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Ø e-N scattering is a clean scalpel to study basic properties of the nucleon such as 
charge, magnetization, spin and flavor distributions/dynamics.  

Ø Super BigBite Spectrometer (SBS) program in Hall A at Jefferson Lab

Ø Large acceptance spectrometer + high luminosity + high target polarization

Ø Present SBS focus: Measurement of nucleon elastic form factors at large Q2
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Kinematics and Elastic Cross Section

Measure 𝐸, 𝐸!, 𝜃	 → 𝑄", 𝑊
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𝛾∗ 𝑞 = (𝜈, �⃑�)

𝑃 = (𝐸" , �⃑�") 

e- e-

N N 𝑃! = (𝐸"! , �⃑�"! ) 

Unpolarized elastic scattering

Fixed target N(e,e’)
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Ø Sachs form factors ~ not too different from dipole FF at lower Q2 (ex. GE
n)

Ø Lots of nucleon dynamics entering at large Q2 

World Form Factor Data versus Dipole FF

proton GM
p/GD

neutron GE
n/GD

proton GE
p/GD

Plots from “50 years of QCD”,  hep-ph>arXiv:2212.11107

neutron GM
n/GD

New SBS data
under analysis

https://arxiv.org/list/hep-ph/recent
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S. Riordan, et al., PRL 105 (2010) 262302

Neutron GE
n/GM

n
   versus Q2

Ø GE
n measured to Q2 ~ 3.5 GeV2

Ø All other FFs measured to Q2 ~ 10 GeV2

Ø Large Q2 à theory not constrained

Ø Highest Q2 data was measured by this 
collaboration in ~2009 using 6 GeV beam on 
polarized 3He

Ø Goal of this experiment:  Measure          to Q2 ~10 GeV2 using the quasi-elastic

     reaction                       to further our understanding of nucleon structure.
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Form Factors and GPDs

Ø With sufficient precision, proton and neutron FF measurements can 
be used for flavor decomposition

Ø These can be used to further constrain moments of GPDs

M. Diehl, arXiv:hep-ph/0307382v2

Ø Related to PDFs

Ø Notice no s-quarks 
à see K. Paschke’s talk



Interesting Behavior from Flavor Decomposition

G. D. Cates, C.W. de Jager, S. Riordan, B. Wojtsekhowski, PRL 106, 252003 (2011)

Decomposition above Q2 =1 GeV2 possible with arrival of GE
n results to Q2 = 3.4 GeV2

<latexit sha1_base64="WWU4ndrBm7c6v6SuruMJVwuGZ9k=">AAACAHicbZDLSgMxFIbP1Futt9EKLgQJFkEQykwRFUEoCOKygr1AO5ZMmtrQTGZIMkIp3fgCPoQbF4q4de3ahTvfxkzbhbYeCPn4/3NIzu9HnCntON9WamZ2bn4hvZhZWl5ZXbPXNyoqjCWhZRLyUNZ8rChngpY105zWIklx4HNa9bvniV+9o1KxUFzrXkS9AN8K1mYEayM17a2LpnsTozNUSCBCByi5RaZp55y8Myw0De4YcsXsw+nm58dOqWl/NVohiQMqNOFYqbrrRNrrY6kZ4XSQacSKRph08S2tGxQ4oMrrDxcYoD2jtFA7lOYIjYbq74k+DpTqBb7pDLDuqEkvEf/z6rFun3h9JqJYU0FGD7VjjnSIkjRQi0lKNO8ZwEQy81dEOlhiok1mSQju5MrTUCnk3aP84ZVJowCjSsM27MI+uHAMRbiEEpSBwAAe4RlerHvryXq13katKWs8k4U/Zb3/ACqWlnk=</latexit>

Fu
1 = 2F p

1 + Fn
1

<latexit sha1_base64="s4nL+uRnjTTGhMDt4TqL0k11WRs=">AAAB/3icbZDLSgMxFIYz9VbrbbTiRpBgEQShzBRREYSCIC4r2Au045DJpG1oJjMkGaGMXfgEvoMbF4q4de/ahTvfxkzbhbYeCPn4/3PIye9FjEplWd9GZmZ2bn4hu5hbWl5ZXTPXN2oyjAUmVRyyUDQ8JAmjnFQVVYw0IkFQ4DFS93rnqV+/JULSkF+rfkScAHU4bVOMlJZcc+vCtW98eAZLKXB4ANM7cs2CVbSGBafBHkOhnH843fz82Km45lfLD3EcEK4wQ1I2bStSToKEopiRQa4VSxIh3EMd0tTIUUCkkwz3H8A9rfiwHQp9uIJD9fdEggIp+4GnOwOkunLSS8X/vGas2idOQnkUK8Lx6KF2zKAKYRoG9KkgWLG+BoQF1btC3EUCYaUjy+kQ7MkvT0OtVLSPiodXOo0SGFUWbINdsA9scAzK4BJUQBVgcAcewTN4Me6NJ+PVeBu1ZozxTB78KeP9B9U0llQ=</latexit>

F d
1 = 2Fn

1 + F p
1

also for F2

<latexit sha1_base64="/HeIuwGBaJBdC3Q5OTOVCAo3rkU=">AAACFHicbZDLSgMxFIbP1Futt6pLN8EiFMQyU0XdCAVBXFawF2jHkkkzbWjmQpIRyjBv4MaNr+LGhSJupbhz5auYXgRt/SHw851zODm/E3ImlWl+Gqm5+YXFpfRyZmV1bX0ju7lVlUEkCK2QgAei7mBJOfNpRTHFaT0UFHsOpzWndz6s126pkCzwr1U/pLaHOz5zGcFKo1Z2/6Jl3YToDDVdgUlcTOLDZIgidDBB1g9qt7I5s2COhGaNNTG5Uv5rMOjcQbmV/Wi2AxJ51FeEYykblhkqO8ZCMcJpkmlGkoaY9HCHNrT1sUelHY+OStCeJm3kBkI/X6ER/T0RY0/KvufoTg+rrpyuDeF/tUak3FM7Zn4YKeqT8SI34kgFaJgQajNBieJ9bTARTP8VkS7WUSidY0aHYE2fPGuqxYJ1XDi60mkUYaw07MAu5MGCEyjBJZShAgTu4RGe4cV4MJ6MV+Nt3JoyJjPb8EfG+zfq1qCQ</latexit>

F p
1 =

2

3
Fu
1 � 1

3
F d
1

<latexit sha1_base64="cZRQTUEw2M1GbLuK3zH53mSKJMQ=">AAACFXicbZDLSgMxFIbPeK31VnXpJliEglpmqqgboSCIywr2Am0tmTTThmYyQ5IRytA3cOXGV3HjQhG3FneufBXTi6CtPwR+vnMOJ+d3Q86Utu1Pa2Z2bn5hMbGUXF5ZXVtPbWyWVBBJQosk4IGsuFhRzgQtaqY5rYSSYt/ltOx2zgf18i2VigXiWndDWvdxSzCPEawNaqT2LxrOjUBn6KDmSUxipxcf9gYsQntohHI/qNlIpe2sPRSaNs7YpPOZr36/dQeFRuqj1gxI5FOhCcdKVR071PUYS80Ip71kLVI0xKSDW7RqrMA+VfV4eFUP7RrSRF4gzRMaDenviRj7SnV913T6WLfVZG0A/6tVI+2d1mMmwkhTQUaLvIgjHaBBRKjJJCWad43BRDLzV0Ta2EShTZBJE4IzefK0KeWyznH26MqkkYORErANO5ABB04gD5dQgCIQuIdHeIYX68F6sl6tt1HrjDWe2YI/st6/AVYloMM=</latexit>

Fn
1 = �1

3
Fu
1 +

2

3
F d
1 ß à, ,



7

Neutron Charge Distribution

NSAC 2007 Report, “recent achievement”
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~pi = � ~pf

Ø Non-relativistic:  Fourier transform of lab frame spatial distributions

Ø With relativistic corrections:   No probabilistic interpretation,

Ø Breit Frame:                   à probabilistic interpretation but…model-
dependent boost corrections
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|pf | 6= |pi|

What is the charge distribution within the nucleon?  à  Frame dependent 👿

à The charge distribution of the neutron 
was mapped precisely and with high 
resolution. The measurements confirmed 
that the neutron has a positively charged 
core and a negatively charged pion cloud. 

Breit Frame neutron
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John Arrington, ANL

Neutron Charge Distribution in IMF (2008)

x < 0.23

x > 0.23

Ø Low x

Ø Med x

Ø High x

Miller, Arrington PRC 78, 032201 (R) (2008)

total

Transverse charge distribution

Transverse charge density vs. b
found to have negative core…hmmmm…
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Ø IMF: Model-independent interpretation
 

Ø No recoil correction needed



Phase Space Interpretation (2020)

Appearance (disappearance) of negative neutron core in IMF (BF) is due to 
contribution from magnetization as nucleon momentum increases.  Interpreted 
as the frame-dependence of the direction of the nucleon polarization.

Ø BF

Ø IMF

Pz = average longitudinal 
momentum

C. Lorce, PRL 125, 232002 (2020)
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GE
n Double Polarization Method

Ø Measure asymmetry for 
scattering longitudinally 
polarized electrons from 
polarized 3He

Minimize
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SEOP Polarized 3He Target

Ø See talk by Arun Tadepalli, Weds. 11:00

Ø Glass convection cell
Ø Pressure ~ 10 atm
Ø 45 uA rastered beam
Ø Length = 60 cm
Ø P_max ~ 50% in beam
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Experimental Setup for GE
n

Ø Small cross sections require spectrometers with large angular and momentum 
acceptance

Ø SBS = Super BigBite Spectrometer system:  electron spectrometer (BigBite) and 
hadron calorimeter (HCAL)

Energy Q^2 BB angle HCAL angle P_nucleon P_elect.
(GeV) (GeV^2) (deg) (deg) (GeV) (GeV)

4.20 2.9 29.5 34.7 2.36 2.70
6.30 6.6 35.9 21.6 4.45 2.79

8.40 9.7 35.0 17.5 6.15 3.22

Ø Longitudinal beam polarization > 80%
Ø Polarized 3He target
Ø BigBite: 𝛺 = 70-90 msr for 𝜃 ≥ 30∘
Ø SuperBigBite: 𝛺 = 72 msr for 𝜃 ≥ 15∘
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SBS Floor Layout – Hall A Jefferson Lab

HCAL

SBS magnet

BigBite Spectrometer

e- beam
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Hadron calorimeter

SBS vertical 
bend magnet 
for p/n 
separation

Hadron 
Calorimeter
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BigBite Electron Spectrometer

4xGEMs GEM EM
Calorimeter

Hodoscopes
Gas

Cherenkov
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(GeV)

Glimpses of Analysis
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HCAL hits,  x vs. y

HCAL efficiency ~ 95%

Shower energy (GeV)

EM calorimeter
Ø PID, trigger

S. Jeffas, P. Datta, A. Puckett
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CURRENT STATUS

Ø First run complete Q2 = 2.9, 6.6 + some 9.7 GeV2

Ø Second run in progress at Q2 = 9.7 GeV2

Where are we?

G. Cates



Summary

Ø GE
n has been measured at Q2 = 2.9 and 6.6 GeV2 with precision ~ 15-20%

Ø We’ve collected >60% of data at Q2 = 9.7 GeV2 – ongoing, expect precision ~ 20%

Ø Highest performing SEOP target ever used

Ø Two additional polarized FF measurements will be made in the next 2 years using 
recoil polarimetry:

Ø GE
n at Q2 = 4.5 GeV2 

Ø GE
p up to Q2 ~ 12 GeV2 (next talk by D. Jones)

Ø Also note the SBS program has measured GM
n to Q2 ~ 10 GeV2 

Ø Beyond FFs, SBS will measure SIDIS, TDIS, PV e-p, …….


