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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 G,’:-’ and GAPJ

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

or any other functional form

Including such models can bias your extraction of rf and ry,
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Form Factors: What we do know

o Analytic properties of GE(t) and Gp(t) are known
@ They are analytic outside a cut t € [4m2, o0]
[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

_ \/tcut_t_\/tcut_to
\/tcut_t‘l‘\/tcut_to

where teyr = 4m?2, z(to, teut, to) = 0
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oo
e Expand G£,, in a Taylor series in z: G2 ,,(q°) = Zak 2(q?)*
k=0

@ 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

o Lattice is coming!

o Several Lattice QCD groups will extract nucleon form factors
Like for the meson form factors

they will use the z expansion...

Gil Paz (Wayne State University) How to Resolve the Proton Radius Puzzle?
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Gil Paz (Wayne State University)

Alexandrou et al. PRD 96, 034503 (2017)

Nucleon electromagnetic form factors using lattice simulations

at the physical point

C. Alexandrou,"* M. Constantinou,’ K. Hadjiyiannakou," K. Jansen," Ch. Kallidonis,"
G. Koutsou,' and A. Vaquero Aviles-Casco’
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FIG. 14. Isovector electric Sachs form factor as a function of the
momentum transfer extracted from the plateau method at 7, =
18a = 1.7 fm (triangles). We show fits using the dipole form
(left) and the z expansion (right). The black points are obtained
using experimental data for G{(Q?) from Ref. [29] and for
G(Q?) from Refs. [30-44].
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FIG. 17. Isoscalar electric Sachs form factor with fits to the
dipole form (left) and to the z expansion (right). We show with
triangles the sum of connected and disconnected contributions,
with the plateau result for 7, = 18a = 1.7 fm for the connected
and for ¢, = 10a = 0.9 fm for the disconnected. The black points
show experiment using the same data as for Fig. 14.
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EPJ Web Conf. 175 (2018) 06033 (arXiv:1801.01635)

Nucleon Axial and Electromagnetic Form Factors

Yong-Chull Jang'-*, Tanmoy Bhattacharya', Rajan Gupta', Huey-Wen Lin®, and Boram Yoon?

Table 5: Final results for the isovector charge radii 74, rg and ry in unit of fm and the corresponding
masses My, Mg and My, in unit of GeV. The magnetic moment y,,_, = 1 + k,, — k,. The results are
presented separately for the 2- and 3*-state fits used to control the excited-state contamination and the
dipole and the z—expansion fits to capture the Q? behavior.

0? 3-pt. rA Ma TE Mg ™ Mu Hp-n
2 0.44(5) 1.56(18) | 0.70(7) 0.98(10) | 0.86(07) 0.80(06) | 3.45(23)
Z-exp- 3* 1 0.506) 1.36(17) | 0.83(9) 0.82(08) | 0.82(10) 0.83(10) | 3.47(36)
dipole 2 0.46(2) 1.50(07) | 0.69(2) 0.99(03) | 0.72(03) 0.95(04) | 3.52(15)

3 | 0.51(2) 1.34(06) | 0.793) 0.87(03) | 0.77(04) 0.89(05) | 3.72(23)
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Beware of the dipole!
@ Dipole form factor is always wrong!

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

The asymptotic scaling prediction from perturbative QCD
[76], F, ~ Q~*, implies the series of four sum rules [35]

> k(k=1)---(k=n+1)a, =0, n=0,1273. (16)
k=n

We enforce the sum rules (16) on the coefficients, ensuring
that the form factor falls smoothly to zero at large Q2.
Together with the Q> =0 constraint, this leaves N, =
kmax — 4 free parameters in Eq. (13). From Eq. (16), it can
be shown [35] that the coefficients behave as a; ~ k= at
large k. We remark that the dipole ansatz (9) implies the
coefficient scaling law |a;| ~ k at large k, in conflict with
perturbative QCD.
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