Q2-range 0.8-2.8 (GeV/c)2 in Spring 2011 in Hall A at JLab allowing a more accurate extraction

of the 3N-SRC probabilities. E08-014 will map out, in detail, the range were the SRC model and analysis of Fig. 3

are valid.

All the above assumed isospin symmetry in the correlation structure. The new two-nucleon knockout measurements

suggest a large difference in ”pp” and ”pn” pairs. The goal here is to make a more precise, quantitative extraction of

the ratio in the 2N SRC region.

II. ISOSPIN DEPENDENCE OF SRC

In the SRC model of Frankfurt and Strikman [1, 2], the nucleon correlations are assumed isospin dependent.

However recent results from the Hall A two-nucleon knockout experiment E01-015 [8, 9] confirmed that the correlated

pairs were dominated by np and that both pp and nn correlations together accounted for only 10% of the total

SRCs measured (see Fig. 4). They find that in the 20% contribution to the cross section from the 2N-SRC, 18% are

np-pairs and only 1% for each pp and nn pairs. This strong isospin dependence was previously observed in A(p,ppn)

reactions [10, 11].
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FIG. 4: Results from [8] showing the low probability that the knockout proton originated from a correlated pp pairs.

Recent calculations [12] show that for 2N-SRCs at rest in a nucleus, the tensor force yields an excess of high-

momentum nucleons in deuteron-like (T=0) np correlations, while nn, pp, np pairs with T=1 are all strongly sup-

pressed. Their calculation for 4He is shown in Fig. 5. For comparison the scaled momentum distribution for the

AV18 deuteron is plotted, as well as its S- and D-wave components. This clearly demonstrates the dominance of the

tensor part in the momentum range 1.4-4.0 fm−1 where the correlated pairs are expected to dominate the nuclear

wave function. While the experiment E01-015 is kinematically complete and can therefore determine the approximate

region of the momentum distribution being probed within the impulse approximation, effects from FSI, MEC, ...

make it difficult to extract a precise quantitative measure of this isospin asymmetry. Inclusive scattering can provide

a cleaner extraction on the isospin dependence which will complement the two-nucleon knockout interpretation.
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FIG. 5: Calculations from [12]. The red line represents the np pair momentum distribution and the red symbols the pp pair
momentum distribution obtained with fully realistic AV18/UIX hamiltonian. Also shown is the scaled momentum distribution
for the AV18 deuteron and its separate S- and D-wave components (dotted lines).
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While the ratios shown in Figs. 3 are corrected for the difference between the electron-proton and electron-neutron

cross sections, they assume that the ratio of neutrons to protons in the 2N-SRCs and 3N-SRCs is equal to the N/Z

ratio of the nucleus. We can study these effects using inclusive scattering in the 2N-SRC (or 3N-SRC) dominated

regions for nuclei with different N/Z ratios. Detailed calculations exist for few-body nuclei, and it is easy to see the

impact of the isospin dependence for a simple case; the comparison of 3He and 3H. For isospin-independent 2N-SRCs,
3He will have two pn pairs and one pp pair, compared to two pn pairs and one nn pair for 3H. For 3He, this yields

four options for a high-momentum proton and two for a high-momentum neutron, yielding a proton distribution that

is twice the neutron distribution at large momenta. For 3H, the opposite happens, but in both cases, the ratio of the

proton to neutron momentum distributions, np(k)/nn(k) at high momentum is just equal to the Z/N ratio for the

proton. If deuteron-like SRCs dominate, then each nucleus has two pn pairs and negligible contributions from pp or

nn pairs, yielding np(k)/nn(k) = 1 for k > kF . So for dominance of T=0 pairs, the cross sections in 3He and 3H at

x >∼ 1.5 will be identical, while for the isospin-independent case, the ratio will be (2σp + σn)/(σp + 2σn).
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FIG. 6: Left: Momentum distribution for protons (dashed) and neutrons (solid) in 3He (red) and in 3H (black) from Quantum
Monte Carlo calculation [13, 14]. Right: Ratio of proton to neutron distributions.

We can also see the impact of the isospin structure of the correlations in the calculated momentum distributions for

the proton and neutron in 3He and 3H. Figure 6 shows a calculation of the momentum distribution for protons and

neutrons in 3He and 3H, as well as their ratio [13, 14], using the Argonne v18 + Urbana IX two-nucleon and three-

nucleon potentials. For the isospin-independent case, the proton-to-neutron ratio would always be Z/N, i.e 2 for 3He

and 1/2 in 3H. In the case of dominance of the T=0 np pairs, the ratio in the 2N-SRC dominance region (kF < k <500

MeV/c corresponding to 1.5 < k < 2.5 fm−1 on Fig. 6) would equal 1 in both nuclei. The calculation predicts that the

ratio at high momenta, where 2N-SRCs dominate, is well below 2 (above 1/2) for 3He (3H). This suggests a significant

excess of np pairs over what one would expect from isospin-independent interactions, but not a total dominance of

the T=0 pairs. The T=0 pairs dominance is also obvious in Fig. 7 where pn, pp and nn distributions are plotted

versus the relative momentum k for a total pair momentum equal to zero, which corresponds to the two nucleons of

the pair moving back to back.

For the kinematics of our proposed measurement, the cross section for scattering from a proton is approximately

three times the cross section for scattering from a neutron. If the ratio of protons to neutrons at large momenta goes

6



0 1 2 3 4 5 6

k (fm
-1

)

0.001

0.01

0.1

1

10

100

k2  n
N

N
(k

)
3
He np-dist.

3
He pp-dist.

3
H np-dist.

3
H nn-dist.

0 1 2 3 4 5 6

k (fm
-1

)

0

1

2

3

4

5

6

7

n N
N

 r
at

io
s

np/pp in 
3
He

np/nn in 
3
H

np (
3
He) / np (

3
H)

FIG. 7: Left: Momentum distribution of the nucleon np-pair (solid) and nn or pp (dashed) in 3He (black) and 3H (red) as a
function of the relative momemtum between the two nucleons from Quantum Monte Carlo calculation [13, 14]. Right: Ratio
of pn to pp (or nn) distributions. Also plotted is the ratio of the pn distribution in 3He to pn distribution in 3H.

like N/Z, then the cross section per nucleon should be 40% lower for 3H, due to the increase of the number of neutrons

relative to the number of protons:

σ(e −3 He)/3

σ(e −3 H)/3
=

(2σp + σn)/3

(σp + 2σn)/3
≈

(6σn + σn)/3

(3σn + 2σn)/3
= 1.4. (2)

If we take the case where only np correlations matter for large x, then there are 2 possible np pairs in 3He and in 3H

and the ratio will be one:

σ(e −3 He)/3

σ(e −3 H)/3
=

2/3

2/3
= 1.0, (3)

Clearly, in the case of inclusive electron-nucleus scattering, the optimized choice is to look at the isospin dependence

on light mirror nuclei. The 40% sensitivity between T = 0 dominance and the isospin-independent case allows an

unambiguous distinction between the two assumptions. For light nuclei, sophiscated calculations exist and can be

compared to our results. The motion of the pair and final state interactions should mostly cancel in the ratio allowing

a clean interpretation of our data. This can be studied in the region where 2N-SRCs dominate, as well as the region

of 3N-SRC dominance, where more possible isospin configurations are possible for the 3N clusters.
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III. THE PROPOSED MEASUREMENT

Determining the isospin dependence of the short-range correlation pairs and 3N is an important step in the un-

derstanding of the strong force at short distances. In order to access the isospin information, we need to choose

kinematics in 2N and 3N-SRC regions where scaling has been established. One of the goals of experiment E08-014 [7]

is to determine at which Q2 the cross section ratios at x > 2.2 exhibit scaling. In the present proposal, using the

results from SLAC and JLab Hall B, we anticipate to be in the correlation scaling regime at Q2 above 1.4 (GeV/c)2.

We therefore propose to perform precision measurements of the inclusive electron scattering cross sections for 3H

and 3He with an incident beam energy of 4.4 GeV and at two scattering angles: 17.5◦ and 20◦. Our focus is on the

x > 1.25 region of the 2N- and 3N-SRC plateaus; Fig 8 shows the x and Q2 coverage of the proposed experiment.
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FIG. 8: Kinematic coverage: the black (red) bands represent the full (restricted) acceptance coverage.

The left HRS, which can reach a maximum momentum of 4.2 GeV/c, will be used for this measurement. The

momentum settings are 3.985 and 3.755 GeV/c for the scattering angles of 17.5 and 20.0◦ respectively. The right

HRS, which can only reach a maximum momentum of 3.1 GeV/c, will take quasi-elastic scattering data parasitically

at 3.095 GeV/c and a scattering angle of 24.5◦.

A. The targets

The 3He and 3H gases will be contained in identical 40-cm long stainless-steel cans at room temperature and 10

atm. The diameter of the cell will be 1 cm. Due to welding, the windows and walls are required to be thick and the

present design assumed a thickness of 4 mils. In addition, the cell will be placed in another stainless-steel container

of same thickness. The space between the can and the container will be filled with hydrogen (H2) at 9 atm.

The latest density under consideration for the tritium target is 0.0025 g/cm3 which corresponds to 850 Ci. For the
3He target, a density 2 or 3 times higher could be used. To stay conservative in our beamtime request, we will assume

a density for the 3He target twice the one of the tritium.

More about the safety requirements and the target design can be found in [15].
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B. Background

1. Window contributions to the cross section

Each double window is equivalent to 0.8 times the 3He thickness. Because the ratios of the 56Fe to 3He cross sections

in the 3N-SRC regions are about 4.0 (based on Fig. 3), the stainless steel windows contribution is approximately 7

times the 3He cross section on the 3He target, so dominates the total cross section at x >2. But using the planned

40cm cell and the resolution of the two HRS allows us to perform a software cut to remove the endcap contributions.

We also plan to take data on an empty stainless steel can with the same thicknesses to test the efficiency of the cuts,

and to subtract any residual endcap contribution.

FIG. 9: Projected stainless steel window contributions over the 40cm target length (z). The data are from E01-012 on the
glass reference cell filled with 3He.

From previous experiments using 40 cm polarized 3He cells (which have each glass window thickness equivalent

to twice the 3He thickness) and the HRSs, the software cut alone was enough to remove the contribution from the

windows [16]. Figure 9 showed data taken during experiment E01-012 in Hall A on the reference cell filled with 3He

gas at room temperature and 10.5 atm. In the case of the reference cell, the thickness of the two windows correspond

to a total of about 5 times the 3He gas radiation length. In our proposed measurement, we evaluated above that

the windows will contribute 7 times more than the 3He. Therefore we scaled the empty reference cell data by 7/5 in

Fig. 9 to estimate the software cuts we should apply and the remaining window contribution. It should be noted that

the data from Fig. 9 were taken at 16◦ and the vacuum wasn’t perfect during in the empty reference cell run. We can

see that a software cut of ±10cm is efficiently removing the window contribution. In our physics rate estimates, an

effective target length of about 20cm was used and we considered that 5% of the rates, within the software cuts, will

come from the remaining tails of the walls.

2. Pion contamination and charge-symmetric background

The expected pion background has been evaluated using experimental data of JLab Experiment E89-008 [17]. For

an incident energy of 4.045 GeV and at a scattering angle of 23◦, the π/e ratio was found to be approximately 10:1
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for a 2% RL carbon target at a momentum setting of 3.76 GeV and 4:1 for a 2% RL iron target at 3.60 GeV.

The PID performance of Hall A HRS detectors has been shown to be very good in past experiments (see [16, 18],

for example) allowing a reduction of the pion background by a factor of about 104, while keeping an electron efficiency

better than 99%, when CO2 gas Čerenkov counter and double-layer lead glass calorimeter are associated. This yields

a worst-case pion contamination of ≈0.1%.

The charge-symmetric background can be very large for large scattering angles, but decreases rapidly at smaller

angles. For E02-019 [19], the charge-symmetric background for even the high-Z, 6% radiation length targets was

always well below 1% for angles below 30◦ and relatively large values of x (x >∼ 0.6). For the targets proposed here

and scattering angles below 25◦, we expect a maximum charge-symmetric background to be below 0.1%.

C. Projected results

To estimate the coverage and the precision of the proposed measurements, a conservative momentum bite of ±3%

was used. This is sufficient to fully cover the 3N-SRC region in one setting, although using the full HRS momentum

acceptance will improve the coverage in the 2N-SRC region and also expand to the x>3 region (see Fig. 8). The data

were binned in x with a binsize of 0.1. The rates for 3He were evaluated using the XEM cross section model [19]

based on y-scaling for the large x region. The XEM model was fitted to data on a variety of light and heavy nuclear

targets for both the DIS and x > 1 region, but with a beam energy of 5.8 GeV. Figure 10 shows a comparison of the

model with the data from experiment E02-019 [20] from which the xem model was generated. Also shown in Fig. 11

is a comparison with existing world data on quasi-elastic scattering 3He and 3H [21] at lower Q2. At these lower Q2

values, the model is still in good agreement with the data from SLAC [22] and from MIT Bates Linear Accelerator

Center [23]. While the model is fitted to the E02-019 kinematics (2–8 GeV2 in the quasi-elastic region)), it is good at

approximately the 20% level down to Q2 values below 0.5 GeV2 based on a comparison to the database [21] and also

at higher Q2 values in the resonance region between 1.0 and 4.0 GeV2 [16].
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The angular acceptance ∆Ω was estimated at 3.2msr with a conservative momentum bite ∆P of ±3% and an

effective target length corresponding to a ytarget cut of ±3.0cm were chosen to evaluate the physics rates. The

estimate time needed at each kinematic setting is given in Table I, as well as the beam currents (I), the total rates

(Rtot) after prescaling by the factor psc (also listed) and the physics rates (Rphys).

θ E′ xrange Q2

range Tg I psc Rtot Rphys time Total
(deg) (GeV) (GeV/c)2 (µA) (Hz) (Hz) (hrs) (hrs)
17.5 3.985 1.6-3.0 1.57-1.67 3He 30 1 295 2.7 36.0

3H 30 1 279 1.0 96.0 132.0
20.0 3.755 1.4-2.1 1.93-2.05 3He 30 1 163 2.3 12.0

3H 30 1 149 0.9 32.0 44.0

Total time needed (LEFT) 176.0

24.5 3.095 0.9-1.1 2.38-2.53 3He 30 1 385 281 48.0
3H 30 1 309 105 128.0 176.0

Total time needed (RIGHT) 176.0

TABLE I: List of kinematics for left HRS and estimated beam time needed for the proposed experiment. The right arm running
is simultaneous to the left arm running, and so does not increase the total time needed.

The projected precision of our measurements in the 2N-SRC and 3N-SRC regions is shown on Fig. 12. The projected

statistical uncertainties have been increased 10% to take into account inefficiency in the tracking and excess counts

coming from the remaining cell windows contribution. Also drawn are the two cross section ratio predictions from

the two isospin dependence assumptions. After combining of statistical and systematic uncertainties (see Table II), it

is clear that the sensitivity of our data will allow us to favour one or the other isospin dependence assumption of the

pair in the 2N-SRC. In addition, we will pioneer the study of the isospin dependence of the 3N-SRCs with relatively

precised data at x > 2.2.

If the right HRS is operational, we are planning to take quasi-elastic data on 3He and 3H parasitically to our main

SRC measurement. The bottom part of Table I lists the kinematic setting for this measurement and the expected
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Systematic δσ/σ δR/R δR/R
(normalization) (pt-to-pt)

Acceptance correction 2.0%∗ 0.5% 1.0%
Radiative correction 3.0%∗ - 0.3%
Tracking efficiency 1.0%∗ - 0.2%
Trigger efficiency 0.5%∗ - 0.1%

PID efficiency 1.5%∗ - 0.2%
Target thickness 2.0% 2.0% -

Charge measurement 0.5% - 0.5%
Energy measurement 0.05% - -

COMBINED UNCERTAINTY 4.6% 2.1% 1.2%

TABLE II: Relative systematic uncertainties in the extraction of the unpolarized cross sections from E01-012 [16] and of the
cross section ratio from E03-103 [24]. Entries with an asterisk indicate corrections made directly on the cross section. Entries
without asterisk indicate contributions to the overall uncertainty. For the target ratios, the acceptance correction is dominated
by the target length acceptance, so is 0.5% when taking the ratio of our two long targets
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FIG. 12: Projected statistical uncertainties for data taken at a beam energy of 4.4 GeV and at the 2 scattering angles. The yellow
bands represent a point-to-point systematic uncertainty of ±1.2%. The error band does not include the overall normalization
uncertainty of 2.1%, dominated by the uncertainty in the relative target thicknesses. The dashed black line for the ratio is the
prediction assuming that the cross section simply differs by the difference in proton and neutron cross sections. The solid line
represents the case where the cross section in the 2N-SRC region is dominated by pn pairs.

rates. The projected uncertainties are shown in Fig. 13. From the world data [21], the highest Q2 reached in quasi-

elastic scattering off 3H is 1.4 (GeV/c)2. Our proposed measurement is at a Q2 of 2.4 (GeV/c)2 which can be of great

interest for few-body calculations.

Finally, measurements of the absolute cross section for 3H and 3He as x → 3 will provide additional information

that can be used to study the impact of final state interactions on inclusive cross section in the region dominated

by SRCs. While FSI are expected to be limited to interactions between the nucleons in the SRC, and thus cancel

in the target ratios, this assumes that there is no isospin dependence in the FSI. Thus, comparisons to cross section
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calculations using realistic 3He and 3H distributions will allow us to determine the size of FSI, or else to set limits on

their size.
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FIG. 13: Projected statistical uncertainties for data taken at a beam energy of 4.4 GeV with the right HRS at 24.5◦. The
yellow bands represent the systematic uncertainty of ±4.6%.

D. Overhead time

The total overhead time needed for calibration, background study and configuration changes is now evaluated.

Calibration and background studies

We will need to measure the contributions from the stainless-steel entrance and exit windows of the target can.

For each kinematic, 15% of the 3He running time should be enough to accomplish a precise dummy subtraction. The

time needed for dummy running is about 8 hours.

A beam energy measurement (2 hrs) and BCM calibrations (2 hrs) will be necessary. We will take optics data at

the two left HRS scattering angles. A 30 minute run on carbon foils for each angle will be sufficient, for a total of 1

hour of optics data. We assume 8 hours for initial checkout, yielding a total of 21 hours for setup, calibration, and

background studies.

13



Configuration changes

We require 30 minutes for a change of kinematic and six target motions assuming 10 min each. This yields a total

of 1.5 hour for configuration changes.

IV. EXPERIMENTS WITH SIMILAR PHYSICS GOALS

This proposal is a logical follow-up of E08-014, approved by PAC33, which will perform a Q2-scan in the 2N and

3N-SRC in order to determine the onset of scaling and help in the establishment of more relevant scaling variables for

the correlation region. E08-014 will also look for the first time at the isospin dependence of the SRCs by taking data

on 40Ca and 48Ca. Due to the large atomic number of these isotopes, the results won’t be as sensitive to the isospin

assumption as in our proposed 3He/3H measurement. Also using light nuclei has the advantage to be compared to

realistic calculations. Our 3He/3H measurement is complementary to two-nucleon knockout measurements, such as the

completed experiment E01-015 [8] and E07-006, approved by PAC31. The inclusive measurements can be combined

with the two-nucleon knockout measurements to better study the relative contributions of 2N- and 3N-SRCs [25], as

well providing additional information on the isospin dependence of 2N-SRCs.

The effort in the 12 GeV experiment E12-06-105 is heavily weighted toward very large momentum transfers in an

attempt to measure the quark distribution functions in nuclei. It will include measurements of cross sections and

ratios for x > 1 and will be able to reach higher Q2 for the 3N-SRC and 4N-SRC regions for several light and heavy

target.

V. REQUEST TO THE LABORATORY

We are requesting 198.5 hours (about 8 days) of beam time: 176 hours for the main data taking, 1.5 hour for

configuration changes, and 21 hours for calibration, checkout, and background runs, all assuming 100% running

efficiency. To achieve our physics goal, we will use the same target design and setup as the conditionnally approved

12 GeV experiment E12-06-118 [15]: 40cm 3H and 3He gas targets, an empty cell and the multi-foil optics targets.

We will run with the left HRS spectrometer using standard dectector packages. If the right arm is available, we will

take data in the quasi-elastic scattering region.
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