
GEp – 15 perspectives

B. Wojtsekhowski, TJNAF

on behalf of the SBS collaboration

3/2/2026 GEP-15     Bogdan Wojtsekhowski, JLabslide 1



GEP-15

Large Acceptance Proton Form Factor Ratio 
Measurement at 13 and 15 GeV2

Using Recoil Polarization Method

C.Perdrisat, L.Pentchev, E.Cisbani, 
      V.Punjabi, B.Wojtsekhowski
  with more than 100 collaborators 
       from almost 30 institutions
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GEp experiment overview
Challenges

GEp-I used an electron in HRS-R, a proton in HRS-R

GEp-II used an electron in 3.4 m2 ECAL, a proton in HRS-L

GEp-III used an electron in 2.9 m2 ECAL, a proton in HMS
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GEp experiment overview

Need max statistics ® max luminosity + max solid angle

          Max luminosity ® large background 
Large solid angle ® open detector ® huge background

Solution for a solid angle is Super Bigbite Spectrometer 
 Solution for a tracking detector is Gas Electron Multiplier  



GEp experiment overview
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- Magnet: 48D48 - 46 cm gap, 3 Tm field integral, 100 ton
- solid angle is 35 msr for GEP, could be ~70 msr at larger angle
                       GEM chambers for tracking with 70 µm resolution
- momentum resolution is 0.5% for 8.5 GeV/c proton
- angular resolution is 0.3 mrad
- trigger threshold is 4 GeV from
  hadron calorimeter

Calorimeter response for 10 GeV protons
from test for Compass experiment

Top view A-A



GEp experiment overview
- 12 GeV CEBAF advance and the high momentum transfer GEp/GMp
- Super Bigbite Spectrometer as in 2007, 48D48, HCAL, GEM, ECAL ++
- Data taking 4.5-month run in 2025 4/10 – 8/24
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Components of the GEP/SBS experiment

- Electron beam with max energy and polarization
- Cryogenic 30 cm LH2 target 
- Electron arm for 3.2 m2 active area calorimeter, radiation immune
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Components of the GEP/SBS experiment

- Electron beam with max energy and polarization
- Cryogenic 30 cm LH2 target 
- Electron arm for 3.2 m2 active area calorimeter, radiation immune
- Proton arm: SBS; 16-plane tracker, a CH2, and segmented HCAL
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Expected  trigger  rate

Total proton trigger rate is 1.5 MHz
   ( above threshold of 4 GeV )

Electron arm trigger rate (>85%) - 60 kHz

Two level electronic trigger

Level 1 from Electron arm forms gate for ADC

Level 2 from coincidence between two arms 
with pre-programmed angular correlation 
between arms. Coincidence time window is 50 
ns, resolution of 5 ns.

          Expected DAQ trigger rate is 500 Hz 

FWHM
of 8%

SLAC data for g,p yield at 9-18 GeV,
DESY data at 6 GeV, Wiser code

EM calorimeter rate vs. deposited energy  

beam

Proton calo Electron calo



Components of the GEP/SBS experiment

- Electron beam with max energy and polarization
- Cryogenic 30 cm LH2 target 
- Electron arm for 3.2 m2 active area calorimeter, no radiation effect
- Proton arm: a tracker, a CH2  analyzer, and a hadron calorimeter
- DAQ for giga byte per second
- Analysis of 40% occupied multi-layer tracker
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Study of GEM rate capability 
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Study of GEM rate capability 
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100 MHz/cm2
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Background rates vs. angle and energy
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Photon attenuation vs. energy
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2 cm of Pb
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The elastic e-p events selection
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Recoiled proton scattering in 4 cm Pb
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At Q2 ~ 15 GeV2 => 4.1 mrad

For 2 cm coordinate resolution on electron arm
calorimeter at 6 m => angular resolution of 3 mrad

The elastic e-p events selection
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Recent Geant3 MC
results from Evaristo
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The combined angular correlation resolution is 5.1 mrad

With 4 cm Pb reduction of the background rate is 4 times

with 2x impact on the e-p tracks angular correlation

and just small impact on momentum resolution

The elastic e-p events selection
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The elastic e-p events selection
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Method: Focal Plane Polarimeter 

p will be ~ 8.5 GeV/c

Track in
Track out

Analyzing power vs. 
 inverse proton momentum



Perspectives for significantly higher Q2

- Will reach momentum transfer Q2 = 15 (GeV/c)2

- An electron calorimeter (like NPSx10) is needed, 4 m2 area,
based on lead-glass will be cost-effective option
3k+ PMTs from SLAC DIRC are available

- SBS tracker electronics upgrade is needed, in UVA plan

- 4 cm Pb shield in front of the dipole will cut the background rate 
by a factor 4 – fresh result from Evaristo

- use 30 cm target 40 uA with 20% GEM occupancy

- a 60-day run 
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Perspectives for significantly higher Q2
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overlap with Roberts’ plot

FOM 
Q2 =11->15
reduction
due to E2/Q16

is 10


