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Abstract

Recent experimental data on nucleon spin structure at low tointermediate
momentum transfers has provided valuable new information in the confinement
regime, and shed light on the transition from confinement to asymptotic freedom.
New insight has been gained by exploring moments of the spin structure functions
and their corresponding sum rules. At lowQ2, Chiral Perturbation Theory (χPT)
has emerged as the effective theory of QCD.χPT calculations agree reasonably
well with the first moment of the spin structure functiong

p

1
up to Q2

≈ 0.06
GeV2, and the generalized forward spin polarizabilityγn

0 at Q2 = 0.1 GeV2.
However,χPT calculations have failed to reproduce the neutron data inthe case
of the generalized L-T spin polarizabilityδn

LT . This ‘δLT puzzle’ has presented
a significant challenge to our understanding of the dynamicsof QCD in the chiral
perturbation region. It is of great importance to test the isospin dependence and
determine if this discrepancy exists for the proton also.

To form the polarizabilityδp

LT , a measurement ofgp

2
is needed. Due to the

technical challenges that arise from a transversely polarized proton target, only
g

p

1
data have been taken at low momentum transfer. We request 24 days in order

to perform a measurement ofδ
p

LT (Q2) with 8% systematic uncertainty in theQ2

range whereχPT is expected to work well. The statistical accuracy will becompa-
rable to the systematic and will allow an unambiguous test oftheχPT calculations.
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1 Theoretical Background and Motivation

1.1 Introduction

In the last twenty-five years, the experimental and theoretical study of the spin structure
of the nucleon has provided many exciting results, along with new challenges [1]. This
investigation has involved testing QCD in its perturbativeregime via spin sum rules
like the Bjorken sum rule [2], and understanding how the spinof the composite nucleon
arises from the intrinsic degrees of freedom of the theory.

Recently, results have become available from a new generation of JLab experiments
that seek to probe the theory in its non-perturbative and transition regimes. Distinct
features seen in the nucleon response to the electromagnetic probe indicate that com-
plementary descriptions of the interaction are possible, depending on the resolution of
the probe. The low momentum-transfer results offer insightinto the coherent region
where the collective behavior of the nucleon constituents give rise to the static proper-
ties of the nucleon, in contrast to the scaling regime, wherequark-gluon correlations
are suppressed.

Theoretically, the low energy (or lowQ2) region can be described by a QCD-based
effective theory : Chiral Perturbation Theory (χPT). Recently,χPT has been used as a
powerful tool to help Lattice QCD (LQCD) to extrapolate to the physical region. One
example is the use of the Chiral extrapolation inπ mass from a few hundred MeV to
the physical mass scale, and from finite to infinite volume. Inview of this interplay
betweenχPT and LQCD, it is critical to have benchmark tests of the reliability of χPT
calculations.

The JLab experiments [3]– [12] on the spin structure of the nucleon have extracted
the spin structure functionsgn

1 , gn
2 andgp

1 and their moments over a wide kinematic
range. These moments have proven to be powerful tools to testQCD sum rules and
Chiral Perturbation Theory calculations. However, at the low Q2 relevant toχPT, data
on thegp

2 structure function is conspicuously absent. Currently, the lowest momentum
transfer that has been investigated [8] isQ2 ≈ 1.3 GeV2. The absence of transverse
data is particularly unsatisfying given the intriguing results found in the transverse
neutron data: The SLAC E155 collaboration [13] found a threesigma violation of the
proton Burkhardt-Cottingham sum rule atQ2 = 5.0 GeV2, while the E94010 collabo-
ration [3] found that the neutron BC sum rule held within the experimental uncertainty
belowQ2 = 1.0 GeV2 (see Fig. 3). Even more compelling, it was found that state-of-
the-art NLO‡ χPT calculations are in agreement with the neutron data for the general-
ized polarizabilityγn

0 atQ2 = 0.1 GeV2, but exhibit a significant discrepancy with the
longitudinal-transverse polarizabilityδn

LT (see Fig. 1). This is particularly surprising
sinceδLT is insensitive to the∆ resonance contribution which is not well under control
in theχPT calculations. For this reason, it was believed thatδLT should be more suit-
able thanγ0 to serve as a testing ground for the chiral dynamics of QCD [14, 15]. It is
natural to ask if this discrepancy exists in the proton case,and determining the isospin
dependence will help to solve theδLT puzzle.

‡Next to leading order
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From discussions with theorists, this discrepancy might originate from the short
range part of the interaction. Some possible mechanisms which might be responsi-
ble are t-channel axial vector meson exchange [17, 18], or aneffect of QCD vacuum
structure [19]. It is essential to separate different isospins in the t-channel in order to
understand the mechanism.

1.2 Sum Rules and Moments

Sum rules involving the spin structure of the nucleon offer an important opportunity
to study QCD. In recent years the Bjorken sum rule at largeQ2, and the Gerasimov-
Drell-Hearn (GDH) sum rule [20] atQ2 = 0, have attracted a concerted experimental
and theoretical effort (see for example [21]) that has provided us with rich information.
Another class of sum rules address the generalized GDH sum [22] and the spin polariz-
abilities [23]. These sum rules which are based on “unsubtracted” dispersion relations
and the optical theorem relate the moments of the spin structure functions to real or
virtual Compton amplitudes, which can be calculated theoretically.

Considering the forward spin-flip doubly-virtual Compton scattering (VVCS) am-
plitudegTT , and assuming it has an appropriate convergence behavior athigh energy,
an unsubtracted dispersion relation leads to the followingequation forgTT [9, 23]:

Re[gTT (ν, Q2) − gpole
TT (ν, Q2)] = (

ν

2π2
)P

∫ ∞

ν0

K(ν′, Q2)σTT (ν′, Q2)

ν′2 − ν2
dν′, (1)

wheregpole
TT is the nucleon pole (elastic) contribution,P denotes the principal value

integral andK is the virtual photon flux factor. The lower limit of the integrationν0 is
the pion-production threshold on the nucleon. A low-energyexpansion gives:

Re[gTT (ν, Q2) − gpole
TT (ν, Q2)] = (

2α

M2
)ITT (Q2)ν + γ0(Q

2)ν3 + O(ν5). (2)

Combining Eqs. (1) and (2), theO(ν) term yields a sum rule for the generalized GDH
integral [21, 22]:

ITT (Q2) =
M2

4π2α

∫ ∞

ν0

K(ν, Q2)

ν

σTT

ν
dν

=
2M2

Q2

∫ x0

0

[

g1(x, Q2) −
4M2

Q2
x2g2(x, Q2)

]

dx. (3)

The low-energy theorem relates I(0) to the anomalous magnetic moment of the nucleon,
κ, and Eq. (3) becomes the original GDH sum rule [20]:

I(0) =

∫ ∞

ν0

σ1/2(ν) − σ3/2(ν)

ν
dν = −

2π2ακ2

M2
, (4)
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where2σTT ≡ σ1/2 − σ3/2. TheO(ν3) term yields a sum rule for the generalized
forward spin polarizability [23]:

γ0(Q
2) = (

1

2π2
)

∫ ∞

ν0

K(ν, Q2)

ν

σTT (ν, Q2)

ν3
dν

=
16αM2

Q6

∫ x0

0

x2
[

g1(x, Q2) −
4M2

Q2
x2g2(x, Q2)

]

dx. (5)

Considering the longitudinal-transverse interference amplitudegLT , theO(ν2) term
leads to the generalized longitudinal-transverse polarizability [23]:

δLT (Q2) = (
1

2π2
)

∫ ∞

ν0

K(ν, Q2)

ν

σLT (ν, Q2)

Qν2
dν

=
16αM2

Q6

∫ x0

0

x2
[

g1(x, Q2) + g2(x, Q2)
]

dx. (6)

Alternatively, we can consider the covariant spin-dependent VVCS amplitudesS1

andS2, which are related to the spin-flip amplitudesgTT andgLT . The unsubtracted
dispersion relations forS2 andνS2 lead to a “super-convergence relation” that is valid
for any value ofQ2,

∫ 1

0

g2(x, Q2)dx = 0, (7)

which is the Burkhardt-Cottingham (BC) sum rule [24].

1.3 Recent Results from Jefferson Lab

1.3.1 Spin Polarizabilities: γ0 and δLT for the Neutron

The generalized spin polarizabilities provide benchmark tests ofχPT calculations at
low Q2. Since the generalized polarizabilities have an extra1/ν2 weighting compared
to the first moments, these integrals have only a small contribution from the large-ν
region and converge much faster, which minimizes the uncertainty due to extrapola-
tion. Measurements of the generalized spin polarizabilities are an important step in
understanding the dynamics of QCD in the chiral perturbation region. At lowQ2, the
generalized polarizabilities have been evaluated with next-to-leading orderχPT cal-
culations [14, 15]. One issue in theχPT calculations is how to properly include the
nucleon resonance contributions, especially the∆ resonance. As was pointed out in
Refs. [14, 15], whileγ0 is sensitive to resonances,δLT is insensitive to the∆ reso-
nance.

The first results for the neutron generalized forward spin polarizabilitiesγ0(Q
2)

andδLT (Q2) were obtained at Jefferson Lab Hall A [3]. The results forγn
0 (Q2) are

shown in the top panel of Fig. 1. The statistical uncertainties are smaller than the size
of the symbols. The data are compared with a next-to-leadingorder (O(p4)) HBχPT§

§Heavy Baryon Chiral Perturbation Theory
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Figure 1: The neutron spin polarizabilitiesγ0 (top) andδLT (bottom). Solid squares
represent the results from [3] with statistical uncertainties. The light grey band on the
axis represents systematic uncertainties. The heavy dashed curve is the HBχPT calcu-
lation of Kaoet al. [15]. The dot-dashed curve (blue band) is the RBχPT calculation
of Bernardet al. [14] without (with) the∆ and vector meson contributions. The solid
curve is the MAID model [21].

9



calculation [15], a next-to-leading order RBχPT¶ calculation [14], and the same cal-
culation explicitly including both the∆ resonance and vector meson contributions.
Predictions from the MAID model [21] are also shown. At the lowestQ2 point, the
RBχPT calculation including the resonance contributions is ingood agreement with
the experimental result. For the HBχPT calculation without explicit resonance con-
tributions, discrepancies are large even atQ2 = 0.1 GeV2. This might indicate the
significance of the resonance contributions or a problem with the heavy baryon ap-
proximation at thisQ2. The MAID model reproduces the higherQ2 data point but
underestimates the strength atQ2 = 0.1 GeV2.

SinceδLT is insensitive to the∆ resonance contribution, it was believed thatδLT

should be more suitable thanγ0 to serve as a testing ground for the chiral dynamics
of QCD [14, 15]. Fig. 1 showsδLT compared toχPT calculations and the MAID
predictions. While the MAID predictions are in good agreement with the results, it is
surprising to see that the data are in significant disagreement with theχPT calculations
even at the lowestQ2, 0.1 GeV2. This disagreement presents a significant challenge to
the present implementation of Chiral Perturbation Theory.

1.3.2 d2(x, Q2)

Thed2(Q
2) matrix element provides an efficient way to study the highQ2 behavior

of the nucleon spin structure. At largeQ2, it is related to the color polarizabilities
and can be calculated from Lattice QCD. At lowerQ2, it provides a means to study
the transition from perturbative to non-perturbative behaviour, and to quantify higher
twist effects. In DIS, the leading twist contribution tog2 is given by the Wandzura-
Wilczek [25] relation:

gWW
2 (x, Q2) = −g1(x, Q2) +

∫ 1

0

g1(y, Q2)
dy

y
(8)

d2 quantifies the higher twist contribution tog2 via:

d2 = 3

∫ 1

0

x2
(

g2 − gWW
2

)

dx (9)

=

∫ 1

0

x2 [2g1 + 3g2] dx (10)

In practice, we do not access the entire kinematic region (0 < x < 1). To signify
this, and the fact that we are at finiteQ2, the symbold̄2 is often used. In Fig. 2,
recent neutron̄d2(Q

2) data is shown. The experimental results are the open circles,
while the grey band represents the systematic uncertainty.The world neutron results
from SLAC [13] (open square) and from JLab E99-117 [34] (solid square) are also
shown. The solid line is the MAID calculation [21] which includes only the resonance
contribution.

¶Relativistic Baryon Chiral Perturbation Theory
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Figure 2:d̄n
2 results from JLab [3, 34] and SLAC [13], together with the Lattice QCD

calculations [33], and the MAID [21] model.

At low Q2, the HBχPT calculation of Kaoet al. [15] is shown with a dashed line.
The RBχPT of Bernardet al. [14] is very close to the HBχPT curve at this scale,
regardless of whether the authors include vector mesons andthe∆ contributions. It is
not shown on the figure for clarity. The Lattice QCD prediction [33] atQ2 = 5 GeV2 is
negative but close to zero, and represents a2σ deviation from the experimental result.
We note that all available models (not shown) predict a negative or zero value at large
Q2. As Q2 increases, the data reveal a positive, but decreasingd̄n

2 .
Other preliminary results for the neutron [12] at aQ2 range of 1-4 GeV2, and for

the proton and deuteron [8] atQ2 ≈ 1.3 GeV2 are available now.

1.3.3 The Burkhardt-Cottingham Sum Rule

Fig. 3 shows the Burkhardt-Cottingham integral (see Eq. 7) for the neutron, which was
extracted from Hall A experiment E94-010 [3], from pion threshold toW = 2 GeV.
The capability to transversely polarize the Hall A3He target allowed for the precise
measurements ofg2 needed for the BC sum. The measured region is shown with solid
circles, and the MAID estimate should be compared directly to these resonance region
points. The open diamonds represent the full (0 < x < 1) integral, which is evalu-
ated using the well know elastic form factors for thex = 1 contribution, and assuming
g2 = gWW

2 in the unmeasured low-x region. The upper, lower bands correspond to the
experimental systematic errors, and the estimate of the systematic error for the low-x
extrapolation, respectively. The total integral exhibitsa striking cancellation of the in-
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Figure 3: NeutronΓ2(Q
2). Full circle : resonance contribution, compared with the

MAID model [21]. Open diamonds are the full (0 < x < 1) integral, including es-
timates for the elastic and low-x contributions. Upper, lower bands correspond to the
experimental systematic errors, and the systematic error of the low-x extrapolation,
respectively. SLAC E155x [13] data atQ2 = 5 GeV2 is also shown.

elastic (resonance+DIS) and elastic contributions, leading to an apparent satisfaction
of the Burkhardt-Cottingham sum rule within uncertainties. The SLAC E155x collab-
oration [13] previously reported a neutron result at highQ2 (open square), which is
consistent with zero but with a rather large error bar. On theother hand, the SLAC
proton result deviated from the BC sum rule prediction by 3 standard deviations [13].

1.3.4 The First Moment of g1

Fig. 4 displays the preliminary proton results forΓ̄1(Q
2) from the EG1b [7] exper-

iment, together with the published results from EG1a [4, 5],SLAC [13] and HER-
MES [26]. The error bar indicates the statistical uncertainty while the band on the axis
represents the systematic uncertainty.

At Q2 = 0, the slope ofΓ1 is predicted by the GDH sum rule.χPT calculations by
Ji et al.[27] using HBχPT, and by Bernardet al.[14] with and without the inclusion of
vector mesons and∆ degrees of freedom are also shown. TheχPT calculations start to
show disagreement with the data aboveQ2 ≈ 0.06 GeV2. At moderate and largeQ2,
the data are compared with two model calculations [28, 29], both of which reproduce
the data reasonably well.

12
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Figure 4: Preliminary protonΓ1(Q
2) from EG1b [7], together with published results

from EG1a [4], SLAC [13] and HERMES [26]. Model predictions from the Soffer-
Teryaev [28] and Burkert-Ioffe [29]. The insets show comparisons with the NLOχPT
predictions by Jiet al. [27], and Bernardet al. [14].

1.3.5 Ongoing Analyses

Several recent spin structure experiments are in the process of analyzing existing data.
These results should be available soon. For example, an extraction of γp

0 will be
performed from the EG1bA‖ data [30] down toQ2 ≈ 0.05 GeV2. The prelimi-
nary results [30] show a large deviation from theχPT calculations of Refs. [14, 15].
Neutron(3He) longitudinal and transverse data [10] has also been taken at Q2 down
to 0.02 GeV2. A longitudinal measurement aimed at extractingg1 for the proton and
deuteron [11] reached similarQ2. Preliminary results [8, 35] for the protond2 and BC
integral atQ2 = 1.3, will also soon be available.

1.3.6 Experimental Status Summary

In summary, a large body of nucleon spin-dependent cross-section and asymmetry data
have been collected at low to moderateQ2 in the resonance region. These data have
been used to evaluate theQ2 evolution of moments of the nucleon spin structure func-
tions g1 andg2, including the GDH integral, the Bjorken sum, the BC sum and the
spin polarizabilities. The BC sum rule for the neutron is observed to be satisfied within
uncertainties due to a cancellation between the inelastic and elastic contributions. The
situation for the proton is less clear, with a three sigma violation found atQ2 = 5
GeV2.
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At low Q2, available next-to-leading orderχPT calculations have been tested against
data and found to be in reasonable agreement for0.05 < Q2 < 0.1 GeV2 for the GDH
integralI(Q2), Γ1(Q

2) and the forward spin polarizabilityγ0(Q
2). Although it was

expected that theχPT calculation ofδLT would offer a faster convergence because of
the absence of the∆ contribution, the experimental data show otherwise. None of the
available calculations can reproduceδLT atQ2 of 0.1 GeV2. This discrepancy presents
a significant challenge to our theoretical understanding ofχPT.

To better understand theδLT puzzle, or more importantly, to better understand
what the puzzle means in terms of the Chiral dynamics, we needboth theoretical and
experimental efforts. A natural question is whether this discrepancy also exists in the
proton case. Testing the isospin dependence would help shedlight on the problem.
However, there has been no measurement with a transversely polarized proton target
for Q2 < 1.3 GeV2, and there is consequently no experimental data forδp

LT . It is of
great interest to have a measurement ofδp

LT in the low Q2 region where the Chiral
Perturbation Theory calculations are expected to work.

14



Figure 5: Kinematic coverage. Specific beam and angle valuesare detailed in Table 4.
Dashed lines represent the the constantQ2 values whereδLT and the BC Sum will be
evaluated.

2 Proposed Experiment

We plan to perform an inclusive measurement at forward angleof the proton spin-
dependent cross sections in order to determine thegp

2 structure function in the reso-
nance region for0.02 < Q2 < 0.4 GeV2. This measurement will allow an extraction
of the generalized longitudinal-transverse spin polarizability δLT , and a test of the
Burkhardt-Cottingham sum rule.

The kinematic coverage, shown in Fig. 5, complements experiement EG4 [11].
Data will be measured in the transverse configuration for allenergies. In addition,
beamtime will be dedicated to the longitudinal configuration for one energy, in order
to provide some overlap and cross check of the EG4 data. Kinematic details are listed
in Table 4.

This experiment will require the baseline Hall A equipment,with the addition of
the septa magnets, and the JLab/UVa polarized target. Adapting the polarized target
to Hall A will require extensive technical support from JLab. In particular, we will
request:

1. Installation of the UVA/JLab 5 T polarized target.

2. Installation of an upstream chicane and associated support structures.

15



3. Temporary removal of the eP detector in order to place the chicane magnets.

4. Installation of the slow raster, and the Basel Secondary Emission Monitor (SEM).

5. Installation of a local beam dump.

6. Operation of the beamline instrumentation for 50-100 nA beam.

We examine these requirements in detail in the following sections.

2.1 Polarized Target

The polarized target (has been successfully used in experiments E143/E155/E155x at
SLAC and E93-026 and E01-006 at JLab. This target operates onthe principle of
Dynamic Nuclear Polarization, to enhance the low temperature (1 K), high magnetic
field (5 T) polarization of solid materials (ammonia, lithium hydrides) by microwave
pumping. The polarized target assembly contains several target cells of variable length
(0.5-3.0 cm) that can be selected individually by remote control to be located in the
uniform field region of a superconducting Helmholtz pair. The permeable target cells
are immersed in a vessel filled with liquid Helium and maintained at 1 K by use of a
high power evaporation refrigerator.

The target material is exposed to 140 GHz microwaves to drivethe hyperfine transi-
tion which aligns the nucleon spins. The DNP technique produces proton polarizations
of up to 90% in the NH3 target. The heating of the target by the beam causes a drop of a
few percent in the polarization, and the polarization slowly decreases with time due to
radiation damage. Most of the radiation damage is repaired by annealing the target at
about 80 K, until the accumulated dose reached is greater than about17×1015 e−/cm2,
at which time the target material needs to be replaced. The luminosity of the polarized
material in the uniform field region is approximately85 × 1033 cm−2 Hz.

2.2 Chicane

To accessgp
2 , the polarization direction will be held perpedicular to the beam axis for

the majority of the experiment. This will create a non-negligible deflection of low
energy electrons, so to ensure proper transport of the beam,the existing Hall C BE and
BZ1 upstream chicane magnets (as used in E93-026 [51]) will be required. In order to
fit the dipole magnets into the limited space of the Hall A beamline, we will request
the temporary removal of the eP detector for this experiment.
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calorimeter and the chicane magnets. The third dipole will be located on a hydraulic stand in order to accomodate the range of
vertical displacements (see Table 1) required. Distances are with respect to the polarized target center, at the far right of the diagram.
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Energy Deflection Angle
(GeV) (deg)

1.1 11.7
1.7 7.6
2.2 5.9
3.3 3.9
4.4 2.9

Table 1: Vertical deflection of the incident electron beam due to the 5 T target field.

The chicane placement is detailed in Fig. 6. Two dipoles willbe located at 20
and 12 m upstream of the target, respectively. Table 1 lists the deflection angles that
will be created by the 5 T target field for each incident energy. A third dipole similar
to the one used for the Compton polarimeter chicane will be used to accomodate the
relatively small deflection angle at the highest energies. The range of needed vertical
displacements will be accomodated by placing this last dipole on a hydraulic stand as
was done in hall C. Beam Position Monitors (BPMs) will be placed along the chicane
line before and after each magnet to ensure proper transportof the beam.

2.3 Raster

The existing Hall A fast raster will be used to generate a pattern up to 4 mm x 4 mm
and will remain in its standard location (see Fig. 6). The slow raster will be located just
upstream of the target, and can increase the final size up to 2.5 cm x 2.5 cm, although
we will use a smaller spotsize. A 2 inch wide beam pipe will be used starting after the
slow raster.

2.4 Secondary Emission Monitor

To ensure proper reconstruction of target variables given the large raster size, we will
utilize the Basel Secondary Emission Monitor (SEM)‖. This device was used under
similar conditions in Hall C and provided an accuracy of better than 1 mm for currents
as low as 10 nA. It is insensitive to the target magnetic field.

2.5 Exit beam pipe and beam dump

The low currents employed in this experiment allow for the use of a local beam dump∗∗,
just downstream of the target. The connection from the vacuum chamber to the exit
beam pipe will need to be modified to accommodate the verticaldeflection of the beam,

‖Also referred to as SEE forsecondaryelectronemission.
∗∗as was done for the Hall C RSS and GEn experiments
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Figure 7: Schematic of beam exit and local dump.

and the coupling to the beam pipe going to the beam dump. We plan to move the target
position upstream by 25 cm, in order to produce a two inch gap between the two septa
at six degrees. A two inch beam pipe is sufficient to accomodate the rastered beam and
expected multiple scattering.

A helium bag will be used to transport the beam past the septa.This allows for
different exit angles. Connection to the usual beam pipe will be made at 5 meters
downstream, in order to allow for ’straight-thru’ passage of the beam to the standard
beam dump when necessary: for example during Moller measurements and beam tun-
ing. A 10 inch diameter beam pipe will accomadate all plannedscenarios. The beam
dump (see Fig. 7) will be constructed above the beam line by stacking concrete blocks
movable with the crane.

2.6 Beamline Instrumentation

2.6.1 Beam Current and Beam Charge Monitor

Beam currents less than 100 nA are typically used with the polarized target in order to
limit depolarizing effects and large variations in the density. Standard BCM cavities
have a linearity good to 0.2% for currents ranging from 180 down to 1 uA. High ac-
curacy at even lower currents will be possible due to ongoingupgrades, which will be
complete before this proposal might be scheduled. Most notably, the Happex III [50]
and Lead Parity experiments will require accurate knowledge of the charge and beam
position down 50 nA. We plan to use the low current cavity monitor BCM/BPM sets
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that were initially tested in 2005. In addition, experimentE05-004[48] has just re-
cently commissioned a tungsten beam calorimeter, in order to have a good calibration
for I < 3µA. Preliminary results show an absolute calibration of the Hall A BCM with
1% accuracy for currents ranging from 3µA down to 0.5µA. The calorimeter will be
located just after the first BPM and before the first dipole (see Fig. 6). In the worst-case
scenario, the tungsten calorimeter will allow at least 2% accuracy [49] on the charge
determination all the way down to 50 nA.

2.6.2 Beam Polarimetry

We will utilize the Moeller polarimeter as part of the standard Hall A equipment. Dur-
ing operation, 0.3 to 0.5µA of current are incident on a foil of iron polarized by a
magnetic field. The expected systematic uncertainty [52] ofthe Moeller measurement
is 3.5% or better. An upgrade is planned for the Lead Parity experiment with the goal
of reaching 1% systematic. Moeller runs will be scheduled atleast once per energy
change, and will will be performed with the (non-chicaned) beam passing to the stan-
dard hall A dump.

The Compton polarimeter normally is used for a continuous non-invasive beam
polarization monitor. However, it is not very well suited torun at low energy or low
current. To provide a cross check of the Moller polarimeter,we may dedicate some
high current beam time (without polarized target) specifically for Compton polarimeter
measurements.

2.7 The Spectrometers

2.7.1 Septa Magnet

The Hall A spectrometers will be fitted with septa magnets allowing to reach scatter-
ing angles of 6 and 9 degrees. They have been used successfully for the Hypernuclear
experiment, Happex and small angle GDH, so their optical properties are well under-
stood.

2.7.2 Detector Stack

The standard detector stack will be used for detecting electrons. We will require the
usual VDC, scintillators S1 and S2, the gas Cerenkov and pionrejector/shower counter
for particle identification. Performance of the spectrometers are well known so we can
expect the same accuracies as for the GDH experiment on the polarized He3 target E94-
010 and E97-110. We note that pion contamination at these kinematics is negligible,
as indicated from the epc [53] simulation code.

2.7.3 Optics

A study of the change of the optics coming from the target fieldwas done by John
Lerose for the lowest anticipated electron momentum (400 MeV/c). Fig. 8 shows the
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scattered electrons without field. Fig. 9 displays the effect of the 5 Tesla field. Fig. 10
shows the incident beam corrected by the chicane so that it ishorizontal at the target.
Except for an approximate 5 mm vertical offset, (which wouldgive about10−3 offset in
detected momentum), the shifted envelope looks very much like the no-field situation
when it gets to the entrance of the septum. The effect would diminish linearly with
either an increase in momentum, or a decrease in the magneticfield. The situation,
from an optics point of view, appears to be manageable even inthis worst case scenario.

For further detail, Figs. 11 to 14 demonstrate the effect of the 5 T target field on
the reconstruction [41]. These plots represent a montecarlo simulation of the target
variablesδ, θ, φ, andyt. Overall, as the scattered electron momentum decreases, there
is a slight degradation in resolution. Shifts inθ (vertical) are also seen along with much
smaller shifts inδ andφ. The offsets do not have a significant effect since the variables
remain in the well known region of the acceptance. The degradation of resolution
should result in no worse than a factor of two [41] increase inthe systematic uncertainty
of the acceptance.

2.7.4 Data Acquisition

We will utilize the standard Hall A data acquisition (DAQ) system which is based on
Fastbus 1877 TDC and Fastbus 1881 ADC. The DAQ will be run in two single arm
mode which allows up to 4 KHz rate of data for each arm. We will be DAQ rate limited
for the lowest few energies.
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Figure 8: The vertical envelope of 400 MeV/c electron trajectories that would normally
go through the spectrometer and septum setup (+-50 mrad).

Figure 9: The same envelope of 400 MeV/c trajectories but with the 5 Tesla target field
turned on.

Figure 10: 5 Tesla field remains on but the set of trajectoriesis vertically shifted by
275 mrad.
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Figure 11: Reconstructed variables : Momentum = 4 GeV/c. Target field = 0 T.Top
left: momentum spread.Top right: vertical scattering angle.Bottom left: horizontal
scattering angle.Bottom right: Y-target.
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Figure 12: Reconstructed variables : Momentum = 4 GeV/c. Target field = 5 T.Top
left: momentum spread.Top right: vertical scattering angle.Bottom left: horizontal
scattering angle.Bottom right: Y-target.
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Figure 13: Reconstructed variables : Momentum = 1 GeV/c. Target field = 5 T.Top
left: momentum spread.Top right: vertical scattering angle.Bottom left: horizontal
scattering angle.Bottom right: Y-target.
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Figure 14: Reconstructed variables : Momentum = 0.4 GeV/c. Target field = 5 T.Top
left: momentum spread.Top right: vertical scattering angle.Bottom left: horizontal
scattering angle.Bottom right: Y-target.
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3 Analysis Method

3.1 Extraction of the g2 Structure Function

We will perform a polarized cross section measurement in order to determine the spin
structure functiongp

2 . The spin structure functions are related to the spin-dependent
cross sections via:

g1 =
MQ2

4α2
e

y

(1 − y)(2 − y)

[

∆σ‖ + tan
θ

2
∆σ⊥

]

g2 =
MQ2

4α2
e

y2

2(1 − y)(2 − y)

[

−∆σ‖ +
1 + (1 − y) cos θ

(1 − y) sin θ
∆σ⊥

]

(11)

wherey = ν/E.
Here, the polarized cross section differences are represented by∆σ‖ and∆σ⊥.

Measuring polarized cross section differences results in the cancellation of the con-
tribution from any unpolarized target material and obviates the need for any external
model input.

We can recast Eq. 11 in the form:

g1 = K1(a1∆σ‖ + b1∆σ⊥)

g2 = K2(c1∆σ‖ + d1∆σ⊥) (12)

where

K1 =
MQ2

4α2
e

y

(1 − y)(2 − y)

K2 =
MQ2

4α2
e

y2

2(1 − y)(2 − y)
= K1

y

2

a1 = 1

b1 = tan
θ

2
c1 = −1

d1 =
1 + (1 − y) cos θ

(1 − y) sin θ

Equation 12 reveals that the parallel contribution tog2 is highly suppressed (See
Fig. 15). In fact, the relative weight of the∆σ‖ contribution tog2 ranges from 2 to 8%
for all proposed kinematics. For the kinematics where we will not measure∆σ‖, we
will use the high precision data from Hall B experiment EG4 [11], which expects an
uncertainty of approximately 10%. Given the ratio of|c1/d1|, this leads to less than
1% error contribution to ourg2 for all kinematics.

In practice, the EG4 cross section data is not at the exact same kinematics as our
proposal, which makes it difficult to directly combine the respective cross sections.
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Figure 15: Relative weighting of the∆σ‖ contribution tog2. See Eq. 12.
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Instead, we will use the EG4g1 data. Inverting Eq. 11 yields:

∆σ‖ =
4α2

e

MQ2

(1 − y)(2 − y)

y

(

2

y

) 1+(1−y) cos θ
(1−y) sin θ

y
2 g1 − tan θ/2 g2

1+(1−y) cos θ
(1−y) sin θ + tan θ/2

∆σ⊥ =
4α2

e

MQ2

(1 − y)(2 − y)

y

(

2

y

) 2
y g1 + g2

1+(1−y) cos θ
(1−y) sin θ + tan θ/2

(13)

Eq. 13 can be recast in the form:

∆σ‖ = K3(a2g1 + b2g2) (14)

∆σ⊥ = K4(c2g1 + d2g2) (15)

where

K3 =
4α2

e

MQ2

(1 − y)(2 − y)

y

(

2

y

)

1

a2 − b2

K4 =
4α2

e

MQ2

(1 − y)(2 − y)

y

(

2

y

)

1

a2 − b2

a2 =
1 + (1 − y) cos θ

(1 − y) sin θ

y

2

b2 = − tan θ/2

c2 =
2

y

d2 = 1

So in terms of the existing Hall Bg1 and the measured∆σ⊥, g2 can be expressed:

g2 =

(

1

1 − K2K3c1b2

)

[d1∆σ⊥ + K2K3c1a2 g1] (16)

3.2 The Generalized Spin Polarizability δLT

The generalized Longitudinal-Transverse spin polarizability is given in terms ofg1 and
g2 as:

δLT (Q2) =
16αM2

Q6

∫ x0

0

x2
[

g1(x, Q2) + g2(x, Q2)
]

dx. (17)

For the kinematics where we do not measureg1 directly we will utilize the results
of EG4 [11]. Our proposal includes settings (see Table 4) where we will rotate the
target and measure∆σ‖ in addition to∆σ⊥ in order to cross check the Hall B data.
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Table 7 details the projected EG4 statistical uncertainties [47]. Our beam time request
typically aims to match or improve on these errors so that thecombined data set is con-
sistent. As for systematic uncertainties, EG4 projects about 10% error, which includes
a contribution from their lack of knowledge of transverse data. With our transverse
data, their systematic would of course decrease.

3.3 Interpolation to Constant Q2

The data measured at constant incident energy and scattering angle will be interpolated†

to constantQ2 as shown in Fig. 5. The good kinematic coverage and overlap should
facilitate a straight forward interpolation.

3.4 Systematic Uncertainties

Several JLab experiments have performed measurements similar to what we propose
here (for example, see Refs. [3, 8, 10, 11]). From these previous endeavors, we can
make an estimate of the dominant contributions to the systematic uncertainty. Table 2
gives an estimate of the most significant sources of error, while Table 3 gives further
detail on the contributions to the cross section uncertainty which will be the dominant
error. Previous experience in Hall A [3] has shown that we canobtain 4-5% systematic
uncertainy [43, 44, 45] on the cross section, with the dominant uncertainty (2-3%) com-
ing from the knowledge of the acceptance. Discussion with the Hall A septum/optics
expert [41], indicates that, in the worst case, the presenceof the 5 T target field and the
use of the septum will only increase the acceptance uncertainty by a factor of 2.

Eq. 17 reveals that the unmeasured low-x contribution toδLT is suppressed asx2.
In fact, over 90% of the total integral strength (as predicted from the MAID model)
is covered in the range from pion threshold toW = 1.7 GeV for each of our incident
energies. The unmeasured contribution aboveW = 2 GeV is very small and introduces
a negligible uncertainty (See Fig. 16).

An 8%‡ systematic uncertainty onδLT (Q2) is shown as the gray band on the hori-
zontal axis in Fig. 17.

4 Rates and Beam Time Request

The count rate of scattered electrons from the polarized target is given by:

Ṅ =
L∆Ω∆E′σ

f
(18)

whereL is the luminosity,∆Ω is the angular acceptance,∆E′ is the momentum bite,
σ represents the proton cross section, andf is the dilution factor which accounts for
scattering from unpolarized nucleons in the target.

†as has been done in experiments E94010, E97110 and E01012.
‡relative to the MAID model prediction.
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Source (%)

Cross section 5-7
Target Polarization 3
Beam Polarization 3

Radiative Corrections 3
Parallel Contribution < 1
15N asymmetry [46] < 1

Total 7-9

Table 2: Total Systematic Uncertainties.

Source (%)

Acceptance 4-6
Packing fraction 3.0

Charge determination 1.0
VDC efficiency 1.0

PID detector efficiencies ≤1.0
Software cut efficiency ≤1.0

Energy 0.5
Deadtime 0.0

Total 5-7

Table 3: Breakdown of major contributions to the cross section systematic.
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We estimate the experimental cross section by combining proton, nitrogen and he-
lium cross sections from the quasifree scattering model QFS[36, 37]. Inelastic and
elastic radiative effects are also included. Table 8 shows the assumed material thick-
ness for a 3 cm target. At the lowest plannedQ2, the elastic radiative tail becomes large
and we switch to a thinner (0.5 cm) target cell. Cross-checkswith the longer standard
cell will help to reduce the systematic uncertainty of the radiative corrections, and en-
sure we have a good understanding of our target packing fraction. A representative
spin-independent cross section is shown in Fig. 18.

We estimate the time needed for a given uncertaintyδA by:

T =
1

Ṅ(fPbPT δA)2
(19)

The relevent statistical uncertainty is for the asymmetry,though this is a cross sec-
tion measurement, because in the productσA the dominant error arises fromA.

The running time and spectrometer configurations are summarized in Table 4. The
sixth column represents the rate (in each bin) from the proton, while the seventh shows
the total prescaled rate seen by the spectrometer.

When the momentum of the scattered electron is accessible byboth spectrometers,
we double our DAQ rate. We assume a maximum accessible momentum of 3.1 and 4.3
GeV for the right and left HRS respectively. We also assume both spectrometers can
reach 0.4 GeV minimum momentum, and that the DAQ limit is 4 kHzper arm§.

We will measure transverse data for every kinematic. Table 4specifies the settings
where we plan to also take data with the target polarization held parallel to the beam
momentum. This is in order to directly extractg1 and provide a cross check with the
EG4 data. This effectively doubles the time needed for this setting, so the kinematic
to perform the longitudinal measurement has been chosen to be at the largestQ2 for
which both arms can simultaneously take data for all chosen momentum settings.

To reach the highestQ2 will require the septum to run 391 A at 6 degrees (P0=4.15
GeV) and almost 530 A at 9 degrees (P0=4.0 GeV). Discussion with Hall A septum
experts [41, 42] indicate that all of the planned 6 degree settings should be achievable,
although the septum must be trained to reach a few of the higher currents required. All
of the 9 degree settings are also within the nominal limits, but the 9 degree, 4.0 GeV
setting in particular may prove difficult. This has minimal impact on the physics goals
of this experiment, since it affects only one kinematic setting at the highestQ2 (see
Fig. 5), whereas our main focus is at lowQ2. To adjust to this circumstance we can
perform an extrapolation for the small affected region, or simply reduce our highest
expectedQ2 by a small amount.

The choice of parameters used in our rate calculation is summarized in Table 8.
We assume an angular acceptance of 4 msr and a momentum acceptance of±4%, both
slightly reduced from the nominal values due to the presenceof the septa, and beam
and target polarizations of 80 and 75% respectively. We notethat higher polarization

§More than 5 kHz rate with manageable deadtime was demonstrated with the existing DAQ during
E97110 [10].
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values are routinely achieved. Finally, we assume that the minimum time that we would
reasonably spend at each setting is one half hour, regardless of how high the rate is.

With this beam request, we achieveδA⊥ = 0.004 for each 20 MeV bin.

4.1 Overhead

The incident beam causes radiation damage in the frozen ammonia, which leads to the
creation [38, 39] of atomic hydrogen in the target material.This provides an additional
relaxation path for the nuclear spins, and the buildup of these ‘free radicals’ leads to a
gradual decay of the target polarization. The concentration of these unwanted radicals
can be reduced significantly by raising the temperature of the target to 80-90K, in a
process known as annealing. Given the proposed beam currentand raster size, we
expect to require an anneal about once every 14 hours of beam time. The anneal itself
typically requires 2.5 hours from start to beam back on target. The target stick holds
two ammonia batches. Each batch can absorb approximately 17·1015 e-/cm2, at which
point the target must be replaced. We expect to replace the target material about once
every 5 days of accumulated (100% efficient) beam. To replacethe stick and calibrate
the NMR instrumentation requires about a shift.

Measuringg1 will require physically rotating the target can from the perpendicular
to parallel configuration, a process which we estimate will take two shifts. One final
overhead arising from the target comes from the need for dedicated empty cell and
carbon target runs, which are used to determine the granulartarget packing fraction
and dilution factor. These high rate unpolarized runs can becompleted in about one
half hour, and we plan to perform them for every other momentum setting.

Pass changes and linac changes are estimated to require 4 and8 hours respec-
tively. Changing the spectrometer momentum settings requires approximately 15 min-
utes each on average, while changes to the septa angle typically takes one shift. We
will perform one Moller measurement for each beam energy, each of which requires
two hours. Finally, we have included an additional 8 hours ofoverhead to measure the
elastic cross section and asymmetry for the lowest two energies, as a cross check of our
beam and target polarizations, and to help ensure we fully understand all cross section
systematics.

The overhead requirement is summarized in Table 6. We note that previous expe-
rience has shown that many overhead tasks can be performed inparallel, or scheduled
to coincide with non-delivery of beam. In this sense, our overhead estimate should be
quite conservative.

4.2 Projected Results

Fig. 17 shows the projected accuracy we can obtain with the beam time request of
Table 4. The systematic error band on the axis represents thetotal from Table 2. The
projected uncertainties have been evaluated assuming the central value predicted by the
MAID model [21].
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5 Summary

State-of-art next-to-leading-order Chiral Perturbationcalculations exhibit reasonable
agreement with the proton and neutron’s first momentΓ1, and also with the neutron
spin polarizabilityγn

0 at the lowestQ2 where they have been measured. However, there
is a large discrepancy forδn

LT atQ2 of 0.1 GeV2. This is unexpected sinceδLT should
be a good quantity to testχPT due to its insensitivity to the∆ resonance contribution.

We request 24 days in order to perform a measurement ofδp
LT (Q2) with 8% sys-

tematic uncertainty in theQ2 range whereχPT is expected to work well. The statistical
accuracy will be comparable to the systematic and will allowan unambiguous test of
theχPT calculations. Using a transversely polarized proton (NH3) target, together with
the Hall A HRS and septum, a precision measurement ofgp

2 can be performed. Com-
bined with the existing CLASgp

1 data,δp
LT can be extracted to high precision. This

data will help shed light on theδLT puzzle by providing the isospin dependence of the
δLT polarizabilities. This data will also help to reduce the systematic uncertainty ofγp

0

measurements which arises from the model dependence of the transverse input. The
Q2−evolution of the protond2(Q

2), BC Sum, and GDH Sum will also be obtained.
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A Beam Request Tables

In this section we detail the proposed kinematics and beam time request. In Table 4, all
energies and momenta are in GeV, while the luminosity is given in (cm2-s)−1.

Table 6 summarizes the expected overhead, which was discussed in section 4.1.
The expected statistical error is given in Table 7. Table 4 specifies whether we will
measure data in the perpendicular configuration alone, or inboth perpendicular and
parallel configuration for each kinematic. Finally, for reference, in Table 8 we list the
relevent experimental parameters that we have assumed in the rate calculation.

Table 4: Beam Time Request.

E0 Θ P0 W Q2 Rate P Rate Pre L PbPt I Time
(Hz) (kHz) (nA) (h)

1.1 6 0.950 1.07 0.011 55 4.0 6 0.1E+35 0.60 85 6.7
1.1 6 0.871 1.14 0.010 58 4.0 4 0.1E+35 0.60 85 6.5
1.1 6 0.800 1.20 0.010 70 4.0 3 0.1E+35 0.60 85 5.3
1.1 6 0.734 1.25 0.009 82 4.0 3 0.1E+35 0.60 85 4.5
1.1 6 0.674 1.29 0.008 86 4.0 2 0.1E+35 0.60 85 4.3
1.1 6 0.618 1.33 0.007 93 4.0 2 0.1E+35 0.60 85 4.0
1.1 6 0.567 1.37 0.007 103 4.0 2 0.1E+35 0.60 85 3.6
1.1 6 0.521 1.40 0.006 113 4.0 2 0.1E+35 0.60 85 3.3
1.1 6 0.478 1.43 0.006 125 4.0 2 0.1E+35 0.60 85 3.0
1.1 6 0.439 1.45 0.005 139 4.0 2 0.1E+35 0.60 85 2.7
1.1 6 0.403 1.48 0.005 154 4.0 2 0.1E+35 0.60 85 2.4
1.1 6 0.369 1.50 0.004 170 4.0 2 0.1E+35 0.60 85 2.2

1.0 days

1.7 6 1.540 1.07 0.029 46 4.0 2 0.1E+35 0.60 85 8.0
1.7 6 1.414 1.18 0.026 54 4.0 2 0.1E+35 0.60 85 6.9
1.7 6 1.297 1.27 0.024 66 4.0 1 0.1E+35 0.60 85 5.6
1.7 6 1.191 1.35 0.022 65 4.0 1 0.1E+35 0.60 85 5.7
1.7 6 1.093 1.41 0.020 72 4.0 1 0.1E+35 0.60 85 5.1
1.7 6 1.003 1.47 0.019 83 4.0 1 0.1E+35 0.60 85 4.5
1.7 6 0.920 1.53 0.017 93 4.0 1 0.1E+35 0.60 85 4.0
1.7 6 0.845 1.57 0.016 96 4.0 1 0.1E+35 0.60 85 3.9
1.7 6 0.775 1.61 0.014 98 3.9 1 0.1E+35 0.60 85 3.8
1.7 6 0.712 1.65 0.013 103 3.8 1 0.1E+35 0.60 85 3.6
1.7 6 0.653 1.68 0.012 113 4.0 1 0.1E+35 0.60 85 3.3
1.7 6 0.599 1.71 0.011 122 4.0 1 0.1E+35 0.60 85 3.1
1.7 6 0.550 1.74 0.010 129 4.0 1 0.1E+35 0.60 85 2.9
1.7 6 0.505 1.76 0.009 138 4.0 1 0.1E+35 0.60 85 2.7
1.7 6 0.463 1.79 0.009 147 4.0 1 0.1E+35 0.60 85 2.5

continued on next page
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Table 4: Beam Time Request.

E0 Θ P0 W Q2 Rate P Rate Pre L PbPt I Time
(Hz) (kHz) (nA) (h)

1.7 6 0.425 1.81 0.008 158 4.0 1 0.1E+35 0.60 85 2.4
1.7 6 0.390 1.83 0.007 170 4.0 1 0.1E+35 0.60 85 2.2

1.5 days

2.2 6 2.030 1.07 0.049 45 4.0 13 0.8E+35 0.60 85 8.2
2.2 6 1.863 1.21 0.045 54 4.0 11 0.8E+35 0.60 85 6.9
2.2 6 1.709 1.33 0.041 58 4.0 8 0.8E+35 0.60 85 6.4
2.2 6 1.569 1.42 0.038 65 4.0 6 0.8E+35 0.60 85 5.7
2.2 6 1.440 1.51 0.035 77 4.0 5 0.8E+35 0.60 85 4.9
2.2 6 1.321 1.58 0.032 80 4.0 5 0.8E+35 0.60 85 4.7
2.2 6 1.213 1.64 0.029 83 4.0 4 0.8E+35 0.60 85 4.5
2.2 6 1.113 1.70 0.027 87 4.0 4 0.8E+35 0.60 85 4.3
2.2 6 1.022 1.75 0.025 89 4.0 4 0.8E+35 0.60 85 4.2
2.2 6 0.938 1.80 0.023 93 4.0 4 0.8E+35 0.60 85 4.0
2.2 6 0.860 1.84 0.021 96 4.0 5 0.8E+35 0.60 85 3.9
2.2 6 0.790 1.87 0.019 101 4.0 5 0.8E+35 0.60 85 3.7
2.2 6 0.725 1.91 0.017 107 4.0 5 0.8E+35 0.60 85 3.5
2.2 6 0.665 1.94 0.016 113 4.0 5 0.8E+35 0.60 85 3.3
2.2 6 0.610 1.96 0.015 120 4.0 6 0.8E+35 0.60 85 3.1
2.2 6 0.560 1.99 0.013 128 4.0 6 0.8E+35 0.60 85 2.9
2.2 6 0.514 2.01 0.012 137 4.0 7 0.8E+35 0.60 85 2.7

1.6 days

3.3‡ 6 3.096 1.07 0.112 29 4.0 7 0.8E+35 0.60 85 12.7
3.3‡ 6 2.841 1.28 0.103 39 4.0 6 0.8E+35 0.60 85 9.4
3.3‡ 6 2.608 1.44 0.094 42 4.0 4 0.8E+35 0.60 85 8.7
3.3‡ 6 2.393 1.58 0.087 50 4.0 3 0.8E+35 0.60 85 7.5
3.3‡ 6 2.196 1.69 0.079 54 4.0 2 0.8E+35 0.60 85 6.9
3.3‡ 6 2.016 1.79 0.073 57 4.0 2 0.8E+35 0.60 85 6.5
3.3‡ 6 1.850 1.88 0.067 61 4.0 2 0.8E+35 0.60 85 6.1
3.3‡ 6 1.698 1.96 0.061 65 4.0 1 0.8E+35 0.60 85 5.7
3.3‡ 6 1.558 2.02 0.056 69 4.0 1 0.8E+35 0.60 85 5.4

2.9 days

4.4 6 4.149† 1.07 0.200 22 4.0 5 0.8E+35 0.60 85 16.7
4.4 6 3.808† 1.34 0.184 29 4.0 4 0.8E+35 0.60 85 12.9
4.4 6 3.495† 1.55 0.168 33 4.0 2 0.8E+35 0.60 85 11.4
4.4 6 3.207† 1.72 0.155 34 4.0 2 0.8E+35 0.60 85 10.7
4.4 6 2.944 1.86 0.142 36 4.0 1 0.8E+35 0.60 85 10.3

continued on next page
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Table 4: Beam Time Request.

E0 Θ P0 W Q2 Rate P Rate Pre L PbPt I Time
(Hz) (kHz) (nA) (h)

4.4 6 2.701 1.98 0.130 40 4.0 1 0.8E+35 0.60 85 9.4
4.4 6 2.479 2.09 0.120 44 4.0 1 0.8E+35 0.60 85 8.4

2.7 days

4.4 9 4.023† 1.07 0.436 14 2.5 1 0.8E+35 0.60 85 25.2
4.4 9 3.692† 1.34 0.400 17 2.2 1 0.8E+35 0.60 85 21.4
4.4 9 3.389† 1.55 0.367 16 2.0 1 0.8E+35 0.60 85 22.4
4.4 9 3.110† 1.72 0.337 14 1.7 1 0.8E+35 0.60 85 25.6
4.4 9 2.854 1.86 0.309 12 1.4 1 0.8E+35 0.60 85 31.2
4.4 9 2.620 1.98 0.284 11 1.2 1 0.8E+35 0.60 85 33.1
4.4 9 2.404 2.09 0.260 11 1.1 1 0.8E+35 0.60 85 33.7

6.0 days

† signifies that only the left spectrometer can access this momentum.
‡ signifies that longitudinal data will be taken in addition totransverse.

Table 5: Beam Request Summary.

Days using 1 (2) arms 25.2( 15.7)
Days for Overhead 8.4( 8.4)
Total Days using 1 (2) arms 33.6( 24.1)
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Table 6: Overhead

Overhead Number Time Per (hr) (hr)
Target anneal 27 2.5 67.5
Target rotation 2 16.0 32.0
Target swap 2 8.0 16.0
Pass change 6 4.0 24.0
Packing Fraction 34 0.50 17.0
Linac change 0 8.0 0.0
Momentum change 69 0.25 17.2
Moller measurement 6 2.0 12.0
Septum angle change 1 8.0 8.0
Elastic calibration 2 4.0 8.0

201.8

Table 7: Statistical Uncertainty

Kinematic A‖ error A⊥ error
1 0.004⋆ 0.004
2 0.004⋆ 0.004
3 0.004⋆ 0.004
4 0.004 0.004
5 0.004⋆ 0.004
6 0.004⋆ 0.004

⋆ EG4 expected uncertainty.

Table 8: Experiment Parameters

Parameter Value
∆Ω [msr] 4.0
±δP [%] 4.0

PTarget [%] 75.0
PBeam [%] 80.0

Tb 0.026
Ta 0.026

Minimum time per setting [hr] 0.5
Minimum Momentum [MeV] 400.0

Maximum Momentum (L) [MeV] 4300.0
Maximum Momentum (R) [MeV] 3100.0

Daq Limit [kHz] 4.0
Packing Fraction 0.55
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Figure 18: NH3 cross section atE0 = 2.2 GeV,6◦.
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