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Proton EM form factors

 Nucleon Pauli and Dirac Form Factors described in terms

of matrix element of vector current
F(q%)

(N[ Vi | NY@) = 0lFp) | Fol @V + ot | ulF)
* Alternatively, Sach’s form factors determined in
experiment 0
Cp(@) = R(Q) - ph(@)
Gu(Q?) = F(Q%)+ F(Q7)
Charge radius is slope at Q2 =0
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EM Form factors - Expt
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Form Factors in LQCD
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Boosted interpolating operators
* Bali et al., Phys. Rev. D 93, 094515 (2016)
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Smallest non-zero Q¢ determined by Highest momentum controlled by lattice spacing:
= Signal-to-noise Ratio

Sp atial volume . = Discretization uncertainties
= Calculate slope of form factor directly. Key for pseudo/quasi/LCS distributions
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Charge Radius - Excited States

0.8

HBChPT+A ¢ 32c¢48 coarse
Green et al, arXiv:1404.40 32¢64 fine B 48c48 coarse
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Differing treatment of Excited
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see Colin Egerer, Thursday
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| will concentrate on direct calculation of slope

see also Green et al., Phys. Rev. D 97, 034504 (2018)
Twisted boundary conditions
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Isgur-Wise Function and CKM matrix
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Extract Vb If know
intercept at zero
recoll

Calculate slope at zero recaoll..

UKQCD, L. Lellouch et al., Nucl.
Phys. B444, 401 (1995), hep-lat/
9410013
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Moment Methods

r

tsn =T
tsre = 0 :
p, =0

qz =k

* |ntroduce three-momentum projected three-point function

CoPU(t ) = <Ntcffrt’,a?fﬁg,6> e ke

T,T

« Now take derivative w.r.t. k2

—x . —b
whence  Cy(t.#) =Y —=sin(kal) (N:Tv # Nog)
| —x'? —b
. / / E : z
]}2120 Cgpt (t, t ) = 2 <Nta;frt/,f/ N0,6> .

Odd moments vanish by symmetry
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Moment Methods - I

* Analogous expressions for two-point

functions:
Copu(t) = D (NP Nog) e~k
— p
C’épt (t) = Z —Q_x]: sin (k) <N£”5N8’5>
— ’ ,
lim Ch(t) = Y —= (NN

Lowest coordinate-space moment &

slope at zero momentum
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Two-point correlator

‘Test Example‘
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« Spatial moments push the peak of the correlator

Three-point correlator
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away from origin
 Larger finite volume corrections compared to
regular correlators
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Fitting the data...

a 2 b 2
cF () =S Z3 0V (K?) 25, (K?) M (0) (t—t') = B (Kt

€

2T AM,, (0) B (K)
Cope() = 3 Zof (k) 23 (K?) 5,62 Allow for multi-state
R contributions in the fit

ZI*(0) = (QN*|n,p; = (0,0,0))
78 (k2) = (m,p; = (0,0,%)| N" |Q)
( Ly (k2) = (n,pi = (0,0,0) [T]m,p; = (0,0, k) )

* Now look at the functional form of derivatives:

L () = Z C2Pt (1) _ 1 ot ) Spatially extended sources -
P " 2[En(k?)]*  2En(k?)) second distance scale
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u-quark contribution to F, Form Factor
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Multi-exponentials essential to control fit
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Conclusions

* Precise calculations of charge radius require fine control
over systematic uncertainties.

 Moment methods allow direct calculations of slopes of
form factors at momenta allowed on lattice

« Lowest (even) moment gives the slope at Q2 = 0.

» Larger finite-volume effects than regular correlators
(expected - no free lunch).

» Method illustrated here for u-quark contribution to EM
form factor.

* Analysis on larger-volume lattices for complete isovector
form factor near completion. Can we understand volume
dependence?
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