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Pseudo-loffe-time Distributions (pITDs)

A. V. Radyushkin, Phys. Rev. D96, 034025 (2017), arXiv:1705.01488 [hep-ph]

pITDs

A single-hadron matrix element  xJi Phys.Rev. Lett. 110,262002 (2013) /

M® (2,p) = (h(D)| ¥ (2) Y*W (2,0; A) ¥ (0) |h(p)) = 2p° My, (v, 2°) + 2% M, (v, 2°)

Well-chosen kinematics -- access leading twist
pt = (pO’O, 0,p3) 2 = (0,0,0,253)

A short-distance factorization to ITD Perturbatively computable

/ matching coefficients

M (V, 22) = Z Caq (22,LL2, Oés) ® 7, (V, ,LL2) + h.t. T. 1zubuchi, et al., Phys.Rev. D98 (2018) no.5, 056004
—T A. Radyushkin, Phys.Lett. B781 (2018) 433-442
e A. Radyushkin, Phys. Rev. D 98 (2018) no.1,014019
9 J-H.Zhang, et al., Phys.Rev. D97 (2018) no.7,074508

Wilson line UV-divergent for spacelike - 2
M (v,2*)
M, (0,22)
K. Orginos, A. Radyushkin, J. Karpie, and S. Zafeiropoulos, Phys. Rev. D96, 094503 (2017)

Compute M*® (z, p) butinstead analyze M (v, 2?) =



Pseudo-loffe-time Distributions (pITDs)

A. V. Radyushkin, Phys. Rev. D96, 034025 (2017), arXiv:1705.01488 [hep-ph]

pITDs

A single-hadron matrix element  xJi Phys.Rev. Lett. 110,262002 (2013) /

M (z,p) = (M) ¥ (2) Y*W (2,0; A) 9 (0) |h(p)) = 2p° M}, (v, 2%) + 2% M, (v, 2%)

Well-chosen kinematics -- access leading twist C. Monahan - Tues. 10:30am
J. Karpie - Thur. 10:00am
p* = (p°,0,0,p3) 2" =(0,0,0,23) W. Morris - Fri. 11:44am
A short-distance factorizationto ITD Perturbatively computable

/ matching coefficients

M (V, 22) = Z Caq (22,LL2, Oés) ® 7, (V, ,LL2) + h.t. T. 1zubuchi, et al., Phys.Rev. D98 (2018) no.5, 056004
—T A. Radyushkin, Phys.Lett. B781 (2018) 433-442
e A. Radyushkin, Phys. Rev. D 98 (2018) no.1,014019
9 J-H.Zhang, et al., Phys.Rev. D97 (2018) no.7,074508

Wilson line UV-divergent for spacelike - 2
M, (I/,Z2)
M, (0,22)

K. Orginos, A. Radyushkin, J. Karpie, and S. Zafeiropoulos, Phys. Rev. D96,094503 (2017)

Compute M*® (z, p) butinstead analyze M (v, 2?) =



Distillation - |

M. Peardon et al., Phys. Rev. D80, 054506 (2009), arXiv:0905.2160 [hep-lat]

2
Jom, = €7 =3 e N
Low-mode approximation to some gauge-covariant smearing kernel (e.g. Dist = ¥ |A)()] )
2 — — 3 -~ n
—Vap (Z,451) = 602y0ap — ijl [U (%) p Oxtiy + U (Z = J,t) 0 5m—j,y]
—V2ek) = 2B g®)

Define Distillation of  rk (Dist) = N < N, x V3

(@ §it)ay = i & (@16 (51) .
€y to control o

/ excited-states

R. Briceno et al., Phys.Rev.D 97 (2018) 5,054513

Admits extended basis of interpolators [GEVP]

e low-lying meson spectrum J. Dudek et. al,, Phys.Rev.D 88 (2013) 9, 094505
J. Dudek et al., Phys.Rev.D 87 (2013) 3,034505
e exotic hadrons J. Dudek, et. al., Phys. Rev.D83, 111502 (2011)

L. Liu, et. al., JHEP 07, 126 (2012)



Distillation - 11

“Perambulators”

Bo(p 1) = e® (2) M1 (b4 80) €D
-  Wick contract “distilled” (smeared) fields Tap (87, t0) = £ (87) Mg (t1,%0) €7 (80)

(7)) @ (

= = (I)('/]./;./T-/;! “ — fr”(m D (1) /D"E(‘f;‘\} ’ /DZ’, (k) (¢ S/.'/fr
Crnn (£) =3 (0] O (£, %) O}, (0,) [0) aASE e B SO

z,q Elementals /

= Tr [®,, (1) ® 7 (t,0) 7 (t,0) 7 (£,0) ® &, (0)] rrep.projection

e factorization of correlation functions
Why Distillation ? e explicit momentum projections - all times
e reusability

-> Unpolarized pseudo-ITD workload ty < to
1D a (fm) mz MeV) L>XN; Ntz Nacs DNyec v
a094m358 0.094(1)  358(3) 322 x64 349 4 64

T At 50 = Y eTRED (1) D7 (85,2 + 2o, 7) TW (2 + Zo, Z0;7) D1 (20, 73 80) €9 (t0)

20




Selected Reduced Summed-Ratio Fits

p, =~ 1.19 GeV

[plat = 1]

z/a =6

f(T) = M+ Ae 2FT  BTe AFT

p, ~ 1.63 GeV
[plat = 3]

z/a =8




Selected (Phased) Reduced Summed-Ratio Fits

p, ~ 1.90 GeV

[plat - 4]

z/la =8
f(T) = M+ Ae 2FT  BTe AFT

p, >~ 2.45 GeV

[plat = 6]

z/a =6




Selected (Phased) Reduced Summed-Ratio Fits

p, ~ 1.90 GeV

[plat - 4]

z/la =8
f(T) = M+ Ae 2FT  BTe AFT

p, >~ 2.45 GeV

[plat = 6]

z/a =6
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ReQ(v)

Unpolarized ITDs

z=0
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PDFs from ITDs & Pseudo-ITDs

M (v,2°) = /01 du[C (u, 2212, as (u))]Q (uv, p?) + i By (v) (zz)k

=

e2’}’E—|-1 2,2

C (u, 2202, 05 (1)) = 6 (1 — ) — ;‘—;CF lln <%> B(u)+ D (u)}

O Evolve/Match pseudo-ITD to ITD (4 CastITD as cosine-transform of PDF

O parametrize PDF 1 closed-form expression

P 1)/ A. Radyushkin, Phys.Rev.D 100 (2019) 11, 116011
z® (1 — )" (14 3, hpxlb+1)/2) T. Izubuchi et al., Phys.Rev.D 98 (2018) 5,056004

Bla+1,8+1)+ > B (a+1+ 5L 8+1)

qv (z,p) =

1 directly fit PDF parameters to

(4 numerically fit cosine-transform to ITD
pseudo-ITD data

A [method C]
Caution: 3F3 (111;222; —ixv)

4 [method K]



ReQ(v)
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PDFs and Phenomenological Comparison

6

QV(xaM): B(

a+1,8+1)+vB(a+3/2,6+1)+0B(a+2,8+1)

@ (x)c
T °%eo, e
o mm CJi5
] ’ [x2]3 = 2.338(0.636) MSTW
g (ffiioms(ofns)é NNPDF
: ;S B3 = 2.730(0.335)¢
8 E )
$ [x2]3 = 2.370(0.651)c
3 of = 0.013(0.113)
Y = 2.190(0.339)¢
¥ s 3 0% = —0.742(0.009)¢
= 53
=
5
$ z=0
z=1
=
$ 2z=3 i1d
% Z:g PRELIMINARY PRELIMINARY
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PDFs and Phenomenological Comparison

a(z)c 3 (z)c
— @)k % (x)o
= CJ1s I CJ15
X3} = 2.370(0.651), MSTW [x2]5 = 2.338(0.636), - MSTW
2]y = 2.370(0.651) 2]y — 2.338(0.
;(g 2 0.013(0.11330 c NNPDF ci(g 2 41015(0113)5 NNPDF
BY = 2.190(0.339): BY = 2.730(0.335)¢
6% = —0.742(0.009)¢
X35 = 0.177(0.138) X2 = 2.370(0.651) ¢
af = 0.320(0.164) 0l = 0.013(0.113)
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L0 58— —0.717(0.039) 0% = —0.742(0.009)¢
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V o
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Phenomenological ITDs

-> Model/parametrization - independent determination

€ isolate ITDs of phenomenological PDFs

N7

discrepancy not a surprise

1
Q (v, ,112) :/ dz cos (vx) gl (x,,uz)

0

-> role of [as yet] unquantified systematics

M, (v, 2% p2) /My (v,0;p2)
My (v, 225 pl, #0) /My, (v,0;p), # 0)

0.2 X. Gao et al., arXiv: 2007.06590 [hep-lat]

ReQ(v)

=> nuisance terms

HeH HoH HeH FeH A

M (v,2%) = Meont (v,2°) + Y (a[p:])" G (v) + (a/ |2])" Hn (v)

n

N N N NN NNN N
L 1 T
W N OAWN RO

PRELIMINARY pw=2GeV

[ ..more ensembles... ] 11

T T T T
0 2 4 6 8 10
v



Summary

Light-cone physics inaccessible directly in LQCD

o factorizable matrix elements

m loffe-time pseudo-distributions ( pITDs)

Distillation - first use in [partonic] structure calculations

o improved statistical precision [evidence of dglap]

o attenuation of excited-states

o reusability - e.g. hadronic PDFs (polarized)/GPDs/DAs
PDF parametrizations [ pITD -> PDF vs. ITD->PDF ]

o pheno. ITDs highlight need to quantify systematics

Excited to share results in coming months...

12



THANK YOU!
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(v, 2%)
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0.92
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v =3r/4
—— Aln(z%) + C + D22
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