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Abstract
1

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

metry A
LL

in Real Compton Scattering (RCS) by scattering longitudinally polarized3

photons from a longitudinally polarized proton target at the invariant s= 8 (GeV/c)2for4

three scattering angles, θcmγ = 60◦, 90◦ and 136◦.5

The recent JLab RCS experiment, E99-114 and E07-002, demonstrated the feasibil-6

ity of the experimental technique. The experiment utilizes an untagged bremsstrahlung7

photon beam and the UVA polarized target. The scattered photon is detected in the8

future Neutral Particle Spectrometer (NPS). The coincident recoil proton is detected9

in the Hall C magnetic spectrometer HMS.10

The applicability of QCD ,in the moderate energy range, to exclusive reactions is11

a subject of great interest and any opportunity to test unambiguously its prediction12

should be taken.13

Recent calculations by G. A. Miller in a constituent quark model reproduced the14

K
LL

experimental result but revealed a large disagreement with the GPD prediction for15

A
LL

. It is but one of the goals of our proposal to test this prediction which could force16

a modification of our understanding of the high-t photo-induced processes like RCS,17

pion photoproduction, and deuteron photo–disintegration. A measure of A
LL

and the18

conclusions that can be drawn from the results would give insight into understanding19

quark orbital angular momentum in the proton.20

We request 742 hours of 90 nA at 4.4 GeV electron beam to measure the polar-21

ization observable A
LL

to a statistical accuracy better than 0.07. This measurement22

will significantly increase our experimental confidence in the application of the GPD23

approach to reactions induced by real photons which play a major role in nucleon24

structure physics in the JLab energy range.25
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1 Introduction26

Significant progress has been made over the last decade in our understanding of exclusive27

reactions in the hard scattering regime. This progress had been made possible (in part)28

by data from Jefferson Lab on elastic electron scattering and Compton scattering from the29

proton and by a significant and increasingly sophisticated theoretical effort to exploit the30

richness of exclusive reactions at moderate momentum transfers.31

The observation of scaling in Deep Inelastic Scattering (DIS) at relatively low momentum32

transfers, successfully understood within the framework of pQCD, suggested that the same33

interpretation would be fruitful when applied to exclusive reactions: elastic electron scatter-34

ing, photo- and electro-production of mesons, and Compton scattering. This prospect was35

further supported by the fact that constituent counting rules [1, 2], which naturally govern36

reactions that conform to the pQCD picture, could describe certain exclusive reactions.37

There is little doubt that the pQCD mechanism dominates at high energies. What has38

been lacking is a general agreement as to how high the energy must be for pQCD to be39

completely applicable. The argument on this point is driven by more than a difference of40

(theoretical) opinion. The unavoidable fact is that cross sections calculated in a pQCD41

framework have invariably been low when compared to data, sometimes by an order of42

magnitude or more[3].43

Results of two experiments at Jefferson Lab on the proton contradict the predictions44

of pQCD: the recoil polarization measurements of Gp
E E93-027 and E99-007, and the Real45

Compton Scattering (RCS) experiment E99-114. The Gp
E measurements[4, 5] found that the46

ratio of F2 and F1, scaled by Q2 demands a revision of one of the precepts of pQCD, namely47

hadron helicity conservation. Results from the RCS measurement[6] are that the longitudinal48

polarization transfer K
LL

is large and positive, also contrary to the pQCD predictions which49

find K
LL
to be small and negative. These two experiments provide a compelling argument50

that pQCD should not be applied to exclusive processes at energy scales of 5-10 GeV.51

Fortunately, an alternate theoretical framework exists [7, 8, 9] for the interpretation of52

exclusive scattering at intermediate energies. This alternative approach asserts the domi-53

nance of the handbag diagram in which the reaction amplitude factorizes into a subprocess54

involving a hard interaction with a single quark. The coupling of the struck quark to the55

spectator system is described by the Generalized Parton Distributions (GPD’s) [10, 11].56

Since the GPD’s are independent of the particular hard scattering reaction, the formalism57

leads to a unified description of hard exclusive reactions. Moreover, the relationship be-58

tween GPD’s and the normal parton distribution functions provides a natural framework for59

relating inclusive and exclusive reactions.60

The RCS experiment E99-114 produced an especially remarkable result; not only was the61

measurement ofK
LL

inconsistent with pQCD, it was found that the longitudinal polarization62

is nearly as large as that expected for scattering from a free quark.63

The QCD factorization approach formulated in the framework of SCET can be used to64
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develop a description of the soft-spectator scattering contribution. Recently a derivation65

of the complete factorization for the leading power contribution in wide angle Compton66

scattering has been worked out in the soft collinear effective theory [12, 13]. As factorization67

evolves and becomes less dependent on the assumption of restricted parton virtualities and68

parton transverse momenta RCS should receive the same level of attention that DVCS has.69

RCS have a complementary nature to DVCS in so far as in DVCS the GPDs are probed at70

small t while for RCS (and nucleon form factors) the GPDs are probed at large t.71

The initial state helicty correlation can be used to probe a theoretical model in detail.72

According to the handbag approach their angle dependence is close to that of the subprocess73

γq → γq diluted by form factors which take into account that the proton is a bound state74

of quarks and which represent 1/x moments of GPDs. The electromagnetic nucleon form75

factors have been revised using the generalized parton distributions analysis by M. Diehl and76

P. Kroll [14]. The various theoretical efforts made to apply the handbag approach to wide77

angle compton scattering (WACS) have produced predictions for its polarization observables78

including K
LL

and A
LL

[9, 15]. We must emphasize that the results of E99-114 are at a79

single kinematic point of a single observable. It is essential to verify the dominance of the80

handbag mechanism in other observables such as A
LL
. In a recent development, a calculation81

of Miller suggests that a measurement of A
LL

in WACS would be a test of perturbative chiral82

symmetry and of the mass of the quarks participating in the hard scattering.83

There is much theoretical interest in WACS but a bit less activity at present which is84

only due to the lack of new data. The polarized observables are essential for moving the85

framework forward. There was only one polarization measurement of K
LL

made during86

E99-114, so a similar experiment (E07-002) [16] at higher s was undertaken in Hall C to87

acquire three more K
LL

points, the analysis of which is nearing completion. The next step is88

to obtain the K
LL

compliment by measuring the initial state helicity correlation asymmetry89

A
LL

using a polarized proton target. We therefore propose a measurement of the polarization90

observable A
LL

in Compton scattering at an incident energy of 4.4 GeV.91

The proposal is organized as follows. In Section 2 we describe in more detail the handbag92

formalism and the predictions for RCS, some results from E99-114, and a summary of the93

physics goals of the proposed experiment. In Section 3 we describe the experimental approach94

and both the standard and the specialized equipment. In subsequent sections, we present95

our proposed measurements (Sec. 4), our expected results and beam time request (Sec. 5).96

Finally, the proposal is summarized in Section 6.97
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2 Physics Motivation98

2.1 Overview99

In view of the remarks in the Introduction, we consider several interesting questions that100

motivate us to explore further the measurement of polarization observables in RCS at JLab:101

1. What is the nature of the quark which absorbs and emits photons in the RCS process102

in the wide angle regime? Is it a constituent or a current quark?103

2. If the GPD approach is correct, is it indeed true that the RCS reaction proceeds104

through the interaction of photons with a single quark?105

3. What are the constraints on the GPD integrals imposed from the proposed measure-106

ment of the A
LL

observable.107

In order to present a framework for addressing these issues, we next briefly discuss WACS108

in the soft-collinear effective theory, the handbag mechanism in the GPD conceptualization,109

and the handbag mechanism in the constituent quark model.110

2.2 Soft-collinear Effective Theory111

Recently a complete factorization formula for the leading power contribution in wide angle112

Compton scattering has been developed [12, 13]. The soft-spectator contribution describes113

the scattering which involves the soft modes and resulting soft-spectator scattering contribu-114

tion to the overall amplitude. The soft collinear effective theory is used in order to define this115

contribution in a field theoretical approach. The SCET framework is then used to provide a116

proof of the factorization formula.117

The SCET framework permits the implementation of some specific corrections which are118

related to the soft-overlap contribution. There are indications that numerical effect of this119

contribution can be dominant at some moderate values of the Mandelstam variables. In120

general, SCET give a very solid description in the region where the other power corrections121

are small.122

The SCET formalism follows the same idea as in the standard factorization approach,123

short and long distance physics are factorized separately. The only required assumptions124

are very general such as that soft partons have soft momenta of order Λqcd. There is not125

additional need to constrain the virtualities by hand. The advantage of SCET formalism is126

a systematic approach to the factorization of the hard and soft subprocesses.127

The asymmetry KLL is studied with the approximation that the hard-spectator contri-128

butions are small. Neglecting all power corrections and using the next-to-leading expressions129

some numerical results as a function of the scattering angle θ are obtained (see Fig.1). The130

solid red line corresponds to the leading-order approximation. The dashed (blue) and dotted131
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(black) lines show the numerical results for the complete NLO expression for the energies132

s = 6.9 GeV2 and s = 20 GeV2, respectively. The data point is from E99-114 and cor-133

responds to s = 6.9 GeV2. The value of the longitudinal asymmetry KLL is qualitatively134

different from the one that can be obtained in the hard-spectator (hard two-gluon exchange)135

factorization picture.136

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 (blue line)
kinematical power corrections. The massless approximation is the same for both plots.

It is very relevant to describe a factorization for the helicity flip amplitudes but the137

modeling will be dependent on the new unknown nonperturbative matrix elements. Any138

experimental data on ALL directly can provide the needed information to move forward in139

the acquisition of these nonperturbative quantities.140

2.3 pQCD Mechanism141

The traditional framework for the interpretation of hard exclusive reactions in the asymp-142

totic regime is perturbative QCD (pQCD) [17, 18]. The onset of scaling in Deep Inelastic143

Scattering (DIS) at the relative low scale of Q2 ∼ 1–2 (GeV/c)2, gives rise to the expectation144

that pQCD might also be applicable to exclusive processes in the range of a few (GeV/c)2.145

pQCD confronts RCS [19, 20, 3] as shown in Fig. 2, where it is seen that the three valence146

quarks are active participants in the hard subprocess, which is mediated by the exchange147

of two hard gluons. The soft physics is contained in the valence quark distribution ampli-148

tudes. The pQCD mechanism leads naturally to the constituent counting rules for exclusive149

processes:150
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dσ

dt
=

f(θcm)

sn
, (1)

where n is related to the number of active constituents in the reaction and f(θcm) is a func-151

tion only of the center of mass scattering angle[1, 2]. Indeed, the observation that many152

exclusive reactions, such as elastic electron scattering, pion photoproduction, and RCS,153

approximately obey Eq. 1 has led to the belief that the pQCD mechanism dominates at154

experimentally accessible energies. There seems to be little theoretical disagreement that155

the pQCD mechanism dominates at sufficiently high energies [17]; however, there is no156

consensus on how high is “sufficiently high.” Despite the observed scaling, absolute cross157

sections calculated using the pQCD framework are very often low compared to existing ex-158

perimental data, sometimes by more than an order of magnitude[3]. Moreover, several recent159

JLab experiments that measure polarization observables also disagree with the predictions160

of pQCD. In the Gp
E experiment [4, 5] the slow falloff of the Pauli form factor F2(Q

2) up to161

Q2 of 5.6 (GeV/c)2 provides direct evidence that hadron helicity is not conserved, contrary162

to predictions of pQCD. Similar findings were made in the π0 photoproduction experiment163

[21], where both the non-zero transverse and normal components of polarization of the recoil164

proton are indicative of hadron helicity-flip, which is again contrary to the predictions of165

pQCD. Finally, in the recently completed RCS experiment, E99-114, the longitudinal polar-166

ization transfer K
LL

(which will be defined precisely in the next section) shows a value which167

is large and positive, contrary to the pQCD prediction which is small and negative [3]. For168

all these reasons, it can be argued that pQCD is not the correct mechanism for interpreting169

exclusive reactions at currently accessible energies and instead we should seek a description170

in terms of the handbag mechanism.171

pQCD calculations predict that A
LL
=K

LL
, so a measurement of A

LL
in combination with172

the already obtained result for K
LL

could provide an additional test of pQCD applicability173

in the JLab energy regime.174

2.4 Handbag Mechanism175

The handbag mechanism offers new possibilities for the interpretation of hard exclusive176

reactions. For example, it provides the framework for the interpretation of deep exclusive177

reactions, which are reactions initiated by a high-Q2 virtual photon. The application of the178

formalism to RCS (see Fig. 3) was initially worked out to leading order (LO) by Radyushkin179

[7] and subsequently by Diehl et al.[8]. More recently next-to-leading-order (NLO) contri-180

butions have been worked out by Huang et al.[9]. The corresponding diagram for elastic181

electron scattering is similar to Fig. 3, except that there is only one external virtual photon182

rather than two real photons. In the handbag approach, the hard physics is contained in183

10



q

P

+    ...    +   ....  336  

q’

P’

Figure 2: Two gluon exchange pQCD diagram for RCS. 336 diagrams can contribute.

the scattering from a single active quark and is calculable using pQCD and QED: it is just184

Compton scattering from a structureless spin-1/2 particle.185

P

xP

q

+

P

xP

q

xP + t xP + t

P’P’

q’ q’

Figure 3: The handbag diagram for RCS.

The soft physics is contained in the wave function describing how the active quark couples186

to the proton. This coupling is described in terms of GPD’s. The GPD’s have been the sub-187

ject of intense experimental and theoretical activity in recent years [10, 11]. They represent188

“superstructures” of the proton, from which are derived other measurable structure func-189

tions, such as parton distribution functions (PDF) and form factors (F1 and F2). To NLO,190

only three of the four GPD’s contribute to the RCS process: H(x, ξ = 0, t), Ĥ(x, ξ = 0, t),191

and E(x, ξ = 0, t). Since the photons are both real, the skewness parameter ξ is zero, re-192

flecting the fact that the momentum absorbed by the struck quark is purely transverse. In193

the handbag formalism, the RCS observables are new form factors of the proton that are194
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x−1-moments of the GPD’s:195

R
V
(t) =

∑

a

e2a

∫ 1

−1

dx

x
Ha(x, 0, t),

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,196

the vector, axial vector, and tensor form factors. (sign(x) is the sign of x ≡ x
|x|
.) The197

corresponding form factors for elastic electron or neutrino scattering are given by the first198

(x0) moments of the same GPD’s:199

F
1
(t) =

∑

a

ea

∫ 1

−1
dxHa(x, 0, t),

G
A
(t) =

∑

a

∫ 1

−1
dx sign(x) Ĥa(x, 0, t),

F
2
(t) =

∑

a

ea

∫ 1

−1
dxEa(x, 0, t),

where the three quantities are, respectively, the Dirac, axial, and Pauli form factors. On the200

other hand, the t = 0 limit of the GPD’s produce the PDF’s:201

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 measurable202

in DIS.203

In the handbag factorization scheme, the RCS helicity amplitudes are related to the form204

factors by205

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

A
(t)) + Tµ′−,µ−(s, t)(RV

(t)−R
A
(t))] ,

Mµ′−,µ+(s, t) = 2παem

√
−t
m

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

12



where µ, µ′ denote the helicity of the incoming and outgoing photons, respectively. The signs206

onM and T refer to the helicities of the proton and active quark, respectively. This structure207

of the helicity amplitudes leads to a simple interpretation of the RCS form factors: R
V
±R

A
208

is the response of the proton to the emission and reabsorption of quarks with helicity in209

the same/opposite direction of the proton helicity, and R
T
is directly related to the proton210

helicity-flip amplitude [9]. These equations leads to expressions relating RCS observables to211

the form factors.212

The most important of these experimentally are the spin-averaged cross section and213

the recoil polarization observables. The spin-averaged cross section factorizes into a simple214

product of the Klein-Nishina (KN) cross section describing the hard scattering from a single215

quark, and a sum of form factors depending only on t [7, 8]:216

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. Conse-217

quently the unpolarized cross sections are largely insensitive to R
A
, and the left-hand-side218

of Eq. 3 is nearly s-independent at fixed t. One of the primary goals of E99-114 was to test219

this relationship as well as to determine the vector form factor R
V
. The recent calculations220

to NLO, which take into account both photon and proton helicity-flip amplitudes, do not221

change this prediction in any appreciable way [9, 22]. Updated cross section and Comp-222

ton form factors (see Fig. 4) with their parametric uncertainties have also recently been223

evaluated [14].224

The longitudinal and transverse polarization transfer observables, K
LL

and K
LS
, respec-225

tively, are defined by226

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 proton227

helicity (↑) or transverse polarization (→).228

With definitions of two additional parameters229

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 the230

expressions [8, 9]231

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)

13



Figure 4: Predictions for the Compton form factors evaluated from the M. Diehl, P. Kroll default fit
from Ref. [9], scaled by t2 and shown in units of GeV4. The bands in each case show the parametric
uncertainties.

where K
KN

LL
is the longitudinal asymmetry for a structureless Dirac particle. These formulas232

do not include small gluonic corrections, which are discussed in Ref. [9].233

The expressions above show that measurements of K
LL

and K
LS
, when combined with234

measurements of dσ/dt (i.e. from E99-114), allow determinations of all three form factors.235

They also show that two very important pieces of information follow directly from the spin236

asymmetries: K
LL

and K
LS

/ K
LL
, which are directly related to the form factor ratios237

R
A
/R

V
and R

T
/R

V
, respectively.238

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 state239

proton helicity (↑). In the GPD approach of Ref. [9], the initial state helicity correlation240

parameter, A
LL
, equals K

LL
so all the predicted relationships between A

LL
and the RCS241

form factors are the same as shown above for K
LL
.242
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From the relationships (Eq. 2) connecting the RCS form factors to PDFs, the ratio243

R
A
/R

V
is related to ∆qa(x)/qa(x). For RCS, the e2a-weighting of the quark flavors means244

that u quarks will dominate the reaction. Moreover, at relatively large −t, the contributions245

to the form-factor integral are concentrated at moderate-to-high x, where the valence quarks246

dominate. Therefore, the A
LL

asymmetry contains direct information on ∆u(x)/u(x) in the247

valence region. We propose to investigate this in the present experiment, up to −t = 6.4248

(GeV/c)2.249

Obtaining this kind of information is one of the key physics elements justifying the 12250

GeV upgrade of JLab. From the correspondence between RCS and electron scattering form251

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

V
and F2/F1 [9]. The252

measurements of Gp
E at JLab [4, 5] have shown that F2/F1 falls as 1/

√
−t rather than as253

1/t, the latter being predicted by pQCD. It will be an important check on the theoretical254

interpretation of F
2
/F

1
to see if R

T
/R

V
behaves in a similar way.255

2.5 Relativistic constituent quark model for RCS256

The relativistic constituent quark model developed by G. A. Miller [15] addresses the question257

of what is the dominant reaction mechanism that allows the proton to accommodate the large258

momentum transfer in exclusive reactions like elastic electron and photon scattering. This259

model has been successful in describing the electromagnetic nucleon form factors [23]. Unlike260

the handbag calculations within the GPD approach [8, 9], Miller’s model does not neglect261

quark and hadron helicity flip. The model starts with a wave function for three relativistic262

constituent quarks:263

Ψ(pi) = u(p1)u(p2)u(p3)ψ(p1, p2, p3),264

where pi represents space, spin, and isospin indices. It evaluates the wave function in the265

light cone variables and the calculations are relativistic. They obey gauge invariance, parity266

conservation, and time reversal invariance. They include quark mass effects and proton267

helicity flip. Due to lower components of Dirac spinors, where the quark spin is opposite268

to that of the proton, quark orbital angular momentum appears. The resulting predictions269

for the polarization observables A
LL

and K
LL

and the cross section are shown in Fig. 5 and270

Fig. 6, together with data from the E99-114 experiment. The most striking consequence of271

Miller’s results is a big difference between A
LL

and K
LL

at large scattering angles, which we272

can test experimentally.273

2.6 Polarization in QED Compton process274

It is instructive to evaluate polarization effects in the QED process eγ → eγ. The Klein-275

Nishina process is an example that is fully calculable and which plays a major role in RCS,276

15



0 30 60 90 120 150 180
θ

CM
  [deg]

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

K
LL

 a
nd

 A
LL

K
LL

 and A
LL 

(Kroll)

K
LL

 from E99-114

A
LL

(Miller)

K
LL

(Miller)

Proposed ALL measurements

Figure 5: Predictions for A
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in the GPD approach of Ref. [9] and CQM of Ref. [15] along with
the data on K

LL
from E99-114 and the expected precision of the proposed measurements.

when the handbag diagram dominates. It is useful to evaluate polarization observables for277

different ratios of the electron mass to the photon energy.278

Polarization observables in QED are given in invariant variables as [24] :279

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

]

280

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

]

281

Fig. 7 shows the A
KN

LL
and K

KN

LL
for different energies of the incident photon as a function282

of the scattering angle in the lab. At low t/s and for m/Eγ << 1 the difference between283

K
LL

and A
LL

vanishes. At θlab = π/2 the observable A
LL
=0. In the limit m/Eγ → 0284

A
LL
=K

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

LL
≈ −K

LL
. If285

we now look at Miller’s calculation (see Figure 5) which has m/Eγ ∼ 1/10 and θlab ≈ 90◦286

(our kinematics labeled P2, see Table 4.1) the difference between K
LL
and A

LL
is about 0.7.287

2.7 Additional Remarks288

It is important to realize that the issues posed at the start of this section are not limited289

to the RCS reaction. Indeed, they are questions that need to be addressed by all studies290

of the proton using exclusive reactions in the hard scattering regime. The old paradigm for291
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Figure 6: Cross section of RCS process at s = 11 (GeV/c)2 from E99-114 and Cornell[25] exper-
iments (scaled to the same CM energy) and results of calculations in the GPD approach (Kroll)
and from a CQM (Miller).

addressing these questions was the pQCD mechanism and the distribution amplitudes. It is292

quite likely that the new paradigm will be the handbag mechanism and GPD’s. In any case,293

the reaction mechanism needs to be tested, not only over a wide range of kinematic variables294

but also over a wide range of different reactions. Of these, RCS offers the best possibility295

to test the mechanism free of complications from additional hadrons. The CQM was quite296

successful in its description of many observables of the hadronic structure and generates a297

useful and intuitive picture of the hadron. The proposed test presents a unique case where298

predictions of the CQM and QCD–based theory are qualitatively different.299

2.8 Theory Community Interest300

During the preparation of this proposal, we contacted several theorists to gauge interest in a301

measurement of the initial state helicity correlation in WACS. The response was uniformly302

positive. We provide some of their feedback for context.303

I think it is very interesting to measure A
LL
. It will be either close to or far from K

LL
.304

Either result would have important implications for understanding quark orbital angular mo-305
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scattering angle in the lab system.

mentum in the proton. Jerry Miller306

I am happy to learn that there is interest in RCS and am willing to support any activity307

of measuring A
LL
. It is difficult to understand why there is still a lot of activity on DVCS308

at Jlab but not for RCS. Peter Kroll309

The WACS polarization measurements on the proton will be of very help for developing the310

theory, since they are typically calculated with the same or slightly extended nonperturbative311

input as the unpolarized cross section. The physics situation has never been fully clarified.312

There may not be as much theoretical activity as a few years ago, which is not for lack of313

interest but due to the somewhat dormant situation regarding new data. Markus Diehl314
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A
LL
can help determine how to estimate the unknown well defined nonperturbative quan-315

tities needed for modeling. Nikolay Kivel316

2.9 Summary of Physics Goals317

We propose measurements of the spin correlation asymmetry A
LL

at an incident photon318

energy of 4.3 GeV, s=9 (GeV/c)2, at two scattering angles; at θcmγ = 70◦ corresponding319

to −t=2.4 (GeV/c)2 and at θcmγ = 140◦ corresponding to −t=6.4 (GeV/c)2. The specific320

physics goals are as follows:321

1. To make a measurement of A
LL
at large s, t and u where applicability and limitations of322

GPD based calculations are under control. A high precision measurement will support323

the surprising result from Hall A for K
LL
[6].324

2. To provide a test that can expose, in an unambiguous way, how the RCS reaction pro-325

ceeds: either via the interaction of photons with a current quark or, with a constituent326

quark.327

3. To determine the form factor ratio R
A
/R

V
from the measurement of A

LL
and correlate328

this ratio with the corresponding values of F2/F1 determined from elastic electron329

scattering.330

The overall statistical precision with which we will address these physics goals will be dis-331

cussed in Sec. 5.332
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3 Experimental Setup333

The proposed experiment will study the scattering of polarized photons from a polarized334

hydrogen target, as illustrated in Fig. 8. The scattered photon will be detected by the335

Neutral Particle Spectrometer (NPS) installed at a distance to match the acceptance of the336

HMS, which will be used to detect the recoiling proton.

Beam Dump

Photon

Spectrometer
High Momentum

Radiator

Beam

Proton
Target

Electron

Calorimeter

Figure 8: Schematic of the experimental setup. The target is longitudinally polarized (along the
beam). The scattered photon is detected by NPS and the recoil proton is detected by the HMS. Teh
scattered electron in the mixed photon-electron beam is deflected by the polarized target magnet.

337

We assume an incident electron beam of 4.4 GeV with intensity of 90 nA and 80%338

polarization. Such currents and polarizations have already been delivered using the strained339

GaAs source at Jefferson Lab before. The target will be a longitudinally polarized proton,340

which is the so called UVA polarized target, operating in a 5 Tesla field pointing to the341

longitudinal direction ( along the beam line). Since the target field will deflect the charged342

particle sufficiently, we do not have to use a sweep magnet for the NPS.343

With this beam intensity on UVA polarized target, a average NH3 polarization of 75%344

have been achieved in several experiments, i.e. RSS, SANE experiments in Hall C, G2P345
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and GEP experiments in Hall A. The beam polarization will be measured to a systematic346

uncertainty of 2% with the Hall C Möller polarimeter. The large cross section and helicity347

asymmetry for π0 photoproduction, as determined from E99-114, will provide a monitor of348

the electron beam polarization continuously during data taking at fixed kinematic conditions349

with large θcmγ .350

3.1 The Polarized Hydrogen Target and the Radiator351

In this experiment we will use the University of Virginia polarized target, which has352

been successfully used in E143/E155/E155x experiments at SLAC and E93-026, E01-006,353

E07-003, E08-007 and E08-027 at JLab. E08-007 and E08-027 used a different coil from Hall354

B, which is very similar to the original one except with larger penning. See Fig. 9 for a cross355

section view. We will polarized the target in longitudinal direction.356

This target operates on the principle of Dynamic Nuclear Polarization (DNP). The low357

temperature (1 K◦), high magnetic field (5 T) natural polarization of solid materials (ammo-358

nia, lithium hydrides) is enhanced by microwave pumping. The polarized target assembly359

contains two 3–cm–long target cells that can be selected individually by remote control to360

be located in the uniform field region of a superconducting Helmholtz pair. They are also361

2 other target cells which are available for calibration target like carbon foil or CH2. The362

permeable target cells are immersed in a vessel filled with liquid helium and maintained at363

1 K by using a high power evaporation refrigerator. The magnet coils have a 55◦ conical364

shaped aperture along the axis and a 38◦ wedge shaped aperture along the vertically oriented365

midplane.366

The target material, during the experiment, will be exposed to 140 GHz microwaves to367

drive the hyperfine transition which aligns the nucleon spins. The DNP technique produces368

proton polarizations of up to 95% in the NH3 target. The heating of the target by the369

beam causes an initial drop of a few percent in the polarization. Then the polarization370

slowly decreases due to radiation damage. Most of the radiation damage is repaired by371

annealing the target at about 80 K, until the accumulated dose reaches > 2× 1017 electrons,372

at which point the material needs to be changed. Due to limitations in the heat removal by373

the refrigerator, the luminosity (considering only the polarized material in the uniform field374

region) is limited to 85 × 1033 cm−2 Hz. As part of the program to minimize the sources375

of systematic errors, the target polarization direction will be reversed after each anneal by376

adjusting the microwave frequency.377

A radiator will be mounted on the liquid nitrogen shield about 10 inches upstream of378

the target magnet center. The short distance between the target and radiator helps to avoid379

background produced from plastic target wall and downstream beam line. The separation of380

the events produced in the radiator is of order 5 cm (in the worst case) in the spectrometer381

ytg coordinate, which is comfortably large compared to the ytg resolution of 0.3 cm. We are382

going to use a copper radiator with thickness of 0.86 mm, which is 6% radiation length. Pair383
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Figure 9: Cross section view of the polarized target.

production in the radiator will add 5.4% to the heat load of the refrigerator, so that the384

average beam current should be reduced by 5.4% yielding a useful luminosity of 80 × 1033385

cm−2 Hz.386

The polarized target magnet will deflect outgoing charged particles in both vertical and387

horizontal direction, which greatly improves the selection of the elastically scattered photons388

from the elastically scattered electrons at the calorimeter. The RCS experiment, E99-114,389

installed a sweep magnet between the target and the calorimeter to achieve similar result, but390

in their case the electrons were bent in the horizontal plane. Simulation shows that bending391

the charged particle (mainly electrons) in vertical will earn a better signal to background392

ratio since it allows to cut the uniform like background in both horizontal and vertical393
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position.394

3.2 The Photon Detector395

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

Members of this collaboration are participating in the construction of the Neutral396

Particle Spectrometer (NPS) for several future Hall C experiments, for example, E12-13-397

010, E12-13-007 and unpolarized future WACS experiments. The sensitive region of this398

calorimeter is 30 (horizontal) x 36 (vertical) inches, sitting on a frame which allows to move399

around. At Current design, the position resolution of the NPS is 3 mm and the energy400

resolution σE/
√
E is better than 3%. Fig. 10 shows the front view of this calorimeter and401

its support structure.402

We plan to place NPS in three locations. The forward angle position 22◦ (in the lab) serves403

two purposes: first to allow the calibration with elastically scattered electrons and also for404

production data taking at θcm = 60◦. The second position 37◦ is for production at θcm = 90◦.405

This is the most important location since 90 degrees in the CM frame is the most simple406

and clean scattering and also we want to compare the our A
LL
to the K

LL
at this point from407
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E07-002 and A
LL
. The GPD predict that A

LL
should not be different from K

LL
while Miller’s408

prediction predict a huge difference at large center of mass angle (See Fig 5). We should409

be able to see the difference at this point if there is true different between them. The third410

position is 78◦ in the lab, which is for production running at θcm = 136◦. The spectrometer411

angle of the HMS, which detects the protons, will be adjusted for each kinematics to match412

the photon scattering angle. The distance from the target to the calorimeter is chosen to413

insure an adequate angular coverage of the calorimeter to match HMS.414

3.3 Proton Polarization in the Target415

Polarization of the target will be measured by NMR with an absolute accuracy at the level416

of 1.5%. The P1 kinematics (see Table 4.1) will provide an opportunity for the independent417

determination of the proton polarization. In the P1 kinematics, scattered electrons will be418

deflected in the target by 1.7 degrees in the vertical direction, which leads to a vertical419

displacement of 23 cm at the front face of the calorimeter. For elastic electron proton420

scattering the beam–target asymmetry can be calculated from the following expression [27,421

28]:422

Aep =
2
√

τ(1 + τ) tan θ
2

g2 + τǫ−1
· (g sinφ +

√
τ cosφ) (8)

where g = Gp
E/G

p
M is the ratio of the proton form factors, θ is the scattering angle, τ =423

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

2 θ
2
, Ei(f) is the initial (final) elec-424

tron energy, ǫ−1 = 1 + 2(1 + τ) tan2 θ
2
and sinφ = cos θ

2
/
√

(1 + Ei/Mp)(2 + Ei/Mp) sin
2 θ
2
.425

This expression explicitly takes into consideration that the polarization axis is along the beam426

direction and in the scattering (horizontal) plane.427

For θcmγ = 60◦, A = 0.45. Through its measurement the product of the beam and the428

target polarization will be determined with a statistical accuracy of 0.02. This will provide429

an additional monitor of the beam and target polarization averaged over the duration of the430

data taking.431
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4 Proposed Measurements432

An 80% longitudinally polarized electron beam with current of 90 nA at energy of 4.4
GeV will be used in the proposed experiment. A copper radiator with the thickness of 0.86
mm (6% radiation length) will be installed 10 inches upstream of the 3 cm NH3 target,
inside the scattering chamber. The circular polarization of the bremsstrahlung photon drops
quickly as the photon energy decreasing. Their relationship is described by Eq. 9:

polγ
pole

=
4y − y2

4− 4y + 3y2
, (9)

where y = Eγ

Ee
is the fraction of the photon energy to the electron beam energy.433

We optimize the detector acceptance to pick those photons carry 80% to 95% of the434

incident electron energy. For such bremsstrahlung photons, the average circular polarization435

is about 97.6% of the polarization of the electrons. We will use HMS to detect the recoil436

proton in Hall C. The scattered photon will be detected by the future Neutral Particle437

Spectrometer(NPS).438

4.1 The Kinematics439

Table 4.1 shows the kinematics parameters of the proposed experiment. The central440

momentum of the proton spectrometer is determined through a Geant4 simulation and op-441

timized for the maximum acceptance for incident photon energy from 80% to 95% of the442

electron beam energy. The distance of the front face of NPS to the target center (L) and443

its vertical offset (H) are also optimized for maximum RCS acceptance through the Gean4444

simulation. The overlap of the acceptances of the photon and proton arms will be chosen in445

a way such that the angular acceptance is defined by the proton arm. Because the target446

field also bend the outgoing proton, those protons detected by HMS have an out-of-plane-447

angle offset. This also cause the outgoing photon have a opposite out-of-plane-angle offset.448

Therefore we have to shift the photon arm vertically by some height to balance it. These449

heights are listed as H in Table 4.1. For details of the kinematics, please refer to Fig. 11,450

Fig. 12 and Fig. 13.451

4.2 Backgrounds452

There are several sources of physics background in this measurement. The electrons,453

which lose energy while passing through the radiator and the target, can scatter elastically454

from the protons in the target. In this experiment the field of the polarized target magnet455

will provide sufficient deflection, we do not need to worry about them.456

Another source is the quasireal photons from epγ event, H(e, pγ)e′. Although the scat-457

tered electron is not detected, applying the γ−p elastic kinematic correlation cuts, especially458
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Figure 11: The kinematics coverage for P1.
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Figure 12: The kinematics coverage for P2.
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Figure 13: The kinematics coverage for P3.
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Figure 14: RCS correlation cuts of δE and δY for kinematics P1(left) and P2(center) and P3(right),
where δE (top) is the difference between measured photon energy in the photon arm and the inferred
photon energy, inferred by the measured proton in the proton arm, and δY (bottom) is the difference
between measured photon horizontal position and the inferred photon horizontal position, in the
transportation frame. A gaussian fit (black curve) is also plot on top of each histogram, with their
fitted parameters labeled in the up-right corner in each panel. A 2-σ cut will be used in the data
analysis to select good RCS events.
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kin. t, θlabγ , θcmγ , θlabp , Elab
γ , pp, L, H,

P# (GeV/c)2 degree degree degree GeV GeV/c cm cm
P1 -1.7 22 60 45 2.87 1.56 785 41.2
P2 -3.3 37 90 30 2.00 2.52 445 21.5
P3 -5.4 78 136 13 0.88 3.55 245 10.0

Table 1: The kinematics parameters of the proposed measurements at s = 8 (GeV/c)2.

the δE, δY and δX cuts (see Fig. 14 for details) will remove most of them. δE is the difference459

between measured photon energy in the photon arm and the inferred photon energy, inferred460

by the measured proton in the proton arm. δY (X) is the difference between measured pho-461

ton horizontal(vertical) position and the inferred photon horizontal(vertical) position, in the462

transportation coordinate system. (The transportation coordinate is frequently used to de-463

fine the acceptance and optics for in small acceptance spectrometer like HMS and HRS. In464

this coordinate system, z axis is the central ray, which line up with the spectrometer angle;465

x axis is vertical down and y axis is horizontal left when looking downstream.) According to466

our simulated result, epγ events drop rapidly as the scattering angle increasing. The ratio467

of epγ events to RCS events under the 2− σ cut is about 0.14, 0.08 and 0.03 for kinematics468

P1, P2 and P3, respectively. Our simulated epγ results match the exist E99-114 experiment469

pretty well, which states that the epγ contribution is about 11%-15% [37]. Nevertheless,470

these background can be analysis and subtracted in the data analysis. In this proposed mea-471

surement, since NPS have much better position and energy resolution while HMS has similar472

angular and position resolution as HRS, the epγ contribution will definitely be smaller.473

The primary background come from neutral pion photoproduction from the protons in474

the target. It can be separated only on a statistical level by using a difference in the shapes475

of the distribution of RCS and H(γ, π0) events. Fig. 15 shows the simulated δY and δX476

distribution, in the transportation coordinate system, for the proposed kinematics. This477

background leads to a large dilution factor, which affects the statistical accuracy of the478

measurements. The pion can also be produced from bound protons in nitrogen. Motion of479

the nucleons in nuclei, and FSI, reduce dramatically the dilution of RCS events. The nuclear480

pion process was investigated by using E99-114 data obtained from an aluminum target. We481

found that at conditions similar to those proposed here, pions produced from nuclei increase482

the dilution factor by less than 10%.483

4.3 Signal Extraction484

To reduce uncertainty in the extracted real Compton events it is possible to use a boosted485

decision tree [32, 33, 34, 35] with multiple discriminating variables. A decision tree is a binary486

tree structure classifier which organizes the data into regions and sorts event by event. The487
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Figure 15: The δY and δX distribution, in the transportation coordinate system, after applying
δE cut for RCS events and backgrounds for kinematics P1(top), P2(middle) and P3(bottom). The
RCS events located at (0,0) and e− p elastic events are deflected to negative δY and δX. The pi0

backgrounds are evenly distributed everywhere. The statistics present here are corresponding to
the requested beam time.
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decision tree algorithm is able to split the phase space into a large number of hypercubes,488

each of which is identified as either signal or background. The boosting [36] performs best if489

applied to tree classiers that, taken individually, have not much classification power. Using490

a small set of input variables with weak classification power the uncertainty in the extracted491

counts can greatly be reduced.492

As an example for separation of the RCS events from the pion background we use the493

discriminating variables δY , δX, and δP . The Monte Carlo is well tuned to the expect494

resolution of the detection system so that reconstruction of these variables is expected to be495

within a realistic range in the simulation. The decision tree is then trained and classification496

using simulated data of signal and the neutral pion background is obtained.497

BDT response
-1 -0.8 -0.6 -0.4 -0.2 0 0.2

dx / 
(1

/N
) 

dN

0

2

4

6

8

10

12

14

16

18

20

22 Signal
Background

TMVA response for classifier: BDT

Cut value applied on BDT output
-1 -0.8 -0.6 -0.4 -0.2 0 0.2

E
ffi

ci
en

cy
 (

P
ur

ity
)

0.2

0.4

0.6

0.8

1

Signal efficiency

Background efficiency

Signal purity
Signal efficiency*purity
S/#sqrt{S+B}

For 1000 signal and 10000 background
 isS+Bevents the maximum S/

30.8782 when cutting at 0.0630

Cut efficiencies and optimal cut value

S
ig

ni
fic

an
ce

0

5

10

15

20

25

30

Figure 16: Results of analysis from the training of the boosted decision tree indicating (left) the
response of the classifier and (right) the real Compton signal resolving efficiency.

Fig. 16 shows the boosted decision tree output. The classifier response indicates that498

even with the three mentioned discriminating variable it is possible obtain greater then 98%499

signal when making a constraint on the BDT response to eliminate the pion background. The500

cut value applied on the BDT response is indicated on the right showing that only around501

40 events from the pion background survive after the constraint is applied when there is an502

order of magnitude more background than the Compton signal.503

4.4 Rates504

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.
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The rate, N
RCS

can be calculated as:

N
RCS

=
dσ

dt RCS

(Ef
γ )

2

π
dΩγpAγpFγLe~p , (10)

where dσ
dt RCS

is the RCS cross section; the factor
(Ef

γ )
2

π
is the Jacobian that convert dt to505

dEdΩ; dΩγp is the solid angle of the RCS events that expressed in photon detector; Aγp is506

the acceptance of RCS events in the given range of photon energy Ef
γ ; Fγ is the number507

of photons per incident electron, Le~p = 7.5 · 1034 cm−2Hz is the electron-proton polarized508

luminosity with the NH3 target, including a correction for the extra heat load from the509

radiator.510

E99-114 measured real compton scattering cross section at four electron beam energy of511

2.342, 3.481, 4.620, and 5.759 GeV and θcmγ in the range of 60◦ − 130◦. Table 2 shows their512

result for the average photon energy of 4.3 GeV. Also shown in the table is the dilution513

factor D, which is defined as the ratio of total to signal of interest: D = (Nγ,π◦ + Nγ,γ)/Nγ,γ514

for the kinematically correlated photon-proton events.515

The value of D is highly affected by the accuracies of angle and and position of the516

reconstructed proton, and also the energy and position resolution of the photon detector.517

kin. θlabγ , t, θcmγ , D dσ/dt,
4# degree (GeV/c)2 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 2: The RCS cross section at s = 9 (GeV/c)2- 4 pass kinematics in E99-114.

To estimate the RCS differential cross section, we modifies J. Miller’s model [31] to match518

the exist data from E99-114 [37]. compared to E99-114 result, Miller’s RCS differential cross519

section model has about 10% deviation in 3-pass data and 30% deviation for 4-pass and 43%520

deviation for 5-pass data. And also, E99-114 did not cover our P3 kinematics point where521

θcmγ is 136 degrees. Of course we can do an extrapolated but the uncertainty of it could be522

large. Miller’s model has a good constraint on the center of mass angle dependence and523

incident photon energy dependence. Therefore we use a 5th order polynomial function to524

scale Miller’s model such that it will match the exist E99-114 data. For any given photon525
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energy and θcmγ , we will do a 2nd order interpolation to calculate the RCS differential cross526

section. With this modification we are able to do estimation for θcmγ larger than 130 degrees527

where E99-114 did not cover. Fig. 17 shows the modified model together with E99-114 data528

points.529
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Figure 17: The RCS differential cross section. The solid curve is from modified Miller’s model and
solid points are the result from E99-114 [37].

To determine the angular acceptance, we developed a Geant4 simulation program. The530

whole target chamber with magnet coils and field are built together with detectors. We531

place detectors at the optimized locations and simulate RCS events, e-p elastic events and532

pi0 backgrounds. Finally we extract the acceptance for RCS photons in a 3-D space of533

energy, theta angle, and phi angle. We do the same thing to achieve the acceptance for534

electrons in NPS and protons in HMS.535

For a 6% radiator, the photon flux can be calculated as:

Fγ = trad[
4

3
ln(

kmax

kmin

)− 4(kmax − kmin)

3E
+
k2max − k2min

2E2
] , (11)

where kmax and kmin are the upper and lower limit of the radiated photon energies, E is the536

electron beam energy and trad is the thickness of the radiator in the unit of radiation length.537

Our event rates are integrated over the 3-D space of energy, theta angle, and phi angle538

using Eq. 10. Table 3 shows the rates and dilution factors D, which is the fraction of total to539

signal. The expected δX distributions for RCS signal and backgrounds after applying those540
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cuts shown in Fig. 14, are present in Fig. 18. The pure RCS signal is red curves, with a541

gaussian fit (pink) on top of it. The fitted parameters are labeled in the up-right coroner of542

each panel. The e-p elastic events also plot in the figure but almost nothing survive after the543

3-σ δE and δY cuts. The statistics here represent for 41, 445 and 240 hours of data taking544

for kinematics P1, P2 and P3, respectively.545

kin. θlabγ , θcmγ , RCS rate, D, N
RCS

,
P# degree degree Hz per hour
P1 22 60 0.01254 2.0 45.1
P2 37 90 0.00158 2.8 5.7
P3 78 136 0.00339 3.9 12.2

Table 3: The kinematic parameters and the expected counts.

4.5 Required Statistics546

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

can be calculated547

from548

N
RCS

,required = D/(PePpfeγ∆ALL
)2549

where Pe = 0.85 is the electron beam polarization, Pp = 0.75 is the averaged proton550

polarization in the target, feγ = 0.98 is the ratio of the photon and the electron polarizations551

for the average Eγ = 0.9Ee. Table 4 presents the required statistics for a precision of552

∆A
LL

= 0.05 for all kinematics points.

kinematic P1 P2 P3
N

RCS
, events 2333 1666 2261

∆A
LL

0.05 0.07 0.07

Table 4: The statistics and expected precision in the proposed experiment.

553

4.6 Systematic Uncertainty554

Table 5 shows a list of the scale dependent uncertainties contributing to the systematic error555

in A
LL
. With careful uncertainty minimization in polarization the relative error in P can be556

less than or equal to 3.9%, as demonstrated in the recent E08-027/E08-007 experiment [38].557
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Figure 18: δX distributions after δE and δY cuts, for kinematics P1(top), P2(middle) and
P3(bottom). The pure RCS signal is red curves, with a gaussian fit (pink) on top of it. The
fitted parameters are labeled in the up-right coroner of each panel. The e-p elastic events also plot
in the figure but almost nothing survive after δE and δY cuts. The total (RCS+π0) are the black
curves.
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Source Systematic
Polarimetry 5%
Packing fraction 3%
Trigger/Tracking efficiency 1.0%
Acceptance 0.5%
Charge Determination 1.0%
Detector resolution and efficiency 1.0%
Background subtraction 4.0%
Total 8%

Table 5: Estimates of the scale dependent contributions to the systematic error of ALL.

The uncertainty in the packing fraction of the ammonia target contributes at a level of less558

than 3%.559

Charge calibration and detector efficiencies are expected to be known better to 1%.560

Detector resolution and efficiency is also expect to contribute less than 1%.561

The signal extraction error will be minimized using a multivariate techniques leading562

to only a few counts of background slipping into the final result. The systematic error on563

resolving the Compton signal is dependent on the background produced at that kinematic564

point. A larger background with smaller signal naturally results in a larger error. By565

considering a larger then expected background we can estimate the expected systematic566

error from a plausible analysis. Considering both π0 and epγ background we expect less567

than a 4% background which is a estimate directly based on the Monte Carlo.568

The primary sources of systematic error clearly come from polarimetry and background569

subtraction but the impact of time-dependent drifts in these quantities must be carefully570

controlled.571

The asymmetry involves the ratio of counts, which leads to cancelation of several first572

order systematic effects. However, the fact that the two data sets will not be taken simulta-573

neously leads to a sensitivity to time dependent variations which will be carefully monitored574

and suppressed. The systematic differences in the time dependent components of the inte-575

grated counts, we need to consider the effects from calibration, efficiency, acceptance, and576

luminosity between the two polarization states. However due to the quick change in beam577

polarity these effect have near negligible effect with respect to the scale dependent terms.578
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5 Expected Results and Beam Time Request579

5.1 Expected Results580

The purpose of this experiment is to measure the initial state helicity correlation asym-581

metry A
LL

with a precision sufficient to obtain conclusive evidence on the dominance of the582

specific reaction mechanism. Another purpose is to determine the form factor ratio: R
A
/R

V
,583

which is also related to A
LL
. We propose to obtain the statistical precision for A

LL
, given in584

Table 4 and shown in Fig. 19. Using the handbag formalism to interpret the results of the585

A
LL
, we will extract values for R

A
/R

V
.586
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Figure 19: The initial state helicity correlation asymmetry A
LL

in the RCS process with the
expected precision of the proposed measurements shown as closed squares. The labels on the
curves are as follows: CQM for the asymmetry in the constituent quark model[15]; the pQCD
calculations[3] with AS for the asymptotic distribution amplitudes; with COZ for Chernyak-
Ogloblin-Zhitnitsky [30]; GPD for calculations in the soft overlap approach[9]. The K

LL
result[6]

from E99-114 is also shown.
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5.2 Beam Time Request587

The proposed experiment will be done at one beam energy of 4.4 GeV with currents of588

90 nA. The requested beam time summarized in Tables 6.589

We require 8 hours to calibrate the calorimeter with e − p elastics coincident events.590

Radiator will not be seen by the beam line during this procedure. To measure the packing591

fraction of the material in the target cell, we need 22 hours in total to do empty cell and car-592

bon measurements. We need to measure the beam polarization with the Möller polarimetry593

every time the beam condition change. We estimate the frequency in the order of once every594

other day. It will take about 3 hours for each measurement. In total we requested 33 hours.595

Also shown in Table 6 is a summary of the time required for configuration changes. It596

will take about 3 hours to perform each anneal of the target in order to restore the target597

polarization. We will need one anneal every 2 days in average, according to the latest598

experience in E08-007 and E08-027. In the worst case, we might need to change the target599

stick 3 time with fresh material. This changes will take about twelve hours to change the600

material and perform a new target polarization calibrations.601

To change kinematics (move NPS and HMS), it will require about 6 hours for each change.602

The total time requested is a combination of the required beam time and the overhead603

time. From experience running GEN, RSS, SANE, E08-007 and E08-027, we know that604

roughly one-half of the overhead can be performed during times when the accelerator is not605

delivering physics beam to the Halls. Thus, our total requested time is the sum of the beam606

time and one-half of the overhead time. The total request is 742 hours, or 31 days.607

39



Kin. beam, time
P# Procedure nA hours
P1 RCS data taking 90 52
P2 RCS data taking 90 293
P3 RCS data taking 90 185

P1 NPS and HMS calibration 1000 8
P2 NPS and HMS calibration 1000 8
P3 NPS and HMS calibration 1000 8

Packing Fraction 90 22
Moller Measurements 200 33
Beam Time 601
Target Anneals 33
Stick Changes 36
kinematics change 12
50% Overhead Time 60

Total Requested Time 742

Table 6: The beam time request for the experiment.
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6 Summary608

We request 742 hours of beam time to measure the initial state helicity correlation asym-609

metry A
LL

in RCS at s= 8 (GeV/c)2 for θcmγ = 60◦, 90◦ and 136◦ with uncertainty of 0.05,610

0.07 and 0.07, respectively. This experiment will take place in Hall C, utilizing a 4.4 GeV,611

90 nA and 80% polarized electron beam, plus the UVA polarized target (longitudinally po-612

larized), and HMS to detect protons, and NPS to detect scattered photons. This is a unique613

opportunity to study the initial state polarization effects in RCS.614

Knowledge of the initial state helicity correlation asymmetry A
LL

in RCS at these kine-615

matics will allow a rigorous test of the reaction mechanism for exclusive reactions at high t,616

which is crucial for the understanding of nucleon structure.617

Furthermore, it will be an extended measurement of the proton axial form factor R
A
in618

RCS, which is the 1/x moment of the polarized parton distribution.619
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