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Form Factors: What we don’t know

What is the problem?

The form factors are non-perturbative objects.

Nobody knows the exact functional form of Gp
E and Gp

M

They don’t have to have a dipole/polynomial/spline

or any other functional form

Including such models can bias your extraction of rpE and rpM
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Form Factors: What we do know

Analytic properties of Gp
E (t) and Gp

M(t) are known

They are analytic outside a cut t ∈ [4m2
π,∞]

[Federbush, Goldberger, Treiman, Phys. Rev. 112, 642 (1958)]

e − p scattering data is in t < 0 region
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z expansion

z expansion: map domain of analyticity onto unit circle

z(t, tcut, t0) =

√
tcut − t −

√
tcut − t0√

tcut − t +
√
tcut − t0

where tcut = 4m2
π, z(t0, tcut, t0) = 0

Expand Gp
E ,M in a Taylor series in z : Gp

E ,M(q2) =
∞∑
k=0

ak z(q
2)k

2010: First application of z expansion to baryon form factors

[Richard J. Hill, GP PRD 82 113005 (2010)]
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PRP 2016

z expansion: the future

Lattice is coming!

Several Lattice QCD groups will extract nucleon form factors

Like for the meson form factors

they will use the z expansion...
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Alexandrou et al. PRD 96, 034503 (2017)
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EPJ Web Conf. 175 (2018) 06033 (arXiv:1801.01635)
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Beware of the dipole!

Dipole form factor is always wrong!

[Meyer, Betancourt, Gran, Hill PRD 93 113015 (2016)]
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