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The elastic ep cross section and form factors
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Rosenbluth separation

Form of cross section suggests a straightforward way to measure
the form factors: fix @2 and vary ¢ (i.e., §) using a
small-acceptance spectrometer
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The form factors from Rosenbluth separation
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Polarized beams/targets and Gg/ Gy

Availability of highly polarized e~ beams and targets starting in
the mid-to-late 1990s provided a new way to measure Gg/ Gy,

Scatter longitudinally-polarized e~ from unpolarized protons,
and measure the cross-sections for the different polarizations of
the outgoing lepton
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The Gg/ Gy, ratio discrepancy

The Rosenbluth and polarization form factor ratios show a large

discrepancy!
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Questioning the Born approximation

Results from both methods (especially Rosenbluth separation),
depend heavily on radiative corrections
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Most of these are calculable, but the fwo photon exchange
(TPE) box and crossed-box contributions had always been

“assumed to be negligible” due to the challenges of the off-shell
proton propagator
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Measuring TPE directly with oe+p/0e-p

A TPE correction could bring the data into agreement, but
calculation of the diagrams is highly model-dependent

Can it be measured?

Interference of the tree-level and TPE diagrams changes sign
with the charge of the lepton — comparing et and e~
scattering gives you a direct link to the TPE conftribution
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The OLYMPUS experiment

OLYMPUS seeks to provide a measurement of the etp/e p
elastic cross section ratio with better than 1% uncertainty over a
range of 0.6 GeV? < @2 < 2.2 GeV? to test the TPE hypothesis

Experiment requirements:
o Strong statistics over a large 6 range

 Precise monitoring of the relative et /e~ luminosity collected
o« Complete understanding of any systematic difference
between et and e~ running
e Acceptance effects
e Beam conditions
e Associated background/noise

« Careful radiative corrections (especially o® soft effects)
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OLYMPUS basics

e Located at the DORIS
storage ring, DESY,
Hamburg, Germany

e 201 GeVetande ona
fixed internal gaseous
hydrogen target

e Main tracking detectors
and toroidal magnet from
BLAST (MIT Bates)

e New detectors for precision
luminosity monitoring

e Two other experiments:
CLAS and VEPP-3

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 10/24



OLYMPUS basics

« Exclusively reconstruct elastic e*p events from 6 ~ 20°-70°

e Switch beam species approximately daily to control
long-period systematics

e Construct an extremely detailed Monte Carlo simulation
including detector efficiencies and acceptance, radiative
corrections, and experiment conditions (beam current,
target density, beam position, etc.)
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Pro

ected reach and previous data
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Reach of the TPE experiments
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Results from CLAS and VEPP-3
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The OLYMPUS detector
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The OLYMPUS detector
/e*le'

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/ 24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/ 24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/24



The OLYMPUS detector

Brian S. Henderson (MIT) Measurement of TPE at OLYMPUS September 27, 2016 15/ 24



The OLYMPUS detector
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12° e*p luminosity monitoring

e Broad theory consensus
that Ry, ~ 1 at high e

e High resolution 12° tracking
telescopes with dedicated
frigger provide high
statistics measurement

e 3 GEMs + 3 MWPCs per
detector side

o Exclusive etp
reconstruction

o ~1%/hour statistical
uncertainty from each
telescope

e Additional Ry, point with
SYMB luminosity
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Typical 12° event
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12° results

Left+Right Arm MWPC-Only, Lepton + WC Proton Passing Cuts
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Multi-interaction event luminosity '

Left Master Histogram
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Measurement of %, af § ~ 12°
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Upcoming results

The OLYMPUS analysis is in its final stages
Final checks on systematics prior to release of R, results

e Acceptance/efficiency effects
e Radiative corrections
e Comparison of independent analyses

Possible additional results on the form factors themselves
Publication/conferences this fall
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Lepton left/right yields
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Form factor discrimination power
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The OLYMPUS collaboration

e Arizona State University e Petersburg Nuclear
e DESY Physics Institute
e INFN Bari e University of Bonn
o INFN Ferrara e University of Glasgow
e INFN Rome e University of Mainz
e Hampton University e University of New Hampshire
e Massachusetts Institute * A. Alikhanyan National
of Technology Laboratory (Yerevan

Physics Institute)
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12° left results
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12° right results

115 Right Arm MWPC-Only, Lepton + WC Proton Passing Cuts
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12° systematics

| Uncertainty Source | Relative (%) | Absolute (%) |
ToF trigger efficiency (5.,,) +0.19 +0.25
SIPM trigger efficiency (degy,) +0.01 +0.10
MWPC plane efficiency (e yec) +0.01 +0.05
Magnetic field (g) +0.15 +0.35
Lepton tracking efficiency (., ,...) +0.18 +0.86
Proton tracking efficiency (dc, .., ) +0.10 +0.80
Beam position/slope (dgpm) +0.01 40.01
Beam energy (0g, ) +0.02 +0.02
Detector position (dget) +0.02 +0.20
Fiducial cuts (4q) +0.12 +0.22
Elastic cuts (dgiqs) +0.27 +1.63
Radiative corrections (6;qq) +0.08 +0.45
Form factors (6%) +0.14 +1.20
TPE af 0 = 12° (41pp)* +0.10 +0.10
Total including TPE uncertainty (612 1pe) +0.47% +2.44%
Total without TPE uncertainty (d12.) +0.46% +2.44%
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Cause of left/right difference
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Other TPE experiments

Two other experiments have also completed data-taking for

et p/e™ p ratio measurements; different systematics and
kinematic coverages

CLAS, Jefferson Lab, USA VEPP-3, Novosibirsk, Russia
e Unique tertiary beam « Sensitive to lower Q2
« Sensitive to lower @2 e Calorimetry-based detector
e Very large acceptance e Smaller acceptance
o Statistics limited e Relatively advanced results
« Results published, long already out

paper pending

The three experiments are quite complimentary; should provide
a definitive answer
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CLAS and VEPP-3 results

T T
<q*2l0.85 Gev? | 106 <€>=0.45 ]
1.06 |- " hou & Yeng (N onty) ] : —Zhou & Yang (¥ nly)
Zhou & Yang (N+4) -~ -Zhou & Yang|(N+4)
Blunden et al. (N only) ~Blunden et al. (N only)
1.04 - Point-like proton - 1.04 = -.-.Psint-like proton o
1.02 - W cLas ]

¥ VEPP 3
@ Previous Data

1.00 i T P - .
T 0.98f

Rg,

W CLAS
¥ VEPP 3
@ Previous Data

o

=
|
——
o

0.98[- kT ] R R e B
| e I I . L -
0.0 02 0.4 0.6 0.8 1.0 0.0 05 10 15
€ Q° (GeV®)
2T T2 T _

<Q">=1.45 GeV Ecows  <e>=0.88 B

1.08 - = @ ] 1.06 ¥ VEPP 3 ——%Zhou & Yang (N only)

O Previous Data  ---Zhou & Yang (N+4)
T CLAS 2013 ... Blunden ef al. (N only)
1.04 - 1.04 ----Point-like proton -]
1.02 - W cLas F — 1.02 —
& ¥ VEPP 3 S & i
5 & Previous Data ~ = -
1.00 1.00 f——=% T ? .
—— Zhou & Yang (N cnly) l ~ I+ +
___.Zhou & Yang (N+4) LT s o B
Blunden et ai. (¥ only) _ _..-[] i 0.98 BN - —
0.98 - Point—like proton __.--~"" -
| i 1 ] | I 1
0.0 0.2 0.4 08 0.8 1.0 0.0 0.5 1.0 15

Brian S. Henderson (MIT)



CLAS TPE experiment
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VEPP-3 TPE experiment
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