
Measuring two-photon exchange 
 in elastic electron-proton scattering  

with"

Axel Schmidt"
for the OLYMPUS Collaboration"

April 30, 2011"

OL MPUS



The OLYMPUS Experiment"
Things to come away with:"

1.  Major discrepancy in measurements of the 
proton’s elastic form factors and two-
photon effects are a likely culprit"

2.  OLYMPUS will measure the two-photon 
contribution by measuring a cross-section 
ratio e+p / e-p"

3.  We will begin data taking in less than a 
year."

4/30/11" 2"APS April Meeting"



Proton Form Factor Discrepancy"
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Rosenbluth Data 

Polarization Data 

Proton Form Factor Ratio 

Major Discrepancy!!! 

Taken from R. Milner’s presentation on OLYMPUS 
July 17th, 2008 @ DESY, http://web.mit.edu/olympus 



Two-Photon Effects"
J. ARRINGTON, W. MELNITCHOUK, AND J. A. TJON PHYSICAL REVIEW C 76, 035205 (2007)

FIG. 2. (Color online) Ratio µpGE/GM extracted from polariza-
tion transfer (filled diamonds) and LT measurements (open circles).
The top (bottom) figure shows LT separations without (with) TPE
corrections applied to the cross sections.

In Ref. [35] a high-precision measurement of the elastic cross
section was aimed specifically at the ratio µpGE/GM . Their
quoted systematic uncertainty is separated into three compo-
nents: normalization, point-to-point, and a linear ε-dependent
correction that affects µpGE/GM , but does not yield random
fluctuations or nonlinearity relative to the linear fit. We use
only normalization and point-to-point uncertainties, and to
include these data in the fit we increased the point-to-point
systematic uncertainty from 0.45% to 0.5–0.55% (depending
on Q2) such that the uncertainty on µpGE/GM using the
inflated point-to-point uncertainty matched the uncertainty as
extracted in the more detailed analysis.

After applying the TPE correction to the raw cross sections,
we perform a global fit to all of the cross section, polarization
transfer, and beam-target asymmetry measurements using the
form:

GE, GM/µp = 1 +
∑n

i=1 aiτ
i

1 +
∑n+2

i=1 biτ i
. (11)

We take n = 3, which yields eight fit parameters for each form
factor, along with a normalization factor for each independent
set of cross-section measurements. The fit includes 569 cross-
section and 54 polarization transfer data points, and yields
a reduced χ2 of 0.770. Taking n = 2 yields similar fits,
with a reduced χ2 of 0.802, and changes that are below the
uncertainties in the form factors; GM changes by <∼1% up
to Q2 = 10 GeV2,GE by less than 3% up to Q2 = 5 GeV2.

TABLE I. Fit parameters for
the extracted proton electric and
magnetic form factors, using the
parametrization of Eq. (11).

Parameter GM/µp GE

a1 −1.465 3.439
a2 1.260 −1.602
a3 0.262 0.068
b1 9.627 15.055
b2 0.000 48.061
b3 0.000 99.304
b4 11.179 0.012
b5 13.245 8.650

The normalization factors are consistent between the n = 2
and n = 3 fits, with an RMS variation below 0.2%. The
polarization transfer data yield a contribution to χ2 of 52 for
the 54 data points, indicating good consistency with the cross
section data. The parameters from the combined fit are given in
Table I and shown as solid lines in Fig. 3. The parametrization

FIG. 3. (Color online) Extracted values of GE and GM from the
global analyses. The open circles are the results of the combined
analysis of the cross-section data and polarization measurements
(Sec. III C, Table II). The magenta crosses are the extracted values
of GM (Table III) for the high-Q2 region, where GE cannot be
extracted. The solid lines are the fits to TPE-corrected cross-section
and polarization data (Sec. III A). The dotted curves show the results
of taking GE and GM to be

√
σL and

√
σT , respectively, from a fit

to the TPE-uncorrected reduced cross section (Appendix A), i.e., the
value one would obtain using only cross-section data and ignoring
TPE.
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Form Factor Ratio Data 

Single-Photon 
Approximation 

Two-Photon  
Corrections 
Applied 

Two-photon effects may 
resolve the form factor 
discrepancy! 

A precise and definitive 
experiment is needed! 

Taken from J. Arrington,  PHYS REV C 76, 035205 (2007) 



Measuring Two-Photon Effects"
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Unpolarized Cross Section: 

σ ≈ |M|2 =                      +                +  … 

      
     =                    + 2Re                          + … 

2 

≈ qe
2 

e+p / e-p ratio measures the two-photon contribution! 

≈ qe
3 

The lowest order two-photon term is odd in the lepton sign. 

€ 

Re +e − ≡
dσ(e

+ )

dσ(e
− ) ≈1+ 2Re{M1γM2γ}



Experimental Requirements"
Accelerator:"
"Storage Ring with a positron source"
"Multi-GeV beam energy"
"> 100 mA current"
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Detector:"
"Internal hydrogen target"
"Precise luminosity monitoring"
"Large acceptance spectrometer"

DORIS @ DESY 

BLAST @ MIT Bates 



The OLYMPUS Detector"
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2 GeV 
140 mA 
e+ or e- beam 
from DORIS 

3.7 kG toroid magnet 
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The OLYMPUS Detector"

Drift Chambers 

GEM Tracking Planes 

Time-of-Flight 
Scintillators 

12˚ Luminosity Monitors 

Möller / Bhabha  
Calorimeters 

Internal Target Magnet 



Schedule"

•  Summer ’10 "- Shipping of detectors to Germany "

•  Fall ’10 " "- Assembly and field map of magnet"

•  Spring ‘11 "- Target installation and test in the 
" " " " " " "DORIS ring"

•  Summer ‘11 "- Installation and alignment of the 
" " " " " " "detectors in the ring"

•  Fall ’11 " "- Commissioning "

•  Winter ’12 "- Data taking begins"
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Test Experiment"
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Test Results"
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Summary"
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Things to come away with:"

1.  There is a major discrepancy in 
measurements of the proton’s elastic form 
factors and two-photon effects are a likely 
culprit."

2.  OLYMPUS will measure the two-photon 
contribution by measuring a cross-section 
ratio e+p / e-p."

3.  We will begin data taking in less than a 
year."
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Bonus Slides"
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Kinematic Reach"
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Expected Precision"
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Taken from the OLYMPUS TDR 

P.G. Blunden, W. Melnitchouk, and J.A. Tjon, 
Phys. Rev. C 72, 034612 (2005). 



Control of Systematics"

•  Four configurations:"
–  B-field , and lepton sign: +,-"
–  Switching between configurations between each fill"

•  Take the super-ratio:"
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