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Motivation I

From the 2014 Review of Particle Physics

Until the difference between the e p and µp values is
understood, it does not make sense to average the values
together. For the present, we give both values. It is up to
the workers in this field to solve this puzzle.
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But wait, there is more: Motivation II
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Gives rise to small radius ~
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Not seen before

Older fits approach
from below
Lack of data!
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Attack vectors

Did I mess it up? I.e.
verify scattering result!

Anything funky going on
below minimum Q2?
What about heavier
atoms? Deuterium,
Helium, Lithium
MUSE and other things...
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Revamped ”Classic” approach

Modern version of Rosenbluth
This is what we did in Mainz
Measure angle scans at constant energy
Fit different FF models directly to all cross section data
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Hypothetical experiment

Baseline:

Measure every 5◦ from 15− 165◦

At energies 100, 200, 300, 400, 500 MeV

Assumed errors:

0% systematic error
0.2% statistical
1% normalization

About 5 times smaller Q2
min.
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Projected performance I

Input: Spline fit from Mainz
Analyzed with 5th order polynomial×dipole
Baseline: δrE = 0.004 fm , δrM = 0.006 fm

Angles 15◦ − 120◦: δrE = 0.005 fm , δrM = 0.026 fm
Angles 40◦ − 165◦: δrE = 0.007 fm , δrM = 0.007 fm
”Cornell”: δrE = 0.008 fm , δrM = 0.019 fm
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Projected perfomance II
re

la
tiv

e
er

ro
r

Q2 [(GeV/c)2]

GE projected errors

Baseline
Mainz result

θ ≤ 120◦
θ ≥ 40◦

Cornell

0.01%

0.1%

1%

10%

100%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

re
la

tiv
e

er
ro

r

Q2 [(GeV/c)2]

GM projected errors

Baseline
Mainz result

θ ≤ 120◦
θ ≥ 40◦

Cornell

0.01%

0.1%

1%

10%

100%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

15



Thoughts

100-300 MeV would cover interesting region in GM ,
but needs more energies in between
50 MeV gives 10 times smaller Q2 than Mainz
More energies / more angles to test for systematics
20 msr detector, 500 MeV, 165◦ @ 100mA and
1019cm−2 target: 50 min.
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Caveats

Same approach =⇒ Same systematical errors as
before!
How good do we really know the radiative
corrections?

especially at back angles!

How well do you know the acceptance? Better
point-like target
How well do you know the efficiency? Online
monitoring!
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Mainz ISR

The following slides have been provided by

Miha Mihovilovic
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Summary

Need multiple beam energies for separation /
verification
Spectrometers! (at least two: measurement +
normalization)
ISR can access smallest Q2; Separation can access
magnetic radius / form factor
Think about your systematics! More variation is better
than minimal uncertainty per point.
Change target, rinse, repeat!
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