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PDFs and Lattice QCD

 PDFs encode important nonperturbative
Information of strong interactions, and were
usually extracted from experimental data.
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« Lattice QCD is the main nonperturbative
approach to solve QCD.

« By definition, PDFs depend on time, so PDFs
cannot be calculated by LQCD directly.
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Quasi-PDFs and Pseudo-PDFs

 Anew idea: use LQCD calculable functions to

CaICUIatedPDFS Ji, 1305.1539, 1404,6680
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Quasi-PDFs are factorizable into PDFs
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flavor non-singlet quark: 4ik = 4i — qk
* Pseudo-PDFs: Radyushkin, 1705.01488
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| attice Cross Sections
Ma, Qiu, 1404.6860, 1709.03018

Quark correlation functions:
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Good LCSs:

1) Calculable in Euclidean-space lattice

2) renormalizable for UV divergence to ensure a reliable
continue limit

3) factorizable to PDFs

“‘quasi-PDFs”, “pseudo-PDFs” and “QCFs” are

special cases of “good LCSSs”
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Lattice Results of QCFs

Alexandrou, Cichy, Constantinou, Hadjiyiannakou,
87
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« Shape is similar to the experimental results
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Operator Renormalization

 Quark correlation operator:
Og’b(& .‘4’52:| 0) = ﬁq(&-) 'YU‘I)('}C)({& 0}) @bq(o) u?

« Multiplicatively renormalization: 5; zhang, zhao, 1706.08962
Ishikawa, Ma, Qiu, Yoshida, 1707.03107 Green, Jansen, Steffens, 1707.07152

v, RS — v,b 2 RS7¢¢2 .2 ¢
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* Non-perturbative renormalization schemes:
(RS|n - (92(5, u?,0)|RS)
(RS|7 - Of(&, 2, 0)|RS)©)

an example: [RS) = |h(p)>;v2:—u% Stewart, Zhao, 1709.04933

a single-scale scheme: |RS) = |Q2)
Braun, Vladimirov, Zhang, 1810.00048
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Factorization of Renormalized QCFs

 Renormalized QCFs:
FYp(w,6%) = (h(p)|Oy™S(©)|h(p))  w=p-¢
are independent of scale
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Renormalization Factor

Steps of calculating 0@ * {b@

* Fourier transformation. IBP reduction.
« Solve Mls by the method of difference equations.

Obtain Z** up to NNLO
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Partonic Matrix Elements

Diagrams for calculating F** ‘}2
0 ¢ 0 ¢
A Y + A/éééé Y + +
p p P p p

Steps of calculations:
Fourier transformation. IBP reduction.

Solve Mis by the method of differential equations. Solve
boundary conditions with the help of vacuum Mis.

Obtain Taylor series of w . Assume an ansatz and obtain
=p-§
analytical expressions.
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Matching Coefficients

Structure of matching coefficients of QCFs:
K" (zw, &%, pu*) = ap” A(aw, £, 1?) + .:r:wjv— B(zw, 2, i*)

iA(w, £%, p”) = 2e™ 4+ & ZL%CFA ( ) ZLZOF [CFA(Q) + OAAS) + nfTFAE?]
=0 L=1In(—&p?/4) + 2vg
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« Ansatz: polynomials time harmonic polylogarithms

examples: af]ﬂ 4G + "’:: + fi;

ayh =— (14 22)H(1;2) + - - a2 =0

a\7, = (3 — 2%)H(1,0;2) + {2, = —2(1 + 22)H(-1,0,—2) +
agry = — (3= 2%)H(1,1,0;2) + - -- asry = —2(5+ 22)H(~1,-1,0; —2) +

harmonic polylogarithms:

2
H(1;z)=—-In(1—-2), H1,0;z) = —In(1 — 2)In(2) — Lis(2), H(1,1,0;2) = (3 + % In(1-2)— Lig(1—2), ---
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Transformed Matching Coefficients

Pseudo-PDFs: (0 1<y
o [Arz(:%ﬁzlf)] 0<y<l1
structure: K(y. &) = ki(&p*)5(1 —y) + 1 . .
[A:;s(:w&z/tz)L —-1l=g<1
0 1<% ( 0 y<-1
when oy =H(n:2), Ky, =25c, ¢ [LH22]  0<y<1
0 y <0
. (s (0. 12 /02)] ,
Quasi-PDFs: Fonp/pz)| 1<y
5 ) y, 12/ p? 0<y<l1
Structure: &y, /?) = ke i)o—o) + 4 Lo T
ka(y, p?/p?) L Tl=y<o
| [zyﬂz/pz} y<-1
when o) =H(n; 2), equals to psedo—PDFs
for i £ 0, for example when ail, =H(1,0;2)
. H([]l(] 1{}1/;; n H(L;)_L?;L/y)}+ 1 <y
2 y " .
K(lj.”z/pﬁ) _ %Cﬁﬂ ) ( )If(l ,05y) + 12(; . JII(ll._U'!;U,y) + [[(110; y) + 4II(11 lq() t;)]+ 0 < y < 1
\ 1—_% %H(l 1U—u) 4 HE 17|0_..;1;—y) _ H(- 'llgé?;_y)L y <0
Cross checked with Chen, Wang, Zhu, 2006.14825
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Numerical Results

« Using PDFs from experimental data and
matching coefficients, predict the lattice results
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 NNLO results reduce the uncertainty from the ambiguity
of scale choice
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Summary

* Obtain complete and analytic NNLO flavor non-
singlet matching coefficients for QCFs.

 The method can be used for gluon cases and
other LCSs.

 The method can be improved for higher order
calculations. The evolution of PDFs beyond
NNLO may be obtained from high order LCSs.

Thank you!
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