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Quasidistributions

v

X. Ji [2013] proposed to calculate equal time correlation functions at purely spacelike
separations

v

gPDFs are defined through matrix elements of bilocal operators with purely spacelike
(z=(0,0,0, z)) separation

d : z - # ! Az !
0w P) = [ E e Pl oxp (~i [ a4 ) v 1P)
+ O (A%/2? P2, M? /2 P2)

» Approach PDF in large P? limit

v

Matching relation:

1
q (z, 4, P?) =/ &

T
; z( L )q(y,MQ) + 0 (A2/22P2, M2 /2 P2)

v P
[X. Ji, 2013]
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Pseudodistributions

> A. Radyushkin introduced a coordinate-space oriented approach [Radyushkin, 2017]

1

(816 ()6 p) = M (1.5) = [ doe'™P (z,3)

—1
v = —(pz) = paz3 [loffe, 1969]
> loffe-time pseudodistribution (ITD) M (v, 22)
> PDFs are obtained from z3 — 0 limit of psuedo-PDFs: P (,0) = f ()
» UV divergences handled by reduced ITD:

M (v, 22
") = o

> z§ analogous to renormalization paramater 12 in LC PDFs

> Matching relation:
1
m (1/, zg) = / duK (u, z%uZ,as) 7 (uu, ;LZ)
0

> Light cone (LC) ITD T (v, u2) [Braun, et al., 1995]

Wayne Morris (ODU) gluon pseudo-PDF December 8, 2021 3/19



Lorentz decomposition of matrix element

> Dual field defined by: CNT')\g = %e/\,gm,G‘W

Myaing(2:0) = (9, 5| Gua(2) E(2,0; A)Gxs(0)|p, s)

» Spin dependence in z-odd combination:

M;La;/\ﬁ(zvp) = ﬁpa;)\ﬁ (Z,p) - mua;/\ﬁ(_zvp)

» Lorentz decomposition:

Mfm) 25(2:0) = (9ursaPs — gupsaPx — JarsuPp + Japssupx) Map
+ (9u7PaS8 — GupPasSx — GarPuss + gaﬂpusx)
+ (9ur5a28 = GusSazs — arsu?s + gassuzr) Mss
+(9ur2a 58 = JupZasr — Jarzusp + gapzusr) Mas

+(pu5a - Pasu)(pAZ,B - pﬁZA)Mpspz + (Puza - pazu)(pASB - P,BSA)M;HZ;DS
+(spza — Sazu)(Przg — pBZA)Mszpz + (Puza — Pazu)(Sr23 — SﬁZA)Mpzsz
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Lorentz decomposition of matrix element

> Dual field defined by: CNT')\g = %e/\,gm,G‘W

Myaing(2:0) = (9, 5| Gua(2) E(2,0; A)Gxs(0)|p, s)

» Spin dependence in z-odd combination:

M;La;/\ﬁ(zvp) = ﬁpa;)\ﬁ (z,p) - mua;/\ﬁ(_zvp)

» Lorentz decomposition:

) _
fm) 23(2:0) =(52) (9uAPaPs — gupPaPx — GarPuPs + JapPubr) Mpp

) (
+(52) (gurzazs — Gupzazx — Jarzuzs + gapzuzr) Mzz
+(52) (gprzaPs — GupZaPr — JarzuPs + Japzubr) Map
+(52) (9urPazs — GusPazr — JarPuzs + Gapbuzr) Mpz
+(52) (Puza — Pazn) (P28 — Pa2n) Mppz=

)

+(52) (9urgas — Gusgar) Mgg -
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Polarized gluon LC ITD

> The light-cone distribution is obtained from (z = (0,27,0,))

9% M5 (2-,p) = —2py st [Mgz)(V, 0) + P+foqpp('40)]
Mg;) = /,\\/l/sp + -/,\‘/llps

> Related to LC ITD and polarized distribution

— — i 1 . 1
i (Mﬁjg) - VMW> =TZ,(v) = % / ) dre "V zAg(x) = /0 dz sin(zv)zAg(z)

Wayne Morris (ODU) gluon pseudo-PDF December 8, 2021 6 /19



Polarized gluon pseudo-ITD

> The following multiplicatively renormalizable [Zhang et. al, 2019] quantities

Moi0i = — 2s0poMS}) + 2p3s3 23 Mopp + 25323 Mgg
]\N43i;3i =— 217383/\4( ) - 22383/\7&;)
+ 28323[p3 Mpp — Myg + 23 Moz + 23p3 M1,
MOi;Si = — 2 (sop3aMsp + $3p0Mps) — 25023 M sz — 2(sz) (Pop3Mpp + Po23Mpz)
M3i,0i = — 2 (s3p0Msp + sop3Mps) — 25023 Ms — 2(s2) (P3poMopp + 23poMzp)

> Polarization pseudo-vector defined by: s? = —m?2, s = (p3,0,0,p0), (ps) =0

> Leading twist terms can be isolated by taking Mgo = MO¢;0¢ + ]\Zj;,‘j

2,2
m-z3

*MOO/(QPBPO) = [/\7@) - V'AA/-[PP] - Mpp Mij;ij = *233Z3//\Z99
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Background field method

> Introduced by DeWitt in 1965
» Calculation based on techniques introduced by [I. Balitsky, V. Braun, 1989]
> Technique maintains explicit gauge invariance — useful for gluon correlators

> Fields are divided into a fluctuating quantum field ([A, ¢], virtualities 3 to p2) and a
“classical” background field ([A, ], virtualities < p?).
A AL+ AL b= oty

> Idea is to integrate over the quantum fields

> Modified Lagrangian

1
L=-13 (G + DAz = DAL + f“bCAZAf,) o (DHA%)?

+ (@ + %) (G + ALy"t%) (o + ) + Lgn

gAy = Ay, Dy =0, —iA,
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Gluon propagator in external gluon fields

» Background fields use Fock-Schwinger gauge: z#A,(z) =0

1
Au(z) :/0 duuz’Gup(uz)

> Schwinger representation for the propagator:
o= [ dsexpfis (P2 i)
= sexp |is i€
P2 + e 0 P

> Gluon propagator in terms of external gluon fields (omitting €):

—2; 42 1 o [ is(P2g,,+2iG
9 AL (2) AL (0) = (2] (m) |0) = 71/0 ds (2] e (P*gur+2iCGpr) |y
r(d/2 1) r(d/2 - 2)

1
= —igap /0 du {2G5(uz) — tuDeGP(uz)zpgas
iT(d)2 — 3)

1672 (—22)%/273

42 (—22)¥271 1672 (—22)Y/272

—2igaﬁ/O dvﬁvaG)\g(uz)z”Gpg(vz)} -

1 u
X / du/ dv [Gag(uz)G;(vz) - %iﬂDQGQB(uz)]
0 0

+ O(twist 3)
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Gluon bilocal operator, handbag

00000000)!

0000000000000

00000

1 . a
Ofiaipo (2) = 5€po" i(DypAa = DaAu) (2)(DuAs = DpAy)* (0)
1

n n

= 5% (Pudf) = P3o0) )"

y=0

» Expansion of using Schwinger representation

1
P2gep+2iGey
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Gluon bilocal operator, vertex

> Linear divergences are ‘hidden’ inside the vertex diagram:

Ojraipo (2)

popo
g>N.T(d/2 — 1)
- 4n2(—z2)d/2- 1/ / dv

{5@) (%) €p0"P 258G o (12) G (v2)

ud=d —q ~
#5(0) (M5 ) (aGn(02) - 2460 (22)) Goo (02) |
ra/2-2) 1 Wi 1 -
e fy ] d”{ @ [Z5], +ov {HL}GW(W)@W(”)
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Gluon bilocal operator, vertex

> UV divergent part

O(‘)/i;()i(z) + 0y (2)

Ji;gi
asNe 1 N -
U—Y . ( +In (Z%/J,%]V)) A du (Go,‘(uz)Goi(O) =+ Gji(uz)Gji(0)>

cUv

> For lattice, replace (ous Ne/4m)In 22 p2, with (asNe/4m) In(1 + 723 /a2)

> At higher orders, exponentiates into:

Zu(zsfar) = (1+ 7223 /a3 ) Ne/*m
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Gluon bilocal operator, link and self energy

g2N.I(d/2 — 1) -1

Ollnk 1/,8( ) Gp,a (Z)él/ﬂ(o)

42 (—22)4/2-2 (d - 3)(d — 4)

> Link has linear and logarithmic divergence
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One-loop result

Moiz0i(2,p) + Mijyi;(2,p)
2 2
g N, 4 1 5 g€ YE — __
Sﬂgc [5 (a +log | z3n”— +2 (Mm;m(&p) + Mij;z‘j(zm))

Lol (1o0) o [m23052]
+ (i ~log (zqu GQZE)) [{4uﬁ+2 2a), b+ (— —6) s(a )”
X (MOi;Oi(uZ,p) + ]\’Zij;ij (uzap)) .

> Altarelli-Parisi (AP) kernel

Byg(u) = {4ua +2 [u? }+ (——6)5()
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Gluon-quark mixing

> Result that corresponds to ],\\4/02-;01- + ]\A/[/ij;ij in the MS scheme at the operator level is:

_9°Cr

1 QC 2v7g 1
2 /0 du 212u80(92 (uz) — 98 L log (z§u2e 1 ) /0 du (1 - 7]2) 30(92 (uz)

2
> Singlet combination of quark fields is defined as

1

0) (z) = 3 ; (P (2)7%795% £ (0) + 5 (0)7 75 £ (2))

» Paremetrization in terms of ITD:

1
o (p, s| (92 (2) |p, 8) = — 2pop3 iAZs (v) AZg (v) = /0 zsin (zv) Afs ()

Moi;0i(2,p) + Mijsij (2, p)

2C 1 29E \ ~
—2pop3 g / du |log ( 234> < Bgq(u) + 2uu| iAZg (uv)
872 Jo 4

> gq component of the evolution kernel:

qu(u) =1-(1- “)2
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Reduced pseudo-ITD

> MOO is proportional to p3, cannot use MOO(ZS,pg = 0)in denominator for ratio method
> Use Moo = Moi;io + Mij,50 = 2[)(2)/\/1(1/, z%) from unpolarized case instead
» Moo cancels link renormalization and self energy related UV divergences, but not vertex

» Also use:

Zi(z3/ar) = (1 +71'2,z§/a2L)%NCM7T

_ {Moo(3,p3)/(p3p0)}/Z1 (23/ar)
M (v, 5) =i Moo (z3,p3 = 0)/m?
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Matching relation

~ aN, 1 e2VE
Tt 13) (o) = Tol0s®) = 255 [ duZ,(uans®) frow (3057

([ v o] - (34555 )20
partlese] (L) mu}

sC 1 27E\ ~
— 06271:/ du AZg (uv, p?) {log (zg,uz < 1 ) Bgq(u) + 2ﬁu}
T Jo

~ u2 ~
Boglu) = | 22 + dua ) Byaw) =1— (1 —u)?

uF#1

(Tg),2 = /01 da zfg(z, u?) (Ts),2 = ;/01 dzx (ff(:(:,,u2) + f7(=, u2)>

gluon momentum fraction . .
singlet quark momentum fraction

» LC ITD directly relatable to LC PDF through:

. 1
Ip (v, u2) = %/;1 dze™™zAg (z,p?) = /0 dz sin(zv)zAg (m,/ﬁ)
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Conclusion

> Formulated basic points of pseudo-PDF approach to lattice calculation of polarized gluon
PDFs

> Presented the results of our calculations of the one-loop corrections for the bilocal
Gua(z)Gxg(0) correlator of gluonic fields

» Specified combinations of indices giving three matrix elements that contain the structures
corresponding to the twist-2 invariant amplitude related to the polarized PDF

> Derived matching relations between Euclidean and light-cone loffe-time distributions that are
necessary for extraction of the polarized gluon distributions from lattice data
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