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lNtroauction

Goal: Compute hadron structure properties from QCD
o Parton distribution functions (PDFs)

Operator product: Mellin moments are local matrix elements that can be computed in
Lattice QCD

e Power divergent mixing limits us to few moments

Recently X. Ji suggested an approach for obtaining PDFs from Lattice QCD

. . . X. Ji, Phys.Rev.Lett. 110, (2013
First calculations already available d 013)

Y.-Q.Ma J.-W. Qiu (2014) 1404.6860
H.-W. Lin, J.-W. Chen, S. D. Cohen, and X. Ji, Phys.Rev. D91, 054510 (2015)

C. Alexandrou, et al, Phys. Rev. D92, 014502 (2015)

A new approach for obtaining PDFs from LQCD introduced by A. Radyushkin is
iInvestigated numerically in this work



Unpolarized PDFs proton:
M (z,p) = (pl(0)v* E(0, 2; A)ip(2)p)

E(0,z; A) = Pexp {—ig/ dz;, Ag(z')Ta}
0




A. Radyushkin Phys.Lett. B767 (2017)

Lorentz decomposition:
M (z,p) = (pl(0)v* E(0, 2; A)ip(2)p)

Ma(zap) :2pa./\/lp(—(zp), _22) + ZQMZ(_(Zp)v _ZZ)

z=(0,2_,0)
Collinear PDFs: Choose  p = (p_,0, 0)
~t

M—I_(Z? p) — 2p+Mp(_p-|—Z—7 O)

Definition of PDF: 1
My(-prz-.0) = [ da fla)eior=

—1



Myp(=pz, —2z7) s a Lorentz invariant therefore
computable in any frame

V= —ZD v IS called |offe time B. L. loffe, Phys. Lett. 30B, 123 (1969)

1

Mp(V,—ZQ)E/ dx P(x, —2°)e"™"

—1

't can be shown that the domain of x is [-1, 1]

A. Radyushkin Phys.Lett. B767 (2017)

M, (v,—2z%) at small z2 is called loffe time PDF

V. Braun, et. al Phys. Rev. D 51, 6036 (1995)

22 o 1/,u2 Pz, —22) < f(aj,,uZ)



Ji Quasi-PDF

P = (07 07 Oap3)
Choose z=(0,0,0, 23)
73
1 23
h(z3,p3) = 2—]93/\/13 = My (—z3p3, —23) + 2—193/\/1;;(—2’3}93, —23)

Q(%p?)) = p_;/ ng]’L(Zg,pS)eiypi%ZS

M3 On shell time local matrix element
computable in Euclidean space

Briceno et al arXiv:1703.06072



A. Radyushkin Phys.Lett. B767 (2017)

1 [ y |
Q(y,pg) — % /_OO dv {Mp(u, y2/p§) _ Q—Z%MZ(V, y2/p§) e WYV
V = —pP3%3
i QUps) = 5 [ dv e M (0,0 = f(o)
V2
Light-cone limit 22 =(0 achieved by 2 = 0
3

Singularity at 2% =0
1 T AQC
Q) = [ T2 g + 05

_1 x|z ops p3

X. Xiong, X. Ji, J. H. Zhang, Y. Zhao, Phys. Rev. D 90, no. 1, 014051 (2014)
T. Ishikawa et al. arXiv:1609.02018 (2016)



Improvement to Ji's quasi-PDF

P = (07 07 07p3)
Choose z=(0,0,0, z3)
"YO
1
h(23,p3) — Q—pSMO - MP(”? V2/p§)

Suggested also by M. Constantinou GHP2017 based on a mixing argument

Alexandrou et al arXiv:1706.00265


http://arxiv.org/abs/arXiv:1706.00265

1 > — 1YV
Oy, ps) = — / dv M, (v, 1 [p)e

2T ) _ oo

p3 — OO

1 >~ —iTV
P(x, —2°) %/ dv M, (v, —2%)e

— OO



Mp(”a Z?%)
./\/lp(O,zg)

Pseudo-PDF M(v, 22) =

UV divergences will cancel in this ratio

: : 2
Denominator is regular at z3 — 0

M,(0,0) =1 Isovector matrix element

Scaling violations to the loffe time PDF may be suppressed
B. U. Musch, et al Phys. Rev. D 83, 094507 (2011)

A. Radyushkin Phys.Lett. B767 (2017)
My (v, 23)) = Q(v, 23) + O(23)

M(v, z3) = Q(v, 25) + O(23) with smaller scaling violations

> fo,pu®)  MS

W2 = (2677 /z3)? Q(v, 22) ——



1
___CF/ du B(u)Q(uv, 23)
0

DGLAP kernel in position space

V. Braun, et. al Phys. Rev. D 51, 6036 (1995)

2 Qg

3

In(2,°/22) /O du B(u) O(

uv, 23

)



Numerical lests

* Quenched approximation 3=6.0
393 w64 My ~ 600MeV
* Need series of small z3
 Need a range of momenta to scan v
o (Goals:

 (Check scaling violations

* Understand the systematics of the approach

MEATE LI WILLIAM & MARY m




Matrix element calculation

Cp(t) = (Np(O)N p(0)) 2" (1) = (Np(£)O° ()N p(0))

o Di+1)  cf D)
Cp(t+1) Cp(t)

Mg (23P, z3;t) = C. Bouchard, et al arXiv:1612.06963 [hep-lat]

2.
M (v ZQ) = lim Meff(Z?,P 233 t) > Men (2P Zg’t)|23=0
» 73 t— 00 Meff(ZSP ZS? )‘23:() Meﬁ(23p7 Zg;t)‘P_O

Constructed to remove lattice spacing errors



Dispersion relation
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Cusp indicates “linear” divergence of Wilson line
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Points in previous two plots obtained in with different z/a
.e. correspond to the loffe time PDF at different scales!

DGLAP evolution:

2 Qg
3

(v, #2)=0Q(v, 22) In(z}%/22) / du B(u) Q(uv, 22)

Apply evolution only at short distance points [~1GeV]
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summary

Pseudo-PDFs are a viable new approach for obtaining collinear PDFs (loffe
time PDFs) from LQCD calculations

Use the hadron momentum to scan loffe time v (which is the Fourier dual to
momentum fraction x)

Large hadron momentum is needed to access small x physics which
corresponds to large v

Light cone Is approached by sending 7’ 1o zero keeping v fixed
Scaling violations in 22 are suppressed in pseudo-PDF ratio
At short distances z°=0 singularity leads to DGPLAP evolution

At short distances, the observed 7 dependence is compatible with DGLAP
evolution



