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Measuring PrO'l'On Size Slope of form factor at
Q% =0

e Finite-size corrections to
atomic energy levels
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Proton RMS Charge Radius

Muonic hydrogen disagrees with atomic physics and electron scattering
determinations of slope of G; at Q2 = 0.
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Formalism
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v For a point like probe G' g and G are the FT of the charge and magnetizations
distributions in the nucleon, with the following normalizations

Q2 — 0 limit: G% =1 G% =0 G%ZDW = 2.79 G% = —1.91 one-photon approx.




In NRQM, the FF is the 3d Fourier transform (FT) of the Breit frame
spatial distribution - not the rest frame!

Boost effects in relativistic theories destroy our ability to determine
3D rest frame spatial distributions. The FF is the 2d FT of the
transverse spatial distribution.

Slope of Gegm at Q2=0 defines the radii. This is what FF experiments quote.
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Alternatives to Rosenbluth separation

Beam-Target Asymmetry - Principle n
normal

Polarized Cross Section:
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EO8-027 and EO8-007-11

Updated beam diagnostics:

e Beam position monitor (BPM)
e Beam current monitor (BCM)
e Rasters
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Rasters Chicane

NMR
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Chao Gu, Chiral Dynamics Workshop, Aug 2012




EO8007 - Part II
e High precision (x1%) survey of the FF ratio at
Q%4=0.01 - 0.16 GeV-.

e Beam-target asymmetry measurement by electron
scattering from polarized NH; target.

® Electrons detected in two matched spectrometers.

e Ratio of asymmetries cancels systematic errors —
only one target setting to get FF ratio.
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e Ran Feb-May 2012 - Moshe
Friedman (HUJI) Thesis
project, work in progress

e Higher Q2 points lost mainly
due to a series of difficulties
with magnets

Redesigned/Replaced/Repaired
Polarized target magnet
Chicane bellows
Right Septa Magnet
Both Septa Max Field
Local Dump Cooling
Harp wires

Karl Slifer, Trento 2012




Dynamically Polarized Solid Targef Reconfigured Hall B magnet services
Hall A Polarized Target for g2p/gep

Microwave NMR 5
Input 1 || g Signal Out

S | Refrigerator

Ey— E— Many Evolutionary Improvements from
previous runs in Hall C

*Rotation

eTarget Stick

eTarget Lifter

eSoftware

eCryogenics

oCryostat
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=3 Still 5T/2.5T 140/70 GHz

— 5T

(inside coil)
g E | e Polarization at 5T consistent with

experience

e New record for irradiated NH3 at 2.5 T
e Polarization (same material and EIO) at
UVa done without benefit of the 12000 m3
pump at JLAB

JLAB Target scientists and technical staff did great!




UVa Target, Magnet born 1992, died 2012 Hall B Target exactly same field
SLAC - 3 experiments, Hall C - 4 experiments  parameters, born 1995, reconfigured

Only real difference is location of the quench protection circuitry, above coil package on left and upstream on the
right, has implications for gep.




Cryostat also modified (and painted!),
magnet from Hall B, OVC from SANE. First
time in Hall A.




Status Report

Kinematics
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*On-line analysis - sanity checks.
*Almost all data extracted - but code is still preliminary:




*Preliminary optics (Jixie Zhang and others)
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eExternal helicity decoder (Chau Gu).

helicity inefficiency left arm helicity inefficiency right arm
0.079 0.079

0.078 0.078

0.077 0.077
0.076 0.076
0.075 0.075

0.074 0.074

——
——
.
e
R P
—
-~y
—.—
——
—

0.073 0.073

00?2 II|IIII|IIII|IIII |IIII|IIII|IIII|III I|II DU? |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
' 3060 3070 3080 3080 3100 3110 3120 3130 ' 32‘140 22150 22160 22170 22180 22190 22200 22210 22220

7% helicity decoder inefficiency




Dustin Keller, Uncertainty in DNP Target Data for EO8-007

(]

Polarization (%)
W H O O N ® ©
(=) (=) (=} (=) o (=) (=)

N
(=)

1 I: I L1 1 L L1 1 =I 1 1 I L1 I 1 .J. 1 I ' | 1 1 1 1 1 1 ll Lal 1 1 1 I 1 it 1 J 1 1 1 I Lk
8 10 12 14 jl1 6 18 10 12 14
Charge Accumulated (€/cm?) Charge Accumulated (€/cm?)

Polarization during gep

source error (%)
AT 1.45
AAT E 1.61
AA fit 0.75
Rp 0.50
AVp 0.75
NMR-tune 0.47

AVyuie 0.1

Polarization vs run (3085-3130)

Additional uncertainties
from the TE data, total
error < 3.3%
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Corrected for charge, inefficiencies efc.
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RGW Asymme‘l'ries uncorrected for beam or target polarizations

left arm asymmetry right arm asymmetry
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*Asymmetries consistent under both target and beam polarization flipping
*Random tests for the 1.7 and 1.1 GeV data gives similar results
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On line polarization, rough estimate of the dilution factor.

Moshe Friedman, “the asymmetries are far below anything that make sense”
D. Day, “Situation normal”




eDilution factor
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To know f, one needs to
know the packing fraction,
pf, the amount of material
in the cup (by volume)




Dilution factor and packing factor
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Done by comparing MC (incorporating o5 (@)
well-tested model of the scattering 207 Q2% = 1.5 (GeV/c)?

processes (elastic, QED, DIS) to data
with varying pfs
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Nitrogen polarization

Nitrogen is polarized and contributes to the asymmetry

Should be small.

Nuclear Instruments and Methods in Physics
Research A 437 (1999) 23}67




EO8007 - II Projected uncertainties in proposal
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EO8007 - Part II Projected uncertainties
" Much to do

e Optics - elastic peak is 15
MeV wide!
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Compare ratio method with results from each arm independently

Regular interactions with g2p would be beneficial




