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All roads lead to Rome

Several methods used to determine proton radius:
1 Elastic electron-proton scattering
2 ”Normal” hydrogen spectroscopy
3 Muonic hydrogen spectroscopy
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Cross section and form factors for elastic e-p
scattering
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Unpolarized: Rosenbluth
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High-Precision p(e,e’)p Measurement at MAMI

Three spectrometer facility of the A1 collaboration:
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Motivation: Structure
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(see J. Friedrich and Th. Walcher, Eur. Phys. J. A 17 (2003) 607)
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Measured Settings
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Electric and magnetic radius

Final result from flexible models

〈
r2
E

〉 1
2
=0.879± 0.005stat. ± 0.004syst. ± 0.002model ± 0.004group fm,〈

r2
M

〉 1
2
=0.777± 0.013stat. ± 0.009syst. ± 0.005model ± 0.002group fm.
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”Normal” Hydrogen Spectroscopy

1S

2S 2P

3S 3D
4S
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L1S = 8171.626(4) + 1.5645
〈
r2
p
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MHz

1S → 2S

2S → 8S 2S → 8D

2S → 2P
EnS u −R∞

n2 + L1S
n3

Two transitions for two unknowns:

Rydberg constant R∞
1S Lamb shift =⇒ radius

Direct Lamb shift 2S → 2P
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”Normal” Hydrogen Spectroscopy Results
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Muonic Hydrogen Spectroscopy

Replace electron with muon
200 times heavier =⇒ 200 times smaller orbit
Probability to be ”inside” 2003 higher!
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Muonic Hydrogen Spectroscopy Results

Result
Two semi-independent measurements
Consistent results
rp = 0.84049(39) fm
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The Puzzle
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Solutions

There are many, many ideas.
Too many to list, so I won’t even try.
Many seem at least unlikely.
None accepted by community.

We had a vote!
We need more data!
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Form factors at very small Q2

Is extrapolation invalid?
Structure at low Q2?

Two experiments:
Mainz A1: ISR
JLab: PRAD

20



ISR method

Q2
Vertex

Q2
Reconstruct

Use initial state radiation to reduce effective beam
energy
Have to subtract FSR
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Mainz ISR measurement

Use ISR to reach down
to 10−4 (GeV/c)2

Test measurement
2010
Full experiment August
2013
Completely different
systematics!
Data analysis ongoing
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JLAB: PRoton RADius

High resolution, large acceptance hybrid calorimeter
Windowless target
Simultaneous measure ep→ ep and Møller scattering
Q2 range: 2× 10−4 to 2× 10−2 (GeV/c)2
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Since we are measuring anyway: low-Q GM
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Since we are measuring anyway: high-Q GM
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What could PERLE do?

Probe low-Q with ISR or forward scattering −→ test for
structure
Just measure at one energy ~300 MeV −→ cross
check Mainz fit
Measure just higher energies. Or only one, if it’s the
right one! −→ Check cusp
Do a ”Mainz type” experiment

point-like target
no background

−→ better systematics
With polarized beam+target: Measure
c.s.+asymmetry −→ ultimate experiment
More, + D, 3He, 4He, Li, C

Proton form factors interesting on all scales. LHeC can
provide crucial new data!
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Bonus Slide: Parity Violation

A−(P,P ′) = −κP−P′

2 (νeA− aeV ) =⇒ sin2 θW

PERLE	  

\
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Measurements: 
 
•  Atomic parity 

violation 
 
• Neutrino scattering 
• LEP and SLAC 

 
• Tevatron 
 
• Qweak (finished 
              data taking) 

 
• Moller (planned) 

 
• P2 (planned) 
  

The weak mixing angle sin²QW(µ)                                                           

S. Baunack, IEB Workshop Cornell



Bonus Slide: More ideas

Pion electroproduction
DM searches ala DarkLight
DM searches ala beamdump, BDX
Can I Haz positron source? −→ two photon physics
Collide with other beams at 0◦
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Backup slides
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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
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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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A missing piece
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Spectroscopy Scattering
Electron 0.876 0.877

Muon 0.841 ???
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MUSE - Muon Scattering Experiment at PSI

World’s most powerful low-energy e/π/µ-beam:

Direct comparison of ep and µp!

Beam of e+/π+/µ+ or e−/π−/µ− on liquid H2 target
Species separated by ToF, charge by magnet

Absolute cross sections for ep and µp
Ratio to cancel systematics
Charge reversal: test TPE
Momenta 115-210 MeV/c⇒ Rosenbluth GE ,GM
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