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Inclusive Electron Scattering 
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2)

ḡ2(x,Q
2)=−

�1

x

∂

∂y
[
mq

M
hT(y,Q

2)+ζ(y,Q2)]
dy

y

gWW
2(x,Q2)=−g1(x,Q

2)+
�1

x

dy

y
g1(y,Q

2)

1

Inclusive	  inelas,c	  
	  unpolarized	  cross	  sec,on	  

To	  describe	  sca,ering	  from	  
a	  nucleon	  requires	  
structure	  func5ons:	  	  
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Inclusive Electron Scattering 

p	  =	  (E,k)	  

p’	  =	  (E’,k’)	  

θ	  

q	  =	  (ν,q)	  

P	  =	  (M,0)	  

W	  

Inclusive	  polarized	  	  
cross	  sec,ons	  

g1,g2	  are	  related	  to	  the	  
spin	  distribu5on	  
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Quark-Parton Model 
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• 	  Infinite	  momentum	  frame:	  partons	  are	  
point-‐like,	  non-‐interac5ng	  par5cles	  

• 	  Structure	  func5ons	  can	  be	  wri,en	  in	  terms	  
of	  quark	  distribu5on	  func5ons:	  
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• 	  Infinite	  momentum	  frame:	  partons	  are	  
point-‐like,	  non-‐interac5ng	  par5cles	  

• 	  Structure	  func5ons	  can	  be	  wri,en	  in	  terms	  
of	  quark	  distribu5on	  func5ons:	  

g2	  includes	  contribu5ons	  from	  
quark	  gluon	  interac5ons	  

No	  simple	  
interpreta5on	  for	  g2	  



What is g2? 
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(Parton	  Model	  Descrip5on)	  
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hT:	  Arises	  from	  quark	  transverse	  polarization	  distribution	  
ζ:	  Arises	  from	  quark-‐gluon	  interactions	  (twist-‐3)	  	  
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Measurements of g2 and its Moments 

9	  

• 	  Measurements	  of	  g2	  require	  a	  transversely	  polarized	  target	  –	  more	  
difficult	  experimentally	  

• 	  0th	  moment	  (no	  x-‐weigh5ng):	  Burkhardt-‐Co\ngham	  Sum	  Rule	  	  
• 	  Valid	  at	  all	  Q2	  

• 	  1st	  moment	  (x2	  weigh5ng):	  	  
• High	  Q2	  –	  d2,	  twist-‐3	  color	  polarizability,	  test	  of	  la\ce	  QCD	  
• Low	  Q2	  –	  spin	  polarizabili5es,	  test	  of	  χPT	  
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Measurements of g2 and its Moments 
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CEBAF	  
• 	  High	  intensity	  electron	  
accelerator	  based	  on	  CW	  
SRF	  technology	  
• 	  Emax	  =	  6	  GeV	  
• 	  Imax	  =	  200	  μA	  
• 	  Polmax	  =	  85%	  

Jefferson	  Lab	  

**Recently	  upgraded	  	  
to	  12	  GeV**	  

A	   B	   C	  



Measurements of g2 and its Moments 

• 	  Prior	  to	  measurements	  at	  JLab,	  first	  dedicated	  experiment	  was	  SLAC	  E155x	  	  

• 	  g2	  Measurements	  on	  the	  neutron	  at	  JLab:	  
• 	  E97-‐103:	  W>2	  GeV,	  Q2	  ≈	  1	  GeV2,	  x	  ≈	  0.2,	  study	  higher	  twist	  (published)	  
• 	  E99-‐117:	  W>2	  GeV,	  high	  Q2	  (3-‐5	  GeV2)	  (published)	  
• 	  E94-‐010:	  moments	  at	  low	  Q2	  (0.1-‐1	  GeV2)	  (published)	  
• 	  E97-‐110:	  moments	  at	  very	  low	  Q2	  (0.02-‐0.3	  GeV2)	  (analysis)	  
• 	  E01-‐012:	  moments	  at	  intermediate	  Q2	  (1-‐4	  GeV2)	  (published)	  
• 	  E06-‐014:	  moments	  at	  high	  Q2	  (2-‐6	  GeV2)	  (analysis)	  

11	  



Measurements of g2 and its Moments 

• 	  	  g2	  Measurements	  on	  the	  proton	  at	  JLab	  

• 	  Hall	  C:	  
• 	  RSS:	  moments	  at	  intermediate	  Q2	  (1-‐2	  Gev2)	  (published)	  
• 	  SANE:	  moments	  at	  high	  Q2	  (2-‐6	  GeV2)	  (analysis)	  

• 	  Hall	  A:	  
• 	  E08-‐027	  (g2p):	  moments	  at	  very	  low	  Q2	  (0.02-‐0.2	  GeV2)	  (analysis)	  
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0th Moment of g2  
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Brown:	  SLAC	  E155x	  
Red:	  Hall	  C	  RSS	  
Black:	  Hall	  A	  E94-‐010	  
Green:	  Hall	  A	  E97-‐110	  (preliminary)	  
Blue:	  Hall	  A	  E01-‐012	  (preliminary)	  

BC	  Sum	  =	  Measured	  +	  Low	  x	  +	  Elas7c	  
Measured:	  open	  circles	  
Low	  x:	  unmeasured	  low-‐x	  part	  of	  the	  
integral	  –	  assume	  leading	  twist	  behavior	  
Elas,c:	  obtained	  from	  well	  known	  Form	  
Factors	  
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1st Moment: Spin Polarizabilities 

• 	  	  Generalized	  spin	  polarizabili5es	  γ0	  and	  δLT	  are	  a	  benchmark	  test	  of	  χPT	  

• 	  At	  low	  Q2,	  generalized	  polarizabili5es	  have	  been	  evaluated	  with	  χPT	  calcula5ons	  
• 	  Difficulty	  is	  how	  to	  include	  the	  nucleon	  resonance	  contribu5ons	  
• 	  γ0	  is	  sensi5ve	  to	  resonances,	  δLT	  is	  not	  	  
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Spin Polarizabilities 

• 	  	  Neutron	  results	  for	  γ0	  	  

• 	  RBχPT	  calcula5on	  (including	  resonance	  
contribu5ons)	  agrees	  with	  the	  
experimental	  results	  	  

• 	  Large	  discrepancy	  between	  data	  and	  
HBχPT	  calcula5on	  (without	  explicit	  
resonance	  contribu5ons)	  
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(V.	  Sulkosky	  )	  
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Spin Polarizabilities 

• 	  Neutron	  results	  for	  δLT	  

• 	  δLT	  is	  seen	  as	  a	  more	  suitable	  tes5ng	  
ground	  –	  insensi5ve	  to	  Δ-‐resonance	  	  

• 	  Data	  is	  in	  significant	  disagreement	  with	  
χPT	  	  calcula5ons	  	  

• 	  MAID	  predic5ons	  are	  in	  good	  
agreement	  with	  the	  results	  

(V.	  Sulkosky	  )	  
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d2 & Higher Twist 

• 	  Doesn’t	  contain	  any	  twist-‐2	  
contribu5ons	  

• 	  High	  Q2:	  parton	  model	  with	  gluon	  
exchange	  
• 	  Low	  Q2:	  ?	  

• 	  High	  precision	  data	  at	  large	  Q2	  is	  
necessary	  for	  a	  benchmark	  test	  of	  La\ce	  
QCD	  predic5ons	  
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g2
p Experiment at JLab (E08-027) 

• 	  Will	  provide	  the	  first	  measurement	  of	  g2	  for	  the	  proton	  at	  low	  to	  moderate	  Q2	  

• 	  Will	  provide	  insight	  on	  several	  outstanding	  physics	  puzzles:	  
• 	  BC	  sum	  rule	  

• 	  Discrepancy	  suggested	  for	  high-‐Q2	  data	  
• 	  δLT	  polarizability	  

• 	  χPT	  calcula5ons	  do	  not	  match	  data	  
• 	  Finite	  size	  effects:	  

• 	  Hydrogen	  hyperfine	  spli\ng:	  proton	  structure	  contributes	  to	  
uncertainty	  
• 	  Proton	  charge	  radius:	  proton	  polarizability	  contributes	  to	  uncertainty	  

• 	  Data	  was	  taken	  in	  Hall	  A	  in	  2012	  –	  analysis	  is	  currently	  underway	  
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Finite Size Effects 

Splitting	  expressed	  in	  terms	  of	  Fermi	  Energy	  EF:	  

Where:	  
Atom	  ~	  10-‐10	  

Nucleus	  ~	  10-‐15	  Hyperfine	  Spli\ng	  of	  Hydrogen:	  

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

Dominated	  by	  low	  Q2	  g2p	  
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Finite Size Effects 

•  Proton	  charge	  radius	  from	  μP	  disagrees	  with	  eP	  sca,ering	  
result	  by	  ~7σ	  

•  Main	  uncertain5es	  arise	  from	  the	  proton	  polarizability	  and	  
different	  value	  of	  the	  Zemach	  radius	  

<Rp>	  =	  0.84184	  ±	  0.00067	  fm	  	  	  	  	  Lamb	  shiw	  in	  muonic	  hydrogen	  	  

<Rp>	  =	  0.897	  ±	  0.018	  fm	  	  	  	  	  	  	  	  	  	  	  	  	  	  World	  analysis	  of	  eP	  sca,ering	  

<Rp>	  =	  0.8768	  ±	  0.0069	  fm	  	  	  	  	  	  	  	  	  	  CODATA	  world	  average	  

Proton	  Charge	  Radius:	  
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Experimental Technique 

e-‐	  

e-‐	  

e-‐	  

e-‐	  

Δσ||	  measured	  during	  EG4	  experiment	  in	  
Hall	  B:	  will	  extract	  g1p	  at	  low	  Q2	  

Δσ|	  obtained	  from	  g2p	  experiment	  

d2σ

dE �dΩ
(↓⇑ + ↑⇑) = 8α2 cos2(θ/2)

Q4




F2(x,Q2)

ν
+
2F1(x,Q2)

M
tan2(θ/2)





d2σ

dE �dΩ
(↓⇑ − ↑⇑) = 4α2

MQ2

E �

νE



(E + E � cos θ)g1(x,Q
2)− Q2

ν
g2(x,Q

2)





d2σ

dE �dΩ
(↓⇒ − ↑⇒) =

4α2 sin θ

MQ2

E �2

ν2E

�
νg1(x,Q

2) + 2Eg2(x,Q
2)

�

δLT (Q
2) =

16αM 2

Q6

� x0
0 x2[g1(x,Q

2) + g2(x,Q
2)]dx

2

d2σ

dE �dΩ
(↓⇑ + ↑⇑) = 8α2 cos2(θ/2)

Q4




F2(x,Q2)

ν
+
2F1(x,Q2)

M
tan2(θ/2)





d2σ

dE �dΩ
(↓⇑ − ↑⇑) = 4α2

MQ2

E �

νE



(E + E � cos θ)g1(x,Q
2)− Q2

ν
g2(x,Q

2)





d2σ

dE �dΩ
(↓⇒ − ↑⇒) =

4α2 sin θ

MQ2

E �2

ν2E

�
νg1(x,Q

2) + 2Eg2(x,Q
2)

�

δLT (Q
2) =

16αM 2

Q6

� x0
0 x2[g1(x,Q

2) + g2(x,Q
2)]dx

2

21	  



Experimental Setup 

Polarized	  
Target	  Chicane	  

Magnets	  

Septum	  Magnet	  

Beam	  Posi5on	  
Monitors	  

Beam	  
Current	  
Monitors	  

Slow	  Raster	  

Local	  
	  Dump	  

12.5°	  

Fast	  Raster	  

6°	  

• 	  Large	  scale	  installa5on	  in	  Hall	  A 	  	  
• 	  DNP	  NH3	  target	  with	  2.5/5	  T	  magne5c	  field	  (longitudinal	  and	  
transverse	  configura5ons)	  	  
• 	  New	  beamline	  diagnos5cs	  for	  low	  current	  (<100	  nA)	  running	  
• 	  Chicane	  and	  septum	  magnets	  
• 	  Local	  dump	  
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Mp < W < 2 GeV
0.02 < Q2 < 0.2 GeV2

Kinematics Coverage
• The Experiment was conducted 

at JLab Hall A successfully 
from 3/2/2012 to 5/18/2012 

• Statistics:

Beam 
Energy /

GeV
Target 
Field /T

Recorded 
trigger

2.254 2.5 3.80E+09

1.706 2.5 3.20E+09

1.158 2.5 4.00E+09

2.254 5.0 7.00E+08

3.352 5.0 4.00E+08

g2
p Experiment at JLab 

W	  <	  2	  GeV	  

0.02	  <	  Q2	  <	  0.2	  GeV2	  

Beam	  Energy	  
(GeV)	  

Target	  Field	  
(T)	  

2.2	   2.5	  

1.7	   2.5	  

1.1	   2.5	  

2.2	   5.0	  

3.3	   5.0	  

First	  data	  on	  g2	  for	  proton	  at	  low	  Q2	  
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Preliminary Results 
Yield	  

courtesy	  of	  R.	  Zielinski	  

Asymmetry	  

Preliminary	  

�µ =
eQ

M
�S

�µ =
e

2M
�

Γ2 =

� 1

0
g2(x,Q

2)dx = 0

δLT
�
Q2

�
=

16αM 2

Q6

� x0

0
x2

�
g1

�
x,Q2

�
+ g2

�
x,Q2

��
dx

γ0
�
Q2

�
=

16αM 2

Q6

� x0

0
x2

�
g1

�
x,Q2

�
− 4M 2

Q2
x2g2

�
x,Q2

��
dx

d2(Q
2) =

� 1

0
dxx2

�
2g1(x,Q

2) + 3g2(x,Q
2)
�

= 3

� 1

0
dxx2

�
g2(x,Q

2)− gWW
2 (x,Q2)

�

A⊥ =

�
1

PbPt

�
Y+ − Y−

Y+ + Y−

Y± =
N±

Q±LT±

1
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Summary 

• 	  g2p	  experiment	  will	  provide	  first	  precision	  measurement	  for	  proton	  at	  low	  Q2	  
0.02	  <	  Q2	  <	  0.2	  GeV2	  

• 	  Will	  provide	  insight	  on	  several	  outstanding	  physics	  puzzles	  
• 	  BC	  Sum	  Rule:	  Viola5on	  suggested	  for	  proton	  at	  large	  Q2	  (SLAC	  E155x)	  

• 	  Longitudinal-‐transverse	  spin	  polarizability:	  benchmark	  test	  of	  χPT,	  
discrepancy	  seen	  for	  neutron	  data	  	  

• 	  Hydrogen	  hyperfine	  spli\ng:	  correc5on	  for	  proton	  structure	  contributes	  
to	  uncertainty	  

• 	  Proton	  charge	  radius:	  contribu5ons	  to	  uncertainty	  include	  proton	  
polarizability	  	  
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Future Experiments 

• 	  Upcoming	  measurements	  at	  JLab	  in	  
the	  12	  GeV	  era	  

• 	  Hall	  A	  	  
• 	  E12-‐06-‐122:	  A1n	  in	  valence	  quark	  
region	  (8.8	  and	  6.6	  GeV)	  

• 	  Hall	  B	  
• 	  E12-‐06-‐109:	  longitudinal	  spin	  
structure	  of	  the	  nucleon	  

• 	  Hall	  C	  
• 	  E12-‐06-‐110:	  A1n	  in	  valence	  quark	  
region	  (11	  GeV)	  
• 	  E12-‐06-‐121:	  g2n	  and	  d2n	  at	  high	  Q2	  
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Finite Size Effects 

Splitting	  expressed	  in	  terms	  of	  Fermi	  Energy	  EF:	  

Where:	  
Atom	  ~	  10-‐10	  

Nucleus	  ~	  10-‐15	  Hyperfine	  Spli\ng	  of	  Hydrogen:	  

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆E = (1 + δ)EF

4

Dominated	  by	  low	  Q2	  g2p	  
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Finite Size Effects ∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

ΔS	  depends	  on	  ground	  state	  and	  excited	  proper5es:	  

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

Determined	  from	  
elas5c	  sca,ering:	  

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

∆Z = −2αmerZ(1 + δ
rad
Z )

1

Involves	  contribu5ons	  where	  
the	  proton	  is	  excited:	  

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞
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dQ
2

Q4
B2(Q

2)
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� xth
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dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν
2
/Q

2

x
th = pion production threshold

1

Involves	  the	  Pauli	  
form	  factor	  and	  g1	  
structure	  func5on	  

Depends	  only	  on	  
the	  g2	  structure	  

func5on	  
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Error Budget 

Source	   %	  

Cross	  Sec5on	   5-‐7	  

PbPt	   4-‐5	  

Radia5ve	  Correc5ons	   3	  

Parallel	  Contribu5on	   <	  1	  

Total	   7-‐9	  

Systema5c	  Error	  Budget	  for	  Polarized	  
Cross	  Sec5on	  Difference	  
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Error Budget 

Source	   %	  

Target	  Polariza5on	   3-‐4	  

Beam	  Polariza5on	   2-‐3	  

Dilu5on	  Factor/Packing	  Frac5on	   ~1	  

Araw =
N

+

LT+Q+ − N
−

LT−Q−

N+

LT+Q+ + N−
LT−Q−

σ
raw

0 =
dσ

raw

dΩdE � =
ps1N

NinρLT �det

1

∆Ω∆E
�∆Z

σ
exp

0 = σ
raw

0 − ρN

ρHE+ρN
σN

∆σ
exp

�,⊥ = 2 · Aexp

�,⊥ · σexp

0

g1 =
MQ

2

4α2e

y

(1−y)(2−y)[∆σ� + tan θ

2∆σ⊥]

g2 =
MQ

2

4α2e

y
2

2(1−y)(2−y)[−∆σ� +
1+(1−y) cos θ
(1−y) sin θ ∆σ⊥]

2

A� =
d2σ↓⇑

dE�dΩ
− d2σ↑⇑

dE�dΩ
d2σ↓⇑

dE�dΩ
+ d2σ↑⇑

dE�dΩ

A⊥ =
d2σ↓⇒

dE�dΩ
− d2σ↑⇒

dE�dΩ
d2σ↓⇒

dE�dΩ
+ d2σ↑⇒

dE�dΩ

Aexp
⊥ =

Araw
⊥

fPtPb

f = dilution factor due to unpolarized material in target cell

Pt = target polarizationPb = beam polarization polarization

1

Experimental Observables:	  
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Error Budget 
Experimental Observables:	  

Araw =
N

+

LT+Q+ − N
−

LT−Q−

N+

LT+Q+ + N−
LT−Q−

σ
raw

0 =
dσ

raw

dΩdE � =
ps1N

NinρLT �det

1

∆Ω∆E
�∆Z

σ
exp

0 = σ
raw

0 − ρN

ρHE+ρN
σN

∆σ
exp

�,⊥ = 2 · Aexp

�,⊥ · σexp

0

g1 =
MQ

2

4α2e

y

(1−y)(2−y)[∆σ� + tan θ

2∆σ⊥]

g2 =
MQ

2

4α2e

y
2

2(1−y)(2−y)[−∆σ� +
1+(1−y) cos θ
(1−y) sin θ ∆σ⊥]

2

Source	   %	  

Acceptance/Op5cs	   ~3	  

Dilu5on	  Factor/Packing	  Frac5on	   ~1	  

Density	   2-‐3	  

Beam	  Charge	   1-‐2	  

Posi5on	  &	  Angle	  Determina5on	   2-‐4	  

Detector	  Efficiencies	   ~1	  

Background	  (pions)	   <	  1	  

Radia5ve	  Correc5ons	   1-‐4	  

Araw =
N+

LT+Q+ − N−
LT−Q−

N+

LT+Q+ + N−
LT−Q−

σraw
0 =

dσraw

dΩdE � =
ps1N

NinρLT �det

1

∆Ω∆E �∆Z

σexp
0 = σraw

0 − σunpol

∆σexp
�,⊥ = 2 · Aexp

�,⊥ · σexp
0

g1 =
MQ2

4α2e

y
(1−y)(2−y)[∆σ� + tan θ

2∆σ⊥]

g2 =
MQ2

4α2e

y2

2(1−y)(2−y)[−∆σ� +
1+(1−y) cos θ
(1−y) sin θ ∆σ⊥]

2
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