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There is a discrepancy in measurements

of the proton’s form factors.

Possible culprit: +

OLYMPUS measured:
e+p −→ e+p
e−p −→ e−p
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Elastic electron-proton scattering

electron

proton

scattering
angle

Free parameters:

1 Beam energy

2 Scattering angle

1 Q2: squared momentum transfer

2 ε: electric ↔ magnetic

5



Elastic electron-proton scattering

electron

proton

scattering
angle

Free parameters:

1 Beam energy

2 Scattering angle

1 Q2: squared momentum transfer

2 ε: electric ↔ magnetic

6



Elastic electron-proton scattering

electron

proton

scattering
angle

Free parameters:

1 Beam energy

2 Scattering angle

1 Q2: squared momentum transfer

2 ε: electric ↔ magnetic

7



Elastic electron-proton scattering

electron

proton

scattering
angle

Free parameters:

1 Beam energy

2 Scattering angle

1 Q2: squared momentum transfer

2 ε: electric ↔ magnetic

8



Elastic scattering kinematics are fixed

by two parameters.
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Form factors are analagous to

structure factors in diffraction.

Peak position given by d sin θ = nλ
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Form factors are analagous to

structure factors in diffraction.

Itensity modulated by |f (~q)2|
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Form factors are analagous to

structure factors in diffraction.

Itensity modulated by G2E (Q
2), G2M(Q

2)
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Elastic scattering has told us about

the proton’s charge and magnetism.

0

1

0 1 2 3 4 5

point-like

Momentum Transfer Q2 [GeV2]

Proton’s apparent charge

13



Elastic scattering has told us about

the proton’s charge and magnetism.

0

1

0 1 2 3 4 5

point-like

uniform ball

Momentum Transfer Q2 [GeV2]

Proton’s apparent charge

14



Elastic scattering has told us about

the proton’s charge and magnetism.

0

1

0 1 2 3 4 5

point-like

uniform ball

Mainz (1975)

Stanford (1966)

DESY (1967)

Momentum Transfer Q2 [GeV2]

Proton’s apparent charge

15



Elastic scattering has told us about

the proton’s charge and magnetism.
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The form factor ratio is consistent with 1.
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Polarized measurements do not agree.
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σe+p/σe−p is sensitive to two-photon exchange.

M = + +O(α3)

σ ≈ |M|2 =

∣∣∣∣∣∣∣
∣∣∣∣∣∣∣
2

± 2Re


+O(α4)

σe+p
σe−p

≈ 1 +
4Re{M2γM1γ}
|M1γ |2
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Upcoming plots show this contour.
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A few percent effect is large enough

to resolve the discrepancy.
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Previous data are inadequate

to resolve the discrepancy.
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OLYMPUS has made the highest precision

measurement so far.
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OLYMPUS ran on a short timeline.

NOW2000

2001-05
BLAST

OLYMPUS
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The OLYMPUS experiment

Beam
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e+ and e− beams were alternated once per day.

TargetDrift chambers Drift chambers ToFsToFs

e– beam

proton

e–
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We effectively collected two data sets.
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Forward telescopes monitored the elastic ep rate.

e+ beam

proton

e+
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Symmetric calorimeters monitored the ee rate.

e+ beam

e+ e–
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OLYMPUS results
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Comparing experiments is not straight-forward.
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Comparison at low Q2
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Comparison at mid Q2
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Comparison at high Q2
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What have we learned?

All three experiments are painting a consistent picture.

Two-photon exchange is smaller than theory predicts.

Phenomenological predictions match better.

The ratio dips below unity at high ε!
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The ratio dips below unity at high ε.
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To recap:
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My conclusions:

1 New ingredients are needed for theoretical models to match data.

2 Two-photon exchange may cause the form factor discrepancy.

3 I think a test at higher Q2 is worth while.
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