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Random background will be the limit

to the final LAD precision.
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Random background will be the limit

to the final LAD precision.

Statistical Uncertainty:

δS/S =

√
S + B

S

Increase the luminosity by factor of F :
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√
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Add systematic problems with subtracting large backgrounds!
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Our group has experience

with large background analyses.

I. Korover et al., (CLAS) with PRL

background (as been seen in the dueteron calibrations), these are not included in the counting of the

2N-SRC. A clear signatures of 2N-SRC is seen by looking on the opening angle between missing

momentum and recoiling particle. This distribution is shown in Figure 33. 

Fig 32: Same as Figure 31 with the background distribution (orange) and signal region (green)

shown.

The distribution in the orange area (Figure 32) is used to simulate the BG in the green area. We

simulate background events, transform the TOF per meter to momentum using the equation:

pn=
m

√(
0.3⋅t
d

)
2

−1

To  obtain  the  number  of  counts  for  each  neutron  momentum  bin,  we  correct  the  number  of

measured neutrons using the efficiency (momentum dependent) that was determined with the use of

deuterium target. In addition, in order to prevent bias due to the width of the momentum bin, in

each iteration, we take uniform distribution with in the momentum width of the bin. 

The opening angle between the initial proton momentum (defined as missing momentum) and the

measured neutron momentum is shown in Figure 33. Figure 34, 35 show the missing mass and

missing energy distributions.

29
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Our group has experience

with large background analyses.
Hall A BigBite + HAND

Shneor et al., PRL 99 072501 (2007)

Subedi et al., Science 320 p. 1476 (2008)

Korover et al., PRL 113, 022501 (2014)
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Useful kinematic variables:

W ′: Hadronic mass given spectator momentum

W ′2 = (qµ + pµd − pµs )2

x ′: Bjorken-x given spectator momentum

x ′ =
Q2

2qµ(p
µ
d − p

µ
s )

αs : Light cone momentum of spectator

(a measure of virtuality)

αs =
Es − q̂ · ~ps
m
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We developed a Fast MC for quickly testing and

improving our design.

Generate
(Model CS)

Propagate
(Geometry)

Digitize
(Detector response)

Reconstruct
(Hits to tracks)
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Generator

Cross section calculations by Wim Cosyn, Misak Sargsian
Tagged-DIS cross section (signal)

Inclusive e− generator (background singles)

Same as in proposal

TFoam class for importance sampling
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Generator continued . . .

Proton singles estimated from E01-015 (BigBite at 100◦).

16.7 MHz/sr at a luminosity of 3.8× 1037 cm−2s−1A−1

for protons > 0.25 GeV/c

We plan 1.2× 1037 cm−2s−1A−1

= 5.3 MHz/sr −→ assume isotropic 6 MHz/sr
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This is more than 50% higher background rate

than Geant4 results from P. Degtiarenko.
We assume 6 MHz/sr isotropic.

Pavel found 4 MHz/sr at 90◦.

12



This is more than 50% higher background rate

than Geant4 results from P. Degtiarenko.
We assume 6 MHz/sr isotropic.

Pavel found 4 MHz/sr at 90◦.

13



Propagation

Window apertures

Detector acceptances

Multiple scattering from windows, GEMs, other material
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Digitization and Reconstruction

Detector Resolution

GEM resolution: 100 µm

LAD resolution: 300 ps

Reconstruction

Momentum from velocity

Path-length

Time-of-flight
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Background reduction: Momentum vs. dE/dx

 
 

43 

 
 
Figures 14, 21, 22 and 23 show the proposed layout in Hall C. 
 
I.3 Particle identification 
 
In Fig. 24 the energy loss in the first layer of the CLAS scintillators is shown versus the velocity 
of the particle determined from the TOF.  The energy loss is corrected for the light attenuation 
for each individual PMT. The position determination along the scintillator bars is determined 
using the time difference measured by the two PMTs on each scintillator. This is a standard 
CLAS procedure. The line shows the cut used to identify proton with β < 0.9. 
 

 
Figure 24: The energy loss in the CLAS scintillators versus the velocity β as determined from the TOF. 

  
Figure 25 shows the energy loss per cm in the scintillant and the TOF per meter of flight path as 
simulated using Geant. 
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Background reduction: GEM vertexing

Proton theta [deg.]
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Event Selection

e− in spec. + proton at LAD

Q2 > 2 GeV2/c2

W ′ > 2 Gev
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Event Selection
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Event Selection
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Expected yields
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Expected reach
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Summary

Fast MC developed for rapid optimization

Background reduction from

Energy deposition

Vertexing

Expected 250k low-x ′ events, 70k high-x ′ events at

1.2× 1037 cm−2s−1A−1.

Accidental background rate is 4–8x signal
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ERR Charges

Charge 4: What are the expected data rates for the experiment

(both physics data rate and background rates)?

Configuration Physics (counts/hr) Background (counts/hr)

LAD + HMS 13.5◦ 578 2,730

LAD + SHMS 13.5◦ 889 3,730

LAD + HMS 17◦ 96.9 899

LAD + SHMS 17◦ 114 811

Charge 7: What is the simulation . . . status for the experiment?. . .

We have developed a fast MC for rapidly evaluating different

configurations.
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