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Super Bigbite experiments



Composite structure of the nucleon

The magnetic moment of the proton was measured by the method of 
the magnetic deflection of molecular beams employing H2 and HD. 
The result is μP=2.46μ0±3 percent.

E.Fermi,1947

O.Stern,1937
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The nucleon structure in terms of GPDs

FFs

GPDs

DIS

DVCS DVMP
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DDVCS
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Experimental Program

v  SBS Nucleon FF program will provide precision results up to:
    Gp

E @ 12    GeV2   

    Gn
E @ 10    GeV2      

    Gn
M @ 13.5 GeV2  
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Experimental Program

v  SBS Nucleon FF program will provide precision results up to:
    Gp

E @ 12    GeV2 

    Gn
E @ 10    GeV2      

    Gn
M @ 13.5 GeV2  

v  Other items include: nTPE;  Pion ALL/KLL; GEn-RP; 

                 
 move to Hall C => SIDIS; TDIS; DVCS; g2p; pDVCS; …
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done  | in the provisional schedule

approved    |      new ideas  

75% done
done



Experimental Program

v  SBS Nucleon FF program will provide precision results up to:
    Gp

E @ 12    GeV2   

ü Gn
E @ 10    GeV2      (g1/g2 as a byproduct) 

ü Gn
M @ 13.5 GeV2  

v  Other items include: nTPE;  Pion ALL/KLL; GEn-RP; 

                 
 move to Hall C => SIDIS; TDIS;  DVCS; SANE; polDVCS; …
 
 reuse of the detectors: WACS, polWACS, TCS, sFF
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ü   | in the provisional schedule

approved    |   new ideas with large W

approved         | new ideas



JLab detector landscape
A range of  105  in luminosity.

The LH2 target can be used
            up to L ~ 1039

The polarized 3He at L ~ 1037

Sullivan - tagging on soft proton 
The polarized NH3 at L ~ 1035

Multiparticle 
final state
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JLab detector landscape
A range of 104 in luminosity.

A big range in solid angle:
from 5 msr (SHMS)
to about 1000 msr (CLAS12).
=======================
The SBS is in the middle:
for solid angle (up to 70 msr)
and high luminosity capability.

In several A-rated experiments
SBS was found to be the best 
match to the physics.

GEM allows a spectrometer
with open geometry (-> large
acceptance) at high L.
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JLab detector landscape
A range of 104 in luminosity.

A big range in solid angle:
from 5 msr (SHMS)
to about 1000 msr (CLAS12).
=======================
The SBS is in the middle:
for solid angle (up to 70 msr)
and high luminosity capability.

In several A-rated experiments
SBS was found to be the best 
match to the physics.

GEM allows a spectrometer
with open geometry (-> large
acceptance) at high L.
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JLab data critical for Q2 > 6 GeV2



Q2 [	GeV/c)2]

The nucleon FFs

2   [GeV]2Q
2 4 6 8 10 12 14 16 18

D
G n

�/
n M

G

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

BBBA
Kelly

CLAS (2008)
SLAC (1992)
E12-09-19, SBS
E12-07-104, CLAS12

+ 0.2

]2  [GeV2Q
0 5 10 15 20

p M
/Gp E

G p
μ

-0.5

0.0

0.5

1.0

GEP-I
GEP-II
GEp-III
GEp/SBS

VMD - Lomon (2002)
DSE, q(qq) - (2012)
CQM - Miller (2002)

2)/Q2Λ/2(Q2 ln∝1/F2F
 = 0.24 GeVΛ

]2  [GeV2Q

n M
/Gn E

G n
μ

0.0

0.5

1.0

VMD - Lomon (2006)
DSE - Cloet (2010)
Galster fit
BLAST fit
E02-013 fit

MAMI (A1)
Plaster
Riordan
Kin1, E02-013 (prel)
E12-09-016

1 2 3 4 5 6 7 8 9 10 11 12

projected



The nucleon FFs
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Two-arm setup
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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)



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   
Ø Independent arms   
Ø Small angle capability   
Ø Space for segmented PID, polarimeter 
 

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



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    => high luminosity
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)



SBS Program 

11/07/2016 
2 

Scattering 
Chamber & 
Vacuum Snout-
done 

Front Field 
Clamp-done 

Corrector 
Magnets-
done 

48D48 
Magnet
-done 

Counterweight Support 
Structure-done 

Exit Beam Pipe-
done 

Rear Field Clamp- done 

GEMs- frames  
done December 
2016 

Plastic 
Analyzers
-done 
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Solid angle 70 msr for the central angle > 15o

Super Bigbite Spectrometer

7/17/23
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SBS tracking detectors

INFN development of the GEM and the modern readout
UVa development of the world largest GEM chambers
and construction of two multilayer trackers (BB and SBS).
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SBS physics program
• GMn
• GEn (He-3)
• GEp (p -> p polarimeter) 
• GEn-RP (n -> p & n -> n polarimeters)
• SIDIS
• TDIS
• Wide Angle Pion Production                =>KLL
• L/T cross section for neutron - nTPE
• WAPP from polarized He-3:                 =>ALL

• Strange FF at 2.5 GeV2 
• J/Psi with proton polarimeter: e+ e- p 
• g1, g2 for DIS with 12 GeV and BB/SBS
• DVCS on transversely polarized target and BB/SBS
• f as Deeply Virtual Vector Meson production
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GMn group of experiments
• GMn
PI team: J.Annand (emeritus), A.Camsonne, R.Gilman (left), D.Hamilton, 
B.Quinn, B.Wojtsekhowski*

• GEn-RP
PI team: J.Annand (emeritus), E.Bellini (emeritus), K.Gnanvo (left), 
D.Hamilton*, M.Kohl*, N.Piskunov (left), B.Sawadsky (left), W.Tireman,  
B.Wojtsekhowski

• nTPE 
PI team: S.Alsalmi, E.Fuchey*, B.Wojtsekhowski

• WAPP
PI team: J.Arrington, A.Puckett*, A.Tadepalli, B.Wojtsekhowski
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GEn group of experiments
• GEn
PI team: T.Averett, G.Cates, S.Riordan (left), B.Wojtsekhowski*

• WAPP-ALL
PI team: G.Cates, R.Montgomery, A.Tadepalli, B.Wojtsekhowski*
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GEp group of experiments

• WAPP-KLL
PI team: J.Arrington, A.Puckett*, A.Tadepalli, B.Wojtsekhowski

• GEn-RP
PI team: D.Hamilton*, M.Kohl*, W.Tireman, B.Wojtsekhowski

• GEp
PI team: E.Cisbani, M.Jones, N.Liyanage, L.Pentchev, A.Puckett, B.Wojtsekhowski*
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F1 decomposition at very large Q2 
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GEp/SBS Q2 acceptance, projected accuracy
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GEp/SBS Q2 acceptance, projected accuracy
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Method: Focal Plane Polarimeter 

p will be ~ 7 GeV/c
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Track out
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Electron arm calorimeter CAD model
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1737 lead-glass modules
Elevated temperature of the glass (225-185 C) 
provides continuous annealing of radiation damage
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Twist-3 contributions to wide-angle photoproduction of pion
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Twist-3 contributions to wide-angle photoproduction of pion



How to do experimental study?
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The case for p- from a neutron (see also talk in SBS-2019)

  SBS and BB are as in the GEn-II experiment 
  (thanks to the two-arm detector system) 

<latexit sha1_base64="oeuK7FW1JRvQXRComPmePBKPxgs="></latexit>
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ALL experiment challenges and solutions

• The goal is to measure ALL asymmetry, so the target polarization
     should be oriented along the beam direction.
     However, the design of the mirror mounts does not allow it. 
• The natural way to study photo-production requires a radiator
     However, the radiator was not designed and which holded ERR

• Solution is to measure ALL and ALS with two symmetrical arms.
     Design group confirmed space availability of such geometry. 

• The high performance polarized target allows us to use 
     intensive electron beam, so quasi real photons will be used.

BB

SBB
g*

Call event L
if Pion in BB 
Proton in SBS

AL = ALL*Pn cosq  + ALS*Pn sinq

AR = ALL*Pn cosq  - ALS*Pn sinq

Call event R
if Pion in SBS 
Proton in BB
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Layout for the KLL experiment

p- arm

proton arm

LD2

5-10 µA beam

polarimeter



Summary

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

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