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•  Deep inelastic scattering and structure functions 

•  d2 and A1 for the neutron 

•  E06-014 in Hall A at 6 GeV 

•  Outlook at 12 GeV 

Outline 
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Deep Inelastic Scattering 
•  Start with a polarized 

electron and a polarized 
nucleon 

•  They exchange a virtual 
photon 

•  Virtual photon-nucleon 
vertex contains nucleon 
structure information 

•  Inclusive measurement: 
only detect scattered 
electrons 
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DIS Vocabulary 

•  Let’s define some useful variables in the lab frame 
(nucleon rest frame) 

Q
2
≡ −q

2
= 2EE '(1− cosθ )

k
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ν ≡
p ⋅q

M
= E −E '

x ≡
Q
2
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Q
2
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Four-momentum transfer 
	
  

Electron energy loss (lab frame) 
	
  

Bjorken x (momentum fraction) 
	
  



5	
  

•  Scattering from a point particle is straightforward: 

Nucleon Structure Functions 

•  To describe scattering from a complex structure – like a 
nucleon – you need structure functions: 
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Polarized Structure Functions 

d
2σ ↓⇑

dΩdE '
−
d
2σ ↑⇑

dΩdE '
=
4α 2

E '

Q
2
E

E +E 'cosθ

Mν
g
1
x,Q

2( )−
Q
2

Mν 2
g
2
x,Q

2( )










•  Now add relative spin orientations to the picture 

F1(x,Q
2 ) = 1

2
ei
2 qi
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↓(x,Q2 )#$ %&
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•  F1(x, Q2) and g1(x, Q2) have a simple meaning in the 
quark-parton model: 
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•  From g1 and g2, we form the quantity d2 for the nucleon: 

d2 

d2 (Q
2 ) = x2 2g1(x,Q

2 )+3g2 (x,Q
2 )( )0

1
∫ dx

•  Clean probe of twist-3 physics 
(quark-gluon correlations) 
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Figure 3: d2 SLAC E155X results of the proton and SLAC E155x combined with JLab E99-117 results
of the neutron results compared to several theoretical calculations including lattice QCD (see text). Upper
panel is for the proton and lower panel is for the neutron.

able from this experiment. These low Q2 results are shown in Fig. 4 along with the SLAC E155x and JLab
E99-117 combined results. The results published in [31] give a glimpse of the Q2 evolution of the quantity
 dn2 which does not include the elastic contribution (at x = 1) to the integral. However this contribution is

negligible above Q2= 3 GeV2 but dominate the quantity d2 below Q2 = 1 GeV2. Note that no comparable
data exist for the proton.

In the investigation of higher twists contributions an important step has already been taken with JLab
experiment E97-103 [40], which has provided precision data of gn2 in the deep inelastic region and deter-
mined its Q2 evolution in the range 0.56 < Q2 < 1.4 GeV2 for a fixed value of x ≈ 0.2. The unprecedented
statistical accuracy achieved in JLab E97-103 was critical to probe the size of higher twists contributions
by comparing directly the measured gn2 to the leading twist contribution ( the twist-two contribution known
as gn(WW)

2 [42]). The experiment has been completed and the results published [40] showing a small but
finite size of higher twists as Q2 decreases below 1 GeV2. However, as the coverage was in the low-x region,
this experiment has little impact on the evaluation of the d2 integral. Note that this does not diminish its
importance for direct comparison between the measured g2 and the leading twist piece of g2.

Two other recently completed experiments, JLab experiment E01-012 [43] which used a polarized 3He
target, and JLab experiment E01-006 [44] which uses polarized NH3 and ND3 targets, will add to the
wealth of neutron spin structure functions data (gn1 and gn2) in the resonance region. However, the first
measurement emphasizes the investigation of g1 while the second provides data at Q2 = 1.3 GeV2 for gp2
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•  2σ discrepancy between 
lattice prediction and 
measurement of neutron d2   

We need precise data at large x 
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•  Picture the polarizations at the hadron vertex: 

A1 

Same helicities: Opposite helicities: 

Photon spin
 Photon spin
Nucleon spin
 Nucleon spin
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More Neutron DIS Data Needed 
•  ... at large x. pQCD predicts  

lim
x→1

A
1

n (x,Q2 ) =1

Leader,	
  Sidorov	
  and	
  Stamenov,	
  
PRD	
  75:	
  074027	
  (2007)	
  

Avakian	
  et	
  al,	
  PRL	
  99:	
  082001	
  (2007)	
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Figure 41: dn2 as a function of Q2. All the data shown with the exception of the SLAC E155x data are
dominated by resonance contributions. E06-014 data will observe mostly the deep inelastic scattering (DIS)
contribution. The projected error on from E06-014 [6] is shown, along with the lattice QCD result [7]. The
dashed green curve shows the pQCD evolution from the lattice point [8] based on the calculations of [9, 10].
Data from JLab experiments E94-010 [11] and RSS [12] are included in the plot. For comparison to the
resonance contribution, a MAID model [13] is plotted. Also plotted is the total d2 from SLAC experiment
E155x [14].

3.6.1.2 A1: The Virtual Photon-Nucleon Asymmetry Another quantity of interest is the virtual
photon-nucleon longitudinal spin asymmetry A1. It provides insight into the quark structure of the nucleon
and can be defined as

A1

(

x,Q2
)

≡
σ1/2 − σ3/2
σ1/2 + σ3/2

, (12)

where the subscript 1/2 (3/2) gives the projection of the total spin of the virtual photon-nucleon system along
the virtual photon direction corresponding to the nucleon’s spin anti-parallel (parallel) to the virtual photon.
Constituent quark models (CQM) and pQCDmodels predictA1 to be large and positive at large x. Figure 42a
shows the current world data compared to these models. It is seen that the CQM (yellow band [15]) describes
the trend of the data reasonably well. The pQCD parameterization with hadron helicity conservation (dark
blue curve [20])—assuming quark orbital angular momentum to be zero—does not describe the data well.
However, the pQCD model allowing for quark orbital angular momentum to be non-zero (green curve [21])
describes the data well, pointing perhaps to the importance of quark orbital angular momentum in the spin
structure of the nucleon.

Combining An
1 data measured on a polarized effective neutron target with Ap

1 data measured on a po-
larized proton target allows access to ∆u/u and ∆d/d. Recent results from Hall A [19] and from CLAS [22]
showed a significant deviation of ∆d/d from the pQCD predictions, which have that ratio approaching 1 in
the limit of x → 1 (Fig. 42b). As part of the 12 GeV program, two approved experiments (one in Hall A [23]
and one in Hall C [24]) will extend the accuracy and x range of this measurement, but a measurement of An

1

at the kinematics of this experiment (E06-014) will provide valuable support (or refutation) of prior JLab
results, while producing additional input for theoretical models in advance of the coming experiments at 12
GeV.

3.6.2 The Experiment

The experiment ran in Hall A of Jefferson Lab from February to March of 2009, with two beam energies of
E = 4.73 and 5.89 GeV, covering the resonance and deep inelastic valence quark regions, characterized by
0.2 ≤ x ≤ 0.7 and 2 GeV2 ≤ Q2 ≤ 6 GeV2. The coverage in the x and Q2 plane is shown in Figure 43.
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•  Deep inelastic scattering and structure functions 

•  d2 and A1 for the neutron 

•  E06-014 in Hall A at 6 GeV 

•  Outlook at 12 GeV 

Outline 



11	
  

E06-014 in Hall A 
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Figure 11: JLab Hall A floor setup using the Bigbite, the left HRS spectrometer and the polarized
3He target.

5 Optimization of the dn
2 measurement

The goal of this experiment is to obtain d2 from a measurement of the unpolarized cross section σ0

and the parallel A‖ and perpendicular A⊥ asymmetries on 3He. Equivalently d2 is obtained from
the measurement of the linear combination of the spin structure functions g1(x, Q2) and g2(x, Q2)
and forming the second moment of this combination:

d2(Q2) =
∫ 1

0
x2[2g1(x, Q2) + 3g2(x, Q2)] dx =

∫ 1

0
d̃2(x, Q2) dx (13)

The spin structure functions can be expressed in terms of asymmetries and unpolarized cross
sections as follow;

g1 =
MQ2

4α2

y

(1 − y)(2 − y)
2σ0

[

A‖ + tan
θ

2
A⊥

]

(14)

g2 =
MQ2

4α2

y2

2(1 − y)(2 − y)
2σ0

[

−A‖ +
1 + (1 − y) cos θ

(1 − y) sin θ
A⊥

]

(15)

Compton	
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Beam	
  direcNon	
  
•  Feb-Mar 2009 
•  Ee = 4.7 and 5.9 GeV 
•  Inclusive asymmetries 
•  Inclusive cross 

sections 

CHAPTER 4. ELECTRON BEAM POLARIMETRY 123

(a) (b)

Figure 4.12: The Compton GSO photon detector, (a) mounted to a PMT and (b) inside a steel-
tube housing mounted in the scattered-photon beamline. The tube is suspended alongside the box
containing the original photon detector array; the temperature-controller ports are visible on the
side of the box. The upstream direction is to the right and the downstream direction to the left.

Before E06-014, as a replacement for this PbWO4 system, we installed a single Gd2SiO5 (GSO)
crystal (Figure 4.12(a)), grown by Hitachi Chemical and doped with cerium for improved radiation
hardness. So as to catch most of the shower, the cylindrical crystal has a diameter of 6 cm and a
length of 15 cm. Signal readout is performed with a 12-stage Amperex xp2230 PMT with a custom-
built base to maximize linearity. In order to preserve our ability to switch to the original photon
calorimeter if the need arose, we mounted our GSO detector alongside the box containing the array
of lead tungstate crystals (Figure 4.12(b)). The detector box could slide on rails, installed atop a
table with motorized horizontal and vertical motion; in a brief access to the hall, we could slide the
box so as to center either photon detector on the beam of Compton-scattered photons, and then
clamp it into place. In the event, however, no such changes were necessary: the new GSO detector
was used throughout E06-014.

We will discuss the determination of the photon detector system’s response function and its
non-linearity in Section 4.3.4.4.

4.3.3 Data Acquisition

In its original installation, the Compton polarimeter used a counting data acquisition system. Raw
data from a small, prescaled percentage of waveforms were retained from each helicity window. The
remainder of the data were subjected to an online analysis by one of two CPU cards in the data
acquisition VME crate; only this analyzed summary was written to disk. This strategy to reduce
the amount of disk space required to store the Compton data was made possible by equipping the
VME crate with a dual CPU: as one CPU handled the acquisition of data from a helicity window,
the other worked on the online analysis of data from the previous helicity window. Each CPU card
handed o↵ control of the crate at the end of its helicity window. [221]

During E06-014, we commissioned a second data acquisition system, based on a modified 12-bit
FADC from Struck DE, running with a sampling rate of 200 MHz. The timing of the readout com-
mands is based on a HAPPEX Timing Board [222] that provides start-acquisition, stop-acquisition,
and readout commands based on the master pulse signal (MPS), which marks a brief period of

Polarized	
  	
  	
  	
  
electron	
  beam	
  

Polarized	
  3He	
  
target	
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Polarized 3He Target 
•  87% of the time, the neutron 

carries the 3He nuclear spin 
•  Polarized 3He target ≈ 

polarized neutron target 

cells were hand-blown by Mike Souza at Princeton University. They were filled with
3He gas and characterized at the University of Virginia and the College of William

and Mary. The characterization of a cell includes, measuring the polarization, gas

density, wall thickness of the cell, and spin-up time. In addition to this the ratio of

Rb to K in the cell is also an important parameter that needs to be optimized. Apart

from polarized 3He target cells, an empty cell was used during the experiment which

could be filled with various gases like N2, H2 and 3He. This allowed us to determine

the dilutions factors due to various gases present in the target cell.

Figure 3.6: Target cell showing two separate regions - pumping region and target region [8].

• Target Oven and Ladder System: The pumping chamber of the target cell must

be kept at high temperature of 230�C in order to reach a significantly high K vapor

pressure. For this, the entire pumping chamber was mounted inside an oven system

with constant flow of compressed hot air. The flow of air was controlled by a PID

feedback system to keep the temperature constant. A number of Resistive Temper-

ature Devices (RTDs) were attached to the cell inside the oven to measure the cell

temperature. A target ladder system which could be controlled remotely is a verti-

cally moving system. It consists of di�erent targets and can position a target in the

right place with respect to the beam, as needed by the experiment. In this experiment

we had four di�erent targets - the primary 3He target, a multiple carbon foil target

for detector optics calibration purposes, an empty target (no target) for beam tuning

40

Ameya	
  Kolarkar,	
  PhD	
  thesis,	
  2008	
  

•  Hybrid spin-exchange optical pumping 

1.  Polarize Rb via optical pumping 

2.  Rb-K interactions polarize K 

3.  K-3He interactions polarize 3He 

APS Meeting / Denver  ●  April 14, 2013
25

Polarized 3He Target

• 3He is (almost) a polarized 

neutron target

→ Dominant S state has 

neutron carrying the spin 

(proton spins cancel) ~2%~90% ~8%

• ~10 atm 
3
He cell with trace 

amounts of K, Rb

• Polarization achieved 

through optical pumping 

and 2-step spin exchange

» K   → Rb

» Rb → 3He

e-

beam
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E06-014 Kinematics 

DIS region 

Resonance 
region 
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•  What you will see accounted for: 
–  Beam polarization 
–  Target polarization 
–  N2 dilution in target cell 
–  Dilution from e+/e- pairs produced in π0 decay 
–  Basic nuclear corrections (effective polarization model) 

Preliminary E06-014 Results 

•  What you won’t see accounted for: 
–  Radiative corrections (nearly complete) 
–  Asymmetries from e+/e- pairs 
–  Some systematics (cut selection, kinematics) 
–  More sophisticated nuclear corrections  

Deconvolution method in progress – Melnitchouk et al. 
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x2g1
n (d2

n integrand) 

•  Lacks radiative / 
pair-production 
corrections 

•  Systematic error 
bars will grow 

•  Preliminary 
nuclear-correction 
method 
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x2g2
n (d2

n integrand) 

•  Lacks radiative / 
pair-production 
corrections 

•  Systematic error 
bars will grow 

•  Preliminary 
nuclear-correction 
method 
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A1
He-3 

•  Lacks radiative / 
pair-production 
corrections 

•  Systematic error 
bars will grow 

•  No nuclear 
correction yet 
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•  Deep inelastic scattering and structure functions 

•  d2 and A1 for the neutron 

•  E06-014 in Hall A at 6 GeV 

•  Outlook at 12 GeV 

Outline 
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•  Ee=11 GeV, upgraded 3He target 
•  SHMS: large x range at nearly constant Q2 

•  HMS: fill in gaps at low x 

E12-06-121: d2
n at 12 GeV 

Spokespeople: 
T. Averett 
W. Korsch 
Z.-E. Meziani 
B. Sawatzky 

Approved with A- rating 
29 days in Hall C 

Figure 1: Kinematic coverage for the eight kinematic settings for the proposed experiment. The four

SHMS bands will be subdivided into four or more bins (depending on the final statistics) during offline

analysis. The lower grey bands reflect the coverage from the 6 GeV measurement E06-014.

at constant Q2 for the very first time for Q2 > 1 GeV2/c2. All previous measurements of dn2 at higher

Q2 have required data taken over a broad range of Q2 values to be evolved to some common Q2 prior

to evaluating the d2 integral. For the dominant, higher x data, this evolution has required the transform

from Q2’s of as much as 15 GeV2/c2 down to 5 GeV2/c2. Figure 1 shows the (x,Q2) coverage for

the updated beam-time request. Figure 2 presents the estimated statistical errors associated with the

extracted x2gn2 values against the present world data.

The upgraded SHMS/HMS combination in Hall C at Jefferson Lab provides an ideal environment

for this measurement. The large momentum acceptance of the SHMS allows a very broad x region

to be measured over nearly constant Q2 in a single kinematic setting. The HMS can then be used to

simultaneously fill in gaps in the low-x region, resulting in nearly contiguous x coverage over a broad

Q2 band – something that has never before been accomplished. The combined data will allow the

extraction of dn2(Q2) at truly constant Q2’s of 3, 4, 5, and 6 GeV2/c2. The precision with which these

values may be measured, combined with explicit information on the Q2 evolution of d2 provide a strict

test of Lattice QCD.

6

E06-014 kinematics 

HMS 

SHMS •  Measure d2
n at 4 

constant Q2 values 
•  Error at each point 

will be comparable 
to E06-014 
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•  Ee=11 GeV, upgraded 3He target 
•  Simultaneous HMS, SHMS 

measurements improve statistics 

E12-06-110: A1
n at 12 GeV 

Spokespeople: 
G. Cates 
J.-P. Chen 
Z.-E. Meziani 
X. Zheng 

Approved with A rating 
36 days in Hall C 

reach is ∆Agoal
e−,DIS, now we need βT0 (β > 1) to compensate for the dilution factor

(1 + α) and γT0 with reversed polarity to measure Ae+ , then the final asymmetry is

Ae−,DIS =
√

1+α
β + α2

γ ∆Agoal
e−,DIS. Fixing the total beam time (β + γ)T0 we find β/γ =

√
1 + α/α and Ae−,DIS =

√

1+α+α
√

1+α
β ∆Agoal

e−,DIS. Therefore we need to increase the beam

time by a factor of (α +
√

1 + α)2, of which α(α +
√

1 + α)T0 will be used for reversed
polarity. Or reversely, if the total time is fixed to be T , then α

(α+
√

1+α)
T will be used for

reversed polarity running, and the statistical uncertainty on the measured asymmetry
is (α +

√
1 + α) times the “ideal” case uncertainty where there is no pair production

background and all T is spent on negative polarity running. From Table 2, only 30◦

settings have non-negligible (≥ 0.1%) pair production background. For kinematics #4
#5 (and #3 for the HMS), the beam time for reversed polarity running will be about
5% of the total beam time at these settings. For the SHMS at kinematics #3, about
20% of beam time will be spent on positive polarity running.

Figure 5: Kinematic coverage of An
1 measurement using HMS and SHMS with a 11 GeV

beam. The higher (lower) Q2 settings correspond to a scattering angle of 30◦ (12.5◦).
And for each angle setting, the solid (open) markers are for the lower (higher) momentum
settings. Kinematic points with overlapping x and Q2 bins are shifted horizontally for
clarity. The error bars are proportional to the expected statistical uncertainties on An

1 .
Here we try to match ∆An

1 (stat.) at the two different Q2 values. At highest x settings
(30◦ angle), the smaller angle acceptance of the SHMS is compensated by its large ytarg

acceptance, hence error bars from the SHMS is about the same as those from the HMS.
Statistical uncertainties combining the two spectrometers and different kinematics are
given in section 4.

16

Explore Q2 dependence 

Push to high x 

•  Precise DIS A1
n 

measurements from 
0.25 ≤ x ≤ 0.77 

30° 

12.5° 
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Figure 10: Complimentary of this proposal and the BigBite proposal in Hall A. Statistical
uncertainty of An

1 expected from this proposal (blue solid circles and red solid triangles)
and from the BigBite proposal (green solid squares and cyan open triangles) are plotted
on a x-Q2 plane. The scale of the error bars are given on the vertical axis on the right.
Previous world data (open markers) are also shown for comparison.
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•  Ee=6.6, 8.8 GeV; upgraded 3He target 
•  BigBite: Primary measurement 
•  Left HRS: Cross-check (lower statistics) 

E12-06-122: A1
n at 12 GeV 

Spokespeople: 
T. Averett 
G. Cates 
N. Liyanage 
G. Rosner 
B. Wojtsekhowski 
X. Zheng 

Approved with A- rating 
23 days in Hall A 

•  Third set of Q2 values 
for interpolation 

•  Test of open-geometry 
measurement 
technique 
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•  DIS measurements of d2
n and A1

n at large x will 
–  test Lattice QCD and pQCD 
–  probe higher-twist effects 
–  explore nucleon spin structure 

•  E06-014 data will address these questions 
–  Stay tuned for final results 

•  The 12-GeV program will improve the picture even further 
–  Push to higher x 
–  Explore Q2 evolution 

Conclusions 
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•  Longitudinally polarized beam and target 

Polarized Structure Functions 
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•  Longitudinally polarized beam and transversely polarized target 
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Polarized Electron Beam 

•  The electrons on target are longitudinally polarized…
but how well polarized are they? 

•  Two measurement methods for E06-014: 

•  Møller scattering (e-e-     e-e-)  
•  Destructive measurement 

From	
  Hall	
  A	
  Møller	
  Group	
  
•  Compton scattering (e-γ    e-γ)  

•  Non-destructive measurement 
•  Circularly polarized photons 
•  Longitudinally polarized electrons 

P
e
=
N

↑
− N

↓

N
↑
+ N

↓

Since the FADC actually stores the signal as offsets below the
pedestal value, as in Fig. 3, the integrated signal for each window
is calculated as

Sn ¼NnP"Accn, ð6Þ

where Sn is the physics signal extracted from the nth FADC
accumulator, Nn is the number of samples that have been summed
into the accumulator, P is the best estimate of the average pedestal
value for each sample, and Accn is the integrated ADC value for the
helicity window.

The accumulator values are used to calculate the asymmetry Aexp

from Eq. (2): for each period of right- or left-circular laser polariza-
tion, separate sums of accumulator values for all positive- and
negative-helicity windows are made. A sum is also made of accu-
mulator values for the adjacent cavity-unlocked periods, to deter-
mine background, B, for the cavity-locked period. The measured
asymmetry needs to take into account the background, such that Eq.
(2) becomes

Aexp ¼
ð/MþS"/BSÞ"ð/M"S"/BSÞ
ð/MþS"/BSÞþð/M"S"/BSÞ

, ð7Þ

where /S denotes the mean accumulator value per helicity window
over each cavity (-locked or -unlocked) period. Here, Mþð"Þ is the
measured integrated signal plus background for positive (negative)
helicity electrons (where S from Eq. (2) is given by S¼M"B). Aexp is
calculated separately for each laser polarization. It is assumed in this
calculation that Bþ ¼ B", which is true as long as the electron beam
parameters (such as beam position and charge) are carefully kept
helicity-independent. This helicity independence is also necessary for
making a Compton polarization measurement with better than 1%
systematic error, as well as for performing parity-violation measure-
ments [17]. The background then cancels in the numerator of Eq. (7).

Since Nn is always the same for every helicity window in the
All accumulator (independent of the state of the helicity or laser
cavity), NnP , from Eq. (6), therefore cancels in both the numerator
and denominator of Eq. (7), and an All accumulator measurement
is insensitive to the choice of pedestal value. The same is not true
of accumulators with thresholds.

6.1. Analysis with threshold accumulators

Using the threshold accumulators (Window or Stretched Win-
dow accumulators) for Compton data analysis increases signal-to-
noise but comes with an inherent additional systematic error, and
therefore must be done with care: one main advantage of making

an integrating measurement is the elimination of thresholds;
when thresholds are reintroduced, these systematics return.

Since Vnear may be placed very close to the pedestal and the
measurement is energy-weighted, introducing a threshold does
not have a large effect on Aexp to first order. However, complicated
pileup effects can distort the measured asymmetry, since small
background pulses that do not cross Vnear when the cavity is in the
unlocked state, may cross Vnear when they pile up with Compton
photon pulses.

The main additional systematic effect that comes from using a
threshold accumulator, however, is a sensitivity to the accurate
determination of the pedestal value, P . Since the raw accumulator
data must be pedestal-subtracted, as in Eq. (6), and background-
subtracted, as in Eq. (7), and there are a different number of
samples in each helicity window (specifically when the cavity is
locked vs. unlocked), the result is sensitive to the value of P . Since
the FADC pedestal is not stable (slow drifts of the pedestal on the
order of & 0:1 channels in hours or & 0:4 channels in weeks have
been observed), it is very difficult to subtract the correct pedestal
value. Systematic errors introduced due to a 0.4 channel pedestal
uncertainty are around 0.5–1%, depending on the relative signal-
to-background rates. Reduction of this systematic error could be
achieved by shutting off the electron beam or detector high
voltage every few hours during data-taking, in order to monitor
the pedestal, but this imposes significant overhead, and still does
not solve the problem for shorter-timescale pedestal drift.

Use of a threshold also introduces a second-order distortion in
the measured energy-weighted asymmetry, since Vnear discards a
larger fraction of each lower-energy photon pulse which crosses it
compared to higher-energy pulses in the Window accumulator.
The Stretched Window accumulator is more complicated, since it
opens a window which integrates Nafter

4 samples after the signal
re-crosses the threshold, and the timing of the threshold-crossing
walks depending on the photon energy (again causing a distortion
in the energy-weighted asymmetry). Because of the fast rise-time
of each photon pulse, this is not a problem for the initial threshold
crossing in the Stretched Window accumulator. To improve under-
standing of the Stretched Window accumulator data and facilitate
better extraction of a polarization from this data, a future version
of the SIS3320 firmware would stop counting Nafter

4 after Vnear was
crossed the first time, instead of the second time, thereby
integrating the same number of samples for each pulse, indepen-
dent of the pulse height. The same would be done for the
Stretched Far accumulator and Nafter

5 .
These effects cause a non-negligible systematic difference in

the measured asymmetry for each accumulator (e.g. the mea-
sured asymmetry for HAPPEX-III is systematically 0.3% higher in
the Stretched Window accumulator relative to the All accumulator
and is 1.1% higher in the Window accumulator relative to the All
accumulator), and must therefore be taken into account when
calculating Ath.

The use of the All accumulator was therefore found to produce
results with smaller overall systematic errors, since it is better
understood.

6.2. Asymmetry calculation

There are several options for extracting an asymmetry (calcu-
lated as in Eq. (7)) from the Compton accumulator (All, Window, or
Stretched Window) data. Three options discussed here are called
laser-wise, for which an asymmetry is calculated for each laser
cycle; run-wise, for which an asymmetry is calculated for each 1-
or 2-h-long run; and pair-wise, for which an asymmetry is
calculated for each helicity pair.

The laser-wise method of extracting an asymmetry involves
calculating a separate mean of the accumulated value (averaged

ADC Response (raus)
5000 10000 15000 20000 25000 30000

As
ym

m
et

ry

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1
Data

MC fit to data

Fig. 9. The measured Compton asymmetry plotted against ADC response due to
energy deposited in the GSO. The triggered data are compared to GEANT4 MC data
with no adjustable parameters. (The horizontal scale is taken from the fit from
Fig. 8 and the vertical scale is set by the measured Pe and Pg .)
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•  3 multiwire drift chambers 
–  Tracking 
–  Momentum 

BigBite 

3He Target
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Gas cerenkov
Pre shower
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•  Gas Čerenkov 
–  Exclude pions from 

trigger 
•  2 lead-glass calorimeters 

–  Energy 
–  Particle identification 

•  Scintillator plane 
–  Timing 
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•  Radiative 
corrections have 
not been applied 

5.9-GeV Cross Sections 

σ raw

σ N 2
e−,dil

σ corr

σ e+

σ N 2
e+,dil
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•  Radiative 
corrections have 
not been applied 

4.7-GeV Cross Sections 

σ raw

σ N 2
e−,dil

σ corr

σ e+

σ N 2
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