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Next years SBS experiments
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The SBS layout in Hall C
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The target is moved 
downstream by 3 m

SBS magnet need to be 
moved up according to 
level of the beam line
In Hall C
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Super Bigbite Spectrometer

Beam line is very close to 
the detector aperture:
down to 2.2 degree

At forward angle 15 deg SBS covers 22% of the full 2p azimuthal angle

SBS concept in Feb. 2007, BW for GEp



Two-arm SBS/BB setup
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<latexit sha1_base64="pJGPt3v4vwmojjJSUuC8KKAA/fs="></latexit>

�p/p = 0.0029 + 0.0003⇥ p[GeV]
�✓ = 0.14 + 1.3/p[GeV], mrad

⌦ = 72 msr, for ✓ � 15�

⌦ = 30 msr, for ✓ = 7.5�
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�p/p = 0.08 + 0.004⇥ p[GeV]
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A typical two-body final state 
process (e,e’x): Elastic FF,
DVCS, SIDIS, Compton, …

Relative range of DQ2/Q2 ~ 0.1

Range of z ~ PX / |q| ~ 0.75-1

Range of    Pperp / PX ~ 0.1

Effectively FOM is defined by 
acceptance of the one arm

Two-arm SBS/BB setup for e,e’x



One- and Two-Arm experiments (O&TA)

Many productive experiments in the field belong to 
the category One- and Two-Arm: 

Among them are DIS, SIDIS, FFs (GEP), WACS, DVCS, .... 

The main advantage of these “simple” (e,e’) and (e,e’h/g) is 
the simplicity of such processes for physics interpretation

The productivity of an experiment or Figure-of-Merit:

FOM = L � �1(��2)
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FOM = L� �electron = 1038 · 0.07 = 7� 1036

electron/s� nucleon/cm2 � sr

Now we can formulate detector configuration 
for productive one- and two-arm experiments

Ø Magnetic analysis with “vertical bend” 
Ø Moderate solid angle >> universal spectrometer
Ø Independent arms   
Ø Small angle capability down to 3.5 degree 
Ø Space behind magnet for segmented PID, polarimeter
  

One- and Two-Arm experiments (O&TA)
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FOM = L� �electron = 1038 · 0.07 = 7� 1036

electron/s� nucleon/cm2 � sr

Now we can formulate detector configuration 
for productive one- and two-arm experiments

Ø Magnetic analysis with “vertical bend” => “protected” detector
Ø Moderate solid angle    => on level of 20% of 2p
Ø Independent arms    => full range of angles
Ø Small angle capability   => high x, t, low x
Ø Space for segmented PID, polarimeter => RICH counter, HCAL

One- and Two-Arm experiments (O&TA)
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Where is SBS/BB system useful?
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In the process with one or two particles final state

• High Q2, e.g. elastic nucleon form factors, GMn-18, DVCS

• Large acceptance, e.g. polarized target He-3, NH3/ND3: g1/g2

• Two-arm high-z experiments, e.g. SIDIS, H(e,e’f), D(g,pn)

• Large acceptance high luminosity, e.g. AVFF, pEMC



The SBS physics program  
Ø GEP : will reach 12 (GeV/c)2 

Ø GMN: reach 13.5 (GeV/c)2 and nTPE at 4 (GeV/c)2

Ø GEN:  reach 10 (GeV/c)2

Ø KLL (pion photo-production at high s/t/u) 
Ø GEn-RP at 4 (GeV/c)2

Ø  GEp+ 3.7 (GeV/c)2, for TPE with positron beam
=================================
Ø SSA in nSIDIS: 30,000 gain vs HERMES   - approved
Ø polarized WACS --       - approved  
Ø Strange FF at 2.5 (GeV/c)2                                        - approved

Ø Tagged DIS – luminosity 100 x BONUS – on the way to approval
Ø Axial Vector FF  -- presented to Hall C 1/13
Ø GMn-18   – presented to Hall C 1/14
Ø H(e,e’f)  -- DVVM  – presented to Hall C 1/14
Ø D(e,e’ns) – proton EMC  – presented to Hall C 1/14

Ø GEn-RP at 7-8 (GeV/c)2  – needs to be developed
Ø Deuteron physics: SBS + NH3/ND3
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The SBS physics in Hall C  

Ø SSA in nSIDIS: 30,000 gain vs HERMES   - approved
Ø polarized WACS --       - approved  
Ø Strange FF at 2.5 (GeV/c)2                                        - approved

Ø Tagged DIS – luminosity 100 x BONUS – on the way to full approval
Ø Axial Vector FF   –  proposal for PAC53 writing 
Ø GMn-18    –  LOI for PAC53
Ø H(e,e’f)  -- DVVM   –  presented to Hall C 1/14
Ø D(e,e’ns) – proton/neutron EMC  –  LOI for PAC53

Ø GEn-RP at 7-8 (GeV/c)2  – needs to be developed
Ø Deuteron physics: SBS + NH3/ND3
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From the Sachs FFs to the ratio F2/F1 
and the Belitsky, Ji,Yuan “log” scaling 

The goal is understanding of the nucleon

Orbital moment !

Puckett et al 2011
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Flavor contributions to the nucleon FFs

The down quark contribution
to the F1 proton form factor is 
strongly suppressed at high Q2
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CJRW (u/d from elastic form factors)
Phys. Rev. Lett. 106 (2011)  

M.Diehl and P.Kroll (GPDs)
Eur.Phys.J. C73 (2013) 2397 

Using the D&K table of Fu, Fd
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F1 decomposition at very large Q2
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Now is the right time
to get GMn-18
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Diehl-Kroll GPDs analysis (2013)

At -t = 6 GeV2  Hd  is 12 times smaller than Hu 

Positive Hd => negative F1
d 
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SIDIS, E12-09-018
G. Cates, E. Cisbani, G. Franklin, A. Puckett, B. Wojtsekhowski 
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SIDIS, E12-09-018



Tagged DIS, C12-14-010

The Sullivan process

Deuteron
Spectator proton 

almost free neutron

TDIS is a pioneering experiment that will provide the first direct 
measure of the mesonic content of nucleons. 

The technique used to extract meson structure function is a necessary 
first step for future experiments at the EIC & 22 GeV JLab.

1/16/25

J. Arrington, C. Ayerbe Gayoso, D. Dutta, E. Fuchey, T. Horn, C. Keppel, 
P. King, N. Liyanage, S. Li, R. Montgomery, A. Tadepalli, B. Wojtsekhowski 
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Nonzero Strange FF, E12-23-004

HCAL
modules

NPS
crystals

Discovery potential – non zero sFF

R. Beminiwattha, D. Hamilton, C. Palatchi, K. Paschke, B. Wojtsekhowski 
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Nonzero Strange FF, E12-23-004



Axial-Vector Form Factor

T. Averett, J. Napolitano, B. Wojtsekhowski, W. Xiong
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e + p => n + n
high energy
threshold!

100 ps TOF



Challenges in the study  e + p --> n + n 
• Cross section for the weak process is ~ 10-39 cm2/sr

• Pion photo-production cross section ~ 108 of the weak one

• Proton rate from electron elastic e-p ~ 107 of the weak one
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The solutions are
1) High resolution TOF, 100 ps => selection elastic recoiled neutrons
     It allows us to reduce relevant photon energy range to 1% near the end-point
     and, as result, the pion-neutron rate, esp. due to 2% shift (pion mass effect).

2) Veto of the high momentum pion in SBS – a factor 10+ (limited by pion decay)  

3) Helicity asymmetry is 100% for the signal and of 10-7 for the pion channel. 
<latexit sha1_base64="YGSRkfaf0eO0Avh8pJ21ntoUFAs="></latexit>

N⌫ = N+ �N�
<latexit sha1_base64="hsRnTF6LTnx2A9u0/aW0J1ddzKE="></latexit>

N⌫ = 20k ± 5k



e + p => n + n

Axial-Vector Form Factor

T. Averett, J. Napolitano, B. Wojtsekhowski, W. Xiong
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high energy
threshold!

100 ps TOF

Steve’s design:
flipped the arms



Polarized WACS, E12-17-008 
D. Day, D. Hamilton, D. Keller, G. Niculescu, B. Wojtsekhowski, J. Zhang 
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Polarized WACS, CPS 
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NIM-A 957 (2020) 163429 
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Polarized WACS, E12-17-008 

Axial FF again



Experiments on the polarized targets

• Polarized Wide Angle Compton Scattering, E12-17-008

• Pion photoproduction from neutron – replacement of ALL/He-3
• Polarized deuteron to p-n – higher photon energy
• Pion photoproduction from proton

• T20 in polarized D(e,e’d) – 10-20x larger solid angle
• Proton g1/g2     – BB/SBS has large solid angle and tracking
• High-x A1/A2 using He-3 and SBS/BB
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Tensor Polarized D(e, e’ d)
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1                1.5 GeV2



Tensor Polarized D(e, e’ d)
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Luminosity internal target: 

100 mA x 1x1013 atoms/cm2 

L ~ <  1x1032 Hz/cm2

Solid ND3 => L ~1x1034 Hz/cm2 

Approved experiment
E12-15-005 (HMS/SHMS)

SBS/BB provide 10x larger solid angle than HMS/SHMS



Double polarized H(g, po + p)
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SBS allows 
FM gain 20+



Double polarized D(g, p + n)
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SBS allows 
FM gain 20+



High energy D(g, p + n)
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SBS allows 
FM gain 20+



Summary

v SBS + BB provide a flexible instrument which is the best 
choice for many high-z high-Q2 exclusive reactions.

v Compact Photon source boosts productivity with 
polarized NH3/ND3 by 10+ times.

v Approved experimental program is large and additional 
important physics proposals could be developed.
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