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Toaf }{ 1 @ Measure o(e™P)/o(e™ P)
Zz ] c - 1 © Use JLab high intensity e~
10 Q* [GeV?] 10 beam to produce

simultaneous, identical beams
of electrons and positrons

@ Use CLAS detector to measure
o(etP) and o(e” P) over a
large range in Q2 and ¢
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Jefferson Laboratory
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Experiment
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Continuous Electron Beam Accelerator Facility

(CEBAF)

New Hall

cryomodules

Enhanced capabilities
in existing Halls

Robert Paul Bennett (Old Dominion

5 pass super-conducting
accelerator

Polarized electrons up to 6 GeV
Maximum Current ~ 100 4 A
Upgrading to 12 GeV

3 experimental halls running (A,
B, & C) (D is coming soon)
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CEBAF Large Acceptance Spectrometer

Torus magnet
6 superconducting coils

Large angle calorimeters
Lead/scintillator, 512 PMTs

Liquid D, (H,)target +
v start counter; e minitorus

5 Gas Cherenkov counters
Drift chambers el# separation, 216 PMTs

argon/CO, gas, 35,000 cells

Electromagnetic calorimeters
Lead/scintillator, 1296 PMTs

Time-of-flight counters
plastic scintillators, 684 PMTs
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Simultaneous, Idential e* /e~ Beams

GLAK

Converter 5 _irole Ghicane

primary
electron hoton ; i
_I.D_e_:%(ll’ = pbeam ROERNS Cogt;gfd TaEet

d'T electrons beam

Radiator X photon blocker

Tagger magnet 1o tagger dump

@ Primary electron beam: 5.5 GeV and 100 nA
@ Radiator: 1% of primary electrons radiate high energy photons
@ Tagger magnet: Transport electrons tagger dump
@ Converter: 10% of photons are converted to electron/positron pairs
@ Chicane: separate the lepton beams
@ Remaining photons are stopped at the photon blocker
@ ¢ ande™ beams are then recombined and continue to the target
@ Target: liquid hydrogen: length = 18cm (30 cm) & diameter = 6cm (6 cm)
@ Detector: CLAS (DC, TOF)
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erie
— ——-- - - S S =
beam
Radiat electrons
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photon blocker
Tagger magnet \[? tagger dump
@ Primary electron beam: 5.5 GeV and 100 nA
@ Radiator: 1% of primary electrons radiate high energy photons
@ Tagger magnet: Transport electrons tagger dump
@ Converter: 10% of photons are converted to electron/positron pairs
@ Chicane: separate the lepton beams
@ Remaining photons are stopped at the photon blocker
@ ¢ ande™ beams are then recombined and continue to the target
@ Target: liquid hydrogen: length = 18cm (30 cm) & diameter = 6cm (6 cm)
@ Detector: CLAS (DC, TOF)
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Simultaneous, Idential e* /e~ Beams

CLAR\

Converter

primary
electron  photon

3—dipole Chicane

sitrons  combined
beam beam 2 e Target
erie =
beam
| B~ electrons
Radiator ~.
photon blocker
Tagger magnet o tagger dump
Primary electron beam: 5.5 GeV and 100 nA
Radiator: 1% of primary electrons radiate high energy photons
Tagger magnet: Transport electrons tagger dump
Converter: 10% of photons are converted to electron/positron pairs
Chicane: separate the lepton beams
Remaining photons are stopped at the photon blocker
et ande™ beams are then recombined and continue to the target
Target: liquid hydrogen: length = 18cm (30 cm) & diameter = 6cm (6 cm)

Detector: CLAS (DC, TOF)
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Simultaneous, Idential e* /e~ Beams

CLAR\

Converter

primary
electron  photon
beam beam

3—dipole Chicane

sitrons ~ combined
etfe-
beam

Target

b T

Radiator ~. electrons

photon blocker
‘o tagger dump

Tagger magnet

@ Primary electron beam: 5.5 GeV and 100 nA

@ Radiator: 1% of primary electrons radiate high energy photons

@ Tagger magnet: Transport electrons tagger dump

@ Converter: 10% of photons are converted to electron/positron pairs

*] : separate the lepton beams

@ Remaining photons are stopped at the photon blocker

@ et ande™ beams are then recombined and continue to the target

@ Target: liquid hydrogen: length = 18cm (30 cm) & diameter = 6¢cm (6 cm)
@ Detector: CLAS (DC, TOF)
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Simultaneous, Idential e* /e~ Beams

CLAR\

Converter 3—dipole Chicane

primary [ l l

electron  photon 1 combined

ot beam sitrons e Targ

| R electrons b
Radiator ~
photon blocker
Tagger magnet ‘o0 tagger dump

Primary electron beam: 5.5 GeV and 100 nA
Radiator: 1% of primary electrons radiate high energy photons
Tagger magnet: Transport electrons tagger dump
Converter: 10% of photons are converted to electron/positron pairs
: separate the lepton beams
Remaining photons are stopped at the photon blocker
et ande™ beams are then recombined and continue to the target
Target: liquid hydrogen: length = 18cm (30 cm) & diameter = 6cm (6 cm)
Detector: CLAS (DC, TOF)
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Beam Profiling

TPE Calorimeter

@ 5x6 tower,
3.8mm X 3.8mm X 450mm Shashlik
type calorimeter

@ Located directly downstream of

CLAS on the forward carriage

@ Dense fiber monitor mounted on the

face of TPEcal.

Fiber Monitors

@ 16x16 (64x64) channel Upstream

Sparse Fiber Monitor

@ Bicron fibers spaced 5 mm (1mm)

apart glued to a Hamamatsu PMT

@ Beam size ~ 15 mm radius
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Systematic Checks
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@ Flipped chicane polarity about once a week

@ Check for geometric alignment of ef/e+ on target

@ Varied steering magnet currents

@ Measured individual beam positions at Sparse Fiber Monitor
@ Reproducible crossing for all chicane flips
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Beamline

Beam Line Modification for TPE

More 1" thick steel 1” thick steel
hermetic \
chicane Wall
shielding \. Lengthen the
7 Lm o ﬂ target from 18cm
to 30cm
Z Moller Catcher and
mass shielding
2cm TungstenReduce the aperture of the
collimator h
X downstream collimator from 6cm to
/ Ao
0.25” lead g e e
covering on L fonm e D= onmiSom
tagger vacuum 0C R moter vol
box

target posiion:

larget posiion

@ The biggest hindrance to increasing beam luminosity is the drift chamber occupancy.
@ Extensive GEANT simulations to optimize shielding
@ Factor of 10 in luminosity + 30 PAC days of beam
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Shielding
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Beamline

Shielding

o
A J

~ June 24-29, 2011

Robert Paul Bennett (Old Dominion Beyond the Born Approximation 17 / 36



Beamline
[ ]

V. (cm)

e 30 cm long x 6 cm ID (Liquid Ha)
e Kapton cell wall
@ Installed -30 cm from CLAS center

@ Tungsten Moller shielding and mini-torus
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Analysis overview

The Basics

@ Measure Elastic Scattering Ratio
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Analysis overview

The Basics

@ Measure Elastic Scattering Ratio

@ Systematics
@ Extensive beam profiling
@ Flip torus polarity
@ Flip chicane polarity
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is overview

The Basics

@ Measure Elastic Scattering Ratio

@ Systematics
@ Extensive beam profiling
@ Flip torus polarity
@ Flip chicane polarity

© Analysis Issues

@ Beam energy for a given event is
unknown

@ Non-standard particle identification

@ Different efficiency for ID’ing
in-bending and out-bending tracks
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The Basics

© Systematics
@ Extensive beam profiling
@ Flip torus polarity
@ Flip chicane polarity

© Analysis Issues

@ Beam energy for a given event is
unknown

@ Non-standard particle identification

@ Different efficiency for ID’ing
in-bending and out-bending tracks

@ Analysis Solutions
°

Look for coplanar pairs (opposite
sectors)

Identify ++ and +— pairs

Exploit over constrained kinematics
Straight through running of primary
beam
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Summary of Data Analysis

Large-angle Calorimeter
Drift Chambers N Electromagnetic Calorimeter

Region 1 —
Region2 1\ \

Region 3 \\

Trigger on particle in forward 45° and
anything in opposite sector

Vertex cut (—45cm < V, < —15¢m)

Azimuthal angle cut
(¢proton - ¢lepton ~ 1800)
Transverse Momentum cut (Pr ~ 0)

Beam Energy cut
(Ebeam(angles) =~ Ebea’m(Pconsv'))

Fiducial Cuts
DOCA cut between tracks

Swimming — Acceptance matching ++
and +— events

©06 066 00 ©

TOF Counters- k— /— Cherenkov Counters

EC and TOF (0 < 45°) and opposite sector TOF
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Analysis Cuts
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2006 Test Run

1.5 days of low luminosity beam

<0?>=0.246 GeV2 03

< 'E i
2 (of_- vrevents
S Lk avents
Gee -
0T
08L e .
o5t 10 compare to previous data
<O>=0472GeV?  04-7 0.125< 0°<0.400 GeV

<0>=0.152Gev:  %?
0.1
<0%=0.103 GeV> ‘ ‘ . : ! |
¢ 0.5 0.6 0.7 0.8 na 1

epsilon
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2006 Test Run Results

1~15_ LA —TTT — T T .:

Q< or10F T -
< f ]
S -] Ea | -
& E | ————F—+ 3
S 10— — —= 3
@ 0.95F =
Yo (| R Lt PN P [
0.0 0.2 0.4 0.6 0.8 1.0

@ Scale-type systematic uncert. ~ 0.010 (e+/e- relative luminosity)

Maryam Moteabbed
Thesis (FIU)
< Q? >=10.206 GeV?

Megh Niroula Thesis
(ODU)

@ Point-to-point systematic uncert. ~ 0.0080 (acceptance & effects of cuts, coupled to statistical

precision)

@ Magenta: Fit to blue and black points

Dashed Red: BMT Calculation

@ Constat fit: R = 1.024 + 0.005 + 0.01
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The CLAS TPE Experiment

Nov 30, 2010 - Feb 25, 2011 (30 PAC days)
5.6 GeV @ ~ 100 — 120 nA unpolarized electron beam
@ — Photon beam
o = Electron-positron beam ~ 50 pA
@ = 30 cm Liquid Hydrogen target (-30 cm from CLAS center)

@ Luminosity limitations:
@ DC occupancies
o Trigger rate

Systematic error control:
o Flipped torus polarity weekly
Flipped lepton beam line magnet (chicane) polarity weekly
Zero field mini-torus runs
Half-field torus runs
Compare six different sector results
2.2 GeV run
o Electron beam run at 0.3 nA directly on target (~ 1 day)
@ Two different torus polarities
@ In-bending and out-bending particle reconstruction
@ ~ 12 billion triggers = 12 million elastic events over all kinematics
@ No accurate measure of luminosity, estimates: ~ 2.5 x 1032 cm~2s~1 for electron and
positron separately (Simulation)
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Projections

@ In 30 PAC days (Nov 2010 - Feb
2011),CLAS collected more

events in 1 hour than the entire

test run in 2006 (over 12 Billion

triggers several terabytes of

data)
@ CLAS will map out the TPE
effect over large areas of Q2 — ¢

@ CLAS will be able to obtain
< 1% statistical and systematic
uncertainties out to
Q? =2GeV?
@ Not the only game in town:
| Olympus at DESY and VEP-III
at Novosibirsk

+ L2 o (X3 o &
epsilon epsilon

S
epsilon

i i
epsilon opailon
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Projections
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In 30 PAC days (Nov 2010 - Feb
2011),CLAS collected more
events in 1 hour than the entire
test run in 2006 (over 12 Billion
triggers several terabytes of

data)

CLAS will map out the TPE
effect over large areas of Q2 — ¢
CLAS will be able to obtain

< 1% statistical and systematic
uncertainties out to

Q? = 2GeV?

Not the only game in town:
Olympus at DESY and VEP-III
at Novosibirsk
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Complementary Measurements

OLYMPUS CLAS

@ High statistics over thin slice of @ Large Q2 — £ coverage with varying
Q% —¢ precision

@ Known beam energy, unknown @ Unknown beam energy, liquid Ha
target thickness target

@ Radiative corrections to beam @ Bremsstrahlung beam just means a
energy different beam energy

@ Can tune beam to most interesting @ Get what the bremsstrahlung beam
kinematics ) gives us

4
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Complementary Measurements

High statistics over thin slice of
QR —¢

Known beam energy, unknown
target thickness

Radiative corrections to beam
energy

Can tune beam to most interesting
kinematics

Robert Paul Bennett (Old Dominion

ctions

OLYMPUS CLAS

Large Q2 — & coverage with varying
precision

Unknown beam energy, liquid Hs>
target

Bremsstrahlung beam just means a
different beam energy

Get what the bremsstrahlung beam
gives us

Orthogonal Systematics!
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Summary

Summary

@ Rosenbluth and Polarization transfer experiments measure Gg, that
differ by a factor of 3 at Q% =6

@ Understanding the origin of this discrepancy is essential to many other
measurement in nuclear physics

@ Two Photon Exchange may be able to explain the discrepancy

@ The eTp/e~p ratio is the only way to measure the real part of the TPE
amplitude

@ CLAS was able to produce simultaneous, nearly identical beams of
electrons and positrons

@ Test run results showed promise but were severely statistics limited

@ This year we significantly increase our luminosity, through shielding and
engineering

@ We should expect small (< 1% stat. and < 1% sys.) uncertainties for in
R over a large area in Q% — ¢ space

@ CLAS and Olympus experiments will provide good cross checks for
eachother
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Thank you
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1.0

Epeam = M — 1. 1
5 P Gan(0.72.0) wtan(apy) Y L

EBeam = (le + Pz2) (2)

Epeam = EeEp — PePpCOS(Oe + Qp)/Mp (3)

Robert Paul Bennett (Old Dominion Beyond the Born Approximation June 24-29, 2011



Beam Energy

Counts

Counts

Positive Torus

ep: 289176 events
e*p: 286489 events

I .
05 1 15 2 25 3 35 4 45

Epearn (GeV)

[\legative Torus

ep: 368757 events
e*p: 215888 events

05 1 15 2 25 3 35 4 45

Epeam (GEV)

Very Preliminary

32 / 36

Robert Paul Bennett (Old Dom

Beyond the Born Approximation



Analysis Cuts Summary

e Summary of analysis cuts

Run 66838 A = ¢,- &,

No Cut: 13768087

Charged Cut: 10598633
ZVitx Cut: 2438806

30000 — P, Cut: 1234583

Beam Energy Cut: 220909
25000 Coplanar Cut: 101390
—— 2 Particle Cut: 35355

20000
15000
10000
5000&
0 — Sh 100 150 200 ‘250 300 350
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Triggers

Trigger Setup

[ Description | Trigger Bit | Rates (Hz) @ 100nA |
1 500
Low Threshold EC and TOF g 45188
(6 < 45°) and opposite sector 4 650
o
TOF (0 > 45°) 5 200
6 800

High Threshold EC and TOF
(0 < 45°) and opposite sector 7 1700
TOF (0 < 45°)

TOF (45° < 0 < 60°) and

opposite sector TOF 8 40,000 (disabled)
(45° < 6 < 60°)

3 Hz Pulser 10 3

Low Threshold EC any sector 12 100 (Prescaled)

@ Bit 8: Needed to fill kinematic hole - Rates too high!

@ Could not implement Level 2 trigger due to hardware restrictions
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Trigger

Trigger Setup

[ Description | Trigger Bit | Rates (Hz) @ 100nA |
1 500
Low Threshold EC and TOF 3 288
(0 < 45°) and opposite sector 4 650
TOF (0 > 45°) 5 200
6 800

High Threshold EC and TOF
(0 < 45°) and opposite sector 7 1700
TOF (9 < 45°)

TOF (45° < § < 60°) and

opposite sector TOF 8 40,000 (disabled)
(45° < 0 < 60°)

3 Hz Pulser 10 3

Low Threshold EC any sector 12 100 (Prescaled)

@ Bit 8: Needed to fill kinematic hole - Rates too high!

@ Could not implement Level 2 trigger due to hardware restrictions
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© Spokespersons

e Larry Weinstein, Brian Raue, Will Brooks, John Arrington, Andrei
Afanasev & Kyungseon Joo

@ Post Docs
e Puneet Khetarpal
e Mauri Ungaro
e Robert Bennett

@ Graduate Students
Dasuni Adikaram
Dipak Rimal

Cristian Pena
Hashir Rashad
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