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0

0.5

1

1.5

2

0 1 2 3 4 5 6 7

µ
G

E
/G

M

Q2 [(GeV/c)2]

Rosenbluth
Litt ’70
Bartel ’73
Andivahis ’94
Walker ’94
Christy ’04
Qattan ’05

Polarization
Gayou ’01
Punjabi ’05
Jones ’06
Puckett ’10
Paolone ’10
Puckett ’12

Fits Bernauer ’13
Fit Rosenbluth
Fit all + phen. TPE

C. O’Connor (MIT) Two-Photon Exchange 1/28/2017 1 / 11



Explaining the Discrepancy

There is an effect that is suppressed in polarization transfer measurements

but must be handled explicitly in Rosenbluth analyses.

Cross section calculations must extend beyond the Born approximation:
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Principle of Measurement

Next-to-leading order QED gives an

interference term from two-photon

exchange:

σe˘p “ |M1γ |2˘2�tM:
1γM2γu`. . .

Experiments access this term

through a ratio:
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Detector Apparatus
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Experimental Reach vs. Peers
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Radiative Corrections

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.4 0.5 0.6 0.7 0.8 0.9 1

R
M

C
R
a
d
./
R

M
C

B
o
rn

−
1

�

Order α3

Mo-Tsai
Maximon-Tjon

All orders
Mo-Tsai
Maximon-Tjon

C. O’Connor (MIT) Two-Photon Exchange 1/28/2017 8 / 11



Results
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“Apples-to-Apples” Comparison
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Conclusions

Thank You!

OLYMPUS is supported by funding from...

The United States Department of Energy
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Backup

Backup Slides
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