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Elastic electron-proton scattering 

	  	  	  	  e+	  p	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  eʹ′	  +	  pʹ′	  
	  	  
•  Fundamental	  process	  in	  hadronic	  physics	  
•  Described	  in	  QED	  (α=	  1/137)	  by	  a	  perturba$ve	  expansion	  
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In	  the	  one-‐photon	  exchange	  approxima$on,	  the	  cross	  sec$on	  is	  a	  product	  of	  the	  
MoS	  cross	  sec$on	  and	  the	  form	  factor	  func$ons	  

    Elastic scattering cross section 

ε	  =rela$ve	  flux	  of	  longitudinally	  polarized	  virtual	  photons	  
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Nucleon elastic form factors 
•  Defined	  in	  the	  context	  of	  single	  photon	  exchange	  
•  Fundamental	  observables	  describing	  the	  distribu$on	  of	  charge	  and	  

magne$sm	  in	  the	  proton	  and	  neutron	  
•  Experimentally,	  data	  approximately	  described	  by	  an	  exponen$al	  fall	  off	  

of	  the	  nucleon’s	  spa$al	  charge	  and	  magne$sm	  	  =>	  dipole	  form	  factor	  	  	  	  	  
	  GE

p(Q2)	  ≈	  (1	  +	  Q2/0.71)-‐2	  	  	  	  	  	  	  	  	  GM
p(Q2)	  ≈	  μp	  (1	  +	  Q2/0.71)-‐2	  	  

•  At	  Q2	  ⇒	  0,	  slope	  of	  electric	  form	  factor	  determines	  the	  proton	  charge	  
radius	  	  

•  At	  Q2	  >>	  1,	  	  σ	  ≈	  σMoS	  G2
D	  ~	  Q-‐12	  

•  FF	  determined	  by	  quark	  structure	  of	  proton	  
•  Will	  be	  calculable	  in	  laece	  QCD	  
•  Elas$c	  electron	  proton	  scaSering	  can	  be	  used	  to	  search	  for	  new	  

physics	  beyond	  the	  Standard	  Model,	  e.g.	  search	  for	  Aʹ′	  with	  DarkLight	  
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σred = εGE
2	  + τGM

2	  

    Form Factors from Rosenbluth Method 

τGM
2	  

GE
2	  

θ=180o θ=0o 
è Determine |GE|, |GM|,|GE/GM| 

One	  can	  define	  the	  reduced	  cross	  secDon	  σred	  
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§  All Rosenbluth data from SLAC and 
Jlab in agreement  

§  Dramatic discrepancy between 
Rosenbluth and recoil polarization 
technique 

§  Contribution of multiple hard photon 
exchange accepted explanation 

Jefferson Lab 2000–today 

Proton Form Factor Ratio 

Dramatic discrepancy! 

>800 citations 
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Validity	  of	  explanaDon	  
•  To	  calculate	  the	  contribu$on	  of	  TPE	  requires	  a	  model	  for	  the	  

nucleon,	  e.g.	  a	  hadronic	  descrip$on	  or	  quark	  based	  model	  
(GPDs).	  

•  In	  general,	  the	  hadronic	  vertex	  func$on	  can	  be	  expressed	  in	  
terms	  of	  three	  independent	  complex	  amplitudes,	  e.g.	  ĞEp(ε,	  
Q2)ĞMp(ε,Q2),	  F3(ε,Q2)	  	  Guichon	  and	  Vanderhaeghen,	  PRL	  91,	  
142303	  (2003).	  

•  There	  are	  significant	  assump$ons	  
	  	  	  	  	  	  and	  large	  uncertain$es.	  	  
•  A	  defini$ve	  experimental	  	  
	  	  	  	  	  determina$on	  of	  the	  	  
	  	  	  	  	  contribu$ons	  beyond	  single	  	  
	  	  	  	  	  photon	  exchange	  is	  demanded.	  
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Jefferson Lab E04-019:  
TPE effects in Recoil Polarization 

•  JLab – Hall C, Q2 = 2.5 (GeV/c)2 
 
•  GE/GM from Pt/Pl constant vs. ε   
 

 è no effect in Pt/Pl   
 è some effect in Pl 

  
•  Discrepancy in FF ratio is all in  
TPE correction to the cross section 

M. Meziane et al., hep-ph/1012.0339v2 
Phys. Rev. Lett. 106, 132501 (2011)  
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DefiniDve	  determinaDon	  of	  contribuDons	  
beyond	  single	  photon	  exchange	  	  	  
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Empirical Extraction of TPE Amplitudes 
J. Guttmann, N. Kivel, M. Meziane, and M. Vanderhaeghen, hep-ph/1012.0564v1   

εmin 

•  ~6% effect for  
OLYMPUS@2.0GeV 
and Q2 ~2.2 (GeV/c)2 
 

•  grows with Q2! 
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RadiaDve	  correcDons	  
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RadiaDve	  CorrecDons	  for	  e+/e-‐	  
•  Radia$ve	  correc$on	  of	  cross	  sec$on	  is	  sizable	  –	  it	  depends	  on	  

the	  details	  of	  the	  experiment,	  e.g.	  	  momentum	  cutoff	  =>	  
resolu$on,	  whether	  photons	  are	  detected,	  etc.	  

•  Exis$ng	  prescrip$ons	  (e.g.	  Maximon	  and	  Tjon)	  ignore	  the	  off-‐
shell	  nature	  of	  the	  γ*p	  interac$on.	  

•  The	  devia$on	  from	  unity	  of	  the	  measured	  ra$o	  of	  positron	  to	  
proton	  yields	  vs.	  angle	  requires	  a	  substan$al	  correc$on	  	  

	  	  	  	  (~	  50%)	  for	  soD	  mul$ple	  photon	  effects	  before	  the	  	  	  	  	  
	  	  	  	  contribu$on	  due	  to	  hard	  mul$ple	  photon	  exchange	  (the	  	  	  
	  	  	  	  purported	  explana$on	  of	  the	  discrepancy)	  can	  be	  isolated.	  	  	  
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The	  Three	  Experiments	  
•  EG5	  CLAS/JLab	  	  	  

	   	  -‐	  secondary	  e+/e-‐	  beams	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  -‐	  data	  taking	  completed	  	  

	   	  -‐	  acquired	  approx.	  12	  million	  elas$c	  events	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  -‐	  analysis	  in	  progress	  	  
	  
•  Novosibirsk	  	  

	   	  -‐	  1-‐1.6	  GeV	  e+/e-‐	  beams	  in	  VEPP-‐3	  storage	  ring	  
	   	  -‐	  large	  acceptance	  non-‐magne$c	  detector	  
	   	  -‐	  design	  luminosity	  5	  x1031	  cm-‐2	  s-‐1	  
	   	  -‐	  result	  reported,	  addi$onal	  data	  taking	  underway	  

	  
•  OLYMPUS/DESY	  	  

	   	  -‐	  2	  GeV	  e+/e-‐	  beams	  in	  DORIS	  storage	  ring	  
	   	  -‐	  large	  acceptance	  toroidal	  spectrometer	  	  
	   	  -‐	  design	  luminosity	  	  2	  x	  1033	  cm-‐2	  s-‐1	  =>	  30	  million	  events	  for	  each	  of	  e+	  and	  e-‐	  
	   	  -‐	  in	  prepara$on	  for	  data	  taking	  in	  2012	  
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KinemaDcs	  
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Richard	  Milner	   EINN2011	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
October	  31,	  2011	  



EG5:	  CLAS	  TPE	  Experiment	  
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Concept	  
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CLAS	  TPE	  Experiment	  
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The	  Novosibirsk	  Experiment	  
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The	  VEPP-‐3	  Electron	  Storage	  Ring	  
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SchemaDc	  view	  of	  detector	  system	  
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Preliminary	  results	  
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Integrated	  luminosity:	  
0.27	  v-‐1	  



Next	  phase	  

23	  

7	  kC	  of	  60	  kC	  collected	  in	  present	  run:	  A.	  Gramolin,	  Oct	  13,	  2011	  
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OLYMPUS	  @	  DESY	  

DORIS 



• Electrons/positrons	  (100mA)	  in	  mul$-‐GeV	  storage	  ring	  DORIS	  at	  
DESY,	  Hamburg,	  Germany	  

• Unpolarized	  internal	  hydrogen	  gas	  target	  3x1015	  at/cm2	  @	  100	  mA	  
→	  L	  =	  2x1033	  /	  (cm2s)	  

• Large	  acceptance	  detector	  for	  e-‐p	  in	  coincidence:	  u$lize	  exis$ng	  
BLAST	  detector	  from	  MIT-‐Bates	  	  

• Redundant	  monitoring	  of	  luminosity:	  
Pressure,	  temperature,	  flow,	  current	  measurements	  
Small-‐angle	  elas$c	  scaSering	  at	  high	  epsilon	  /	  low	  Q2	  

Symmetric	  Moller/Bhabha	  scaSering	  

•  	  	  Measure	  raDo	  of	  positron-‐proton	  to	  electron-‐proton	  
	  	  unpolarized	  elasDc	  sca_ering	  to	  1%	  stat.+sys.	  	  

The	  OLYMPUS	  Experiment	  
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	  	  	  	  	  The	  OLYMPUS	  Detector	  

27	  

θe pe' θp pp Q2 ε Counts 
deg. GeV/c deg.  GeV/c (GeV/c)2   
24 1.69 57.0 0.82 0.58 0.905  26.5 million 
32 1.51 47.8 1.08 0.92 0.828  4.8 million 
40 1.33 40.7 1.31 1.26 0.735  1.2 million 
48 1.17 35.4 1.50 1.56 0.636  0.4 million 
56 1.03 31.0 1.66 1.82 0.538     168 k 
64 0.91 27.2 1.79 2.0 0.449       80 k 
72 0.81 23.8 1.91 2.23 0.367       43 k 

 

!3.6	  v-‐1	  integrated	  luminosity	  
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• 	  2	  GeV	  incident	  beam	  energy	  	  
• 	  Luminosity	  =	  2	  x	  1033	  cm-‐2	  s-‐1	  
• 	  500	  hours	  each	  for	  e+	  and	  e-‐	  
• 	  3.6	  v-‐1	  integrated	  luminosity	  
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July	  2011	  



Status	  and	  Plans	  
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•  All	  components	  installed	  and	  opera$onal	  
•  Design	  luminosity	  comfortably	  aSained	  at	  2	  GeV	  
•  Both	  e+	  and	  e-‐	  beams	  of	  100	  mA	  intensity	  available	  
•  Internal	  gas	  target	  operates	  up	  to	  x3	  above	  design	  thickness	  
•  Fast	  reversal	  of	  lepton	  sign	  implemented	  	  	  
•  Beam	  quality	  op$mized	  with	  tuning	  and	  collima$on	  
•  Toroid	  rou$nely	  opera$ng	  up	  to	  full	  field	  in	  both	  direc$ons	  
•  Electronic	  noise	  in	  detectors	  substan$ally	  reduced	  
•  Stable	  DAQ	  opera$on	  
•  Symmetric	  Moller/Bhabha	  lumi	  monitor	  brought	  into	  stable	  opera$on	  
•  12	  deg.	  Elas$c	  lumi	  monitor	  (GEMs	  +	  MWPCs)	  in	  opera$on	  
•  Several	  shi~s	  of	  data	  at	  design	  luminosity	  with	  all	  detectors	  working	  obtained	  
	  
•  Analysis	  of	  recent	  data	  a	  high	  priority	  
•  Expect	  further	  short	  beam	  runs	  before	  Christmas	  
•  Access	  in	  January	  2012	  
•  Data	  taking	  run	  in	  February	  2012	  
•  Subsequent	  data	  taking	  run	  planned	  for	  	  November	  and	  December	  2012	  



design	  flow	  rate	  

Stored	  current:	  40-‐45	  mA	  
No	  NEG	  pumping	  

Preliminary	  



Summary	  
•  Major	  discrepancy	  in	  determina$on	  of	  proton	  form	  factor	  ra$o	  

has	  been	  observed.	  	  
•  Contribu$ons	  beyond	  single	  photon	  exchange	  in	  QED	  

descrip$on	  of	  elas$c	  electron	  proton	  scaSering	  believed	  to	  be	  
source	  of	  discrepancy.	  	  However,	  theore$cal	  guidance	  is	  only	  
qualita$ve.	  

•  This	  undermines	  the	  ability	  to	  extract	  unambiguously	  the	  proton	  
charge	  and	  magne$c	  form-‐factors.	  

•  Defini$ve	  experimental	  determina$on	  of	  contribu$ons	  beyond	  
single	  photon	  exchange	  is	  demanded.	  

•  Experiments	  at	  JLab,	  Novosibirsk,	  and	  DESY	  are	  underway	  to	  
provide	  defini$ve	  precise	  data	  to	  determine	  contribu$on	  
beyond	  single	  photon	  exchange.	  

•  An$cipate	  new	  experimental	  data	  from	  all	  experiments	  within	  
the	  next	  year.	  
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