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Photon-Nucleon Asymmetry

Parallel Asymmetry

= Α// = D (Α1 + ηΑ2)

     Perpendicular Asymmetry

                     = Α⊥  = d (Α2 - ζΑ1)

Kinematics Factors

D = (1- Ε ′ ε/ Ε )/(1+εR ) ,     R(x,Q2) = σΤ/σL

d =  D    2ε/(1+ε)
η = ε   Q2 / (Ε - Ε ′ε)

ζ = η (1+ε)/2ε

σ↑⇓  −  σ↑⇑

σ↑⇓ +  σ↑⇑
 
σ↑⇐ − σ↓⇐

σ↑⇐ + σ↓⇐



0

1

x

R

0

1

A 1

neutron = 0

proton = 5/9
np

0 1 0 1x

2/3

SU(6) Predictions

Polarized Neutron Static Wave Function in SU(6)

S=0 and S=1 components of the wave function are 
equiprobable leading to the following predictions 
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Broken SU(6) Predictions

Low x region :  Dominated by sea quarks . 
Quantitative predictions are difficult.

High x region: Dominated by valence quarks.
Predictions are possible.
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SU(6) symmetry  breaks:

∆

Recent paper by N. Isgur

n,p
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What about        ?

|d ↑ (du)S=0〉

|d ↑ (du)S=0〉 dominates.

→ 1/4Rnp

mass splitting, etc...)
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Physics Overview as x----> 1
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S=1 and S=0 equiprobable: SU(6)	 	   2/3        5/9         0	        	 	

S=1 suppressed,  S=0 retained 	 	   	   1/4         +1 	        +1
F. Close, Phys. Lett. 43B (1973) 422.
F. Close, An introduction to Quarks and Partons (1979).

S = 1, Sz = 1 suppressed
S = 1, SZ = 0  and S = 0 retained                3/7         +1        +1         
G.  Farrar, D. Jackson, Phys. Rev. Lett. 35(1975)1416
G. Farrar, Phys. Lett. 70B (1977)34
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1 x

x

x

An
1(x) 0

In most  approaches large and positive as 
becomes large

At present all data are consistent with

( > 0.3 )

If        stays negative the constituent quark picture 
is in jeopardy! New degrees of freedom might need 
to be considered, for example, Instantons??

An
1

An
1

This has been an important question 
                     for 25 years!

Experiment  is believed to be possible with 

 ~eAn intense polarized     beam
~3HeA dense polarized         target

A beam energ y                 ,  a MAD spectrometer,
etc...

CEBAF at 11GeV is by far the best facility 
to  measure at high
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Temple University

Proposed Measurements

Measure  A//         &    A⊥

• 3 incident energies:  Ei = 6.6, 8.8 and 11GeV

• 3 scattering angles:  θ = 35°,  27° and 25°

• 3 MAD momentum settings covering the
range:

0.1 < x < 0.75

       2.0 < Q2 < 10 GeV2

W 2 ≥ 4 GeV2

• Perform radiative corrections  on

 A//          &     A⊥
• Determine

A1     = (A///D - ηA⊥ /d)/(1+ηζ)
• Correct for nuclear effects  to extract

A1(x,Q2)

 3He 3He

3He

3He3He

n



Uniqueness of CEBAF

• Depolarization factor  typically about 0.7 compared to 0.3 in most
experiments performed at the high energy  facilities (A1 ≈ A///D ).

• Scattered electrons detected at large angle lead to high x, high Q2 and
low scattered energy ( E’< 6 GeV).  A large acceptance spectrometer
like MAD matches the kinematics efficiently.

• High beam and target polarizations  and high beam current provide for
a  good polarized luminosity.

• Target reconstruction  reduces entrance and exit windows background
thus, dilution of the asymmetry.
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Comparison of some relevant parameters between
CERN, HERA, SLAC and CEBAF. Note the

difference in the D factor and size of the x bin.

Expt.        Ei          E’     θ     x     Q 2         D  Pe,µ  Rate

Name        GeV    GeV      deg    bin   GeV2                       
 (Hz)

HERMES        35      17.0    5.2        0.6-0.7      9.1        0.22      0.50       0.05

SLAC E142    23      16.5    7.0        0.4-0.6      5.2        0.27      0.35        7.0

SLAC E143    29      25.5    7.0        0.6-0.7      9.1        0.29      0.84        0.3

SMC             190      161     1.8        0.4-0.7     29.5       0.14      0.80        0.005

CEBAF           11      4.4       25       0.7-0.75      10        0.67      0.80        1.3
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Main Longitudinal  Coils

EPR Coil

RF Coils

EPRPhotodiode

AFP Pick-up Coils

Oven

X 4 (longitudinal)

l/4

e-

6 GeV

X 3 (Transverse)

Diode Laser

Jlab Hall A polarized  He Target 3

NMR and EPR techniques for polarization monitoring.
Elastic scattering for current induced depolarization.
Target used successfully in E94-010 and E95-001.
Target length will be 25 cm.
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Temple University

From 3He to the Neutron

• Extract an effective A1

• Wave function includes S, S’ and D waves.

•  Fermi motion not included.

• binding effects not included

1 pn
A1 =        (A1    2 fpρpA1)       where
~ 3He

~

fnρn

  ρp = -2∆’ = -2.7±0.3%
 ρn = 1-2∆  =  87 ± 2%

∆ = (ρS’ + 2 ρD)/3      ρS’ = 1.55±2%
∆’= (ρD - ρS’ )/6         ρD = 9.1±0.9%

3He

F2

F2

n
&fp(n) =

C. Cioffi Degli Atti, S. Scopetta, E. Pace and G. SalmeUniversity of
Perugia report DFUPG 75/92.

R. W. Shulze and P.U. Sauer, Phys. Rev. C48(1993)38.

n

Very good approximation according to

W. Melnitchouk et al., Private communication
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E’ x Q2 W D A
3He
1 ∆A

3He
1 A

3He
2 ∆A

3He
2

Rate time‖ time⊥
(GeV) (GeV)2 (GeV) Hz Hours Hours
4.40 .732 9.07 2.05 0.67 0.072 0.0046 0.0330 0.0159 1.26 540 22
3.98 .623 8.20 2.42 0.71 0.050 0.0041 0.0205 0.0155 2.69 252 10
3.60 .534 7.42 2.71 0.75 0.036 0.0036 0.0132 0.0153 4.21 161 6
3.26 .463 6.72 2.95 0.78 0.022 0.0033 0.0075 0.0152 5.56 122 4.9
2.95 .403 6.08 3.15 0.81 0.010 0.0030 0.0031 0.0152 6.66 102 4.1
2.67 .352 5.50 3.32 0.83 0.000 0.0028 -0.0001 0.0153 7.47 91 3.6
2.40 .307 4.95 3.47 0.86 -0.009 0.0027 -0.0024 0.0154 8.06 84 3.3
2.20 .275 4.53 3.59 0.87 -0.015 0.0026 -0.0037 0.0156 8.38 81 3.2
2.00 .244 4.12 3.69 0.89 -0.020 0.0025 -0.0045 0.0159 8.58 79 3.2
1.35 .154 2.78 4.03 0.93 -0.028 0.0022 -0.0049 0.0175 8.56 79 3.2
1.20 .135 2.47 4.10 0.94 -0.028 0.0022 -0.0046 0.0182 8.41 81 3.2
1.10 .122 2.27 4.15 0.95 -0.028 0.0022 -0.0043 0.0187 8.28 82 3.3

Rates and Times for parallel and perpendicular
measurements which optimize the statistical uncertainty on An

1

Each color represents one momentum setting for MAD

Ei = 11 GeV θ = 250

E' = 4.05 GeV
E' = 3.00 GeV
E' = 2.20 GeV
E' = 1.25 GeV

Each momentum bin in the table corresponds to:
∆Θ = +/− 35
∆Φ = +/− 150
δ

mrd
mrd

p/p = +/- 5%



11 GeV beam, 25 degrees
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E’ x Q2 W D A
3He
1 ∆A

3He
1 ∆A

3He
1 ∆A

3He
1 An

1 ∆An
1

(GeV) (GeV)2 (GeV) (stat.) (syst.) (total) (total)
4.40 .732 9.07 2.05 0.67 0.072 0.0046 0.0042 0.0062 0.561 0.048
3.98 .623 8.20 2.42 0.71 0.050 0.0041 0.0029 0.0050 0.415 0.040
3.60 .534 7.42 2.71 0.75 0.036 0.0036 0.0021 0.0042 0.294 0.033
3.26 .463 6.72 2.95 0.78 0.022 0.0033 0.0013 0.0035 0.196 0.028
2.95 .403 6.08 3.15 0.81 0.010 0.0030 0.0058 0.0031 0.115 0.024
2.67 .352 5.50 3.32 0.83 0.000 0.0028 0.0021 0.0028 0.053 0.022
2.40 .307 4.95 3.47 0.86 -0.009 0.0027 0.0005 0.0027 0.002 0.020
2.20 .275 4.53 3.59 0.87 -0.015 0.0026 0.0009 0.0027 -0.028 0.019
2.00 .244 4.12 3.69 0.89 -0.020 0.0025 0.0012 0.0027 -0.053 0.018
1.35 .154 2.78 4.03 0.93 -0.028 0.0022 0.0016 0.0028 -0.093 0.016
1.20 .135 2.47 4.10 0.94 -0.028 0.0022 0.0016 0.0027 -0.094 0.016
1.10 .122 2.27 4.15 0.95 -0.028 0.0022 0.0016 0.0027 -0.094 0.015

Total uncertainty of the neutron asymmetry A
n
1 

extracted from that of 3He

Each color corresponds to a different momentum setting of the MAD spectrometer.

Ei = 11 GeV θ = 250

E' = 4.05 GeV
E' = 3.00 GeV
E' = 2.20 GeV
E' = 1.25 GeV
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Conclusion

• Precision measurement of the deep inelastic asymmetry An
1 in the region

0.10 ≤ x< 0.75 and 2 ≤ Q2 ≤ 10 GeV2

• 865 hours of beam on target for the 11 GeV beam energy measurement.

• A period of 2 months of beam on target should allow us to measure all
energies incident beam energies leading to a Q2 dependence and a W2

dependence investigation.

• CEBAF at 11 GeV is the best place to perform this measurement. Further
observables of great interest can be obtained at the same time. An
example d2

n, a quark-gluon correlation matrix element.



MEASURINGgn
2

AT 11 GeV

� g2 is one of the few clean places to measurehigher twist ef-
fectswhich providedirect information about quark-gluon in-
teractions.

� The leading twist contribution can be cleanly subtracted away
usingg1 data.

g2(x;Q
2) = �

F1(x;Q
2)

D0

�

2E sin �

2
664sin �Ak �

E + E 0 cos �

E 0
A?

3
775

dn
2
(Q2) = 2

Z
1

0
x2

2
64gn

1
(x;Q2) +

3

2
gn
2
(x; Q2)

3
75 dx

� dn
2

is a twist-3 matrix element which is uniquely sensitive to
quark-gluon correlations and can be related to the color elec-
tric and magnetic polarizabilities in the nucleon.

d2 = (2�B + �E)=3

� This integral is dominated by the high-x region and is well-
suited to JLab at 11 GeV.

� Can improve error ondn
2

by a factor of 10 in less than 1000
hours.
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