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lll-posed (pseudo-)ITD/PDF matching relation: 9t (v, 22) = /ldm K (20, 262 fopn (@12 + 3 B () (27)"
B k=1
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O Expand Pseudo-ITD in Orthogonal Polynomials

1
lll-posed (pseudo-)ITD/PDF matching relation: 9 (v, 2?) :/ dz K (v, 2°p? ) ZBk
—il

1
o{*h) 2 zg,uQ) = / dz K, (zv, zg,uz)[a'“ (1- m)ﬁ Q(xP) (.E)]
0

n e 1)k Re smﬁt 1/ 2> Za(o"ﬁ) v, 22 )Cf,f,sa’ﬁ ZO’O v) Gy (e.B)
=23 Gren () Wl B @+ 2k 41,54+ 1)
j=0k=0 "/
1 + Z2A U(a 5) Ct4 (e, 8) + Z4A4 o_<a16) Ctﬁ
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0
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o frwr) ! Jm gﬁﬁt I/ Z Z « [3) I/ 22/1,2) Clt (a,B) - n(()i;ﬁ) (l/) Ciz’n(ouﬁ)
.............................................................................................. = 2 | =
Strategy of parametric fits with Jacobi polynomials n z2A2 Z 77(a 6) t4 (a B z4A4 Z 77(m,ﬁ’) t6 (aﬂ)
1. scan over truncation orders
a. search for optimal expansion coefficients for each
2. establish polynomial hierarchy U
a. preference given to low-order polynomials
b. restrict x-space contaminating distributions to be Jacobi polynomial basis are only non-linear terms
sub-leading to leading-twist PDF Separable non-linear optimization — variable projection
C. Bayesian priors (gaussian)

G. Golub and V. Pereyra, SIAM Journal on Numerical Analysis 10,413 (1973)
3. separability of non-linear optimization



<:> Optimal Fit for Valence PDF
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< ) Short-Distance Tension

Dramatic effect of a discretization correction

{nuts Mazs nea, niety /o oY B clt, @ZN @L; cit,
{4,1,3,2}, —0.209(147)  1.330(415)  1.606(257)  0.427(752) —0.880(409) —0.675(122)
{4,0,3,2}, —0.376(37)  2.032(496)  1.340(165) 0.335(261) —0.125(100) —0.651(140)

Coa 0341 0342 0343 0361 0562 X72~
—0.279(48) 0.052(53) —0.371(106) —0.407(122) —0.045(37) 0.228(52) 2.620(345)
= —0.090(52)  —0.112(77) 0.274(99) 0.011(39)  0.397(84)  45.68(1.72)
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< ) Short-Distance Tension

K

Dramatic effect of a discretization correction

{nlt:nuz»nt4’nt6}v/+ « B C‘l}to C‘I,tl C\{}tz C"}fg
{4,1,3, 2} —0.209(147) 1.330(415) 1.606(257) 0.427(752) —0.880(409) —0.675(122)
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— —0.090(52) —0.112(77) 0.274(99) 0.011(39) 0.397(84) 45.68(1.72)

Visualize scale dependence in reduced pseudo-ITD via mock

pseudo-PDF fit
I'(5+a)

TA+aT@° a-ay

1
Re Ma (1/, z2) = / dz cos (zv) Re P (cc,z2;a,3)
0
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L) Short-Distance Tension

Dramatic effect of a discretization correction
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Visualize scale dependence in reduced pseudo-ITD via mock
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) Short-Distance Tension

Dramatic effect of a discretization correction
{nuts Mazs nea, niety /o @ B clt, @ZN @L; cit,
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Visualize scale dependence in reduced pseudo-ITD via mock
pseudo-PDF fit
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0
Evolution/matching with pseudo-PDF fit
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>  redo two-parameter fits to matched ITD

a(z/a)

=1 b oa=0 Re My, 2?)
1.9 =2 ¢ z=10
z2=3 ¢ z=1
i ¢ z=4 ¢ =12
1.0 t 2=5 t =13
§ 2=6 ¢ z=14
089 § =7 z=15
t z2=38 2=16
0.6
0.4+ }
po }
0.2 t
(]
0.04
—0.2
_04 T T T T T T T
0 2 6 8 10 12 14 16
z/a

12



Q Short-Distance Tension

Dramatic effect of a discretization correction
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pseudo-PDF fit
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Dramatic effect of a discretization correction
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<:> Parameterized Higher-Twist Distribution
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<:> Parameterized Higher-Twist Distribution
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Next Steps - Expanded Interpolator Basis

Excited-state contamination

>

optimize operator/state overlaps - saturate
correlation functions at early temyporal
separations
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Excited-state contamination
>  optimize operator/state overlaps - saturate
correlation functions at early temyporal
separations
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O Next Steps - Expanded Interpolator Basis

Excited-state contamination
>  optimize operator/state overlaps - saturate
correlation functions at early temporal
separations

Generic light-quark nucleon O; (t) = e I
interpolator smeared with distillation

Dirac structure/covariant derivatives

Discretized continuum-like interpolators of
definite permutational symmetries

Op = (Fpr) ® Sps) ®@ Dpny) {4149293} (N ® 3D ® DE]ZLA)

(Generally) Continuum spins reducible under octahedral group

Canonical subductions Helicity subductions

> spinors/derivatives combined into object of
definite J¥

|
|
|
|
J J,'m ,m |
ol =" gim otdm !
e |

|

|

R. Edwards, et. al., Phys. Rev. D84, 074508 (2011)
J. Dudek and R. Edwards, Phys. Rev. D85,054016 (2012)

C.Thomas, et al., Phys. Rev. D85, 014507 (2012)
C. Thomas, private communication
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O Next Steps - Expanded Interpolator Basis

Excited-state contamination
>  optimize operator/state overlaps - saturate
correlation functions at early temporal
separations
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{ ) Summary and Outlook

Hadronic structure accessible from certain lattice
calculable matrix elements
> short-distance factorization

Nucleon valence (plus) quark PDF
>  distillation (+phasing) - first use in structure
studies
o precise pseudo-ITDs & PDFs
>  systematic effects can be reliably addressed

Fidelity of PDFs extracted from Lattice QCD hinges on
control of systematic effects
>  observed deviation from expected DGLAP
evolution of pseudo-PDF at small distances
> neglect of data correlations/loffe-time cuts
o useful, but can yield erroneous results

Repeat calculations at lighter pion masses & finer lattice
spacings underway
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Q An IlI-Posed Inverse

(pseudo-)ITD/PDF matching relations are ill- posed A convenient change of variables: z+—1—-2z
Mv,22) = [ dz K f +3°B 2yk . )
(v,2?) /_ z K (zv, 2°1%) fon (z, 1%) ; k() (27) § Q(a’ﬂ)(m)—z F'a+n+1) <n>(—1)JF(a+5+n+j+1)xj
i o a ! ; :
Q(V7M2):/_ldl’ewzfq/h($7/l) :OCL.F((}+/B+TL+1) . INGE R
> commonly: matched ITD fit by F.T. of wleB)
arameterized PDF : “n.j
P i ($7M2) = Nz* (1 — x)ﬁ P (z) |
Jacobi (hypergeometric) polynomials | | |
: A z €[0,1] z® (1 —z)° o, B> -1
(0.8) Fa+n+1) a+5+n+]+1) z—1Y}’
P, (2) = AT (a+ B +n+1) Z T(a+j+1) 9 Interval Metric Validity

J

|
| |
z€[-1,1] (1-2)(1+2) B> -1

Interval Metric Validity
. farn (@) = 1—9:520 Qe ()
/ dz (1 — 2)* (1 + 2)° PP (2) PP (2) = 8, mhin (e, B)

=il

| Flexibility of PDF functional form captured
without bias via {Q{®#)1



Optimal Fit for Plus PDF
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O Plus Quark PDF and Leading-Twist ITD
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Q Evolution and Scheme Conversion

Matching reduced pseudo-ITD to ITD requires a
continuous description
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Q Pseudo-PDF F|t of Reduced Pseudo ITD
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O ITD Fit - Pseudo-PDF Form for Convolutlon

1.00 1.0 1.0 1.0
0.9+ 0.8-
0.95- : .
y e s oot o 057 2 _ 1 swoorioms
X2 = 2.9005(1.5234) | 0.8 X2 = 2.5135(1.41 ,())I X2 = 1.9359(1.243?) i \2 = 1.4490(1.0758) |
0 1 0 2 0.0 2.5 0 5)
1.0 ® 1.0 . ]- L. ]- h
e N . ‘
. 0.5 ¢
0.5+ . N
N ¢ 4| 0~ | 0-
~= X2 = 1.2277(0.9898) A2 = 1.4675(1.0834) X2 = 1.5333(1.1079) X2 = 1.4210(1.0669)
= 500 5 ' 0 )
S 17< 1+
& * }
0 0 0 - % —
X2 = 0.5820(0.6821) X2 = 0.4044(0.5678) X2 = 0.6446(0.7163) X2 = 1.1940(0.9751)
T T T T
0 10 0 10 0 10 0 10
2 2 2 | 2
|
n.d i } 3 * } ‘
0+ $ 0+ % 0+ 0+
X2 = 2.3050(1.3548) X2 = 3.2583(1.6114) X2 = 2.9647(1.5398) ‘ X2 = 2.0448(1.2829)
I T T T
0 10 0 10 0 10 0 10

v



Discretization Effect

S S S O S N
L

O
e et e et et e

® N o o

O Ot 8 i o o

z=9

z=10
z2=11
z=12
z=13
z=14
z=15
z=16

Re M(v, 2?)

0.02
Re M (v, 22) = ﬁ x 023 (@A) 5B ()
0.00
_——0.02
BN
2
g —0.044
kS z=1
a; — = =2
—0.06 I -3
=N =4
=5
—0.087 e
B =7
B 2=38
_0.10 T T T T T T
2 4 8 10 12 14
14
) 1.000 "
Removal of parameterized LN
discretization effect 0.975 i
0.950 °
e  (numerically) b ezs
slight vertical =
shift of small-z p 0.900
data 0.875
e  effect most a1
pronounced for 0807 I z=2
v <45 0.825 .
0.0 05 10

2 6 8 10 12

4w e Q)
t 2=3 § =11
t 2=4 ¢ z=12
{ z=5 ¢ =13
t z=6 i =1
t =7 i 2=15
§ z=8 z=16

SRR IR ]
6 8 10 12
z/a




Higher-Twist Variability - Cuts on Wilson Line
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() Higher-Twist Variability - Cuts on Wilson Line
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() Higher-Twist Variability - Cuts on Wilson Line
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<:> Higher-Twist Variability - Cuts on Wilson Line
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() Higher-Twist Variability - Cuts on Wilson Line
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Large variability of parameterized higher-twist effects beyond Wilson line cut
> effect no longer constrained
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Higher-Twist Variability - Cuts on Momenta
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<:> Higher-Twist Variability - Cuts on Momenta
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<:> Higher-Twist Variability - Cuts on Momenta
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<:> Higher-Twist Variability - Cuts on Momenta
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<:> Higher-Twist Variability - Cuts on Momenta
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<:> Higher-Twist Variability - Cuts on Momenta
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