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Cross section and form factors for elastic
lepton-proton scattering
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History of unpolarized electron-proton scattering
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Collider kinematics
Idea from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic Scattering
in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)
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Collider kinematics
Idea from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic Scattering
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GM at large Q2

Motivation

Not much data at high Q2. Does GM cross 0?
clean signal
ε ∼ 1 : Two photon exchange suppressed
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Collider kinematics
Idea from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic Scattering
in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)

0.001

0.01

0.1

1

10

100

1000

10000

0◦ 20◦ 40◦ 60◦ 80◦ 100◦ 120◦ 140◦ 160◦ 180◦

Q
2

[(
G
ev
/c
)2

]

Scattered electron angle

3 @ 20
3 @ 100
10 @ 20

10 @ 100
5 @ 50

5 @ 250
21 @ 50

21 @ 250
0

0.2

0.4

0.6

0.8

1

0◦ 20◦ 40◦ 60◦ 80◦ 100◦120◦140◦160◦180◦
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

cr
os

s
se

ct
io

n
fr
ac

tio
n

fr
om

G
E

ε

Scattered electron angle

8



The Proton Puzzle
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ch

Proton charge radius R
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9

H spectroscopy

scatt. Mainz

scatt. JLab

p 2010µ

p 2013µ electron avg.

σ7.9 

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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Form factors at very small Q2

Is extrapolation invalid?
Structure at low Q2?

12



JLAB: PRad

High resolution, large acceptance hybrid
calorimeter+GEM
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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GE at small Q2
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GE at small Q2: benefits and feasibility

Benefits
ε = 1, no hard Two-Photon-Exchange
minimal contribution from GM

No background
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”Race” kinematics

Collider kinematics: Project out forward angles of
fixed target frame
Can we access backward angles?

Yes! Have same direction for proton and lepton!
Lepton races the proton (and proton loses)
Technically feasible?! Reverse electron ring or use
positrons!
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”Race” kinematics: Possibilities
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”Race” kinematics: Possibilities
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Proton magnetic form factor
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Gives rise to small rm
Sensitive to radiative
corrections
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GM at low-Q

Benefits
ε = 0, no GE contribution (but two-photon exchange!)
completely different systematic

Challenges

Low particle momentum
Count rate
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”Race” kinematics: particle momentum
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”Race kinematics: luminosity
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Now he has gone completely mad!

In principle: Want to have different ε
Vary angle between incoming beams!
Technically ”challenging”
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Polarization variables
Blatantly stolen from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic
Scattering in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)
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Opportunities

Can study e/m form factor ratios
Or: Take from fixed target experiments
=⇒measurement of beam polarization product
PV also in reach
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Polarization variables
Blatantly stolen from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic
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Conclusion

Collider kinematics
Small Q: Can measure GE for radius, clean signal
Large Q: GM reachable, but low count rate

”Race” kinematics
Very unusual kinematical region
GM at small Q, unique opportunity for magnetic radius

Polarization
Double asymmetry: Use as a polarimeter
PV reachable

To-do
Experimental feasibility: Backgrounds, PID etc.

28



F.F. summary: Collider kinematics
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Can measure proton electric radius without
Two-Photon-Exchange effects
GM at large Q2: count rate very small
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F.F. summary: ”Race” kinematics
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Unique opportunity to measure low-Q2 GM and
magnetic radius
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F.F. summary: Polarization variables

Blatantly stolen from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic
Scattering in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)
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Can study e/m form factor ratios
Or: Take from fixed target experiments
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PV also in reach
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