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OLYMPUS Overview
http://web.mit.edu/OLYMPUS/

• Scientific motivation 

• Overview of the experiment

• Expected results

• Collaboration, costs, schedule
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Elastic Electron Scattering from Proton

+ +…

Dirac, Pauli FF

Sachs FF
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Nucleon elastic form factors

• Fundamental observables describing the distribution of 

charge and magnetism in the proton and neutron

• Defined in the context of single photon exchange

• Experimentally, data well described by an exponential 

spatial fall off of nucleon’s charge and magnetism ~ e-µr

=> dipole form factor 

GD(Q2) ~ (1 + Q2/0.71)-2

• At Q2 >> 1,  σ ~ σMott G
2
D ~ Q-12

• FF determined by quark structure of proton

• Will be calculable in lattice QCD
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Unpolarized Elastic e-N Scattering

For ~ 50 years unpolarized cross section measurements 

have determined the elastic FF Gp
E and Gp

M using the 

Rosenbluth separation

σred = dσ/dΩ [ε(1+)/σMott] = GM
2 + εGE

2

 = Q2/4M2 ε = [ 1 + 2(1+)tan2 θ/2 ] -1
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Rosenbluth Separation

GM
2

GE
2

θ=180o θ=0o
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• All Rosenbluth data from SLAC and Jlab in agreement. 

• Dramatic discrepancy between Rosenbluth and recoil polarization 

technique

• Interpreted as evidence for two photon exchange

Jefferson 

Lab

Proton Form Factor Ratio

Dramatic discrepancy!
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Calculation of Two Photon Exchange             

(TPE) Effects
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Estimation of TPE Contribution

P.G. Blunden et al.,

Phys. Rev. C 72, 034612 

(2005)

Only experiment can definitively 

resolve the contributions beyond

single photon exchange



Lepton-proton elastic 

scattering cross-section
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+ + …

2

α α2
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TPE calculation comparison with 

e+p/e-p scattering data

P.G. Blunden et al.,

Phys. Rev. C 72,

034612 (2005)
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e+p/e-p cross section ratio

P.G. Blunden et al.,
Phys. Rev. C 72, 
034612 (2005)
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Proton form factor ratio

Blunden et al.
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The OLYMPUS Experiment

• Electrons/positrons (100mA) in multi-GeV storage ring DORIS at 

DESY, Hamburg, Germany

• Unpolarized internal hydrogen target (like HERMES) 3 x 1015 at/cm2

@ 100 mA → L = 2x1033 / (cm2s)

• Measure elastic e+/e- proton scattering to 1% precision at 2 GeV

energy with ε range from 0.4 to 1 at high Q2 ~ 2-3 (GeV/c)2 using 

the existing Bates Large Acceptance Spectrometer Toroid

• Experiment requires switching both the lepton sign  and the 

direction of the BLAST magnetic field, both on timescale of ≤ 1 day. 

• Redundant monitoring of luminosity, pressure, temperature, flow, 

current measurements - small-angle elastic scattering at high ε and 

low Q2
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THE OLYMPUS COLLABORATION
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OLYMPUS kinematics
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Luminosity Monitor

DORIS

beam

Luminosity

monitor

TOFs drift chambers



Projected 

OLYMPUS 

uncertainties
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• Luminosity = 2 x 1033 cm-2 s-1

• 500 hours each for e+ and e-

• 2 GeV energy

M. Kohl
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Control of systematics

• Change between electrons and positrons ~ 1 per day

• Change BLAST polarity ~ 1 per day

• Left-right symmetry provides additional redundancy –

two identical experiments simultaneously taking data

The ratio of positron to electron cross sections can

be determined by forming the super ratio :
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Schedule

• OLYMPUS proposal  approved by DESY in December 2008, conditional 

upon the necessary funding being realized.

• Requests submitted to funding agencies:

December 2008 (Germany) and January 2009 (US)

Fall 2009 (Italy, Russia, and U.K.)

• Hope for a green light from DOE in the near future

• Remove ARGUS experiment in Fall 2009

• Ship BLAST/OLYMPUS detector and OLYMPUS target in summer/fall 2010 

• Modify DORIS beamline and install OLYMPUS target in DORIS in winter 

2010/11 shutdown.  

• Install complete OLYMPUS experiment in summer 2011

• Commission in fall 2011

• Take data in 2012



OLYMPUS Collaboration
• 57 collaborators from 16 institutions

• The OLYMPUS collaboration is built from

- the core of the BLAST collaboration

- key expertise from HERMES

- strong hadron physics groups in Europe

- key DESY staff  

• 12 FTE years of engineering are available to design, construct, and install 

the experiment.

• In the years 2010-12, 16.6 Physicist FTE years p.a. are committed, 

i.e. 49.8 FTE years in total.

• 14 graduate students are committed to OLYMPUS.

• In place already 13.6/16.6 Physicist FTE years p.a. 

10/14 Ph.D. students 

7.5/12 FTE  years of engineering 

• The collaboration is providing in-kind contributions to the removal of ARGUS 

and the modifications to DORIS. 
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Costs

• > M€ 3.6 of existing equipment is provided from the U.S.

• k€ 872 is requested from DOE for the tracking upgrade, the 

target, and shipping to DESY.

• k€ 89.3 is requested from NSF for the luminosity monitor.

• k€ 751 is requested by Univ. of Bonn, Erlangen and Mainz 

from BMBF for electronics and DAQ.

• The total operating cost is estimated at k€ 634 over the 

lifetime of OLYMPUS => k€ 4.2 per Physicist Ph.D. per year 

over three years. 
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Summary
• The OLYMPUS experiment is proposed to definitively answer a 

fundamental question of great current interest in physics.

`The biggest surprise of all!’ – Elliot Leader, SPIN 2008

• The OLYMPUS collaboration with DESY has developed a

detailed design of the experiment and a plan to install, 

commission and carry out the experiment by the end of 2012.

• The OLYMPUS design and necessary resources (personnel and 

costs) and schedule are described in the OLYMPUS TDR draft.

• We seek the endorsement of the review committee to proceed 

with realizing the experiment.



Back up slides
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Other Experiments 

There are two other experiments proposed to measure the cross section ratio:

• CLAS/PR04-116 
- secondary e+/e- beam generated via bremsstrahlung
- reconstruct beam energy
- high statistics at low Q2

- very different systematic uncertainties to OLYMPUS

• Novosibirsk/VEPP-3
- like OLYMPUS storage ring with internal target
- positron beam current ≈ 10 mA
- non-magnetic detector

There are other JLab experiments which measure other observables sensitive to multi 
photon contributions:

• Single spin asymmetries: PR05-15 (Hall A)
- sensitive to imaginary amplitude

• e-dependence: PR04-119 (polarized), PR05-017 (unpolarized)
- weak sensitivity to multi photon contributions 



Preliminary results on form factor ratio
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L. Pentchev

JLab Users Meeting

June 2009

No evidence for effects

beyond single photon 

exchange!


