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Cross section and form factors for elastic
lepton-proton scattering

The cross section:
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History of unpolarized electron-proton scattering
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Measurements with polarization: FF ratio
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Ratio: Difference!
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Most likely explanation: Two Photon Exchange
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Most likely explanation: Two Photon Exchange
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Impact of direct measurement




Most likely explanation: Two Photon Exchange




Direct measurement: Three modern experiments

— VEPP-3 Kinematic Reach of Two-Photon Experiments
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Analysis effort carried by students




At DESY: DORIS
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Anatomy of the OLYMPUS detector

o Target chamber
with target cell

R. Milner et al., NIMA 741 (2014) 1-17
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Anatomy of the OLYMPUS detector

o Target chamber
with target cell

o Toroid magnet
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Toroid magnet system

o _ ///% o Fit measurements with
=) 0 —~J )
- Wi model of coil field

o Evaluate model for full

volume
: s 0,0 7 o Special form of spline
interpolation

NIM A 823, 9 (2016) doi:10.1016/j.nima.2016.03.115



Anatomy of the OLYMPUS detector

o Target chamber
with target cell

o Toroid magnet
coils (half shown)

o Drift chambers
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Drift chambers

o 3 chambers,
2 planes each

o Tracking is hard
o Wrote three trackers!



Anatomy of the OLYMPUS detector

o Target chamber
with target cell

o Toroid magnet
coils (half shown)

o Drift chambers

o Time of flight
scinfillators

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




Vertical position

Reconstructed electrons in MC on ToF: SA
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o Trigger + particle ID

o Sophisticated simulation
(see theses by L. Ice and R.
Russell)

o The curse of old detectors




Anatomy of the OLYMPUS detector

o Target chamber
with target cell

o Toroid magnet
coils (half shown)

o Drift chambers

o Time of flight
scintillators

o Dual luminosity
monitors

o 12°-detector
o Symmetric
Mgller/Bhabha

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



12° telescopes

MWPCS (muit wire proprotional chambers)
PNPI - St. Petersburg

o Inferleaved MWPCs +
GEMs

o Scinfillator+SiPM tfrigger
0 Independent readout




Symmetric Mgller-Bhabha
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Timeline

OLYMPUS full proposal September 2008
Experiment funded by DOE January 2010
BLAST moved to Germany Spring 2010
Target test experiment February 2011
Drift chambers installed Spring 2011
Luminosity monitors installed Summer 2011
OLYMPUS roll-in July 2011
First full OLYMPUS test August 2011
Sym. Mgller/Bhabha installed Fall 2011
First data run January 2012
Second data run October-December 2012
DORIS shut down January 2013



Total data faken
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Goal: Ry,




Analysis software stack: Cooker

Frontends
o Command
line Plugins
o GUI
Q ..

Chef f(—_)j Plugin ﬂ

Xerces-C, XQllla H Root, CLHER Geant4




Plugin System
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Analysis approach
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“Straight forward” analysis

o Measure data

o Model experiment in simulation
o Generate pseudo data

o Track data + pseudo data

o Define cuts

o Background subtraction

o Build ratio
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The crux: systematics
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The crux: systematics
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The crux: systematics

0 Measure data Lumi. asymmetry? Time stability?
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The crux: systematics

0 Measure data Lumi. asymmetry? Time stability?

o Model experiment in simulation Reality matched?
o Generate pseudo data Radiative corrections? FE?
o Track data + pseudo data Tracker efficiency?

o Define cuts

o Background subtraction

o Build ratio

ot +
_ NGXP / Nl\e;IC
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The crux: systematics

0 Measure data Lumi. asymmetry? Time stability?

o Model experiment in simulation Reality matched?
o Generate pseudo data Radiative corrections? FE?
o Track data + pseudo data Tracker efficiency?

o Define cuts Cut bias?

o Background subtraction Background model?

o Build ratio

ot +
_ NGXP / Nl\e;IC
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How to check systematics

0 Redundancy

o Multiple luminosity monitors
o Multiple MC generators

o Multiple trackers

o Multiple analyses

o Associated quantities
o Lepton left vs. lepton right by species

o8 +oS
o Charge average: 22— ~ |
Imctome

= TPE cancels in first order




The crux: systematics

Appearsin )
Effect charge avg. | left/right | ratio Verdict
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FEmodel  [NESIIN o
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Total eff.
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Lepton accept.
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Bkgd. subtr.




MC model / form factor effects

Baseline: Dipole F F, Maximon Tjon rad. corrections
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Soft-photon corrections are sizeable
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Upcoming workshop on two-boson diagrams at Amherst Center for
Fundamental Inferactions! Interested? Talk to Michael Ramsey-Musolf,

Richard Milner, or me.
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The crux: systematics

Appearsin
Effect Verdict
charge avg. | left/right | ratio el
TPE no no

Soft TPE model
F. F model
Luminosity

Total eff.
Local eff.
Proton accept.
Lepton accept.
Cuts
Bkgd. subtr.
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Luminosity measurements

Redundant systems:
o Slow control luminosity

o beam current, target flow, temperature
o Symmetric Mgller/Bhabha monitor
o MC of both processes

o ete™ + etp double coincidence in symmetric
Mgller/Bhabha detector
(multi-inferaction events, MIE)

o 12° monitor
o two independent et p measurements



Symmetric Mgller/Bhabha monitor

250

200

ADC Right

50

N

—_

(S

o
T

—_

o

o
T

|

|

1 GeV/3 GeV
et+e && et+p

pa|

0
0

50

100

150
ADC Left

See thesis by O'Connor, Dmitry, Schmidt

250

100000

10000

1000

100

10



ete” + e*p double coincidence

o Calculate coincidence rate from e*p simulation and
ete™ rate measurement

o Correct for luminosity variance (time / bunch charge)
0 Result is independent of:

o detector efficiency
o Mgller / Bhabha cross section

0 Reduced sensitivity on beam position, geometry




ete” + e*p double coincidence

Luminosity extraction from pile-up
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o Slow control luminosity induced asymmetry: ~ 0.556%
o Uncertainty: 0.10% stat. 0.35% syst.
0 <e>=0.99975, < & >=0.002 (GeV/c)?




12° luminosity monitor

o Yields using
SM double

caoinc.
12 Degree/SYMB Pile-Up Luminosity Ratio (Top: Left Arm, Bottom: Right Arm)
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o Uncertainty:
0.03% stat., 0.46%
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Analysis by Brian Henderson



The crux: systematics

Appears in
charge avg. | left/right | ratio
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Soft TPE model no (1Ist ord)
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Left/right comparison
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Charge average
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Charge average
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Bonus physics
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The crux: systematics

Appears in .
Effect charge avg. | left/right | ratio verdict
TPE no
Soft TPE model no (1st ord)
F. F model
Luminosity
Total eff. limited
Local eff.
Proton accept.
Lepton accept.
Cus
Bkgd. subtr.




Cuts and Background subtraction

o Multiple independent analyses of the same data set
o Different approaches in

o Particle ID
o Track / Event selection
o Background subtraction

o Methods different, results similar!




Cuts and Background subftraction

o Multiple independent analyses of the same data set
o Different approaches in

o Particle ID
o Track / Event selection
o Background subtraction

o Methods different, results similar!

Meta-analysis




The crux: systematics
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OLYMPUS results . Henderson et al., arXiv:1611.04685 (nucl-ex))

o With exponentation, using Mo-Tsai soff photon calc.
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VEPP-3 results a. A. Rachek et al., Phys. Rev. Lett 114, 062005)
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VEPP-3 results ¢. A. Rachek et al., Phys. Rev. Lett 114, 062005)
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VEPP-3 results ¢. A. Rachek et al., Phys. Rev. Lett 114, 062005)
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VEPP-3 results ¢. A. Rachek et al., Phys. Rev. Lett 114, 062005) Fixed
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CLAS (. Rimal et al., arxiv:1603.00315 , D. Adikaram et al., Phys. Rev. Lett

114, 062003)
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CLAS (. Rimal et al., arxiv:1603.00315 , D. Adikaram et al., Phys. Rev. Lett

114, 062003) (color adjusted)
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CLAS data + Mainz fit
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y? of the world data set

VEPP-3 CLAS OLYMPUS World
XX N X2 N
Nyt Nyt Nyt
Blunden 4.01 0.70 1230 | 0.73 3.278s | 1.088
Bernauer 1.95 0.57 -0.360 | 0.49 0.450 | 0.679
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Take away / my interpretation

In measured region

At larger @2

The book isn‘t closed on this one
L




OLYMPUS: Projected performance
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Cuts (slice at @° = 1.175(GeV /c)?)
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