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motivation

constrain shapes of form factors in nuclear and
particle physics

calculate slopes of form factors w.r.t. momenta
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HPQCD [arXiv:1406.2279]



v-\N gquasi-elastic scattering

LIwewllyn-Smit formalism
do (Vn — E_p) - MZGE|Vyal?
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~1% uncertainty for ga before isospin & EM effects dominate

3

Liwewllyn-Smit [Phys.Rept. 3 (1972) 261-379]



proton charge radius

Gordon decomposition of vector current
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calculate slope of 7 on the lattice
aG!E(QZ) _ _1<T2> _ a};11(Q2) . FQ(O)
0> lgeeg 6 007 g0 AME

/0 experimental e vs. u discrepancy
~2% uncertainty can discriminate 4% exp. difference

lattice can provide model independent values for radii

Carlson [arXiv:1502.05314v1]



lattice overview

[[dU] A[u]eSvtndet(P+m) path integral

for composite
—Sy+Indet(D+m
JldU]e==v Hpm) operator A

(0] A]Q) =

Reduce weighted average to simple average

U ~ ¢~ Sutndet(P+m)  importance sampling

(QIA|Q) ~ Z AU simple average

Gauge field configurations reusable for different projects



overview of moment methods

Issues with moment methods:

Wilcox - Moments on lattice yields wrong ground state.

Existing methods:

sgur-Wise slope - position space method
HVP - time moment current current correlator

- TMC - position space method

Rome - expand lattice operators [1208.5914v2][1407.4059]

[0204024v1]

[9410013]
[1403.1778v2!

[1605.07327v1]

Most existing methods take 0/dq; derivatives all at ¢* = 0
Our method takes 0/0¢ generalized to all momenta



ensemble overview

241 flavor JLab isotropic Clover
a~0.12 fm
m, ~ 400 MeV

N? x N; = 24° x 64

correlator overview
double z-direction: NS2 x N, x N; = 24° x 48 x 64

480 configurations x 16 sources

M~alence — TMlight sea



Kinematic setup

tsnk =
tsrc =0
Pz —

tsnk =1
Pz =

tsrc =0

q- =k

For charge radius A = B = N® the nucleon interp. operator



correlators

two-point correlator
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two-point z-correlator
In [Cth(ta CI;Z)] Meff
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integral of any polynomial moment converges in infinite volume
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correlators cont.

three-point correlator
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three-point moment
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moments are with respect to current insertion

given correlators, moments are computationally free



three-point z-correlator
In [C3pe (8, 77)] Mg

—25_““v““!‘“!““v““_ 1 L L
75kt et

L N 1 08F

L L

_30-_ .' :2! . i

L .y | :! i

" - 1 0.6 DQ

: Hy N | vecior meson mass
—32.5 Iy ég;g i [ %

| Ui i

I 1 04r ERRRE
| =t S
} Yi=4 i ; $ !
| % Yi=5 0 co

i Yi=6 = : :
—37.5_— Yi=7 ] i (I

L } Yt:8

i } Yt:9
_40- L | L L L L | L L | L L L L | L L L 0 , L L L L | L L L L | L L L L | L L |

0 10 20 30 40 50 0 5 10 15 20

/ /
L, L,

lowest lying state when current is outside nucleon operators
2

1



13

finite volume correction

Spatial moments push the peak of the correlator
away from origin

Larger finite volume corrections compared to
regular correlators

Have exponential finite volume corrections

Currently thinking about ways to implement FV
corrections
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fit functions

two-point fit function
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two-point moment fit function
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7% =0 for point source/sink
two-point constrains all parameters except Zf;’b




15

fit functions cont.

three-point fit function

ZT 0V (B2)Z8 () _af (i — B (124
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three-point moment fit function
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2pt and 3pt constraints all params. except slopes
2pt moment needed for smeared source/sink
3pt moment constrains slope of form factor



poreliminary
slopes of overlap factors

- Z04(n?) | fit strategy
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preliminary
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slopes of gV
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summary and outlook

requires negligible additional computation time
obtain slopes of matrix elements
increase precision of central values

more statistics
try on larger ensemble
implement FV corrections

correlators of higher moments



thank you
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backup slides



spatial dependence of correlators
Heisenberg picture in continuum infinite volume

VALV A
CZpt — QZ/ dx ® sin(kx,) —= 2B n o= Ents ,—Ent

lowest lying state is nucleon ground state

4Gnm
C3pi(z, 2") Z / dx’
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_ZEn—E}f/ i (6 L B )

(nucleon)
< B}

—xk sin(kx’)e ™ Fm®=

lowest lying state is a vector meson Ej

both correlators are local therefore converge in [V limit
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