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Abstract

Recent experimental data on nucleon spin structure at lomtesmediate
momentum transfers has provided valuable new informatiothé confinement
regime, and shed light on the transition from confinemenstorgtotic freedom.
New insight has been gained by exploring moments of the $piotare functions
and their corresponding sum rules. At I&@¢, Chiral Perturbation Theory@T)
has emerged as the effective theory of QGIP’T calculations agree reasonably
well with the first moment of the spin structure functigh up to Q* =~ 0.06
GeV?, and the generalized forward spin polarizabilify at Q> = 0.1 GeV?.
However, xPT calculations have failed to reproduce the neutron dathdrcase
of the generalized L-T spin polarizabili$yf .. This ‘. puzzle’ has presented
a significant challenge to our understanding of the dynawfi€3CD in the chiral
perturbation region. It is of great importance to test thesjsn dependence and
determine if this discrepancy exists for the proton also.

To form the polarizabilitys? ., a measurement af; is needed. Due to the
technical challenges that arise from a transversely padrproton target, only
¢} data have been taken at low momentum transfer. We requesty&4iml order
to perform a measurement & ,.(Q?) with 8% systematic uncertainty in th@?
range where(PT is expected to work well. The statistical accuracy wiltbenpa-
rable to the systematic and will allow an unambiguous tegt@f PT calculations.
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1 Theoretical Background and Motivation

1.1 Introduction

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

Recently, results have become available from a new geparattuLab experiments
that seek to probe the theory in its non-perturbative anusttian regimes. Distinct
features seen in the nucleon response to the electromeagnelie indicate that com-
plementary descriptions of the interaction are possit@pedding on the resolution of
the probe. The low momentum-transfer results offer insigtat the coherent region
where the collective behavior of the nucleon constitueivis dse to the static proper-
ties of the nucleon, in contrast to the scaling regime, wigeiak-gluon correlations
are suppressed.

Theoretically, the low energy (or lo@?) region can be described by a QCD-based
effective theory : Chiral Perturbation TheoryRT). RecentlyyPT has been used as a
powerful tool to help Lattice QCD (LQCD) to extrapolate te@tbhysical region. One
example is the use of the Chiral extrapolationrimass from a few hundred MeV to
the physical mass scale, and from finite to infinite volumeviégw of this interplay
betweenyPT and LQCD, it is critical to have benchmark tests of theatslity of yPT
calculations.

The JLab experiments [3]-[12] on the spin structure of thedean have extracted
the spin structure functiong’, g% andg? and their moments over a wide kinematic
range. These moments have proven to be powerful tools t@XeEt sum rules and
Chiral Perturbation Theory calculations. However, at thve d)? relevant toyPT, data
on theg? structure function is conspicuously absent. Currently,/twest momentum
transfer that has been investigated [8[J% ~ 1.3 GeV?. The absence of transverse
data is particularly unsatisfying given the intriguing uks found in the transverse
neutron data: The SLAC E155 collaboration [13] found a ttsigena violation of the
proton Burkhardt-Cottingham sum rule@t = 5.0 GeV?, while the E94010 collabo-
ration [3] found that the neutron BC sum rule held within tkeerimental uncertainty
below@? = 1.0 GeV? (see Fig. 3). Even more compelling, it was found that stéite-o
the-art NLG yPT calculations are in agreement with the neutron data togéneral-
ized polarizabilityy] at@? = 0.1 Ge\?, but exhibit a significant discrepancy with the
longitudinal-transverse polarizability}» (see Fig. 1). This is particularly surprising
sinced 7 is insensitive to thé\ resonance contribution which is not well under control
in the yPT calculations. For this reason, it was believed that should be more suit-
able thany, to serve as a testing ground for the chiral dynamics of QCD 154 Itis
natural to ask if this discrepancy exists in the proton casd,determining the isospin
dependence will help to solve thigr puzzle.

fNext to leading order



From discussions with theorists, this discrepancy migtgioate from the short
range part of the interaction. Some possible mechanismshwhight be responsi-
ble are t-channel axial vector meson exchange [17, 18], @ffact of QCD vacuum
structure [19]. It is essential to separate different iswsn the t-channel in order to
understand the mechanism.

1.2 Sum Rulesand Moments

Sum rules involving the spin structure of the nucleon offeliraportant opportunity
to study QCD. In recent years the Bjorken sum rule at l#geand the Gerasimov-
Drell-Hearn (GDH) sum rule [20] af? = 0, have attracted a concerted experimental
and theoretical effort (see for example [21]) that has mtestius with rich information.
Another class of sum rules address the generalized GDH s2jaffi2l the spin polariz-
abilities [23]. These sum rules which are based on “unsutedi dispersion relations
and the optical theorem relate the moments of the spin streiétinctions to real or
virtual Compton amplitudes, which can be calculated thtzaky.

Considering the forward spin-flip doubly-virtual Comptaragering (VVCS) am-
plitude g7, and assuming it has an appropriate convergence behaviagtaenergy,
an unsubtracted dispersion relation leads to the followopgation forgrr [9, 23]:

/’ QQ)O'TT(VI, Q2)

Relgrr(Q%) — g3 (1, Q) = ()P [ LT @ gy

whereg?ﬁ}e is the nucleon pole (elastic) contributioR, denotes the principal value
integral andK is the virtual photon flux factor. The lower limit of the integionyy is
the pion-production threshold on the nucleon. A low-ene&xyansion gives:

Relgrr(v, Q%) — 955 (1 @%)] = (22) Ir2(Q) +20(Q2) +007). (@)

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

Irr(Q?)

M? /OOK(VvQQ)UTT
—dv
dn2a J,, v v

2M2 [*o o, 4M?Z 5
- 2 [ e - Feneea @
The low-energy theorem relates 1(0) to the anomalous magmement of the nucleon,
k, and Eq. (3) becomes the original GDH sum rule [20]:

1(0) = /Oo o1/2(V) — 03/2(V) dy — _277204/127 @

v M?



where2orr = 013 — 03/2. The O(v3) term yields a sum rule for the generalized
forward spin polarizability [23]:

> K(v,Q?) orr(v, Q?
W@ = (o) [ HeBmndl,

1%

16aM? [*0 o, 4M?Z 9
- S [ 2o - Fretne)e. ©)

Considering the longitudinal-transverse interferencpléodeg; 7, theO(v?) term
leads to the generalized longitudinal-transverse paiiity [23]:

1 o K(Vv Q2) ULT(Va QQ)
) [ 5 dv

Qv?
16aM? [T0
- 2 [ Paee) s neede @
Q 0

Alternatively, we can consider the covariant spin-depenif®/CS amplitudesS;
and S,, which are related to the spin-flip amplitudgsr andgrr. The unsubtracted
dispersion relations faf, andvS; lead to a “super-convergence relation” that is valid
for any value ofQ?,

Sor(@Q%) =

1
| et @z =0, ™
0
which is the Burkhardt-Cottingham (BC) sum rule [24].

1.3 Recent Results from Jefferson Lab
1.3.1 Spin Polarizabilities: vy and 6.7 for the Neutron

The generalized spin polarizabilities provide benchmastst ofyPT calculations at
low Q2. Since the generalized polarizabilities have an ekfi& weighting compared
to the first moments, these integrals have only a small darttan from the large+
region and converge much faster, which minimizes the uaireyt due to extrapola-
tion. Measurements of the generalized spin polarizadsliire an important step in
understanding the dynamics of QCD in the chiral perturiatémion. At lowQ?, the
generalized polarizabilities have been evaluated with-t@¥eading orderyPT cal-
culations [14, 15]. One issue in theT calculations is how to properly include the
nucleon resonance contributions, especially Aheesonance. As was pointed out in
Refs. [14, 15], whiley, is sensitive to resonances,r is insensitive to the\ reso-
nance.

The first results for the neutron generalized forward spilarabilities o (Q?)
andér(Q?) were obtained at Jefferson Lab Hall A [3]. The resultsf§{Q?) are
shown in the top panel of Fig. 1. The statistical uncertagtire smaller than the size
of the symbols. The data are compared with a next-to-leaatidgr O (p*)) HBYPT?

$Heavy Baryon Chiral Perturbation Theory
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Figure 1: The neutron spin polarizabilities (top) anddrr (bottom). Solid squares
represent the results from [3] with statistical unceriamt The light grey band on the
axis represents systematic uncertainties. The heavy dasinee is the HRPT calcu-
lation of Kaoet al.[15]. The dot-dashed curve (blue band) is thex®B calculation
of Bernardet al.[14] without (with) theA and vector meson contributions. The solid
curve is the MAID model [21].



calculation [15], a next-to-leading order RBTY 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 thevéstQ? point, the
RBYPT calculation including the resonance contributions igdnd agreement with
the experimental result. For the {BT calculation without explicit resonance con-
tributions, discrepancies are large everQdt = 0.1 GeV2. This might indicate the
significance of the resonance contributions or a problerh wie heavy baryon ap-
proximation at thisQ2. The MAID model reproduces the high€? data point but
underestimates the strengthiat = 0.1 Ge V2.

Sinced,r is insensitive to the\ resonance contribution, it was believed thaf
should be more suitable thag to serve as a testing ground for the chiral dynamics
of QCD [14, 15]. Fig. 1 shows$.r compared toyPT calculations and the MAID
predictions. While the MAID predictions are in good agreemeith the results, it is
surprising to see that the data are in significant disagraewith thexPT calculations
even at the lowes)?, 0.1 Ge\2. This disagreement presents a significant challenge to
the present implementation of Chiral Perturbation Theory.

132 dy(z,Q?)

The d»(Q?) matrix element provides an efficient way to study the higthbehavior
of the nucleon spin structure. At largg?, it is related to the color polarizabilities
and can be calculated from Lattice QCD. At lowg?, it provides a means to study
the transition from perturbative to non-perturbative hetar, and to quantify higher
twist effects. In DIS, the leading twist contribution ¢g is given by the Wandzura-
Wilczek [25] relation:

1
d
A0 @) = (0. Q)+ [ @)Y ®)
ds quantifies the higher twist contribution ¢g via:
1

do = 3/ xg(gg—gng)da: (9

0

1
_ / 2 201 + 392] du (10)

0

In practice, we do not access the entire kinematic redioa (c < 1). To signify
this, and the fact that we are at fini@g?, the symbold, is often used. In Fig. 2,
recent neutroml;(Q?) data is shown. The experimental results are the open gircles
while the grey band represents the systematic uncertaliitg.world neutron results
from SLAC [13] (open square) and from JLab E99-117 [34] (baljuare) are also
shown. The solid line is the MAID calculation [21] which incles only the resonance
contribution.

Y Relativistic Baryon Chiral Perturbation Theory
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Figure 2:d3 results from JLab [3, 34] and SLAC [13], together with theticat QCD
calculations [33], and the MAID [21] model.

At low Q?, the HBYPT calculation of Kacet al.[15] is shown with a dashed line.
The RByPT of Bernardet al. [14] is very close to the HBPT curve at this scale,
regardless of whether the authors include vector mesonthansl contributions. It is
not shown on the figure for clarity. The Lattice QCD predintj83] atQ? =5 Ge\? is
negative but close to zero, and represerts d@eviation from the experimental result.
We note that all available models (hot shown) predict a negat zero value at large
Q2. As Q? increases, the data reveal a positive, but decrea&ing

Other preliminary results for the neutron [12] af)& range of 1-4 GeV, and for
the proton and deuteron [8] @ ~ 1.3 Ge\? are available now.

1.3.3 TheBurkhardt-Cottingham Sum Rule

Fig. 3 shows the Burkhardt-Cottingham integral (see Eqoijtfe neutron, which was
extracted from Hall A experiment E94-010 [3], from pion tsineld tolV = 2 GeV.

The capability to transversely polarize the HalPBe target allowed for the precise
measurements @f, needed for the BC sum. The measured region is shown with solid
circles, and the MAID estimate should be compared directipése resonance region
points. The open diamonds represent the folk{ < 1) integral, which is evalu-
ated using the well know elastic form factors for the- 1 contribution, and assuming

g2 = 95" in the unmeasured low-x region. The upper, lower bands spared to the
experimental systematic errors, and the estimate of thiersydic error for the lowe
extrapolation, respectively. The total integral exhilaitstriking cancellation of the in-

11
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Figure 3: Neutrorl'>(Q?). Full circle : resonance contribution, compared with the
MAID model [21]. Open diamonds are the full (< = < 1) integral, including es-
timates for the elastic and low-x contributions. Upper, éowands correspond to the
experimental systematic errors, and the systematic efrtiteolow-x extrapolation,
respectively. SLAC E155x [13] data & = 5 Ge\? is also shown.

elastic (resonance+DIS) and elastic contributions, legath an apparent satisfaction
of the Burkhardt-Cottingham sum rule within uncertainti€ee SLAC E155x collab-
oration [13] previously reported a neutron result at high (open square), which is
consistent with zero but with a rather large error bar. Ondter hand, the SLAC
proton result deviated from the BC sum rule prediction bya®dard deviations [13].

1.3.4 TheFirst Moment of ¢;

Fig. 4 displays the preliminary proton results for(Q?) from the EG1b [7] exper-
iment, together with the published results from EG1la [4,FH]JAC [13] and HER-
MES [26]. The error bar indicates the statistical uncetyaivhile the band on the axis
represents the systematic uncertainty.

At Q? = 0, the slope of"; is predicted by the GDH sum rulgPT calculations by
Jietal.[27] using HByPT, and by Bernardt al.[14] with and without the inclusion of
vector mesons and degrees of freedom are also shown. }RT calculations start to
show disagreement with the data abdye~ 0.06 GeV2. At moderate and largg?,
the data are compared with two model calculations [28, 28 bf which reproduce
the data reasonably well.

12
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Figure 4: Preliminary protoii; (Q?) from EG1b [7], together with published results
from EGla [4], SLAC [13] and HERMES [26]. Model prediction®in the Soffer-
Teryaev [28] and Burkert-loffe [29]. The insets show conigamns with the NLOYPT
predictions by Jet al.[27], and Bernarabt al.[14].

1.3.5 Ongoing Analyses

Several recent spin structure experiments are in the ppademalyzing existing data.
These results should be available soon. For example, aacéigm of ) will be
performed from the EG1bl; data [30] down toQ? ~ 0.05 GeV2. The prelimi-
nary results [30] show a large deviation from thET calculations of Refs. [14, 15].
NeutronfHe) longitudinal and transverse data [10] has also beemtak®? down
to 0.02 GeV. A longitudinal measurement aimed at extractingor the proton and
deuteron [11] reached similg)?. Preliminary results [8, 35] for the protel and BC
integral atQ? = 1.3, will also soon be available.

1.3.6 Experimental Status Summary

In summary, a large body of nucleon spin-dependent crasteeeaand asymmetry data
have been collected at low to moderg}é in the resonance region. These data have
been used to evaluate i evolution of moments of the nucleon spin structure func-
tions g; andg-, including the GDH integral, the Bjorken sum, the BC sum amal t
spin polarizabilities. The BC sum rule for the neutron isexeed to be satisfied within
uncertainties due to a cancellation between the inelastictastic contributions. The
situation for the proton is less clear, with a three sigmdation found atQ? = 5
Ge\2.

13



Atlow Q?, available next-to-leading ordgPT calculations have been tested against
data and found to be in reasonable agreemertL.fir < Q2 < 0.1 GeV? for the GDH
integral 1(Q?), T'1(Q?) and the forward spin polarizability,(Q?). Although it was
expected that thgPT calculation of ;. would offer a faster convergence because of
the absence of thA contribution, the experimental data show otherwise. Ndribe
available calculations can reprodue- atQ? of 0.1 Ge\?. This discrepancy presents
a significant challenge to our theoretical understandingf.

To better understand th&,r puzzle, or more importantly, to better understand
what the puzzle means in terms of the Chiral dynamics, we he#udtheoretical and
experimental efforts. A natural question is whether thgcipancy also exists in the
proton case. Testing the isospin dependence would helplgfedn the problem.
However, there has been no measurement with a transversalyzed proton target
for @* < 1.3 GeV?, and there is consequently no experimental data’for. It is of
great interest to have a measurement’bf. in the low Q? region where the Chiral
Perturbation Theory calculations are expected to work.

14
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Figure 5: Kinematic coverage. Specific beam and angle valteedetailed in Table 4.
Dashed lines represent the the const@hwalues wheré; and the BC Sum will be
evaluated.

2 Proposed Experiment

We plan to perform an inclusive measurement at forward aofjae proton spin-
dependent cross sections in order to determingzhstructure function in the reso-
nance region fof.02 < Q2 < 0.4 GeV2. This measurement will allow an extraction
of the generalized longitudinal-transverse spin poldiltg 5,7, and a test of the
Burkhardt-Cottingham sum rule.

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

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

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

2. Installation of an upstream chicane and associated sugtpactures.

15



. Temporary removal of the eP detector in order to placehieane magnets.

3
4. Installation of the slow raster, and the Basel Secondarg&on Monitor (SEM).
5. Installation of a local beam dump.

6

. Operation of the beamline instrumentation for 50-100 earh.

We examine these requirements in detail in the followingisas.

2.1 Polarized Target

The polarized target (has been successfully used in expatiE143/E155/E155x at
SLAC and E93-026 and E01-006 at JLab. This target operataheprinciple of
Dynamic Nuclear Polarization, to enhance the low tempegatl K), high magnetic
field (5 T) polarization of solid materials (ammonia, litmuhydrides) by microwave
pumping. The polarized target assembly contains sevegattaells of variable length
(0.5-3.0 cm) that can be selected individually by remotetradrio be located in the
uniform field region of a superconducting Helmholtz pair.eTgermeable target cells
are immersed in a vessel filled with liquid Helium and maim¢ai at 1 K by use of a
high power evaporation refrigerator.

The target material is exposed to 140 GHz microwaves to thiv&yperfine transi-
tion which aligns the nucleon spins. The DNP technique pcedyroton polarizations
of up to 90% in the NH target. The heating of the target by the beam causes a drop of a
few percent in the polarization, and the polarization sjodécreases with time due to
radiation damage. Most of the radiation damage is repaiyaahbealing the target at
about 80 K, until the accumulated dose reached is greateathautl 7 x 10'° e~ /cn?,
at which time the target material needs to be replaced. Thahsity of the polarized
material in the uniform field region is approximata&ly x 1033 cm=2 Hz.

2.2 Chicane

To accesg/b, the polarization direction will be held perpedicular te theam axis for
the majority of the experiment. This will create a non-ngiplie deflection of low
energy electrons, so to ensure proper transport of the libaraxisting Hall C BE and
BZ1 upstream chicane magnets (as used in E93-026 [51]) vileQuired. In order to
fit the dipole magnets into the limited space of the Hall A blae we will request
the temporary removal of the eP detector for this experiment

16
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Energy | Deflection Angle
(GeVv) (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 beare thuthe 5 T target field.

The chicane placement is detailed in Fig. 6. Two dipoles halllocated at 20
and 12 m upstream of the target, respectively. Table 1 lstsdeflection angles that
will be created by the 5 T target field for each incident enefyyhird dipole similar
to the one used for the Compton polarimeter chicane will lmmlde accomodate the
relatively small deflection angle at the highest energidse fnge of needed vertical
displacements will be accomodated by placing this lastldipa a hydraulic stand as
was done in hall C. Beam Position Monitors (BPMs) will be gid@long the chicane
line before and after each magnet to ensure proper transitihe beam.

2.3 Raster

The existing Hall A fast raster will be used to generate agpatup to 4 mm x 4 mm
and will remain in its standard location (see Fig. 6). Thevslaster will be located just
upstream of the target, and can increase the final size uptn2x 2.5 cm, although
we will use a smaller spotsize. A 2 inch wide beam pipe will bedistarting after the
slow raster.

2.4 Secondary Emission Monitor

To ensure proper reconstruction of target variables gilieriarge raster size, we will
utilize the Basel Secondary Emission Monitor (SEIMJhis device was used under
similar conditions in Hall C and provided an accuracy of &ethan 1 mm for currents
as low as 10 nA. ltis insensitive to the target magnetic field.

2.5 Exit beam pipe and beam dump

The low currents employed in this experiment allow for the ofsa local beam dunip,
just downstream of the target. The connection from the viacabbamber to the exit
beam pipe will need to be modified to accommodate the vedifigction of the beam,

Il Also referred to as SEE faecondaryelectronemission.
**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. Wetplamove the target
position upstream by 25 cm, in order to produce a two inch gawéen the two septa
at six degrees. A two inch beam pipe is sufficient to acconmilhet rastered beam and
expected multiple scattering.

A helium bag will be used to transport the beam past the sefiés allows for
different exit angles. Connection to the usual beam pipé b@lmade at 5 meters
downstream, in order to allow for 'straight-thru’ passadgehe beam to the standard
beam dump when necessary: for example during Moller measnts and beam tun-
ing. A 10 inch diameter beam pipe will accomadate all plansmharios. The beam
dump (see Fig. 7) will be constructed above the beam linedmkstg 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 tharjzald target in order to
limit depolarizing effects and large variations in the dgnsStandard BCM cavities
have a linearity good to 0.2% for currents ranging from 18@mi¢o 1 uA. High ac-
curacy at even lower currents will be possible due to ongajpgrades, which will be
complete before this proposal might be scheduled. Mostohgtdhe Happex 111 [50]
and Lead Parity experiments will require accurate knowdealithe charge and beam
position down 50 nA. We plan to use the low current cavity namBCM/BPM sets
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that were initially tested in 2005. In addition, experim&itt5-004[48] has just re-
cently commissioned a tungsten beam calorimeter, in oadeate a good calibration
for I < 3pA. Preliminary results show an absolute calibration of thik ABCM with
1% accuracy for currents ranging fromu3! down to 0.%:A. The calorimeter will be
located just after the first BPM and before the first dipole (Sig. 6). In the worst-case
scenario, the tungsten calorimeter will allow at least 2%uaacy [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 stardiblall A equipment. Dur-
ing operation, 0.3 to 0.xA of current are incident on a foil of iron polarized by a
magnetic field. The expected systematic uncertainty [S2hefMoeller measurement
is 3.5% or better. An upgrade is planned for the Lead Paripedarment with the goal
of reaching 1% systematic. Moeller runs will be schedulettast once per energy
change, and will will be performed with the (non-chicaneéaim passing to the stan-
dard hall A dump.

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

2.7 The Spectrometers
2.7.1 SeptaMagnet

The Hall A spectrometers will be fitted with septa magnetswelhg to reach scatter-
ing angles of 6 and 9 degrees. They have been used succe$sfilie Hypernuclear
experiment, Happex and small angle GDH, so their opticgb@riies are well under-
stood.

2.7.2 Detector Stack

The standard detector stack will be used for detecting est We will require the

usual VDC, scintillators S1 and S2, the gas Cerenkov andrgjector/shower counter
for particle identification. Performance of the spectraengtire well known so we can
expect the same accuracies as for the GDH experiment on ltwézenl He3 target E94-
010 and E97-110. We note that pion contamination at thesanatics 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 fiedds done by John
Lerose for the lowest anticipated electron momentum (40¥Mg)e Fig. 8 shows the
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scattered electrons without field. Fig. 9 displays the ¢féthe 5 Tesla field. Fig. 10
shows the incident beam corrected by the chicane so thahdrigzontal at the target.
Except for an approximate 5 mm vertical offset, (which wogilce aboutl 0~ offset in
detected momentum), the shifted envelope looks very misetttie no-field situation
when it gets to the entrance of the septum. The effect woutdnish linearly with
either an increase in momentum, or a decrease in the madisddic The situation,
from an optics point of view, appears to be manageable evéiisinorst case scenario.

For further detail, Figs. 11 to 14 demonstrate the effechef3 T target field on
the reconstruction [41]. These plots represent a montesariulation of the target
variablesd, 6, ¢, andy,;. Overall, as the scattered electron momentum decreasgs, th
is a slight degradation in resolution. Shiftsjifvertical) are also seen along with much
smaller shifts in and¢. The offsets do not have a significant effect since the viegab
remain in the well known region of the acceptance. The degia of resolution
should resultin no worse than a factor of two [41] increagbé@systematic uncertainty
of the acceptance.

2.7.4 DataAcquisition

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

JJJJJ

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

Figure 10: 5 Tesla field remains on but the set of trajectdsiertically shifted by
275 mrad.
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Figure 12: Reconstructed variables : Momentum = 4 GeV/cgéfdield = 5 T.Top
left: momentum spreadiop right: vertical scattering angléBottom left: horizontal
scattering angleBottom right: Y-target.
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3 AnalysisMethod

3.1 Extraction of the g, Structure Function

We will perform a polarized cross section measurement iemta determine the spin
structure functioryb. The spin structure functions are related to the spin-degen
Ccross sections via:

MQ? Y 0
= A tan —A
. da? (1—y)2—y){ 71T Gl}
MQ@Q? y? 14+ (1 —y)cosf
= —-A — A 11
72 4o 2(1-y)(2-y) NI T A —y)sme ()
wherey = v/E.

Here, the polarized cross section differences are repiasdry Ao and Ao .
Measuring polarized cross section differences resultiéncancellation of the con-
tribution from any unpolarized target material and ob\sdtee need for any external
model input.

We can recast Eq. 11 in the form:

gL = Kl(alAUH —l—blAO'l)
go = Kg(clAUH + d1Ao)) (12)
where
M 2
K = M J
4oz (1-y)2-y)
MQ? y? y
Ky = — K. 2
’ 102 2(1-y)2—y) 2
al =1
by = tan§
cy = -1
14 (1—y)cosb
dy —_——
(1 —y)sinf

Equation 12 reveals that the parallel contributiorytas highly suppressed (See
Fig. 15). In fact, the relative weight of th&o| contribution tog, ranges from 2 to 8%
for all proposed kinematics. For the kinematics where wé wat measuredo |, we
will use the high precision data from Hall B experiment EG4][which expects an
uncertainty of approximately 10%. Given the ratio|of/d;|, this leads to less than
1% error contribution to oug» for all kinematics.

In practice, the EG4 cross section data is not at the exaat &amematics as our
proposal, which makes it difficult to directly combine thespective cross sections.
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Instead, we will use the EG4h data. Inverting Eq. 11 yields:

— os 0
oy = a2 A=yE-y) (2) CEG S 91— tan0/2 g2
- 2 o 14+(1—vy) cos @
MQ Y % + tan9/2
40?2 (1-y)(2—y) (2 291 +9
Aoy = Moége?( D) <_) 1+(1—yjycolse - (13)
Yy Yy W + tan 6‘/2
Eq. 13 can be recast in the form:
Aoy = Ks(azgr + bago) (14)
Ao, = Ki(cagr + dage) (15)
where
do? (1-y)(2-y) (2 1
K3 = 5 -
MQ (0 y) az — by
do? (1-y)(2-y) (2 1
K, = 5 -
MQ (0 y) az — by
1+ (1—y)cosby
a = —~ 5
(1 —-y)sinfd 2
bQ = —tan9/2
2
Cy = -
Y
d =1

So in terms of the existing Hall B; and the measurefis | , g can be expressed:

1
v~ (i) Ao+ Ko ] (o

3.2 The Generalized Spin Polarizability 6,1

The generalized Longitudinal-Transverse spin polariiglis given in terms ofy; and
go as:

16aM?
QG
For the kinematics where we do not measgrairectly we will utilize the results

of EG4 [11]. Our proposal includes settings (see Table 4)revieee will rotate the
target and measuro in addition toAs, in order to cross check the Hall B data.

ur(Q?) = | [n(0.0%) + (.02 s 17)
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Table 7 details the projected EG4 statistical uncertasrfd@]. Our beam time request
typically aims to match or improve on these errors so thattimebined data set is con-
sistent. As for systematic uncertainties, EG4 projectaiah©% error, which includes
a contribution from their lack of knowledge of transverséadawith our transverse
data, their systematic would of course decrease.

3.3 Interpolation to Constant ()?

The data measured at constant incident energy and scgtéerite will be interpolated
to constant)? as shown in Fig. 5. The good kinematic coverage and overlaplgh
facilitate a straight forward interpolation.

3.4 Systematic Uncertainties

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

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

An 8%' systematic uncertainty afy,(Q?) is shown as the gray band on the hori-
zontal axis in Fig. 17.

4 Ratesand Beam Time Request

The count rate of scattered electrons from the polarizepktas given by:
N— EAQfAE’cr

where/ is the luminosity AQ) is the angular acceptanc £’ is the momentum bite,
o represents the proton cross section, gnid the dilution factor which accounts for
scattering from unpolarized nucleons in the target.

(18)

Tas has been done in experiments E94010, E97110 and E01012.
frelative 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 sectlystematic.
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We estimate the experimental cross section by combiningpraitrogen and he-
lium cross sections from the quasifree scattering model {36S37]. Inelastic and
elastic radiative effects are also included. Table 8 shtmwsassumed material thick-
ness for a 3 cm target. At the lowest planiigd the elastic radiative tail becomes large
and we switch to a thinner (0.5 cm) target cell. Cross-chaditsthe longer standard
cell will help to reduce the systematic uncertainty of théiative corrections, and en-
sure we have a good understanding of our target packingdracA representative
spin-independent cross section is shown in Fig. 18.

We estimate the time needed for a given uncertaiitypy:

r—__ 1 (19)
N(fP,PréA)?

The relevent statistical uncertainty is for the asymmelrgugh this is a cross sec-
tion measurement, because in the produttthe dominant error arises frovh.

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

When the momentum of the scattered electron is accessililethyspectrometers,
we double our DAQ rate. We assume a maximum accessible mameait3.1 and 4.3
GeV for the right and left HRS respectively. We also assurtl bpectrometers can
reach 0.4 GeV minimum momentum, and that the DAQ limit is 4 gz arni.

We will measure transverse data for every kinematic. Talslpetifies the settings
where we plan to also take data with the target polarizateld parallel to the beam
momentum. This is in order to directly extragt and provide a cross check with the
EG4 data. This effectively doubles the time needed for taing, so the kinematic
to perform the longitudinal measurement has been chosee &t the largest)? for
which both arms can simultaneously take data for all chosememtum settings.

To reach the highegp? will require the septum to run 391 A at 6 degreesg<#.15
GeV) and almost 530 A at 9 degreegR.0 GeV). Discussion with Hall A septum
experts [41, 42] indicate that all of the planned 6 degretingst should be achievable,
although the septum must be trained to reach a few of the hagimeents required. All
of the 9 degree settings are also within the nominal limitg,tbe 9 degree, 4.0 GeV
setting in particular may prove difficult. This has minimalpact on the physics goals
of this experiment, since it affects only one kinematiciagtat the highesQ? (see
Fig. 5), whereas our main focus is at I@#. To adjust to this circumstance we can
perform an extrapolation for the small affected region, iorpdy reduce our highest
expected)? by a small amount.

The choice of parameters used in our rate calculation is sanmed in Table 8.
We assume an angular acceptance of 4 msr and a momentumesnmeept:-4%, both
slightly reduced from the nominal values due to the preseftke septa, and beam
and target polarizations of 80 and 75% respectively. We tiatehigher polarization

§More than 5 kHz rate with manageable deadtime was demoestwith the existing DAQ during
E97110 [10].
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values are routinely achieved. Finally, we assume that thenmm time that we would
reasonably spend at each setting is one half hour, regamfié®w high the rate is.
With this beam request, we achieig; = 0.004 for each 20 MeV bin.

41 Overhead

The incident beam causes radiation damage in the frozen aranmwhich leads to the
creation [38, 39] of atomic hydrogen in the target matefidlis provides an additional
relaxation path for the nuclear spins, and the buildup ofeHéree radicals’ leads to a
gradual decay of the target polarization. The concentratfdhese unwanted radicals
can be reduced significantly by raising the temperature @tdinget to 80-90K, in a
process known as annealing. Given the proposed beam camdntaster size, we
expect to require an anneal about once every 14 hours of beenThe anneal itself
typically requires 2.5 hours from start to beam back on targjbe target stick holds
two ammonia batches. Each batch can absorb approximately'? 2-/cn?, at which
point the target must be replaced. We expect to replace thettmaterial about once
every 5 days of accumulated (100% efficient) beam. To repteestick and calibrate
the NMR instrumentation requires about a shift.

Measuringg; will require physically rotating the target can from the pemdicular
to parallel configuration, a process which we estimate \akkettwo shifts. One final
overhead arising from the target comes from the need forcdesti empty cell and
carbon target runs, which are used to determine the gratariget packing fraction
and dilution factor. These high rate unpolarized runs candmpleted in about one
half hour, and we plan to perform them for every other momergatting.

Pass changes and linac changes are estimated to require & laouts respec-
tively. Changing the spectrometer momentum settings regaipproximately 15 min-
utes each on average, while changes to the septa angleltypédaes one shift. We
will perform one Moller measurement for each beam energsh @ which requires
two hours. Finally, we have included an additional 8 hoursw@frhead to measure the
elastic cross section and asymmetry for the lowest two ée&rags a cross check of our
beam and target polarizations, and to help ensure we futhgrstand all cross section
systematics.

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

4.2 Projected Results

Fig. 17 shows the projected accuracy we can obtain with tlaenbiéme request of

Table 4. The systematic error band on the axis representettidrom Table 2. The

projected uncertainties have been evaluated assumingiii@tvalue predicted by the
MAID model [21].

33



—— Bernard et al. (VM4A)
3+~ |— Bernard et al.

—- Kaoetal. O(p+p)
L |— MAID
This proposal

-4
8., [107 fm’]

Q’ (GeV)

Figure 17: Projected results fog . Statistical errors are shown on the symbols.
Systematic is represented by the grey band on the axis. thnuies are evaluated

assuming the central value predicted by the MAID [21] mog&T predictions from
Bernardet al.[14], and Kaoet al.[15].
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5 Summary

State-of-art next-to-leading-order Chiral Perturbatiahculations exhibit reasonable
agreement with the proton and neutron’s first monientand also with the neutron
spin polarizabilityyy at the lowest)? where they have been measured. However, there
is a large discrepancy fat! . atQ? of 0.1 Ge\2. This is unexpected sindg r should
be a good quantity to tegtPT due to its insensitivity to thA resonance contribution.
We request 24 days in order to perform a measuremefit pfQ?) with 8% sys-
tematic uncertainty in th@? range whergPT is expected to work well. The statistical
accuracy will be comparable to the systematic and will allewunambiguous test of
thexPT calculations. Using a transversely polarized proton{)N&rget, together with
the Hall A HRS and septum, a precision measuremepf afan be performed. Com-
bined with the existing CLAS} data,d? - can be extracted to high precision. This
data will help shed light on th&, puzzle by providing the isospin dependence of the
drr polarizabilities. This data will also help to reduce thetsysatic uncertainty of{
measurements which arises from the model dependence afatievérse input. The
Q?—evolution of the protorlz(Q?), 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 beaenttgquest. In Table 4, all
energies and momenta are in GeV, while the luminosity isrgiagcm?-s) 1.

Table 6 summarizes the expected overhead, which was destirssection 4.1.
The expected statistical error is given in Table 7. Table €c@s whether we will
measure data in the perpendicular configuration alone, both perpendicular and
parallel configuration for each kinematic. Finally, foresdnce, in Table 8 we list the
relevent experimental parameters that we have assumee ratécalculation.

Table 4: Beam Time Request.

Ey | © Py W Q? Rate P| Rate | Pre L P, P; | Time
(Hz) | (kHz) (nA) | (h)

11| 6 | 0.950| 1.07| 0.011 55 4.0 6 | 0.1E+35| 0.60 | 85 6.7
11| 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
11| 6 | 0.521| 1.40| 0.006| 113 4.0 2 | 0.1E+35| 0.60 | 85 3.3
11| 6 | 0478 | 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
11| 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 | 0599 | 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.

Ey | © Py W Q? Rate P| Rate | Pre L P, P; | 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
15 days

22| 6 | 2030 | 1.07| 0.049| 45 4.0 13 | 0.8E+35| 0.60 | 85 8.2
22| 6| 1.863| 1.21| 0.045| 54 4.0 11 | 0.8E+35| 0.60 | 85 6.9
22| 6| 1.709 | 1.33| 0.041 58 4.0 8 | 0.8E+35| 0.60 | 85 6.4
22| 6| 1569 | 1.42| 0.038 65 4.0 6 | 0.8E+35| 0.60 | 85 5.7
22| 6| 1.440| 1.51| 0.035 77 4.0 5 | 0.8E+35| 0.60 | 85 4.9
22| 6| 1.321| 1.58| 0.032 80 4.0 5 | 0.8E+35| 0.60 | 85 4.7
22| 6 | 1.213 | 1.64| 0.029 83 4.0 4 | 0.8E+35| 0.60 | 85 4.5
22| 6| 1.113| 1.70| 0.027 87 4.0 4 | 0.8E+35| 0.60 | 85 4.3
22| 6| 1.022 | 1.75| 0.025| 89 4.0 4 | 0.8E+35| 0.60 | 85 4.2
22| 6| 0938 1.80| 0.023 93 4.0 4 | 0.8E+35| 0.60 | 85 4.0
22| 6| 0.860| 1.84| 0.021 96 4.0 5 | 0.8E+35| 0.60 | 85 3.9
22| 6| 0790 | 1.87| 0.019| 101 4.0 5 | 0.8E+35| 0.60 | 85 3.7
22| 6| 0725|1.91| 0.017| 107 4.0 5 | 0.8E+35| 0.60 | 85 3.5
22| 6| 0665 | 1.94| 0.016| 113 4.0 5 | 0.8E+35| 0.60 | 85 3.3
22| 6| 0610 | 1.96| 0.015| 120 4.0 6 | 0.8E+35| 0.60 | 85 3.1
22| 6| 0560 | 1.99| 0.013| 128 4.0 6 | 0.8E+35| 0.60 | 85 2.9
22| 6| 0514 | 2.01| 0.012| 137 4.0 7 | 0.8E+35| 0.60 | 85 2.7
1.6 days

33| 6] 309 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| 2608 | 1.44| 0.094| 42 4.0 4 | 0.8E+35| 0.60 | 85 8.7
33| 6 | 2.393 | 1.58| 0.087 50 4.0 3 | 0.8E+35| 0.60 | 85 7.5
33| 6| 2.196 | 1.69| 0.079 54 4.0 2 | 0.8E+35| 0.60 | 85 6.9
33| 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| 1698 | 1.96| 0.061 65 4.0 1 | 0.8E+35| 0.60 | 85 5.7
33| 6 | 1.558 | 2.02| 0.056 69 4.0 1 | 0.8E+35| 0.60 | 85 5.4
29 days

4416 |4.149 | 1.07] 0.200 22 4.0 5 | 0.8E+35| 0.60 | 85 | 16.7
44 | 6 | 3.808 | 1.34| 0.184 29 4.0 4 | 0.8E+35| 0.60 | 85 | 12.9
44 | 6 | 3.495 | 1.55| 0.168 33 4.0 2 | 0.8E+35| 0.60| 85 | 11.4
44 | 6 | 3.207% | 1.72| 0.155| 34 4.0 2 | 0.8E+35| 0.60| 85 | 10.7
44 | 6 | 2944 | 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.

Ey | © Py W Q? Rate P| Rate | Pre L P, P; | Time
(Hz) | (kHz) (nA) | (h)

44 | 6 | 2701 | 1.98| 0.130| 40 4.0 1 | 0.8E+35| 0.60 | 85 9.4
44 | 6 | 2479 | 2.09| 0.120| 44 4.0 1 | 0.8E+35| 0.60 | 85 8.4
2.7 days

44194023 ]1.07]0.436 14 2.5 1 | 0.8E+35| 0.60| 85 | 25.2
44 | 9 | 3.692 | 1.34| 0.400 17 2.2 1 | 0.8E+35| 0.60| 85 | 214
44| 9 |3.389 | 1.55| 0.367 16 2.0 1 | 0.8E+35| 0.60| 85 | 224
44| 9 |3.110 | 1.72| 0.337 14 1.7 1 | 0.8E+35| 0.60| 85 | 25.6
44 | 9 | 2.854 | 1.86| 0.309 12 14 1 | 0.8E+35| 0.60| 85 | 31.2
44 | 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

T signifies that only the left spectrometer can access this endum.

i signifies that longitudinal data will be taken in additiorttansverse.

Table 5: Beam Request Summary.

Daysusing 1 (2) arms
Daysfor Overhead
Total Daysusing 1 (2) arms 33.6(24.1)

25.2(15.7)

8.4(8.4)
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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 | Ay 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

Packin

g Fraction

Parameter Value
AQ [msr] 4.0
+6 P[%] 4.0
Prarget [%] 75.0
Pgeam [%0] 80.0
Ty 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

Dagq Limit [kHZz]

4.0
0.55
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