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Rosenbluth Form Factors

C. F. Perdrisat, et al., https://arxiv.org/pdf/hep-ph/0612014.pdf (2007)
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What’s the Discrepancy?
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What’s the Discrepancy?
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What’s Going On?

• Two-photon exchange

• Radiative correction with strong ε
dependence, causes GE to fall quickly

• Effect Rosenbluth more than polarization

• Soft TPE typically considered in existing
analysis

C. F. Perdrisat, et al., https://arxiv.org/pdf/hep-ph/0612014.pdf (2007) 5 / 17
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Let’s Measure TPE

R2γ =
σe+

σe−
= 1− 2δ2γ (1)
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Let’s Measure TPE

Disagreement with existing theory at larger ε, but small TPE in measured range.
B. Henderson, et al., doi.org/10.1103/PhysRevLett.118.092501 (2017)
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Existing Two-Photon Reach
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Muon Beam at BDX

µ± available in the BDX vault.

M. Battaglieri, et al., https://www.mdpi.com/2410-390X/8/1/1
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Muon Beam at BDX

Left: Muon spatial distribution produced in the interaction with the Hall A beam dump. Right: Muon
angular distribution as a function of energy.

M. Battaglieri, et al., https://www.mdpi.com/2410-390X/8/1/1
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Muon Flux at BDX

Flux of produced muons as a function of muon momentum.

https://indico.jlab.org/event/951/page/493-secondary-beam-information 11 / 17
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The Muon Beamline

Advantages
• Produced muons have a large range of

momenta!
• Mixed µ± beam enables broad physics
program!

• Fairly pure beam after passing through
beam dump

• Beam containing all momenta and both
charges provides unique challenges and
opportunities

• Specifically, a TPE measurement
becomes possible through µ±p scattering

Challenges

• Beam is very diffuse, 50 % in 50 × 50
cm2, strong position-momentum
correlation

• Requires a muon capture beamline (See
talk tomorrow by J. Benesch)

• Will require array of beamline detectors

• May need to excavate part of the vault to
fit scattered particle spectrometers
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TPE Reach at BDX
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Rate Challenges

Scattering rates at fixed energies and angles assuming a one meter long liquid hydrogen target, and a
constant beam flux of 1× 107 Hz.

Beam Energy (GeV) Scattering Angle (◦) Rate (Hz)
2 10 600
2 50 5× 10−2

2 100 2× 10−3

5 10 20
5 50 2× 10−4

5 100 2× 10−5

The extremely low rates means this will be a long-term experiment. A detector with the largest
possible acceptance is required, and there must be a way to capture and focus the beam.
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Space Limited

Shielding blocks are 5 feet wide.
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Thoughts on Required Detectors

• Beamline tracking detector, GEM, µRWell, etc.

• Beamline momentum detector, maybe a RICH?
• Might be able to get away without a dipole for momentum selection, allowing for

simultaneous measurement of all momenta

• Solenoid magnet for better acceptance

Solenoid design. Not to scale.
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Summary

• Exciting possibilities with BDX muon beam

• Technical challenges exist but can be overcome with careful design

• Require a muon capture beamline, beamline detector package, and magnetic
spectrometers for scattered particles

• Can perform a competitive measurement of TPE
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Backup
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