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Proton Form Factors

Electric and Magnetic Form Factors of the Proton:
GEp(QZ) and GMP(Qz)
o Characterize the influence of the E.M. fields of the proton
on the lepton
¢ Related to the spatial current and charge distributions
e Experimentally found

» Rosenbluth Separation Method
» Polarization Measurements
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Rosenbluth

Rosenbluth Formula
e Extension of Mott to include nucleon structure
¢ 1~ exchange assumed
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Rosenbluth Technique

Form Factor Ratio Data: Rosenbluth
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Polarization Experiments

e Became possible to advent of highly polarized e~ beams
e From that Gg,/Gup can be extracted

Asymmetry with Polarized Targets
e Longitudinally polarized leptons on polarized proton target

e Asymmetry is the ratio of the polarized to unpolarized
cross section

Polarization Transfer

e Polarized lepton beams scattered on unpolarized proton
target

¢ Recoil proton polarization measured
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Polarization Experiments

Form Factor Ratio Data: Polarization Transfer
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Discrepancy

Form Factor Ratio Data

Different Results!

e Flaw in formalism
or measurement?
¢ Possible culprit
» Higher order
contributions in
cross section
measurement

nGe/Gu

Q% |GeV/c]?
—a— Rosenbluth +——— Polarization
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Two-Photon Exchange Effect in Elastic ep Scattering

e Significant multiple photon correction to Rosenbluth
technique?

e The hard 2y exchange is not included in usual radiative
corrections
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How to measure higher order contributions

With the 1~y assumption e~ p and e*p cross sections are
identical

Interference term between M;, and M., sensitive to lepton
charge

do(e*p)

ETo) |M17:|:M2,y—|—...|2

= My, [? £ 2Re{M] Mo} + ...

Use positron-proton and electron-proton scattering

o(e'p) _, +4Re{M1T7M2v}
o(e~p) | M52
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Expected Results

1.2
Yount+Pine 1962 HEH Yang phen. —
Browman 1965 o+ Guttmann phen. —
Mar 1968 & Bernauer phen. —
Bouquet 1968 o+ fanasev
E Blunden (gs.) —
r Olympus projected e+ Blunden (g.s. + A) ---
115 = orisyuk gg.s -
Tomasi-Gustafsson ——
- h -
E<EREN I N I 1
- \ -
©
—
1
[ \
O 105 - il
+\ B N Tl 4 b
3} b . NN
=l {
— — S
1 8 A
e | -4 0
Y.
095 | ﬂ I 3 3 s e H
1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
€

Lauren Ice, ASU

Status of The OLYMPUS Experiment



The Experiment

OLYMPUS Goal

Measure ;’fgigg to within 1%
E =2.0GeV
025<Q?<25 (GueV/C)2

0.35<e<0.98

Other Experiments

e VEPP-3 Novosibirsk

» E=1.6and 1 GeV
» No magnetic field
» |.LA. Rachek, et al., Phys. Rev. Lett. 114, 062005 (2015)

e CLAS

» E<55GeV
» Large Q? and e range
» D. Adikaram, et al., Phys. Rev. Lett. 114, 062003 (2015)

v
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Experiment Comparison

Kinematic Reach of Two-Photon Experiments
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The Experiment
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Beam: DORIS

DORIS Ill: Hamburg, Germany L ——
« Positron and electron beams S e et
e Energies up to 4.45 GeV T w:
e Current up to 140 mA
e Primarily used as source of

synchrotron radiation

OLYMPUS DORIS Il
OLYMPUS
e E=2.01GeV
e Current between 40 mA - 60
mA
 Switch beam species daily METL o o g

http://bilder.desy.de:9080/DESYmediabank
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Target

H, Target

¢ Internal design
» Windowless, thin-walled

Isotopically pure hydrogen

gas
o Multistage pumping
system ;
e Cryogenically cooled ‘ top onge
¢ Density: bycrogen et

3 x 10" atoms/cm—2

collimator

J.C. Bernauer, et al., NIMA 755 (2014) 20-27
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OLYMPUS Detector

 Large acceptance
spectrometer

o 8-sector toroid magnet
o Left/right symmetric

R. Milner, et al., NIMA 741 (2014) 1-17
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OLYMPUS Detector: Wire Chambers

Wire Chambers

e Main tracking detectors:
» Momentum
» Scattering angles
o Define acceptance
» 20°- 80° scattering
angle
» +15° azimuthal angle

R. Milner, et al., NIMA 741 (2014) 1-17
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OLYMPUS Detector: Time of Flight

Time of Flight

/ ¢ 36 scintillator bars
///// / « Full acceptance of wire
chambers
¢ Kinematic trigger

R. Milner, et al., NIMA 741 (2014) 1-17
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OLYMPUS Detector: 12° Luminosity

GEM and MWPC Telescopes

Monitor forward angle
elastic e*p

12° scattering angle
Gas electron multipliers

Multi-wire proportional
chambers

R. Milner, et al., NIMA 741 (2014) 1-17
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OLYMPUS Detector: Symmetric Mgller and Bhabha

Moller and Bhabha
Calorimeters

e Elastic e e~ (Mgaller),
e~ et (Bhabha) and pair
annihilation

e 1.29° scattering angle

R. Milner, et al., NIMA 741 (2014) 1-17
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Data

e February 2012: 4 weeks
e October-danuary 2013: 9 weeks

Integrated Luminosity [fo™*]
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a4
35
3
25
2
15

1L

0.5

Jan12 Ma'12 May12

Total: 4.45fb ™"

Positron,
negative toroid: 032 fb*

Positron,
positive toroid: 1.9 fb™*

Electron,
negative toroid: 0.24 o~

Electron,
postive toroid: 193 fo™*

Date

JuI12 Sep12

Nov '12

Jan'13

Analysis is underway




Analysis Strategy
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Track Reconstruction

e Track Finding

» Pattern matching: M. Dell'orso and
L. Ristori'
» Pattern library created with Geant4

¢ Elastic Arm Approach

» Track reconstruction: M. Ohlsson
and C. Peterson 2

» Deformable templates

» Deterministic annealing

e Session E4 (Saturday)

M. Dell’orso, L. Ristori, NIMA 287 (1990) 436-438
2M. Ohlsson, C. Peterson, Computer Physics Communications 71 (1992)
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Luminosity

The relative luminosity between e™p and e~ p is crucial for

finding "fe p; better than 1%

3 Luminosity Monitoring Systems
Slow control: beam and target information
Elastic e*p scattering at 12°

» 2v contribution assumed negligible here
Symmetric Mgller and Bhabha Calorimeters

» Accounting for radiative corrections in analysis

e C. O'Connor talk in session B6 (Saturday)
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OLYMPUS Radiative Corrections

We are measuring the ée p; to find the Hard 2 + exchange

contribution to elastic electron proton scattering.

Other radiative corrections distort ratio!

OLYMPUS radiative generator

e Monte Carlo

» Coincidence measurement
» Convolved with acceptances, efficiencies, and analysis cuts
» Bremsstrahlung: no soft v or peaking approximation

e Compares well with VEPP-3 ESEPP generator
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Analysis Progress: Elastic Peak

No Cuts fo

lepton vs proton theta lepton vs proton theta
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Electron and Positron Yields

Blinded!

e yield et yield
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Current Status

Analysis
e The analysis is still underway
e Preliminary result expected in May, 2015
e Final result in Fall 2015
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Conclusions

Two-photon exchange is likely explanation for electromagnetic
form-factor ratio discrepancy
o OLYMPUS will measure Z(¢P)

o(e~p)
» To within 1%
» 0.25 < Q? <2.5(GeV/c)>and 0.35 < ¢ < 0.98

e 4.45fb~" of data was taken in 2012
e Analysis is still ongoing
e Expect results soon!
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What is a proton?

Internal Structure of the Proton

¢ Important for understanding fundamental properties of the
proton

e Tests for QCD, nucleon-nucleon interactions
e Studied for over 50 years now

Probing the proton structure (ep — ep)

e Using lepton scattering from proton to measure
electromagnetic structure of proton

e QED is understood
e aem perturbation is valid
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OLYMPUS Detector: Wire Chambers

View of a sector from above

312cm ———
7 |
\rrv—rv—l—v—v—rrrv—v—v—v—v—rv—h—l—v—rl—rn/"oscm

\ree e
148 cm

¢ 3 sensitive detector
planes/sector
(chambers)

o 2 wire cell
layers/chamber

e Cell layers at 10° stereo
angle
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OLYMPUS Detector: Wire Chambers

Two cells side-by-side

e Staggered sense wires

» 1mm
» Left/right discernment
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Radiative Corrections: Finding Hard 2y exchange

Need to correct for large odd radiative corrections

Relevant Processes
e One-photon exchange
Bremsstrahlung (4 processes)

Self energy (4 processes)

Vacuum polarization

Vertex corrections (2 processes)
Two-photon exchange (2 processes)
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Plan

Monte Carlo

1. Generate events with radiative corrected cross section
2. Propagate through Geant4 simulation
» Convolve with acceptance, efficiency, resolutions

3. Analyze like data
4. Compare to data

Lauren Ice, ASU Status of The OLYMPUS Experiment
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Radiative Corrections

Corrections order o?

Large: Even Negligible

Y| x| XX
X

Correcting for odd terms results in hard two-photon exchange
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Radiative Generator
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A. Schmidt, R. Russell, J. Bernauer
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Other experiments: CLAS

Zhou and Yang (N only) 1.08F~ Zhou and Yang (N only)
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D. Adikaram, et al., Phys. Rev. Lett. 114, 062003 (2015)
M. Moteabbed, et al. Phys. Rev. C88 025210 (2013)
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Other experiments: Novosibirsk VEPP-3
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Radiative Generator
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