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“Another weak FF experiment” (slides in July SBS-2023 meeting):

The proton weak form factor (W exchange)
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The nucleon FFs
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Approved by PAC51

Data under analysisPublished

Run six more daysScheduled for 2024

Today discussion

Bogdan Wojtsekhowski
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1988 LOI by J. Napolitano



2003 LOI to PAC25 by A.Deur
2023 LOIs to PAC51: one by A.Deur 

and a second by D.Datta
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In LOI 2003 the focus was on Q2 ~ 1-3 GeV2. Interest is large, 
some questions about how to proceed

In LOI 2023 AD made focus on low Q2, low beam energy so
the pion can not be produced

DD proposed a different idea (also for low Q2) based on TDIS 
proton detector and the reaction with a positron beam:  
e+ + d --> p + p + n



Reference papers

October 2023 Bogdan Wojtsekhowski slide 6

1972

1996



Cross section calculation
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Paper by L-Smith



Cross section calculation
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In LOI by Alex Deur

Last month I got a code from Jacek Golak 
also see PRC 107, 024617 (2023) 



Big challenges in the study of 
e + p --> n + n process

• Cross section for the weak process is of a few 10-40 cm2/sr

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

• Proton rate from electron elastic e-p ~ 106 of the weak one
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Pion photo production cross section
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Proposed solution for 
the e + p --> n + n experiment

1. High momentum resolution neutron detector

2. High angular resolution neutron detector

3. Reconstruction of the incident lepton energy to 1%

4. High efficiency of the charge particle rejection in BB

5. Analysis of the distribution (3.) shape for tagged events

6. Determination of the extra rate at the elastic “peak”
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Weak Proton Form Factor at 1 GeV2
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Estimation of the experiment parameters:

• Beam energy 2.2 GeV with a LH2 target
• Electron/pion/neutrino angle 54 degrees 
• Recoil proton/neutron 30 degrees, pn = 1 GeV/c
• p+ in BigBite; efficiency ~ 95%+4% (µ are forward)
• Electron in BigBite: efficiency 99.9%; solid angle 60 msr
• Neutron in LND: 1m x1m, solid angle 40 msr; dq ~ 1mrad
• Initial lepton momentum reconstruction accuracy ~1%
• Photon flux 0.02 x 1/100 x ¼  => 0.5/104 per electron
• Electron-proton luminosity 10 cm LH2 x 100 uA  = 3 x 1038

• Rate of elastic ep events 6 kHz
• Rate of \no(e)p events 6 Hz, \no(e)n < 0.6 Hz or ~ 2k per hour
• Rate of p+n events 15 Hz
• Rate of \no(p+)n events  500 per hour
• Rate of “weak”  neutrons 110 per hour
• Signal/Background 1/20 at location of the elastic “peak”
• 100 hours, 10% neutron efficiency (free protons only): 
 S/B = 0.050 +/- 0.01



Lepton initial energy

October 2023 Bogdan Wojtsekhowski slide 13

<latexit sha1_base64="CCDv7tF9nNiupTMuqQd0bq+a1gE="></latexit>

E1 = (En �m)/
⇥
1 + Pn cos ✓n�En

m

⇤

E1

e-p elasticpion-n

no pion - ndN
dE1

• Signal/Background 1/20 at location of the elastic “peak”
• 100 hours, 10% neutron efficiency (free protons only): 
  

S/B = 0.050 +/- 0.01

nn



<latexit sha1_base64="h/9FdOZLS14w4mAGSAZknvNl+O8="></latexit>

�p

p = �2 ⇥ �
�

�

�
�

� =
�
ToF
ToF

for 10 m path and 0.12 ns time resolution

using Q2=1 GeV2 (�=1.5)

�p

p = �2 ⇥ 1/275 ⇠ 0.4%

October 
2023 Bogdan Wojtsekhowski slide 14

Time-of-Flight resolution

0.12 ns time resolution is hard



Traditional ToF system
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Number of channels ~ 25 x (1m x 1m) x 0.5m 
using 5 cm x 5 cm x 100 cm bars -> 5000 bars

With 25 m distance it will allow 40 msr solid angle

Angular resolution ~ 1 mrad 

Cost per bar ~ $2k for 2 PMT + scintillator
Cost of HV+DAQ per bar ~ $2k 

CH, aver. density 0.79 g/cm3

1 m long detector with 0.25 ns resolution

Cost is high ~ $20M



Scintillator fiber systems
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Neutron/proton tracking detector
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proton-1

=>  0.8% with 1 mrad angular resolution

<latexit sha1_base64="fy/tgeN4QJlLTCEn/NPH4+8wTn8="></latexit>

E = 2mc2

tan ✓1 tan ✓2
�mc2

for E = 1.5 mc2

�p

p = 8⇥ �✓ [rad]

Mostly sensitive to the sum (q1+q2)

proton-2
neutron



Neutron/proton tracking detector

October 2023 Bogdan Wojtsekhowski slide 18

60 mm /us with 2 mm wire spacing => 25 ns time window 
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Rate in detector
40 msr at 30 degrees for 3 x 1038 luminosity 

A magnetic sweeper to keep p < 1 GeV/c out of detector
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Rate in detector
40 msr at 30 degrees for 3 x 1038 luminosity 



Backup slides
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Neutron arm in GEn-I

October 2023 Bogdan Wojtsekhowski slide 22



GEn-I neutron arm
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Figure 18: Event display of the Neutron Arm shown with statistics screen. The y-axis represents bar numbers

of the V1 plane and the x-axis represents the planes of the Neutron Arm.
47

200 veto counters, ~300 neutron bars; ~800 PMTs



Time-of-flight
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SBS neutron arm
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SBS neutron arm


