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PDF---An Infinite-Body Problem

* The number of quark anti-quark pairs diverges
(manifestation of non-perturbative nature of the
problem)



One Possible Solution...

« Lattice QCD: making the degree of freedom
finite by discretizing the space time

* Goal: Computing the x-dependence of PDF’s
from first principles (QCD).



Past Limitation

» Traditional approach: can only calculate lower
moments PDFs.

o Still first principle, carried out successfully:
close to using physical parameters---highly
non-trivial and demanding in computing power.

 However, 1t also means the community has
reached the limit on what one can learn from
the lower moments.



New Hopes

* Davoudi & Savage (smeared sources)

* Detmold & Lin (light to heavy transition
currents)

» Xiangdong J1 (Phys. Rev. Lett. 110 (2013)
262002): quasi-PDF: computing the x
-dependence directly.



[attice PDF:

from Moments to the Sea
* Quark PDF 1n a proton: ( \ = 0)

9 df_ i€ + — D e—

gz, p?) = e € ST (PR(O)N AT (EN)| P)

* Euclidean lattice: light cone operators cannot be
distinguished from local operators

 Moments of PDF given by local twist-2
operators; LPDF limited to first few moments;
Sea quarks cannot be isolated



* Quark PDF 1n a proton: ( o = )

q(z, 1) = / %emw (PD(0)A-AT(E7N)| P)

* Boost invariant in the z-direction, rest frame OK
* Quark bilinear op. always on the light cone

* What if the quark bilinear 1s slightly away from
the light cone (space-like) 1n the proton rest
frame?






* Then one can find a frame where the quark
bilinear 1s of equal time but the proton 1s
moving.



Review: Ji’s LPDF

q\(lhqu‘«) _ _(f;’e ixz P <P}’L )\ F’(_ {P>
= ;Z;;- ,_ix"‘ch(:P:)P:

A= (0,0,0,1)

» Taylor expansion yields
U - AT (A-D)" ¢ = A, Ay 0 Ay, OF27Hn

op. symmetric but not traceless



Review: J1i’s LPDF

<P }()(/‘1 Y

p> — 2(1%[)([1.-1 . P'u'n)

» LHS: trace, twist-4 O(Ajep/(P?)?)
corrections, parametrized in this work

» RHS: trace O(M*/(P*)*)

* One loop matching o In P* | an OPE

vz (s “ A A?QCD M?
AP Z “ e
i(z, /Iyl ( )q(y,u)+o( 2o M)+




What do we expect to see on the
lattice?

 Suppose LPDF is the CTEQ PDF at I’ — o©

jl'l—d(X)

fa(=lz|) = —fq(lz])
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in the Fourier Space

Re h
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First (1sovector) LPDF Computation

Lattice: 24° x 64

a ~ 0.12 tm L ~ 3 fm
Fermions: MILC highly improved staggered
quarks (HISQ) Clover (valence)
Ny =241+4+1 M, ~ 310 MeV

Gauge fields/links: hypercubic (HYP)
smearing, 461 config.

27
PF=—n=ax048GCV  5-123...
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Quasi1-PDF (unpolarized)
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RG of Wilson Coetticient

. dy r pu A
§(z,\,P;) = | =2 (5, P Pz) qa(y, 1)

Y|
1 O 2Q(.D - .%' ..
P;z , P;Z LI B N

Xiong, J1, Zhang, Zhao

Still need to do lattice perturbation calculation



O(M*/(P*)*) Corrections

P~ = %n =n x 0.43 GeV

* Computed to all orders 1n @, (M 2 / (P 2)2) |

oo =5 i L[ coma(int) -0 e

fiz\/1+4CZi:1 C=M2/4Pz2



O QCD/(PZ) ) Corrections

e Twist-4:
pe dt r SkE ~
er(l ,U / / ;; IOh‘(Z)

O (2) = / d10(0) (YT (0, z,) DT (2, 2)
Jo

P)

+ / dzo\ - I (0, 29) DT (29, 21) D, T (2 )] P (zA)
Jo

Parameterized



Quasi-PDF (green) w/ loop (red) w/ loop + mass (blue)
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Unpolarized Isovector Proton PDF
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Quark mass effect!



A follow-up work
(Alexandrou et. al.1504.07455)
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A follow-up work
(Alexandrou et. al.1504.07455)
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Helicity and Transversity
(1sovector)
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Quasi-PDF (Helicity and Transversity)
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Quasi-PDF (green) w/ loop (red) w/ loop + mass (blue)
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[sovector Proton Helicity and
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Isovector Proton Helicity
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Outlook

* Wee partons, a good test to this approach---
smaller quark mass

* Next: linear divergence in the matching kernel,
lattice perturbation theory, proof of
factorization

 If1t works, lots of things to do: LCW, PDF,
GPD, TMD ...



Backup slides
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Correlation between EMC effect and SRC
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2[)271<A, T)/Ap2,1(27 T)

arXiv:1607.03065 JWC, William Detmold,
Joel E. Lynn, Achim Schwenk

* Linear relation emerges naturally from EFT

* a2 computed ab-initioly

* Slope can be computed from deuteron
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