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Abstract1

We propose an experiment to measure the initial state helicity correlation asym-2

metry ALL in Real Compton Scattering (RCS) by scattering circularly polarized pho-3

tons from a longitudinally polarized proton target at invariant s in the range of 8 to4

16 GeV2 for several scattering angles between θcmp = 80◦ and θcmp = 100◦.5

Two JLab RCS experiments, E99-114 and E07-002, have demonstrated the feasibil-6

ity of the experimental real Compton scattering technique at JLab using an untagged7

photon beam of high intensity and have provided high accuracy results for the cross8

section and polarization parameter KLL , admittedly at relatively low values of s,−t,−u9

for KLL . In the 6 GeV era there was an approved A-rated JLab experiment (E-05-101)10

to measure ALL which did not get beam time due to a schedule problem and polarized11

target failure. PAC42 recently supported experiment E12-14-006, which has a similar12

scope. The analysis completed in January 2015 of the E07-002 experiment shows an13

unexpected result for the polarization transfer parameter KLL , which was found to be14

3 times larger than predicted by the GPD-based model at θcmp = 70◦.15

Such news motivates this proposed study of the polarization effect in WACS at16

significantly higher s than was done (or proposed) before. Our experiment utilizes17

an untagged bremsstrahlung photon beam and the polarized target used in the g2p18

experiment with the target field oriented along the beam direction. The scattered pho-19

ton will be detected in the Neutral Particle Spectrometer (NPS), while the coincident20

recoil proton will be detected in the Super BigBite Spectrometer (SBS). An intense21

photon beam will be produced at a distance of 2 m from the target and cleaned from22

an electron beam by means of a shielded magnet-dump.23

The applicability of QCD, in the medium energy range, to exclusive reactions is a24

subject of great interest, and any opportunity to unambiguously test its predictions25

should be taken. This proposal’s experimental setup has a figure-of-merit (FOM)26

100x larger than known polarized target RCS experiments, and it will carry out its27

measurements at large s (8-16 GeV2) and −t (3-7 GeV2). These are optimal conditions28

for testing the applicability domain of GPDs and addressing the (apparent) puzzles29

listed above.30

We request 350 hours of an electron beam with 1.2 µA at 8.8 GeV energy to mea-31

sure the polarization observable ALL to a statistical accuracy better than 0.09 in a32

wide-angle regime near θcmp = 90◦ at four values of s. This measurement will signif-33

icantly increase our experimental confidence in the application of the GPD approach34

to reactions induced by real photons, which will play a major role in nucleon structure35

physics at JLab.36
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1 Physics Motivation37

Understanding the structure of hadrons in terms of QCD is one of the fundamental38

goals of modern nuclear physics. The formalism of Generalized Parton Distributions (GPD)39

developed about 20 years ago for the first time linked hadron structure information accessible40

through inclusive reactions such as Deep Inelastic Scattering (DIS) to information from41

exclusive reactions. These GPDs, while not directly measurable in experiments, provide a42

unified description of key electromagnetic reactions on the nucleon [1]. Whereas DIS allows43

investigation of the longitudinal structure of the nucleon, exclusive reactions such as elastic44

electron and photon scattering access its transverse structure. Taken together they allow45

determination of a complete image of the nucleon and its complex substructure [2].46

Wide Angle Compton Scattering (WACS) from the nucleon with large values of s, −t,47

and −u compared with Λ2
QCD

is a hard exclusive process which provides access to information48

about nucleon structure that is complementary to high Q2 elastic form factors and Deeply49

Virtual Compton Scattering. The common feature of these reactions is a large energy scale,50

leading to factorization of the scattering amplitude into a hard perturbative kernel and a51

factor described by soft non-perturbative wave functions.52

Various theoretical approaches have been applied to WACS in the hard scattering regime,53

and these can be distinguished by the number of active quarks participating in the hard-54

scattering subprocess, or equivalently, by the mechanism for sharing the transferred momen-55

tum among the constituents. Two extreme pictures have been proposed. In the perturba-56

tive QCD (pQCD) approach, three active quarks share the transferred momentum by the57

exchange of two hard gluons [3, 4]. In the handbag approach, which has in recent years58

become a staple in the interpretation of data from hard exclusive reactions, only one quark59

is assumed to be active, whose wave function has sufficient high-momentum components for60

the quark to absorb and re-emit the photon [5, 6, 7]. In any given kinematic regime both61

mechanisms will contribute, in principle, to the cross section. It is generally believed that,62

at sufficiently high energies, the pQCD mechanism dominates. However, in the currently63

accessible experimental domain of s and t, the nature of the reaction mechanism is not fully64

understood.65

Three other theoretical advances based on leading-quark dominance in WACS have been66

proposed in recent years. The constituent quark model with a handbag diagram has proven67

successful in describing the WACS process [8], as have calculations performed in a gener-68

alized Vector Meson Dominance (VMD) framework [9]. More recently, the soft-collinear69

effective theory (SCET) was developed for elastic electron-proton scattering at high momen-70

tum transfer [10]. The QCD factorization approach formulated in the framework of SCET71

allows the development of a description of the soft-spectator scattering contribution to the72

overall amplitude. The two-photon exchange (TPE) contributions to elastic electron-proton73

scattering were shown to factorize by the introduction of a single, universal SCET form-74

factor which defines the dominant soft-spectator amplitudes. As the same form factor also75

naturally arises in wide-angle Compton scattering, it is argued in Refs. [10] that the most76

promising route for understanding this soft spectator contribution in hard exclusive reactions77

at JLab energies is through the study of WACS.78

One of the main predictions of the pQCD mechanism for WACS is the constituent scaling79
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rule [11], whereby dσ/dt scales as s−6 at fixed θcm. The pioneering experiment at Cornell [12]80

was approximately consistent with constituent scaling, albeit with modest statistical preci-81

sion. However, the high-precision data from JLab gave a scaling power of s−7.5±0.2 [13]. The82

calculations from both the GPD-based handbag approach and the SCET framework have83

reproduced the JLab cross section data very well. Crucially, the extracted values of the84

SCET form factor do not show any significant dependence on the value of s as required by85

factorization, in agreement with [10]. The polarization transfer observables were previously86

measured at JLab for Compton scattering at s = 6.9 and t = −4.1 GeV2 in experiment87

E99-114 [14]. It was found that the longitudinal component of the polarization transfer at88

this kinematic point is large and positive in agreement with the handbag GPD and SCET89

predictions, and in unambiguous disagreement with the pQCD predictions.90

In view of the remarks above, we consider several interesting questions that motivate91

us to explore further the measurement of polarization observables in WACS at JLab:92

1. What is the nature of the quark which absorbs and emits photons in the WACS process93

in the wide angle regime? Is it a constituent or a current quark?94

2. What is the energy scale at which the GPD mechanism becomes dominant? This95

experiment will explore this question at large s, 8-16 GeV2, and −t, 3-7 GeV2.96

3. If the GPD approach is correct, is it indeed true that the WACS reaction proceeds97

through the interaction of photons with a single quark?98

4. What are the constraints on the GPD integrals imposed from the proposed measure-99

ment of the A
LL

observable?100

5. What is the role of a diquark ud correlation in WACS?101

In order to present a framework for addressing these issues, we next briefly discuss WACS102

in the soft-collinear effective theory, the handbag mechanism in the GPD conceptualization,103

and the handbag mechanism in the constituent quark model.104

1.1 Soft-collinear Effective Theory105

Recent theoretical developments have led to a complete factorization of the leading power106

contribution in Wide-angle Compton scattering [10, 15, 16]. The soft-spectator contribution107

describes the scattering which involves the soft modes and resulting soft-spectator scattering108

contribution to the overall amplitude. The soft collinear effective theory is used in order to109

define this contribution in a field theoretical approach. The SCET framework is then used110

to provide a proof of the factorization formula.111

The SCET framework permits the implementation of some specific corrections which are112

related to the soft-overlap contribution. There are indications that a numerical effect of this113

contribution can be dominant at some moderate values of the Mandelstam variables. In114

general, SCET gives a very solid description in the region where the other power corrections115

are small.116
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The SCET formalism follows the same idea as in the standard factorization approach;117

Short and long distance physics are factorized separately. The only required assumptions118

are very general such as that soft partons have soft momenta on the order of Λqcd. There is119

no additional need to constrain the virtualities by hand. The advantage of SCET formalism120

is a systematic approach to the factorization of the hard and soft subprocesses.121

The asymmetry KLL is studied with the assumption that the hard-spectator contributions122

are small. Neglecting all power corrections and using the next-to-leading expressions, some123

numerical results as a function of the scattering angle θ are obtained (see Fig. 1). The124

solid red line corresponds to the leading-order approximation. The dashed (blue) and dotted125

(black) lines show the numerical results for the complete NLO expression for the energies126

s = 6.9 GeV2 and s=20 GeV2, respectively. The data point is from E99-114 and corresponds127

to s=6.9 GeV2. The value of the longitudinal asymmetry KLL is qualitatively different from128

the one that can be obtained in the hard-spectator (hard two-gluon exchange) factorization129

picture.130

Figure 1: The longitudinal asymmetry KLL as a function of scattering angle θ. (Left) A comparison
of the LO (red) and NLO calculated with s=6.9 GeV2(dashed) and s=20 GeV2 (dotted) lines.
(Right) A comparison of the NLO results calculated with (solid black) and without (solid blue)
kinematical power corrections. The massless approximation is the same for both plots [15].

It is very relevant to describe a factorization for the helicity flip amplitudes, but the131

modeling will be dependent on the new unknown nonperturbative matrix elements. Any132

experimental data on ALL directly can provide the needed information to move forward in133

the acquisition of these nonperturbative quantities.134

1.2 pQCD Mechanism135

The traditional framework for the interpretation of hard exclusive reactions in the asymp-136

totic regime is perturbative QCD (pQCD) [17, 18]. The onset of scaling in Deep Inelastic137

Scattering (DIS) at the relatively low scale of Q2 ∼1 - 2 GeV2 gives rise to the expectation138

that pQCD might also be applicable to exclusive processes in the range of a few GeV2. pQCD139

confronts WACS [3, 4, 19] as shown in Fig. 2, where it is seen that the three valence quarks140
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are active participants in the hard subprocess, which is mediated by the exchange of two141

hard gluons. The soft physics is contained in the valence quark distribution amplitudes. The142

pQCD mechanism leads naturally to the constituent counting rules for exclusive processes:143

dσ

dt
=

f(θcm)

sn
, (1)

where n is related to the number of active constituents in the reaction and f(θcm) is a function144

only of the center of mass scattering angle [11, 20]. Indeed, the observation that many145

exclusive reactions, such as elastic electron scattering, single-pion photoproduction, and146

WACS, approximately obey Eq. 1 has led to the belief that the pQCD mechanism dominates147

at experimentally accessible energies. There seems to be little theoretical disagreement that148

the pQCD mechanism dominates at sufficiently high energies [17]; however, there is no149

consensus on How high is “sufficiently high”? Despite the observed scaling, absolute cross150

sections calculated using the pQCD framework are very often low compared with existing151

experimental data, sometimes by more than an order of magnitude [19, 21].152

Moreover, several recent precision JLab experiments that measure polarization observ-153

ables also disagree with the pQCD. In the Gp
E experiment [22, 23, 24], the slow falloff of154

the Pauli form factor F2(Q
2) up to Q2 of 8.5 GeV2 provides direct evidence that hadron155

helicity is not conserved, contrary to predictions of pQCD. Similar findings were made in156

the π0 photoproduction experiment [25], where both the non-zero transverse and normal157

components of polarization of the recoil proton are indicative of hadron helicity-flip, which158

is again contrary to the predictions of pQCD. Finally, in the WACS experiment E99-114159

and new data available from E07-002, the longitudinal polarization transfer K
LL

(which will160

be defined precisely in the next section) shows a value which is large and positive, contrary161

to the pQCD prediction which is small and negative [19]. For all these reasons, it can be162

argued that pQCD is not the correct mechanism for interpreting exclusive reactions at cur-163

rently accessible energies and instead we should seek a description in terms of the handbag164

mechanism. The pQCD calculations predict that A
LL

=K
LL

, so a measurement of A
LL

in165

combination with the already obtained result for K
LL

could provide an additional test of166

pQCD applicability in the JLab energy regime.167

1.3 Handbag Mechanism168

The handbag mechanism offers new possibilities for the interpretation of hard exclusive169

reactions. For example, it provides the framework for the interpretation of deep exclusive170

reactions, which are reactions initiated by a high-Q2 virtual photon. The application of171

the formalism to WACS (see Fig. 3) was initially worked out to leading order (LO) by172

Radyushkin [5] and subsequently by Diehl et al. [6]. The next-to-leading-order (NLO) con-173

tributions have been worked out by Huang et al. [7]. The corresponding diagram for elastic174

electron scattering is similar to Fig. 3, except that there is only one external virtual photon175

rather than two real photons. In the handbag approach, the hard physics is contained in176

the scattering from a single active quark and is calculable using pQCD and QED: It is just177

Compton scattering from a structureless spin-1/2 particle.178
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Figure 2: Two gluon exchange pQCD diagram for WACS. A total of 336 different diagrams con-
tribute.

Figure 3: The handbag diagram for WACS.

The soft physics is contained in the wave function describing how the active quark couples179

to the proton. This coupling is described in terms of GPDs. The GPDs have been the subject180

of intense experimental and theoretical activity [26, 27]. They represent “superstructures”181

of the proton, from which are derived other measurable structure functions, such as parton182

distribution functions (PDF) and form factors (F1 and F2). To NLO, only three of the four183

GPDs contribute to the WACS process: H(x, ξ = 0, t), Ĥ(x, ξ = 0, t), and E(x, ξ = 0, t).184

Since the photons are both real, the skewness parameter ξ is zero, reflecting the fact that the185

momentum absorbed by the struck quark is purely transverse. In the handbag formalism, the186

WACS observables are new form factors of the proton that are x−1-moments of the GPDs:187

R
V

(t) =
∑
a

e2a

∫ 1

−1

dx

x
Ha(x, 0, t),
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R
A

(t) =
∑
a

e2a

∫ 1

−1

dx

x
sign(x) Ĥa(x, 0, t),

R
T
(t) =

∑
a

e2a

∫ 1

−1

dx

x
Ea(x, 0, t),

where ea is the charge of the active quark and the three form factors are, respectively,188

the vector, axial vector, and tensor form factors. (sign(x) is the sign of x ≡ x
|x| .) The189

corresponding form factors for elastic electron or neutrino scattering are given by the first190

(x0) moments of the same GPDs:191

F1(t) =
∑
a

ea

∫ 1

−1
dxHa(x, 0, t),

G
A

(t) =
∑
a

∫ 1

−1
dx sign(x) Ĥa(x, 0, t),

F2(t) =
∑
a

ea

∫ 1

−1
dxEa(x, 0, t),

where the three quantities are, respectively, the Dirac, axial, and Pauli form factors. On the192

other hand, the t = 0 limit of the GPDs produce the PDFs:193

Ha(x, 0, 0) = qa(x),

Ĥa(x, 0, 0) = ∆qa(x)

Ea(x, 0, 0) = 2
Ja(x)

x
− qa(x), (2)

where Ja is the total angular momentum of a quark of flavor a and is not directly measurable194

in DIS.195

In the handbag factorization scheme, the WACS helicity amplitudes are related to the196

form factors by197

Mµ′+,µ+(s, t) = 2παem [Tµ′+,µ+(s, t)(R
V

(t) +R
A

(t)) + Tµ′−,µ−(s, t)(R
V

(t)−R
A

(t))] ,

Mµ′−,µ+(s, t) = 2παem

√
−t
m

[Tµ′+,µ+(s, t) + Tµ′−,µ−(s, t)]R
T
(t),

where µ, µ′ denote the helicity of the incoming and outgoing photons, respectively. The198

signs on M and T refer to the helicities of the proton and active quark, respectively. This199

structure of the helicity amplitudes leads to a simple interpretation of the WACS form200

factors: R
V
± R

A
is the response of the proton to the emission and reabsorption of quarks201

with helicity in the same/opposite direction of the proton helicity, and R
T

is directly related202

to the proton helicity-flip amplitude [7]. These equations lead to expressions relating WACS203

observables to the form factors.204

The most important of these experimentally are the spin-averaged cross section, the recoil205

polarization observables and A
LL

. The spin-averaged cross section factorizes into a simple206
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product of the Klein-Nishina (KN) cross section describing the hard scattering from a single207

quark, and a sum of form factors depending only on t [5, 6]:208

dσ/dt

dσ
KN
/dt

= f
V

[
R2
V

(t) +
−t

4m2
R2
T
(t)
]

+ (1− f
V

)R2
A

(t) . (3)

For the interesting region of large p⊥, the kinematic factor f
V

is always close to 1. Con-209

sequently the unpolarized cross sections are largely insensitive to R
A

, and the left-hand side210

of Eq. 3 is nearly s-independent at fixed t. One of the primary goals of E99-114 was to test211

this relationship as well as to determine the vector form factor R
V

. Calculations to NLO,212

which take into account both photon and proton helicity-flip amplitudes, do not change this213

prediction in any appreciable way [7, 28]. Updated cross section and Compton form factors214

(see Fig. 4) with their parametric uncertainties have also been evaluated [29].215

Figure 4: Predictions for the Compton form factors evaluated from the M. Diehl, P. Kroll default fit
from Ref. [7], scaled by t2 and shown in units of GeV4. The bands in each case show the parametric
uncertainties.

The longitudinal and transverse polarization transfer observables, K
LL

and K
LS

, respec-216

tively, are defined by217

K
LL

dσ

dt
≡ 1

2

[
dσ(↑↑)
dt

− dσ((↓↑)
dt

]
K

LS

dσ

dt
≡ 1

2

[
dσ(↑→)

dt
− dσ(↓→)

dt

]
(4)

where the first arrow refers to the incident photon helicity and the second to the recoil proton218

helicity (↑) or transverse polarization (→).219

With definitions of two additional parameters,220
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β =
2m√
s

√
−t√

s+
√
−u

κ(t) =

√
−t

2m

R
T
(t)

R
V

(t)
, (5)

the three polarization observables are approximately related to the form factors by the221

expressions [6, 7],222

K
LL
≈ K

KN

LL

R
A

(t)

R
V

(t)

1− βκ(t)

1 + κ2(t)

K
LS

K
LL

≈ κ(t)
1 + βκ−1(t)

1− βκ(t)
P
N
≈ 0 , (6)

where K
KN

LL
is the longitudinal asymmetry for a structureless Dirac particle. These formulas223

do not include small gluonic corrections, which are discussed in Ref. [7].224

The expressions above show that measurements of K
LL

and K
LS

, when combined with225

measurements of dσ/dt, allow determinations of all three form factors. They also show226

that two very important pieces of information follow directly from the spin asymmetries:227

K
LL

and K
LS

/ K
LL

, which are directly related to the form factor ratios R
A

/R
V

and R
T
/R

V
,228

respectively.229

The initial state helicity correlation parameter is defined by,

A
LL

dσ

dt
≡ 1

2

[
dσ(↑↑)
dt

− dσ((↓↑)
dt

]
, (7)

where the first arrow refers to the incident photon helicity and the second to the initial state230

proton helicity (↑). In the GPD approach of Ref. [7], the initial state helicity correlation231

parameter, A
LL

, equals K
LL

so all the predicted relationships between A
LL

and the WACS232

form factors are the same as shown above for K
LL

.233

From the relationships (Eq. 2) connecting the WACS form factors to PDFs, the ratio234

R
A

/R
V

is related to ∆qa(x)/qa(x). For WACS, the e2a-weighting of the quark flavors means235

that u quarks will dominate the reaction. Moreover, at relatively large −t, the contributions236

to the form-factor integral are concentrated at moderate-to-high x, where the valence quarks237

dominate. Therefore, the A
LL

asymmetry contains direct information on ∆u(x)/u(x) in the238

valence region. We propose to investigate this in the present experiment, up to −t = 5.4239

GeV2.240

Obtaining this kind of information is one of the key physics elements justifying the 12241

GeV upgrade of JLab. From the correspondence between WACS and electron scattering242

form factors, there is expected to be a close relationship between R
T
/R

V
and F2/F1 [7]. The243

measurements of Gp
E at JLab [22, 23, 24] have shown that F2/F1 falls as 1/

√
−t rather than244

as 1/t, the latter being predicted by pQCD. It will be an important check on the theoretical245

interpretation of F2/F1 to see if R
T
/R

V
behaves in a similar way. The results from E99-114246

at −t = 4 are large but suggest that the R
T
/R

V
may fall more rapidly with −t than F2/F1 .247

Experiment E07-002 is expected to obtain better precision on KLT and K
LL

leading to new248

results for the relationship between F2/F1 and R
T
/R

V
. In fact, E07-002 got an unexpected249

result for K
LL

, which put primary interest in verification of the reraction mechanism by the250

measurement at higher s.251
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1.4 Relativistic constituent quark model for WACS252

The relativistic constituent quark model developed by G.A. Miller [8] addresses the question253

of what the dominant reaction mechanism is that allows the proton to accommodate the large254

momentum transfer in exclusive reactions such as elastic electron and photon scattering. This255

model has been successful in describing the electromagnetic nucleon form factors [30]. Unlike256

the handbag calculations within the GPD approach [6, 7], Miller’s model does not neglect257

quark and hadron helicity flip. The model starts with a wave function for three relativistic258

constituent quarks:259

Ψ(pi) = u(p1)u(p2)u(p3)ψ(p1, p2, p3),260

where pi represents space, spin, and isospin indices. It evaluates the wave function in the261

light cone variables and the calculations are relativistic. They obey gauge invariance, parity262

conservation, and time reversal invariance. They include quark mass effects and proton263

helicity flip. Due to lower components of Dirac spinors, where the quark spin is opposite264

to that of the proton, quark orbital angular momentum appears. The resulting predictions265

for the polarization observables A
LL

and K
LL

and the cross section are shown in Fig. 5 and266

Fig. 6, together with data from the E99-114 experiment. The most striking consequence of267

Miller’s results is a big difference between A
LL

and K
LL

at large scattering angles, which we268

can test experimentally.269

Figure 5: Predictions for ALL in the GPD approach of Ref. [7] and CQM of Ref. [8] along with
the data on KLL from E99-114 and E07-002 and the expected range and precision of the proposed
measurements (blue box).
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Figure 6: Cross section of WACS process at s = 11 GeV2 from E99-114 and Cornell[12] experiments
(scaled to the same CM energy) and results of calculations in the GPD approach (Kroll) and from
a CQM (Miller).

1.5 Polarization observables in QED Compton process270

It is instructive to evaluate polarization effects in the QED process eγ → eγ. The Klein-271

Nishina process is an example that is fully calculable and which plays a major role in WACS,272

when the handbag diagram dominates. It is useful to evaluate polarization observables for273

different ratios of the electron mass to the photon energy.274

Polarization observables in QED are given in invariant variables as [31] :275

A
KN

LL
=
[
− s−m2

u−m2 + u−m2

s−m2 − 2m2t2(s−u)
(s−m2)2(u−m2)2

]
/
[
− s−m2

u−m2 − u−m2

s−m2 + 4m2t(m4−su)
(s−m2)2(u−m2)2

]
276

K
KN

LL
=
[
− s−m2

u−m2 + u−m2

s−m2 − 4m2t2(m4−su)
(s−m2)3(u−m2)2

]
/
[
− s−m2

u−m2 − u−m2

s−m2 + 4m2t(m4−su)
(s−m2)2(u−m2)2

]
277

Figure 7 shows the A
KN

LL
and K

KN

LL
for different energies of the incident photon as a278

function of the scattering angle in the electron rest frame. At low t/s and for m/Eγ << 1279

the difference between K
LL

and A
LL

vanishes. At θlab = π/2 the observable A
LL

=0. In the280

limit m/Eγ → 0 A
LL

=K
LL

for all values of θγ not equal to 180◦. At θγ = 180◦ the value of281

A
LL
≈ −K

LL
. In Miller’s calculation (see Figure 5), which has m/Eγ ∼ 1/10 and θlab ≈ 90◦,282

the difference between K
LL

and A
LL

is about 0.7.283

1.6 Additional Remarks284

It is important to realize that the issues posed at the start of this section are not limited285

to the WACS reaction. Single-pion photoproduction and deuteron photo–disintegration pose286
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Figure 7: Klein-Nishina polarization observables ALL and KLL , shown by solid lines and dashed
lines respectively, for different ratios of the electron mass to the photon energy as a function of the
scattering angle in the lab system.

similar problems. Indeed, they are questions that need to be addressed by all studies of the287

proton using exclusive reactions in the hard scattering regime. While reaction mechanisms288

at a few GeV2 are not simple, it is precisely their non–triviality that makes them a fertile289

ground for testing competing theoretical approaches.290

The old paradigm for addressing these questions was the pQCD mechanism and the291

distribution amplitudes. It is quite likely that the new paradigm will be the handbag mech-292

anism and GPDs. Mapping out in what region of s and t the handbag diagram is/becomes293

dominant will be a tremendous achievement for our field. In any case, the reaction mech-294

anism needs to be tested, not only over a wide range of kinematic variables but also over295

a wide range of different reactions. Of these, WACS offers the simplest/best possibility to296

test the mechanism free of complications from additional hadrons. To date, the CQM has297

been quite successful in describing many of the observables of the hadronic structure and in298

painting a useful and intuitive picture of the hadron. This proposal will examine, with good299

precision, a unique regime/case where predictions of the CQM and QCD–based theory are300

qualitatively different.301
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1.7 Summary of Physics Goals302

We propose measurements of the spin correlation asymmetry A
LL

for incident photon303

energies up to 8 GeV (s = 8 to 16 GeV2) for several scattering angles between θcmp = 80◦ and304

θcmp = 100◦ (corresponding to −t = 3.0-7.0 GeV2). The specific physics goals are as follows:305

1. To make a measurement of A
LL

at largest possible s, t and u where one expects306

the applicability of GPD-based calculations to be under control. A high precision307

measurement is likely to resolve the discrepancy between the surprising results from308

experiment E07-002 and the GPD predictions which are in reasonable agreement with309

Hall A measurements.310

2. To provide a test that can expose, in an unambiguous way, how the WACS reaction pro-311

ceeds: either via the interaction of photons with a current quark, or with a constituent312

quark.313

3. To extract the form factor ratio R
A

/R
V

from the measurement of A
LL

and correlate314

this result with the F2/F1 ratio determined from elastic electron scattering.315

The overall statistical precision with which we will address these physics goals will be316

discussed in Sec. 5.317

16



2 Experimental Setup318

The proposed experiment will study the scattering of polarized photons from a polarized319

hydrogen target, as illustrated in Fig. 8. The scattered photon will be detected by the320

Neutral Particle Spectrometer (NPS) positioned at 28◦ and installed at a distance of 2 m321

from the target to match the acceptance of the SBS (which will be used to detect the322

recoiling proton), positioned at 25◦, 3.7 m from the target. The Photon Source combines a323

10% radiator with a normal conducting, heavily shielded magnet that sweeps away primary324

beam electrons, producing a narrow (0.9 mm diameter on target) untagged photon beam.325

The distance between the radiator and the target will be 2 m. This device is described in326

detail in Section 3.327

Figure 8: Schematic of the experimental setup. The target is longitudinally polarized (along the
beam). The scattered photon is detected by the NPS and the recoil proton is detected by the SBS.
The photon source provides a narrow, 0.9 mm diameter on target, untagged bremsstrahlung photon
beam.

We plan to use an incident electron beam of 8.8 GeV with intensity of 1.20 µA and 80%328

polarization. Such currents are large enough to enable precision beam measurements ensuring329

stable, quality primary beam delivery. Using the magnet sweeper/dump combination and330

the radiator produces a narrow photon beam. Our calculations put the heat load on the331

beam on the polarized target a factor of 30-40 times lower than a corresponding mixed-beam332

of similar intensity (see Sec. 2.1).333

The target will be a longitudinally polarized proton, similar to the target successfully334

used for the g2p experiment [32] (experiments E08-027/E08-007), operating in a 5 Tesla335

field pointing along the beam line (longitudinal).336

We expect this target to match the average NH3 polarization of 75% achieved in several 6337
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GeV-era experiments: RSS and SANE experiments in Hall C, g2p andGp
E experiments in Hall338

A. The beam polarization will be measured (using a Möller polarimeter) with a systematic339

uncertainty of 2%. The large cross section and helicity asymmetry for π0 photoproduction, as340

determined in E99-114, will provide a monitor of the electron beam polarization continuously341

during data taking at fixed kinematic conditions with large θcmp , see discussion in Sec. 4.2 on342

signal extraction.343

2.1 The Polarized Hydrogen Target and the Radiator344

In this experiment we will use the g2p polarized target previously used in the 6 GeV-345

era. A schematic of this target is shown in Figure 9. The target will be polarized in the346

longitudinal direction.347

This target operates on the principle of Dynamic Nuclear Polarization (DNP). The low348

temperature (1 K◦), high magnetic field (5 T) natural polarization of solid materials (ammo-349

nia, lithium hydrides) is enhanced by microwave pumping. The polarized target assembly350

contains two 3–cm–long target cells that can be selected individually by remote control to be351

located in the uniform field region of a superconducting Helmholtz pair. There are also two352

other target cells which are available for a calibration target like carbon foil or CH2. The353

permeable target cells are immersed in a vessel filled with liquid helium and maintained at 1354

K by the use of a high power evaporation refrigerator. The magnet coils have a 55◦ conicaly355

shaped aperture along the axis and a 38◦ wedge shaped aperture along the vertically oriented356

midplane.357

The target material, during the experiment, will be exposed to 140 GHz microwaves to358

drive the hyperfine transition which aligns the nucleon spins. The DNP technique produces359

proton polarizations of up to 95% in the NH3 target. The heating of the target by the beam360

causes an initial drop of a few percent in the polarization. Then the polarization slowly361

decreases due to radiation damage. Most of the radiation damage is repaired by annealing362

the target at about 80◦ K, until the accumulated dose reaches > 2×1017 per cm2 electrons, at363

which point the material needs to be changed. Due to limitations in the heat removal by the364

refrigerator, the electron beam intensity on the target is limited to 90 nA. The heat load on365

the target with pure photon beam is mainly due to photo production of the electron-positron366

pairs in the target materials. The effective beam intensity on target Ieff could be calculated367

as follows:368

Ieff = Ie × tr ×
7

9
tt × lnEmax/Emin = Ie × 0.022, (8)

where Ie is electron beam intensity on the radiator, tr = 0.1 is the radiator thickness in369

units of radiation length, tt = 0.03 is the target thickness in units of radiation length,370

Emax = 8800 MeV is the maximum energy of the photon, and Emin ≈ 5 MeV is a critical371

energy above which the photon interaction is dominated by pair production in material of372

the target. Taking into account the material of the target cap, we estimate that Ieff ≈373

0.025 − 0.33 Ie. For the proposed beam on the radiator of 1200 nA, the effective beam on374

the target is 30-40 nA. At such intensity the target annealing needs to be performed only375

one time during the run and target polarization could be maintained close to 85%.376
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Figure 9: Cross section view of the polarized target to be used by this experiment.

As part of the program to minimize the sources of systematic errors, the target polariza-377

tion direction will be reversed after each annealing by adjusting the microwave frequency.378

A 10% radiator will be mounted in front of the magnet sweeper system. Taking into379

account the size of the magnet and its downstream shielding, the distance between the380

radiator and the polarized target will be 2 m.381

2.2 The Photon Detector382

There is a substantial overlap between key participants in this experiment and the Neutral383

Particle Spectrometer (NPS) collaboration, who will build the NPS (see Ref. [36] for details384

about the NPS calorimeter) for this and other proposed experiments, for example, E12-13-385

010, E12-13-007 and unpolarized WACS experiments. The sensitive region of this calorimeter386

is 30 (horizontal) x 36 (vertical) inches, sitting on a frame allowing for easy movement. The387

position resolution of the NPS is 3 mm and the energy resolution, σE/
√
E, is better than388

3%.389
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Figure 10: The front view of the Neutral Particle Spectrometer (NPS).

For this experiment the NPS will be placed at 28◦, while the SBS will be positioned at390

25◦. The large SBS and NPS angular and momentum acceptances will allow binning of the391

experimental data into several s and t bins.392

2.3 Proton Polarization in the Target393

The target polarization will be measured via NMR to an accuracy of 4%. An independent394

measure of the target polarization can be obtained as follows: With the sweeper magnet395

turned off, the radiator removed, and the beam intensity lowered enough to protect the396

target, one can select elastic electron–proton scattering events. For elastic electron proton397

scattering, the beam–target asymmetry can be calculated from the following expression [33,398

34]:399

Aep =
2
√
τ(1 + τ) tan θ

2

g2 + τε−1
· (g sinφ +

√
τ cosφ) (9)

where g = Gp
E/G

p
M is the ratio of the proton form factors, θ is the scattering angle, τ =400

Q2/4M2
p , (Mp is the proton mass), and Q2 = 4EiEf sin2 θ

2
, Ei(f) is the initial (final) elec-401

tron energy, ε−1 = 1 + 2(1 + τ) tan2 θ
2

and sinφ = cos θ
2
/
√

(1 + Ei/Mp)(2 + Ei/Mp) sin2 θ
2
.402

This formula takes into account that the polarization axis is along the beam direction and403

in the scattering (horizontal) plane. Thus, the product of the beam and the target polariza-404

tion will be determined with a statistical accuracy of 0.02. This will provide an additional405

(independent of the NMR measurement) monitor of the beam and target polarization.406
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3 Technical Considerations407

A key new element of instrumentation in this experiment is the photon calorimeter, the Neu-408

tral Particle Spectrometer, proposed by the NPS collaboration [36]. An additional element409

is a deflection magnet as discussed in general terms in Sec. 2 and in detail below.410

3.1 Untagged Bremsstrahlung Source411

The experimental program laid out in this proposal requires a real photon source. At JLab412

only Halls B and D have built-in real photon capabilities, so one of the primary tasks of the413

collaboration is to design, simulate the performance, and build a clean photon source that414

can safely operate in Hall A.415

The technical solution proposed is an untagged bremsstrahlung gamma source consisting416

of the following components:417

• A thick (10% radiation length) radiator.418

• A normal conducting magnet (”amagnet”) providing a dipole field with a large enough419 ∫ ~Bd~l to sweep primary beam electrons out of the beam line. While the footprint of the420

magnet itself would be 100x50x60 cm3, in order to reduce the background radiation to421

an acceptable level an outer shielding (see below) made of iron blocks is needed. The422

proposed setup is shown in Figures 11 and 12.423

• Enough radiation shielding both inside and in the surrounding area of the magnet424

to ensure that the radiation level at the Hall boundaries does not exceed allowable425

limits. This shielding effectively turns the magnet into a sweeper/mini beam dump426

combination.427

• A magnet bore featuring a long (1 m) copper cylinder with small (2 mm) diameter holes428

drilled in it at increasingly larger distances from the center and at different azimuths,429

as shown in Fig. 12. This cylinder will be able to (slowly) rotate around its axis. In430

conjunction with a slow raster applied to the primary beam, this device will form a431

“mechanical raster” protecting the target from overheating/boiling.432

To test the validity of the proposed setup, the whole assembly shown in Fig. 11 was433

simulated using Geant4. A magnetic (with a 2 cm mesh size) field map produced by TOSCA434

was imported into Geant4 and used in the Monte Carlo simulation. A 3D interpolation435

function was implemented/used in the code.436

Figure 13 illustrates the effectiveness of the proposed magnet and shielding combination437

at containing both charged (red traces in the right panel) and neutral (green trajectories)438

particles.439

Figure 14 shows the profile of the photon beam one meter downstream of the magnet.440

Only photons of energies above 6 GeV were selected. The red curve represents the outline441

of the 2 mm-hole in the central part of the magnet that was used in the simulation. The442

corresponding transverse momentum distribution for the photons shown in 14 is shown in443

Figure 15. To test the effectiveness of the central piece of the magnet the transverse size of444
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Figure 11: Schematic of the sweeper magnet. Half of the concrete shielding around the magnet
(yellow) is shown. The 26” Fe shielding surrounding the whole assembly was removed for clarity.
The central area of the magnet bore will be a copper cylinder with a spiral pattern of 2 mm diameter
holes as shown in Figure 12. This assembly will act as a “mechanical raster”/collimator for the
untagged bremsstrahlung gamma source.

Figure 12: Central area of the magnet bore showing the spiral pattern of holes that will form the
“mechanical raster” of the untagged bremsstrahlung gamma source. Both the gray and the red
pieces extend the full length of the magnet. A pattern of four 2 mm diameter holes are seen in the
cylindrical piece.

the primary electron beam used in this simulation was larger than the 2 mm diameter of the445

hole.446
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Figure 13: Simulation of a small (100 events) sample of electron interactions. The right panel shows
the full shielded magnet setup while the left panel shows the same events without the magnet and
shielding drawings.

Figure 14: x vs y distribution of the bremsstrahlung photons of energies above 6 GeV, one meter
downstream of the magnet. A 2mm- diameter hole through the center piece of the magnet was
assumed for this particular simulation.

3.2 Projected Radiation Budget for the NPS and the Radiation447

Level in Hall A448

As the sweeper magnet proposed here and its shielding effectively act as a (mini)beam dump449

keeping the dose escaping the magnet area at an acceptable level is of the utmost importance450

for this project. A realistic dose rate calculation was carried out, using the Geant4 simulation451

described above, as follows [37]:452

”Ghost”, vacuum-filled volumes were defined and positioned 15 m from the magnet (this
is the typical distance at which radiation level is monitored) . The neutron flux through
these volumes shown was monitored and for each neutron crossing one of the scoring vol-
umes the Kinetic energy, weighted with and the path traveled in the scoring volume were
accumulated and normalized to the volume of the ghost volume. Using this information one
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Figure 15: Transverse momentum distribution for the photons shown above.

can then use the standard provided in the US Code of Federal Regulations (CFR) Title 10
Part 835 Occupational Radiation Protection (which in turn follows closely the International
Commission on Radiation Protection recommendations)1 to convert the (weighted) neutron
energy into a dose. To obtain a dose rate one needs to take into account the number of beam
electrons per second in the real beam (i.e. ”# wanted electrons/s”)

# wanted electrons/s = I/e (10)

where I is the beam current (assume 8.8 GeV at 1.2 µA) and e is the electron charge, the
actual number of electrons simulated (# simulated electrons), and the time:

DoseRate = dose(mrem)× # wanted electrons/s

# simulated electrons
× 3600s (11)

Figure 16 shows the neutron hit distribution for the six ”ghost” volumes surrounding the453

magnet. For the six panels shown in 16 the dose rate estimates are (top to bottom and left-454

to-right): 24.4, 24.1, 220.5, 265.5, 24.1, and 23.4 mrem/hr. Other particle types (photons,455

charged particles) were monitored but, according to the simulation, will be contained by the456

sweeper magnet (except for the beam photons, of course) and/or its shielding and are not457

expected to make a significant contribution to the radiation budget.458

1The Nuclear Regulatory Commission [38] uses almost the conversion tables.
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Figure 16: Neutron hit patterns for the six ”ghost” volumes surrounding the magnet. For the six
panels shown the dose rate estimates are (top to bottom and left-to-right): 24.4, 24.1, 220.5, 265.5,
24.1, and 23.4 mrem/hr.

25



4 Proposed Measurements459

An 80% longitudinally polarized electron beam with a current of 1.20 µ A at energy of460

8.8 GeV will be used in the proposed experiment. A 10% radiator, together with a shielded,461

normal conducting dipole magnet acting as a sweeper/beam dump combination will produce462

a narrow, untagged bremsstrahlung photon source. This photon beam will strike a 3 cm463

long NH3 longitudinally polarized target.464

The SBS spectrometer will detect the recoil proton, while the scattered photon will be465

detected by the Neutral Particle Spectrometer(NPS). The angle and distance from the target466

for each spectrometer were optimized via extensive (Geant4) simulation.467

4.1 The Kinematics468

This experiment will use the SBS and NPS spectrometers. The main parameters of these469

detectors are summarized in Table 1 and Table 2.470

Angle 25◦

Distance [cm] 371 (to detector)
160 (to magnet)

∆Ω [msr] 70
δp/p [%] 0.29 + 0.03p [GeV]
δθ [mrad] 0.14 + 1.34/p [GeV]
δφ [mrad] 0.09 + 0.59/p [GeV]

Table 1: SBS parameters.

Angle 28◦

Distance [cm] 200
∆Ω [msr] 100

δp/p [%] 3/
√

(E) [GeV]

δθ [mrad] 3
δφ [mrad] 3

Table 2: NPS parameters (assume 60 cm x 70 cm profile).

The kinematic coverage for this proposal is shown in Fig. 17.471

4.2 Backgrounds472

Several processes that can constitute sources of physics background were considered:473

A large background source for mixed electron-photon beam experiments are elastic electron-474

proton events where the electron radiates a photon either prior to or after the interaction475
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Figure 17: The kinematic coverage (Mandelstam variable t as a function of s) of this proposal
taking into account the SBS (at 25◦) and NPS (at 28◦) acceptances. The vertical lines correspond
to photon energies of 4.5, 5.5, 6.5, and 7.5 GeV. The diagonal lines correspond to 80, 90, and 100◦

cm angles. Results from previous JLab experiments (circle symbols) are also shown.

with the photon. The sweeper magnet/dump combination will ensure that no electrons in-476

teract with the polarized target. A co-planarity test between the detected photon and proton477

momenta should be able to veto any stray electrons that might get into the polarized target.478

The primary background comes from neutral pion photo production from the protons479

in the target. It can be separated only on a statistical level by using the difference in the480

shapes of the distribution of WACS and H(γ, π0) events.481

This background leads to a large dilution factor, which affects the statistical accuracy of482

the measurements. The pion can also be produced from bound protons in nitrogen. Motion483

of the nucleons in nuclei, and FSI, reduce dramatically the dilution of WACS events. The484

nuclear pion process was investigated by using E99-114 data obtained from an aluminum485

target. We found that at conditions similar to those proposed here, pions produced from486

nuclei increase the dilution factor by less than 10%.487

4.3 Production event rates488

The event rates are the products of the luminosity, the cross section, and the acceptances
of the detectors, as well all other factors such as DAQ dead time and detection efficiency.
The rate, N

WACS
can be calculated as:

N
WACS

=
dσ

dt WACS

(Ef
γ )2

π
∆ΩγfγpNpNγ (12)
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where dσ
dt

is the WACS cross section, the factor
(Efγ )

2

π
is the Jacobian that converts dt to489

dEdΩ, ∆Ωγ is the solid angle of the WACS events, fγp is the NPS-SBS acceptance, Nγ is490

the number of incident photons per unit time, and Np is the number of target protons.491

E99-114 measured real Compton scattering cross section at four electron beam energies492

of 2.34, 3.48, 4.62, and 5.76 GeV and θcmp in the range of 60◦ − 130◦. Table 3 shows the493

results for the average photon energy of 4.3 GeV. Also shown in the table is the dilution494

factor D, which is defined as the ratio of total γ seen from the π0 and Compton signal to495

the γ seen from the Compton signal alone: D = (Nγ,π◦ + Nγ,γ)/Nγ,γ for the kinematically496

correlated photon-proton events.

kin. θlabγ , t, θcmp , D dσ/dt,
4# degree GeV2 degree pb/(GeV/c)2

4A 22 -2.03 63.6 2.13 496.
4B 26 -2.57 72.8 1.54 156.
4C 30 -3.09 81.1 1.67 72.
4D 35 -3.68 90.4 2.75 42.
4E 42 -4.39 101.5 2.80 29.
4F 50 -5.04 112.1 2.42 38.
4G 57 -5.48 119.9 2.83 46.
4H 66 -5.93 128.4 3.89 61.

Table 3: The WACS cross section at s = 9 GeV2- 4 pass kinematics in E99-114.

497

According to the E99-114 results [35] the WACS cross-section could be presented with
the following s and t dependancies:

dσ

dt

∣∣∣∣∣
s,t

=
dσ

dt

∣∣∣∣∣
s0,t0

·
(
s

s0

)3.5

·
(
t

t0

)4.0

(13)

We used the expression above to extrapolate the existing data from E99-114 [35] and calculate498

the WACS differential cross section for the projected kinematical points.499

To determine the angular acceptance, we developed a Geant4 simulation program which500

included the target magnet coils, their magnetic field profile, and the geometry of NPS501

and SBS. The position of the two spectrometers was optimized for high s and t Wide–502

angle Compton scattering kinematics required in this proposal. The WACS events and π0
503

backgrounds were simulated. The acceptance of WACS photons in a three dimensional space504

(Energy, θ, and φ), as well as the single arm acceptances for photons (NPS) and protons505

(SBS) were determined.506

Table 4 shows the central values for the expected differential cross–section and the scat-507

tered photon energies for the four values of s this experiment will measure.508

The number of proton nuclei in the target was computed using the formula:

Np =
Z

A
tfpackNA (14)
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Kin 1 2 3 4
s, [GeV2] 9.4 11.0 13.0 15.0
−t, [GeV2] 4.0 4.9 5.8 6.5
E ′γ, [GeV] 2.4 2.7 3.3 4.0

dσ/dt, [cm2/GeV2] 21× 10−36 5.3× 10−36 1.5× 10−36 0.6× 10−36

Table 4: Expected WACS cross–sections and scattered photon energies for the kinematics proposed
in this experiment.

For the g2p target the estimate is Np = 1.65 × 1023 protons. Assuming a 1.2 µA beam509

intensity and a 10% radiator, the expected photon flux for the four s bins listed above is510

summarized in Table 5.

Kin 1 2 3 4
Eγ, [GeV] 4-5 5-6 6-7 7-8
Nγ, [s

−1] 1.5× 1011 1.2× 1011 1.1× 1011 0.9× 1011

Table 5: Expected photon flux and incident photon ranges for the four kinematics points proposed.

511

Figure 18 shows the Geant4 results for the acceptance of our experimental setup for the512

four kinematic points proposed. Single arm as well as the combined SBS–NPS acceptance is513

shown. For the four bins proposed, the fγp factor is 0.21, 0.43, 0.49 and 0.45, respectively.514

Based on the assumptions and simulations described above, the expected counting rate515

for the kinematic points proposed in this experiment is summarized in Tab. 6.516

Kin 1 2 3 4
s, [GeV2] 9.4 11.0 13.0 15.0
−t, [GeV2] 4.0 4.9 5.8 6.5
E ′γ [GeV] 2.4 2.7 3.3 4.0
dσ/dt, [cm2/GeV2] 21× 10−36 5.3× 10−36 1.5× 10−36 0.6× 10−36

fγp 0.21 0.43 0.49 0.45
Nγ, [s

−1] 1.5× 1011 1.2× 1011 1.1× 1011 0.9× 1011

N
WACS

, (per hour) 72 36 18 7.2

Table 6: Expected WACS counting rates for the four kinematic points proposed.

4.4 Required Statistics517

The statistics required for obtaining the specified accuracy of ∆A
LL

can be calculated518

from519

N
WACS

,required = D/(PγPp∆ALL
)2520
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Figure 18: Monte Carlo simulation of the spectrometer acceptance for the four kinematic bins
proposed. The NPS acceptance is shown in green, the SBS acceptance is shown in blue (no field)
and red (with SBS and target fields), and the combined SBS–NPS acceptance is shown in purple.
The available phase space is shown in black.
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where N
WACS

is the number of accumulated WACS events, Pγ is the photon beam polar-521

ization, Pp = 0.75 is the averaged proton polarization in the target, and D is the dilution522

factor. As extracted from Figure 19, the Pγ factor for the kinematic points of interest is523

0.52, 0.63, 0.72 and 0.77, respectively.524

Figure 19: Ratio of the photon and electron polarizations as a function of their energies.

The dilution factor D quantifies the ratio between the total number of events recorded and525

the actual number of real–photon induced events. Figure 20 shows the simulated background526

subtraction for one of the s bins proposed. The dilution factor for all four s bins is 3.1, 3.8,527

4.0 and 3.9, respectively.528

Assuming a conservative 250 hours of production data, table 7 summarizes the expected529

∆A
LL

precision for all kinematic points. For all points, the absolute uncertainty is smaller530

than 0.09.531

Kin 1 2 3 4
∆A

LL
0.034 0.043 0.055 0.081

Table 7: Expected ∆ALL statistical precision in the proposed experiment.

4.5 Systematic Uncertainty532

In Table 8 we summarize the uncertainties expected to contribute to the systematic error of533

A
LL

. As demonstrated in the E08-027/E08-007 experiment [39], the relative uncertainty in534

the target polarization can, through careful minimization, be driven down to about 3.9%.535
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Figure 20: Subtraction of background events for one of the kinematics bins proposed and extraction
of the dilution factor.

Assuming that the beam polarization will be known up to a 3% uncertainty, the total po-536

larimetry uncertainty is expected to be about 5%. The uncertainty associated with the537

packing fraction of the ammonia in the target is expected to be at or below the level of 3%.538

These error sources are scale dependent contributions, i.e. they will have the same effect on539

all kinematic points.540

Other parameters are less critical for the current ”beam helicity” type experiment. The541

primary beam charge calibration uncertainty is expected to contribute about 1%. The un-542

certainties in detector resolution and efficiency are expected to contribute at the level of 2%.543

The combined trigger and tracking efficiency error contribution is estimated to be below 2%.544

The SBS–NPS acceptance uncertainty is expected to contribute at the level below 2%. The545

largest point-to-point uncertainty source is associated with the signal extraction.546

Uncertainty Systematic
Source [%]
Polarimetry 5.0
Packing fraction 3.0
Charge Determination 1.0
Trigger/Tracking efficiency 2.0
Acceptance 2.0
Detector resolution and efficiency 2.0
Background subtraction 4.0

Total 8

Table 8: Estimates of the systematic uncertainty contributions to the systematic error of ALL.
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Adding in quadrature all the (independent) uncertainty sources listed above, the total547

systematic uncertainty for this experiment is expected to be about 8%. As the error budget548

is clearly dominated by polarimetry and background subtraction, time–dependent drifts in549

these quantities must be kept under control.550
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5 Expected Results and Beam Time Request551

5.1 Expected Results552

The purpose of this experiment is to measure the initial state helicity correlation asym-553

metry A
LL

with a precision sufficient to obtain conclusive evidence on the dominance of the554

specific reaction mechanism. We propose to obtain the statistical precision for A
LL

, given in555

Table 7 and shown in Fig. 21. Using the handbag formalism to interpret the results of the556

A
LL

and A
LT

we plan and calculate the values for the form factor ratio R
A

/R
V

. The data will557

also be used to determine of the polarization parameters in the single-pion photoproduction.558

Figure 21: ALL as a function of s showing the projected impact (error bars and range) of the
proposed measurement (open red circles).

559

5.2 Beam Time Request560

The proposed experiment will use a polarized electron beam of energy 8.8 GeV with561

currents of 1.2 µA. The requested beam time is summarized in Table 9.562

We will need eight hours to calibrate the calorimeter with e− p elastic coincident events.563

The radiator will be out of the beam line during this procedure. To measure the packing564

fraction of the material in the target cell, we are requesting 24 hours in total to do an empty565

cell and carbon target measurements. We plan to measure the beam polarization with the566

Möller polarimetry twice. It will take about four hours for each measurement.567

Also shown in Table 9 is a summary of the time required for configuration changes. It568

will take less than four hours to perform each annealling of the target in order to restore the569
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Purpose Description Time
Hours

NPS/SBS calibration e− p elastic 24
Photon beam commissioning 16
Packing fraction Empty cell and C target 24
Beam polarization (x2) Möller polarimetry 8
Target annealing 4 hours each 8
Target polarization 20
Total overhead time 100
WACS data production A

LL
250

Total requested time 350

Table 9: Beam time request for this experiment.

optimal target polarization. We will need to anneal the target every 4-5 days at projected570

radiation intensity. We estimate 20 hours committed to target polarization calibrations.571

We estimate 100 hours of all overhead items listed above. The total time requested is a572

combination of the required beam time and the overhead time.573

The total request is 350 hours, or 15 days.574
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6 Summary575

We request 350 hours of beam time to measure the initial state helicity correlation asym-576

metry A
LL

in Wide-angle Compton Scattering (WACS) with an accuracy of 0.09 by scattering577

circularly polarized photons from a longitudinally polarized proton target at invariant s in578

the range of 8 to 16 GeV2 for four scattering angles between θcmp = 80◦ and θcmp = 100◦.579

The experiment will use an 8.8 GeV, 1.2 µA, 80% polarized electron beam and a g2p lon-580

gitudinally polarized target. A sweeper–dump magnet combination will be used to produce581

a narrow photon beam. The scattered photons will be detected by the NPS spectrometer582

while the SBS spectrometer will detect protons.583

The proposed experiment has a large FOM of the proposed experiment (compared with584

known WACS experiments) and will carry out its measurements at large s and t in the585

wide–angle regime. These are optimal conditions for unambiguously testing the applicability586

regime of GPDs and will most likely resolve the (apparent) puzzles discovered by recent Hall587

A and Hall C experiments.588

Knowledge of the initial state helicity correlation asymmetry A
LL

in WACS at these589

kinematics will allow a rigorous test of the reaction mechanism for exclusive reactions at590

high t, which is crucial for the understanding of nucleon structure. This measurement should591

increase the experimental confidence in the applicability of the GPD approach (and its592

limitations) to real–photon induced reactions, paving the way for many other real–photon593

based studies such as pion production, deuteron photodisintegration, thus playing a major594

role in the nucleon structure physics program at JLab.595
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