
EMC ~ density 
~ local density  

EMC ̃ (Aa – 1) 

~ local density 

EXPERIMENTAL HALL C 	


Addition of a Super-High Momentum 
Spectrometer	
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Expected Results
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Predictions for A1 and !q/q at large x
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The only place QCD can make absolute predictions for structure functions.
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E12-06-105 Inclusive Scattering from 
Nuclei at x > 1 in the quasielastic and 
deeply inelastic regimes

• Moderate Q2 and large x
• Two and multi-nucleon correlations

• A-dependence of strength, density 
dependence, non-isoscalarity

• Provide tests of ‘exact’ calculations [S(k,E)] 
through !, expose role of FSI

• Extrapolation to NM
• Very high Q2 and 1 < x < 1.5

• Extraction of SF and underlying quark 
distributions at x > 1

• Provide insight into origin of EMC effect, 
extreme sensitivity to non-hadronic 
components

Two distinct 
processes, mixed 
together in inclusive 
spectrum

The two processes share the same initial state
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SIDIS	
  

Superfast	
  
quarks	
  

EMC	
  effect	
  

Neutron	
  FF	
  

Q2 (GeV/c)2 4.0 5.2 6.9

E0 (GeV) 4.4 6.6 11.0

e (deg) 36.3 26.3 16.8

Real-Event Rate (Hz) 2.93 2.64 2.29

AY (%) 7.2 5.8 4.6

LD2 DAQ Time (days) 10 15 30

LH2, Dummy, other (days) 1 1.5 2.5

R/R [stat & syst] 10.5% 13.0% 16.6%

More complete evaluation of nucleon models, comparison in region of quark core dominance

Model-independent information of nucleon structure;  Direct comparison of GEp and GEn to 
examine the difference between up and down quark contributions

New constraints on the neutron Generalized Parton Distributions

Extraction of detailed charge structure of neutron

Direct comparison with results of 6 and 12 GeV GEn measurements from 3He, with lower 
backgrounds, smaller/different systematic uncertainties and nuclear corrections
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Pion	
  and	
  Kaon	
  FF	
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If the K+ pole dominates low -t 
L, we would for the first time 

extract FK above the resonance 
region (W>2.5 GeV)

Projected uncertainties for L
use the L/T ratio from Hall C 
parameterization
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Form factors and GPDs are essential to understand the structure of 
nucleons, which make up nucleons and mesons (q-q systems)

But measurements of form factors and 
GPDs have certain prerequisites:

Before we can start looking at form factors, 
we must make sure that L is dominated by 
the meson pole term at low -t
Before we can learn about GPDs, we must 
demonstrate that factorization applies

A comparison of pion and kaon production 
data may shed further light on the reaction 
mechanism, and intriguing 6 GeV pion 
results

F , K

, K, 
etc 

Hard Scattering

GPD

, K, 
etc.
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Color	
  
Transparency	
  

d2n	
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A1n	
  

JLab	
  E03-­‐103	
  

E12-­‐10-­‐008	
  will	
  map	
  out	
  in	
  greater	
  details	
  the	
  A-­‐dependence	
  
of	
  the	
  EMC	
  effect	
  for	
  A	
  ≤2	
  

From	
  E03-­‐103	
  (3He,	
  4He,	
  9Be	
  and	
  12C):	
  	
  
o  Very	
  hard	
  to	
  explain	
  large	
  3He	
  –	
  9Be	
  difference	
  in	
  r-­‐dependent	
  fit	
  
o  Hard	
  to	
  explain	
  large	
  3He	
  –	
  4He	
  difference	
  in	
  mass-­‐dependent	
  fit	
  
o  “Local	
  density”	
  works	
  well,	
  provides	
  different	
  predicQons	
  

è	
  IndicaQon	
  of	
  cluster	
  dependence:	
  

E12-­‐09-­‐016	
  will	
  extend	
  this	
  to	
  10	
  GeV2	
  using	
  
polarized	
  3He	
  target	
  in	
  Hall	
  A.	
  	
  

	
  
In	
  Hall	
  C,	
  E12-­‐11-­‐009	
  Recoil	
  polarizaQon	
  

measurement	
  from	
  2H,	
  can	
  provide	
  addiQonal	
  data	
  
with	
  very	
  different	
  systemaQcs.	
  

Projected	
  E12-­‐11-­‐009	
  
	
  x	
  	
  Projected	
  E12-­‐09-­‐016	
  

Measurements	
  of	
  GE
n	
  in	
  high	
  Q2	
  range	
  provide	
  important	
  insight:	
  

–	
  Complete	
  set	
  of	
  form	
  factors	
  in	
  region	
  with	
  small	
  pion	
  cloud	
  contribuQons	
  
–	
  Extract	
  scalar,	
  vector	
  form	
  factors,	
  allows	
  separaQon	
  of	
  up,	
  down	
  quark	
  contribuQons	
  (neglecQng	
  strangeness)	
  
–	
  Directly	
  sensiQve	
  to	
  up	
  and	
  down	
  quark	
  distribuQons	
  in	
  quark	
  core	
  
–	
  Model-­‐independent	
  extracQon	
  of	
  neutron	
  infinite-­‐momentum	
  frame	
  [IMF]	
  charge	
  density	
  [Miller	
  (2007)	
  ;	
  Venkat,	
  et	
  al.	
  (2010)]	
  
–	
  La^ce	
  QCD: 	
  	
  
	
  	
  	
  	
  	
  	
  *	
  isovector	
  form	
  factor	
  (GEp-­‐GEn)	
  cancels	
  disconnected	
  diagrams	
  
	
  	
  	
  	
  	
  	
  *	
  Region	
  of	
  interest	
  for	
  Dyson-­‐Schwinger	
  EquaQon	
  calculaQons	
  
	
  

Form	
  factors	
  and	
  GPDs	
  are	
  essenQal	
  to	
  understand	
  the	
  
structure	
  of	
  nucleons.	
  

The	
  Q2	
  dependence	
  of	
  Fπ	
  is	
  also	
  consistent	
  with	
  hard-­‐soR	
  
factorizaTon	
  predicTon	
  (Q-­‐2)	
  at	
  values	
  Q2>1	
  GeV2	
  

	
  
BUT	
  the	
  observed	
  magnitude	
  of	
  Fπ	
  is	
  larger	
  than	
  the	
  hard	
  
QCD	
  predicTon	
  
–	
  Could	
  be	
  due	
  to	
  QCD	
  factorizaTon	
  not	
  being	
  applicable	
  in	
  
this	
  regime	
  
–	
  Or	
  insufficient	
  knowledge	
  about	
  addiTonal	
  soR	
  
contribuTons	
  from	
  the	
  meson	
  wave	
  funcTon	
  
of	
  the	
  onset	
  of	
  factorizaTon	
  

Comparing	
  the	
  observed	
  Q2	
  dependence	
  
of	
  σL,T	
  and	
  FF	
  magnitude	
  with	
  kaon	
  
producQon	
  would	
  allow	
  for	
  beder	
  
understanding	
  of	
  the	
  onset	
  of	
  

factorizaQon	
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Form factors and GPDs are essential to understand the structure of 
nucleons, which make up nucleons and mesons (q-q systems)

But measurements of form factors and 
GPDs have certain prerequisites:

Before we can start looking at form factors, 
we must make sure that L is dominated by 
the meson pole term at low -t
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Hadron	
  propagaQon	
  through	
  the	
  nuclear	
  medium	
  is	
  a	
  key	
  element	
  of	
  the	
  
nuclear	
  many	
  body	
  problem.	
  At	
  high	
  energies,	
  the	
  main	
  process	
  is	
  the	
  
reducQon	
  of	
  hadron	
  flux.	
  This	
  reducQon	
  is	
  called	
  nuclear	
  transparency.	
  
CT	
  is	
  the	
  result	
  of	
  “Squeezing	
  and	
  Freezing”:	
  	
  
At	
  sufficiently	
  high	
  momentum	
  transfers,	
  scadering	
  
takes	
  place	
  via	
  selecQon	
  of	
  amplitudes	
  
characterized	
  by	
  small	
  transverse	
  size	
  (PLC)	
  -­‐	
  
“squeezing”.	
  The	
  compact	
  size	
  is	
  maintained	
  while	
  
traversing	
  the	
  nuclear	
  medium	
  -­‐	
  “freezing”.	
  The	
  PLC	
  
is	
  ‘color	
  screened’	
  -­‐	
  it	
  passes	
  undisturbed	
  through	
  
the	
  nuclear	
  medium.	
  
	
  

CT	
  is	
  important	
  for	
  understanding	
  
nuclei	
  in	
  terms	
  of	
  quarks	
  and	
  gluons	
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Transverse	
  Momentum	
  Dependence	
  of	
  Semi-­‐Inclusive	
  Pion	
  
and	
  Kaon	
  ProducQon	
  

o  Not	
  much	
  is	
  known	
  about	
  the	
  orbital	
  moTon	
  of	
  partons	
  
o  Significant	
  net	
  orbital	
  angular	
  momentum	
  of	
  valence	
  quarks	
  

implies	
  significant	
  transverse	
  momentum	
  of	
  quarks	
  

Goal:	
  Map	
  the	
  pT	
  dependence	
  (pT	
  ~	
  Λ	
  <	
  0.5	
  GeV)	
  of	
  π+	
  
and	
  π-­‐	
  producQon	
  off	
  proton	
  and	
  deuteron	
  targets	
  to	
  
study	
  the	
  kT	
  dependence	
  of	
  (unpolarized)	
  up	
  and	
  down.	
  

How	
  does	
  the	
  gluon	
  field	
  respond	
  when	
  a	
  nucleon	
  is	
  polarized	
  ?	
  	
  

o  d2	
  is	
  a	
  clean	
  probe	
  of	
  quark-­‐gluon	
  
correlaTons	
  /	
  higher	
  twist	
  effects	
  

o  Connected	
  to	
  the	
  color	
  Lorentz	
  
force	
  acTng	
  on	
  the	
  struck	
  quark
(Burkardt):	
  same	
  underlying	
  
physics	
  as	
  in	
  SIDIS	
  k⊥	
  studies	
  	
  

o  InvesTgate	
  the	
  present	
  
discrepancy	
  between	
  data	
  and	
  
for	
  d2n	
  at	
  theories.	
  

Moderate	
  Q2	
  and	
  large	
  x	
  
•	
  Two	
  and	
  mulT-­‐nucleon	
  correlaTons	
  	
  
•	
  A-­‐dependence	
  of	
  strength,	
  density-­‐
dependence,	
  non-­‐isoscalarity	
  	
  
•	
  Provide	
  tests	
  of	
  ‘exact’	
  calculaTons	
  
[S(k,E)]	
  through	
  σ,	
  expose	
  role	
  of	
  FSI	
  	
  
•	
  ExtrapolaTon	
  to	
  nuclear	
  majer	
  

Very	
  high	
  Q2	
  and	
  1	
  <	
  x	
  <	
  1.5	
  
•	
  ExtracTon	
  of	
  SF	
  and	
  underlying	
  
quark	
  distribuTons	
  at	
  x	
  >	
  1	
  
•	
  Provide	
  insight	
  into	
  origin	
  of	
  EMC	
  
effect,	
  extreme	
  sensiTvity	
  to	
  non-­‐
hadronic	
  components	
  

For	
  most	
  cases,	
  QCD	
  cannot	
  predict	
  the	
  value	
  of	
  structure	
  
funcQons	
  because	
  of	
  their	
  non-­‐perturbaQve	
  nature.	
  	
  

	
  

However,	
  the	
  large	
  x	
  region	
  
provides	
  a	
  handful	
  of	
  
excepTons:	
  
o  F2p/F2n	
  and	
  d/u	
  	
  
o  A1p,	
  A1n	
  ,	
  or	
  Δu/u	
  and	
  

Δd/d	
  
At	
  large	
  x,	
  valence	
  quarks	
  dominate,	
  a	
  relaTvely	
  clean/easy	
  
region	
  to	
  study/model	
  the	
  nucleon	
  


