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Problem: Factor of 3 discrepancy in GgP

Solution: Compare H(e+,e+) cross sections to measure TPE
1. Important problem =» high profile competition
Aggressive Measurement: make high energy e+ in Hall B
Challenging Analysis

Preliminary Results (much better than published data)
Summary



The Proton Charge Formfactor
Why do we care?

To compare to models of the proton:

e The ratio of the electric and magnetic formfactors, Gg(Q?)/Gy(Q?),
gives information about the relative distributions of the quark
longitudinal momenta and transverse positions

e Nonrelativistically, Gg?(Q?) is the Fourier transform of the charge
distribution.

To build models of the nucleus and answer questions like:
e isthe proton modified in the nucleus?
 where does color transparency start?



G/ and Rosenbluth Separatlon
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G.” and Polarization Transfer

Measure transverse (P;) and longitudinal (P, ) polarization

of outgoing proton. 9
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The Proton Charge Form Factor G.P
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This discrepancy needs to be resolved
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- Radiative Corrections to
p P’ Single Photon Exchange
O-
> Standard
9 radiative
O @ O @, corrections
(a) (b) (c) (d)
Hard two-photon exchange (TPE) (g) h)

Smaller by a factor of a
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The TPE Formalism

General 1- and 2-photon exchange amplitude
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Thus we have
e Another € dependent term

e Modified GE and GM Guichon and Vanderhaegen, PRL 91 (03) 142303
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Possible Effect of Two Photon Exchange on
Rosenbluth Separation

015
. NE11: Q®* = 2.5 GeV?

Small (few %) TPE effects can dramatically change G*
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TPE Calculations are Hard

o & ==
Doubly-virtual
Compton
. @ g F P scattering
Need to integrate over (VVCS)!

* All intermediate virtual baryonic states

« All photon energy sharing =» wide range of masses of
those states

Photocouplings of most states are not known

Typical approximations
1. Consider only the nucleon and the delta
2. Use GPDs for baryon structure

We need to measure it!
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Compare H(e*,e*) to Measure TPE

e ev - Ay~ €
=»changes sign G(et)ed Ay, + A, +.
ﬁ _& j j o(e")o<lA, '+ 2A,,,,Re(A,)
® _olep) . HgnRe(d)

R measures the real part
of the two photon amplitude

§ % g ?f g G(e pP) 1A, T
@ 0 @ 0

AZ y (ei)z

o The real part contributes
=»always positive

directly to the GgP problem.
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Phenomenological TPE Extractions
(to make Rosenbluth and Polarization Transfer G.P agree)
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Parametrize the TPE amplitude
and then fit the e+/e- ratio to
the Rosenbluth and
polarization transfer data

Different e+/e- ratios can
explain the G¢P discrepancy

Qattan, Alsaad and Arrington, ArXiv arXiv:1109.1441
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Recap:

The Problem:
Rosenbluth/Polarization Transfer discrepancy in G;(Q?)

The Probable Cause:
Two-Photon Exchange contributions of a few percent

How to test it:
Compare electron and positron elastic scattering from the

proton to better than a few percent
- existing data is at low Q? and too imprecise

Now where did I leave those positrons ...

TPE Jefferson Lab Oct 2012 1



The Competition:
VEPP-3 (Novosibirsk) 2009-2012

E=0.6,1and 1.6 GeV Nal
* Pﬂ@sgcﬂamm Csl Nal Small angles:
. sclintl al .
Altel‘natlng e+ and e- beamS . Csl Csl aperture counters
E:Jtmbem sandwiches
Internal target T~
Proportional [ S - - -~ 2
hamb 4
Separate large and small angle AR Ty
detectors o boam
E=1.6 GeV
Non-magnetic spectrometer: S
identical e+/e- detector (H, target)
acceptance
Preliminary results arXiv: 0.5 m nal | pN | 106X,
1112.5369
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VEPP-3 Preliminary Results

Run | (2009): Run Il (2011-2012):
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Theory: Blunden et al, Phys. Rev. C 72, 034612 (2005)

Radiative corrections have been applied.
Systematic uncertainties (0.3%) not shown. 13



OLYMPUS: BLAST Detector at DESY

E=2 GeV
i BEAM
Alternating e+ and e- beams DRIFT CHAMBERS
TARGET
Internal target 101> atom/cm3

Forward angle (12°) luminosity coiLs
monitor

Continuous coverage 20°—80°
Taking data NOW!
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CLAS: Making Positrons in Hall B
CLA&

t 3—-dipole Chicane
p|r|n}[ary h ctonvjer er$ ¢ ¢
electron  photon : ke
beam baam positrons et ool Target
b - - 55 ==
am
/ A\ | electrons beam
radiator photon blocker t2h|5cclz(m monitor

Tagger magnet o tagger dUMpP  gson) wall

1. 100 nA 5.7 GeV e” beam hits 0.9% radiator, makes photons
e Electrons dumped in tagger dump
2. Photon beam hits 9% converter, makes e+/e- pairs
e e+/e-beams split by 3-dipole chicane
e Photon beam blocked
e Low energy leptons blocked
e Lepton beams recombined
3. Simultaneous e+/e- beams hit 30-cmx6-cm diam hydrogen target in CLAS
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Experiment Features/Bugs

Simultaneous e+/e— beams (~100 pA each)
Continuous beam energy distribution

- Wide Q? and angle ( € ) coverage
e+ and e- beam position and energy measurements

Simultaneous e*p and e p cross section measurements
— Minimize systematic uncertainty

Reverse Torus magnetic field to cancel acceptance effects
Reverse chicane magnetic field to cancel beam asymmetries
Six independent measurements in the 6 CLAS sectors
Overdetermined ep kinematics allows background rejection

TPE Jefferson Lab Oct 2012 16



Beam energy

e+/e- swapping
frequency

e+/e- luminosity

€ (angular)
coverage

Scattered e
energy

Proton PID

e+/e- detector
acceptance

Luminosity
cm2s-’

Experiment Comparison

_ CLAS VEPP-3 OLYMPUS

0.8 to 4 GeV 0.6,1, 1.6 GeV
simultaneous 0.5 hour
Calorimeter Elastic low Q2
0.2—0.9 Discrete
25°—14(Q° 04,0.9
magnet calorimeter
kinematics AE/E, TOF
Not-identical Identical
2x1032 1032
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2 GeV

8 hour

Elastic low Q2
Moller/Bhabha

0.3—0.9
20°—80°

magnet

TOF

Not-identical

2x1033

(projected)
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The JLab CLAS

Drift
Chambers

35,000 wires
Og = 330 tm

Time of Flight Counters
500+ channels, 145 ps resolufion

Almost 41 coverage
Six independent sectors

Superconducting
Toroidal Magnet

[Bdt=1.7 m

Cerenkoy
Counfers

216 chanaels

o 2
gver S) m~ area

Electromagnetic
Shower
Calorimeters
1700+ channels
o/E = 10%/E"3
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Centering the Lepton Beams

Beam Profile
Fiber Monitor (FIU)
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Repeated each chicane flip
Chicane currents were rep

eBlock one lepton beam
eScan chicane dipoles 1&3
eWatch the beam move
eRepeat for the other beam
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Trigger

Large-angle Calorimeter

Drift Chambers Electromagnetic Calorimeter
Region 1
Region 2
Region 3

EC (minimum ionizing)
& TOF (6<45°)
* Any opposite sector TOF

EC needed in trigger to
reduce rates

TOF Counte lk—3 Cherenkov Counters

TPE Jefferson Lab Oct 2012 22
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ldentifying Elastic Events

Analysis issues:
* Unknown beam energy for a given detected event
* Non-standard particle ID (no CC or EC for lepton ID)
* Need charge-symmetric event analyzer
Analysis solutions:
* Rewrote event analyzer to eliminate electron bias

* Select two charged particles (++ or +-) in opposite
sectors

* Elastic kinematic cuts
* 6 measured quantities (6,¢,p, 0,,¢,,p,)
* 3 free quantities (e.g., 0,¢, 0,)

*=>» 3 orthogonal cuts (actually we make 4 cuts)

TPE Jefferson Lab Oct 2012 24



Elastic Event Identification

E = tHe to -1
. Reconstructed beam energy: 1 =M, €0 9 COLu, —

E,=p,cos6,+ p,cosO,
AE, =E -FE,

beam

beam
m,E,

. Scattered lepton energy: AE' = E'"" —
’ © EF™(1-cos,)+m

p.sinf
. Proton momentum: App = pl’j‘“‘s _ e e

SIn Hp

. Coplanarity: A¢=¢, -9,

TPE Jefferson Lab Oct 2012
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AQ: Cut on other 3
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(backward angle)

€=0.3
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Elastic Event Identification

AE,,,..and AE, are correlated so make cuts on
m Ebeam
p 1

AE+=AE, _+AE’ AE', = "~
beam ¢ ¢ Ef’eam(l—cosOe)+mp
_ ’
AE_ — AE — AE Alz’beam = Ebeam(eevgp)_Ebeam(pj -}-p;)

beam

100(

02 0 02
AE, (GeV)
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Elastic Event Identification

Positive torus ++ events

e E
0.4| Entries 3085072 f - = .%o :
| Meanx 0.05902 |-z

Mean y -0.004219 -

0.3 RMS x

RMS y

0.1365 2 :
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AE+=AE, .+ AE’ Cut on other 3
(backward angle) (forward angle)
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Fit gaussians to determine peak widths for each bin

Make 3-sigma cuts on each varijable 30
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Background Subtraction — Worst Case

epsilon =0.1 - 0.5
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1. Measure background in AE- tails

2. Fit height to A® tails
3. Subtract from peak

| Positive chicane +-[1] |
180

160

counts

-+ —

140

120

100

80

60

40

lI]lIIIIIIIIII]IIIIIIIIIII]lllllll

20

[
J i ""1.‘"——-._'“""”'
St i 1|
165 170 1 8 185

L
o

e
75 1

-
(=]
o

e chicane ++ [1] |

Entries 38
Mean 180.7
RMS 9.69
%2 I ndf 50.43/35
Prob 0.0442
Constant 32.09=3.38
Mean 180.7£0.3
Sigma 7.536 = 0.448

Fit
region

dPhi (Degrees)

++

Illlll]lllllll

lI]lIIIIIlIIII]

|l.!‘ 2 N
Wil
et L I
960 165 170 175 180 185

AD

(gaussian fit also shown)

Entries 38
Mean 180.2
RMS 9.952
%2 I ndf 36.08/35
Prob 0.418
Constant 29.41£2.77
Mean 180.2£0.3
Sigma 8.78 = 0.58

190 195 200
dPhi (Degrees)

32



Data Analysis: Acceptance

Fiducial cuts to select regions of Acceptance matc (swimming)

high detector efficiency and
complete overlap between e* & e

Elastic ratio for given torus polarity:
. N7
R =—

Proton acceptance cancels

Flip torus polarity, form double ratio
for given chicane setting:

Ry =\R'R’
Lepton acceptance cancels

Flip chicane polarity, form quadruple

ratio:

+ Also doing acceptance corrections
+p- Ole
R=\RR, = (e'p) o(e p) using GSIM (simulation)

Beam asymmetries cancel 33
TPE Jefferson Lab Oct 2012



Data: Low Q? and High €
Acceptance Corrections
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Acceptance corrections are small, even in small bins.
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Data: Low Q? and High €
Beam Asymmetries
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Does the beam asymmetry cancel in the super ratio?
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Beam energy measurements
USM/ODU Calorimeter

30 module shashlik (Pb/scint) calorimeter

Positioned downstream of CLAS on forward carriage

Measure beam energy during low luminosity runs

Measure beam energy for e+ and e- separately every time we flipped the
chicane

Calibrated with cosmic rays (~450 MeV e- equivalent) centered at
channel 1000

E .. Density
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0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

_IIIIIIIII|lIII|IIII|IIII|IIII|IIII|IIII|IIII

oo e b b b b b by Ly
g 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

o

Incident Lepton Energy (Channel #)
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T T Beam asymmetries
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HHH cancel in the super ratio

Normalized to incident beam charge

Left side of chicane:
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Incident lepton energy (GeV approx)
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right asymmetry, not
an e+/e- asymmetry
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rents Entries 1188332

Stability: cycles 2,3, 4 .-

Meany 0.2961
RMS x 0.06823
RMSy 0.2229

35

We took four full magnet cycles of data
* torus-/+ B
* chicane -/+ '3
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Preliminary Results
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Comparlson to world data at QZ > 1
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Tasks to do:

. Include remaining data

. Lots more data points at large € and varied Q*
. Acceptance corrections for all bins

1. Swimming

2. GSIM-based

Charge dependent radiative corrections
Determine systematic uncertainties
(anticipate 1-2%)

Get CLAS analysis approval

Publish

Enjoy the plaudits of an admiring populace!
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Summary

Very serious discrepancy in G.P, resolvable by H(ez,ex)
Major competition from OLYMPUS@DESY and Novosibirsk

. First ever experiment using simultaneous beams of high energy

e+ and e-

Measured o(e+p)/o(e-p) over a wide range of Q% and ¢

1. Our measurements can be applied directly to correct the
Rosenbluth G.P measurements

Innovative analysis

1. CLAS charge dependent acceptances cancel when torus
magnet polarity flipped

2. Beam charge asymmetries cancel when chicane polarity
flipped

Initial results appear consistent with e+/e- ratios needed to

explain the G¢P discrepancy

Final results expected in 3-6 months
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