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PAC50 report
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Strangeness form factors
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Method from R.McKeown and D.Beck, 1989 

Polarized electron beam elastic e-p scattering 
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Proton strangeness Form Factors via parity 
non-conserving elastic electron scattering   
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PVES “counting” experiments
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Mainz A4 G0 PVDIS-6

Total energy of electron Time of flight of recoil proton Calorimetry + Cerenkov PID



The nucleon electromagnetic form factors
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Electromagnetic form factors
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Electromagnetic Form Factors   
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slide 27 

sFF data and projections 

T.Hobbs & J.Miller, 2018 J.Green etal, 2015  

Expectations for  
the strangeness FF 
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GD at 3 GeV2  is 0.037 
 

Gs/GD ~ 1 is not excluded   
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The apparatus reuses components of two calorimeters from the SBS and NPS  

Beam of 6.6 GeV with scattered  electron to 15.5 degrees. 
High resolution in large solid angle ~ 42 msr => 8x of HRS

Coincidence parity experiment
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The projected rate of good elastic e-p events is 14 kHz
Statistical raw accuracy is ~ 5 ppm in a 30 day run.
Projected PV asymmetry estimated to be -150 ppm

Coincidence parity experiment
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Experiment concept

• Elastic kinematics between electron and proton
• High resolution calorimeter for electron arm
• Large solid angle, full azimuthal coverage
• High resolution angular correlation e-p
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Detector System
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HCAL  - hadron calorimeter 
• Reassembled from detector elements from the SBS HCAL
• 288 blocks, each 15.5 x 15.5 x 100 cm3

• iron/scintillator sandwich with wavelength shifting fiber readout

ECAL  - electron calorimeter 
• Reassembled from detector elements from the NPS calorimeter
• 1000 blocks, each 2 x 2 x 20 cm3

• PbWO4 scintillator

Scintillator array 
• Used for improved position resolution in front of HCAL
• Not used to form trigger
• 7200 blocks, each 3 x 3 x 10 cm3

• Lead shield in front (thickness to be optimized) to reduce photon load

Iro
n/sc

intill
ator

Scintillator array

Lead shield



3.5 m target shift downstream is due to space limitation on the SHMS side

Scheme of the vacuum chamber
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Detectors
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NPS, 1080 2x2x20 cm3

HCal, 288 15.5x15.5x100 cm3
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DAQ block diagram

17

Thomas Jefferson National Accelerator Facility Page 2

HPS Trigger Hardware Upgrade

GTP+SSP was replaced with VTP:
• VTP supports up to 32 trigger bits (currently 17 defined for HPS)
• Single firmware image to compile for entire HPS trigger
• Existing libraries & CODA integration: configure, monitoring, readout already done and 

used in CLAS12

FADC
221 Channels

FADC
221 Channels

GTP

GTP

SSP TS

HPS Calorimeter (442 Channels):

FADC
237 Channels

FADC
237 Channels

VTP

VTP

TS

FADC Pulses Clusters Triggers

HPS Calorimeter (442 Channels):
HPS Hodoscope (32 Channels):

HPS 2016 Setup:

HPS 2019 Setup:

20Gbps optical

160Gbps backplane

Similar to operational HPS DAQ
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Projected asymmetry
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APV = 150 ppm at 2.5 GeV2 (for sFF = 0) 

APV =  prop. to ( 0.075 + 0.542 – 0.0 + 0.038)

1. Counting statistics 5 ppm
2. Beam polarization 85%
3. EMFFs 
4. Axial FF
5. High order corrections

axial

A = -226ppm * { 0.66 - (sFF/GD) / 9.9 }
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Rates and Statistical Precision
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Beam and target: 60 uA on 10 cm LH2 => luminosity is 1.6 x 1038 cm-2/s
Total: 1.2 MHz proton, 220 kHz electron arm

On-line trigger: accidental rate 1.6 kHz (40 ns), 37 kHz elastic coincidence, 
~40 kHz total coincidence trigger rate; Data volume 56 MB/s

Off-line: e-p rate 14.2 kHz – production statistics! (4 ns, angular correlation 
cuts) 

Real/Accidental ratio in final event sample is > 103

Beam polarization 85%

Counting statistics in 30 days => Raw asymmetry accuracy ~ 5 ppm

=> APV = -150 +/- 6.2 ppm 
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Electron and proton rates
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Total rate (> 50 MeV) = 4 kHzTotal electron rate (>4.5 GeV) 
= 220 kHz per one proton counter

Shape of HACL amplitude
for 2.4 GeV protons

Inelastic: 
Ee> 4.5 GeV rate is 220 kHz
Ee> 5.0 GeV rate is 18 kHz
Ee> 5.2 GeV rate is 2.8 kHz
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scattered
electron

recoiled
proton
elastic

recoiled
Delta

decay 
proton

beam

15.5

36.5
42.4

Delta contribution via electro-production

Pion production rate above offline 
ECAL threshold ~ 2.8 kHz

Angular separation: 
6o  (at D peak)
2.8o (at p threshold)

Angular resolution  ~0.6o (polar)

Proton cone around Δ recoil, 
projected to polar angle: 

RMS = 2o (=> 2.5σ separation)

Fraction to elastic rate < 0.3%
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Pion-production background rate calculation
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Online:
Electron arm single rate for Ee’ > 5 GeV is ~18 kHz 
about 50% enters HCAL acceptance as coincidence, so ~10kHz

Offline:
electron arm single rate for E> 5.2 GeV is ~3 kHz
high angular resolution excludes >99%

Pion-production background rate calculation

26

Online:
Electron arm single rate for Ee’ > 5 GeV is ~18 kHz 
about 50% enters HCAL acceptance as coincidence, so ~10kHz

Offline:
electron arm single rate for E> 5.2 GeV is ~3 kHz
high angular resolution excludes >99%



Projected result accuracy
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Summary (per PAC50 proposal)

§ After 10+ years since last sFF searches were performed 
a new experiment is proposed for much higher Q2.

§ Projected accuracy 0.27 of the Dipole value allows 
high sensitivity search for non-zero strange form factor.

§ We request PAC approval of 35 days of beam time 
(60 uA on 10 cm long LH2 target).
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