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PDFs and Computation on the Light Cone

PDFs are defined by light-like separation in Minkowski spacetime: 5]\24 = cfg — 512 — 522 — 532 =

dS _ixp P (& -
[F] ixP 5
fq ') _J 4 <P o | )T WIST0IW (0)] P, S>5+=5i=o

(non-forward) bilocal matrix elements

o require & # 0
PDFs are light-cone (LLC) distributions

Lattice-QCD works in Euclidean spacetime: fé = — fg — 512 — 522 — 532 <0
— we cannot realize nonzero light-like separation on the lattice,

L.C PDFs are not accessible directly

Proxy lattice distributions: we can calculate the same matrix
element with space-like separation z° < 0
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PDFs and Computation on the Light Cone

Proxy lattice distributions: we can calculate the same matrix element with space like separation 72 < 0

Quasi-PDF (gqPDF): finite momentum (x. Ji, Phys. Rev. Lett. 110, 262002 (2013), doi10.1103/PhysRevLett.110.262002]

0P ~ [dz €7 PIT, QT WEZON,(0)P)

~ 1 9) 2
dx y U M AQCD
A B (x xPz)f i (sz% (1_y>ng)

(8

departure from LC mixed between kinematic and boost variables: y € (—o0, o0)

Pseudo-PDF (pPDF); finite Separati()n (IOjfe timev = P - Z) [A. V. Radyushkin, Phys. Rev. D 96, 034025 (2017), doi:10.1103/PhysRevD.96.034025]

) ~ [ (P 1, W01, 0) | P

-1 dy

W, 22, u) =
J_ |yl

X
C (;,zzﬂz)fm(y, W+ 0 (zzAéCD)

departure from LC encoded in boost variable alone: x € [—1,1]
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Spectator Model Calculations of PDFs

dé~ . . _
Unintegrated (projected) quark correlator: ®!(x; P, S) = J%e"xp 3 <P, S | ‘Pq(f HI'W[E _,O]‘Pq(O) | P,S >
T Er=EL=(0

Calculating the PDFs from the quark correlator:

AP, ) = —Nal®) : V' (k,P,S) = iglk>)V(k, P, S)
Y T R Sty ie T~ E spin structure V
Dirac numerator N, k | i ! vertex form factor / NMV(]{, P,S) d/ﬂ/( P —k, n) | ](k2) |2
| — Ok, P,S) ~ . .
m : v (k* — m? + ie)*((P — k)* — Mp + ic)
DP — k) = Np(p) polarization structure N,

(P — k)2 — M} + ie ,. n
PDF M) = [dk, | dk~ @Mk, P, S)

kt=xP+
Distributions are recovered by performing the : :
respective integrations over k*:  gPDF 'y, P%) = |d* 7k, | dk’®!" Ik, P, S)

ki=yP*

pPDF  f'(x,2%) = dd‘zkleikﬂjdk—dﬂ”(k, P,S)

[A. Bacchetta, F. Conti, and M. Radici, Phys. Rev. D 78, 074010 (2008), doi:10.1103/PhysRevD.78.074010] k*=xP+

[L. Gamberg, Z.-B. Kang, I. Vitev, and H. Xing, Phys. Lett. B 743, 112 (2015), doi:10.1016/;j.physletb.2015.02.021] _
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Hel iCity pseudo
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quasi pseudo

Soffer Bound

The Soffer bound is defined PN

=== S%x)

z = 0.20 fm
z = 0.10 fm
2z = 0.07 fm
z = 0.05fm
-z =10.30fm

u-quark 35\ A
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-
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~
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~
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~

1 0f
S0 = [ (0) +g/(0) = [ A (x)| ® 15}

For LCs PDFs we expect $9(x) > 0

[J. Soffer, Phys. Rev. Lett. 74, 1292 (1995),

doi:10.1103/PhysRevLett.74.1292] Y X
x 10!
d_quark ’-\\\ -== Sa) -== Sd(z)
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Conclusion & Outlook

We see two trends:

- The Is no universal pointwise advantage between the two constructions; any disparity
in the quasi/pseudo-PDF fidelity to the LC PDF further vanishes when comparing

realistic P* and z values (P* ~ 2 GeV, 7z ~ 0.3 fm)

- LC convergence is strongly y-dependent for the qPDFs and more uniform for pPDFs;
this behavior is attributed to the respective constructions and not the models

Outlook:
- New distributions: higher twist PDFs, GPDs

- New Models: different vertex form factors, different models (particularly gauge
theories) to investigate other divergence structures
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Helicity - gPDF Smearing

(scalar-diquark)
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Parameter Values

Unless otherwise stated we use the following parameter values:

m = 0.33 GeV

M = 0.938 GeV

Ay =1.5 GeV
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Quasi-PDFs

Quasi-PDFs (qPDFs) are finite-momentum analogues of the LC PDFs:
[X. Ji, Phys. Rev. Lett. 110, 262002 (2013), doi:10.1103/PhysRevLett.110.262002]
Pl 11 . . k*
fégr](y, P ~ sz e~V P] ‘Pq(z)r W[Z,O]‘PQ(O) | P) for finite-momentum fraction y = B

Related to the LC PDFs via a perturbative matching procedure:

finite boost corrections

1 0 A2
f[”(y,PZ,ﬂFJ “ C(y - )fm(x,//t)+ @( A 0CD > S

lxl x xP? y2P2" (1 — y)2P2

|

matching coeffs.
(perturbatively calculable)

The gPDF converges to the PDF 1n the P — oo limit (after appropriate matching)

Support properties: y € (—oo, 00) vs LC fractionx € [0,1] —— distribution smearing



Pseudo-PDFs

Pseudo-PDFs (pPDFs) are finite-separation analogues of the LC PDFs:

[A. V. Radyushkin, Phys. Rev. D 96, 034025 (2017), doi:10.1103/PhysRevD.96.034025]

fq[r](x, 722) ~ J dv e (P ‘i’q(z)rW[Z,O]‘P ,0)| P) at finite spatial separation -

loffetime: v =P - 7

Related to the LC PDFs via a similar perturbative matching procedure:

!

dy X

22, ) = Cl=z2u | How+ 0 (ZzAéCD>
Iyl Y

The pPDF converges to the PDF in the z° — 0 limit

Support properties: retains the same dependence on LC fraction x € [0,1]



Scalar-Diquark Model

The model:
 Hadron-like model: parent and active states are now spinful, spectator 1s still scalar

e Spin contributions give nontrivial numerator structure, so all three leading twist PDFs are accessible

Explicit correlator:

ig2  (y'k,+m)(y"P,+ M)A + ys5y°S,)(y’ks + m)

O (k: P, S) = Ik
5 ( ) 2(2x)* (k2 — m? + ie)?[(P — k)? — M2 + ie] K5
k% — m?
The UV structure 1s now regulated by a dipole vertex form factor: / S(kz) = 2 — A2

— Large virtualities are suppressed, so the transverse integrals are finite (trivial matching)



Axial Vector-Diquark Model

The model:

 The spectator now also acquires spin, giving added numerator polarization structure

EXpliCit correlator: [A. Bacchetta, F. Conti, and M. Radici, Phys. Rev. D 78, 074010 (2008), doi:10.1103/PhysRevD.78.074010]

Dl P.S) g2 'k, +my*r’(y°P,+ M)y y’(y°ks + m)d,,(P — k,n) 0P
s 2(27)* (k2 — m? + ie)?[(P — k)2 — M2 + ie] ¢

Polarization tensor: p = P — k

U U | AU M 2 U U
light-cone:  d"(p,n) = — g 4 rFerrr _PP7 : n’ =0
p-n (p - n)?
n,-p pznfnzy + nzzp'“py

spatial:  d" = — g’ 4 : nz2 =—1

nt'p* + n! p#
(n, - p)* — nzp? (m P") (n, - p)* — nzp?

[L. Gamberg, Z.-B. Kang, 1. Vitev, and H. Xing, Phys. Lett. B 743, 112 (2015), doi:10.1016/j.physletb.2015.02.021]
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Modeling Proton Flavor Content

We can model the proton flavor content (uud-composition) by combining the scalar- and vector-diquark
channels (spin-1sospin decomposition):

fi@) =P+, ) =)

The vertex couplings g are fixed by normalizing the Phenomenological inputs for parameters:
distributions and then ﬁtting remaining parameters to [A. Bacchetta, F. Conti, and M. Radici, Phys. Rev. D 78, 074010 (2008), doi:10.1103/PhysRevD.78.074010]
phenomenological PDFs: Channel X My [GeV] Ax[GeV] cx
L s 0.822 0.609  0.847
I J de K2 A0, 1) a 1492 0716  1.061
N P g % 0.890 0.376  0.880
(x) / Q(x)(x)
= Jrorm(X) =
Ix
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Pseudo-PDFs and the loffe Time Dist.

Pseudo-PDFs are built from the Ioffe time distribution (ITD),

[A. V. Radyushkin, Phys. Rev. D 96, 034025 (2017), doi:10.1103/PhysRevD.96.034025]

1,
M ov,2) = (PP @ W0¥@IP),  v=P-z

2

where

ezt = 5 | dve w2,

27

The ITD is a function of the invariants v and z” and is therefore frame independent

we can built the pPDFs from the correlator 1n either frame,

: the key 1s to evaluate 1t at finite separation
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