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Physics: test of ep - scattering cross section
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Physics: Mott and M¢gller scattering
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Momentum-angle correlation approximated for forward angle elastic ep
scattering.
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Pulse-height distribution:
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5cm x 5 cm x 50 cm scintillator with 2 PMTs.

Geant4 simulation

>

Universal energy scale of the MC data for all
runs and all particle types.

Histograms normalized for equal number of
entries.

Adjustment of beam parameters in simulation
to fit pulse-height spectrum.
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Scattered particle scintillator

- paddle correlation
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Detector efficiency of TOF wall scintillators

e Efficiency of scattered particle scintillators is = 99%
® Small (< 1%) effects which will be corrected
— Annihilation of positrons in the front wall

— Multiple scattering of low-momentum muons (with directional cut)
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Multiplicity of scintillator-paddle hits
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® In most cases one or tfwo bars frigger per scintillator wall.

e Hit multiplicities can be used to validate the simulation.



Veto detector essential
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Trigger-rate reduction after veto:

» electrons = 1/3
> muons = 1/2



Simulation helps to understand the beam
momentum distribution

Incident electron beam with momentum spread, Ap/p = +1.5%

Muon beam Electron beam
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Beam-momentum distributions are an important input fo radiative
corrections of the scattering cross section.
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Tracking of simulated events
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Vertex Resolution 6 = 6 mm
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Vertex reconstruction of muon events
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Reconstruction of muon scattering vertex is of sufficiently high resolution to
cleanly separate scattering events within the target from other sources.



Vertex reconstruction for electrons
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Radiation processes affect vertex reconstruction of electrons. Small background

can be studied and corrected for with empty target measurements and simulations. "



Sufficient resolution of the scattering angle
reconstruction

Reconstruction of the scattering angle for simulated events with
reconstructed reaction vertex within the ftarget volume and 6 > 20°
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Reconstruction of the scattering angle is unbiased and of sufficient resolution.
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Mgller scattering background
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Electron momentum distribution dominated by Mgller events
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All events have a reaction vertex within the target volume.



Full suppression of Mgller events with beam monitor veto
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All events have a reaction vertex within the target volume. Events marked in red
do not have a hit in the downstream beam monitor.



Simulation gives input to calculations of radiative corrections
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simulation determines detection threshold, which is
an input fo the calculations of radiative corrections



Muon decay in flight
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Muon decay in flight — vertex-time difference
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High fraction of scattering events are detectable
without significant background contribution

Vertex-time difference cut on

scattering event distribution
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e The time-of-flight technique can reduce the muon-decay in flight background
to < 4% prior to any correction of subtraction.
e In practice, vary cut to optimize final uncertainties.
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Direct measurement of the muon decay in flight
background
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Summary

® Key physics processes are included in the simulation code.

® Simulation of detector components helped with the
optimization of the experimental setup.

® Particle vertex and scattering-angel reconstruction is
sufficient.

® Mgller/Bhabha scattering are efficiently suppressed with an
event-veto from the beam-line monitor detector.

® Muon decay-in-flight background can be removed with
time-of-flight measurements, direct measurements of the
background up- and downstream of the target, or through
empty target measurements.
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