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(What?)

N~~~
Generalized Parton Distributions (GPDs): (See Diehl, arXiv: 0307382)
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Background

7~ N\
(What?)

Relation with PDFs & FFs:

N~~~
Generalized Parton Distributions (GPDs): (See Diehl, arXiv: 0307382)
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Physical processes giving access to GPDs:
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Amplitude:
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7~ N\
(Why?)
N—"

Physical processes giving access to GPDs:

Amplitude:
\F (z,&,1)
q(/ /x + & + i€

X-dependence lost!
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(o)

Physical processes giving access to GPDs:

DVCS DVMP ‘
—>—{w{ ZP';' . | _A* /-%, |

We need GPD measurements from Lattice QCD
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(Why?) S —

Pioneering Lattice QCD calculations of GPDs:

4 . . - e - . i Equal-time correlation:
~H(z,0,-0.69 GeV?) Quasi-distribution formalism Directly calculable on the
H(z,0,—0.69 GeV?) lattice
3t Hrp(z,0,-0.69 GeV?) |-

Figure courtesy: Yong Zhao
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X. Ji, PRL 110 (2013)
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Pioneering Lattice QCD calculations of GPDs:
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4 ; i - - . - . i Equal-time correlation:
“H(2,0,-0.69 GeV?) Quasi-distribution formalism Directly calculable on the
H(z,0,—0.69 GeV?) l lattice
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Figure courtesy: Yong Zhao
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Pioneering Lattice QCD calculations of GPDs:

' Equal-time correlation:

ctly calculable on the
lattice

courtesy: Yong Zhao
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_—J; Momentum transfer
symmetric between source & sink
C. Alexandrou et. al. (PRL 1 Lattice QCD calculations in symmetric frames are expensive

u et. al. (arXiv: 2008.10573)
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Resolution:

N—”

All

momentum transfer to source

—z/2

Perform Lattice QCD calculations of GPDs in asymmetric frames

See Martha’s talk
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N
Our contribution in a nutshell:

All
momentum transfer to source

—z/2 z/2

Key findings: ¢

Lorentz covariant formalism for calculating quasi-GPDs in any frame
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(7o)

N
Our contribution in a nutshell:

All
momentum transfer to source

—z/2 z/2

Key findings: |

» Lorentz covariant formalism for calculating quasi-GPDs in any frame

« Elimination of (frame-dependent) power corrections allowing faster convergence to light-cone GPDs at LO
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Preamble

Symmetric & asymmetric frames
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Preamble

Symmetric & asymmetric frames

Approach 1: Can we calculate a quasi-GPD in symmetric frame
through an asymmetric frame?
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Preamble

Symmetric & asymmetric frames

Related via
Lorentz transformation?

<< > -Pa_Aa

—2z/2

z/2

Approach 1: Can we calculate a quasi-GPD in symmetric frame

through an asymmetric frame?
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Preamble

Symmetric & asymmetric frames

Related via
Lorentz transformation?

<< > -Pa_Aa

What kind?

—2z/2

z/2

Approach 1: Can we calculate a quasi-GPD in symmetric frame

through an asymmetric frame?

Yes, since symmetric & asymmetric frames are

connected via Lorentz transformation
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Preamble

Symmetric & asymmetric frames

Related via
Lorentz transformation?

< >

What kind?

Case 1: Lorentz transformation in the z-direction
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Preamble

Symmetric & asymmetric frames

Related via
Lorentz transformation?
< >
What Kind?

Case 1: Lorentz transformation in the z-direction

Results:
2 vy 0 —p 0 20 = —fBz°
2= 0 1 0o |x]|o —
z; B8 0 v ; zg =z,

Operator distance develops a
non-zero temporal component
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Preamble

Symmetric & asymmetric frames

Lorentz transformation?

Related via

Case 2: Transverse boost in the x-direction
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Preamble

Symmetric & asymmetric frames

Case 2: Transverse boost in the x-direction

Related via
Lorentz transformation?

Z
Z

0
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-5 v 0

0 0o 1
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< >
What kind?
Results:
0 20 =0
x | O
2z 22 =22
i 1w
[ = —
/2 2% /2

Operator distance remains
spatial (& same)
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Preamble g

Symmetric & asymmetric frames

—2z/2 z(2

Related via
Lorentz transformation?

<< > -Pa_Aa

What kind? \ 4

Approach 1: Can we calculate a quasi-GPD in symmetric frame i

through an asymmetric frame?

' Y T 7s 9 |

Transverse boost: This Lorentz transformation allows for an exact calculation of quasi-GPDs in symmetric frame
through matrix elements of asymmetric frame

0/1 | /)/1
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— Approach 2:

Why go through a calculation in asymmetric frame?

Why not calculate directly in asymmetric frame?

GPDs on the light-cone are L.orentz covariant
(It doesn’t matter in which frame I do the calculation)

z(2

I distance remains
gitial (& same)
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Why go through a calculation in asymmetric frame?

— Approach 2:

Why not calculate directly in asymmetric frame?

=7

GPDs on the light-cone are Lorentz covariant
(It doesn’t matter in which frame I do the calculation)

z/2

<

Figure courtesy: Yong Zhao

— Figure courtesy: Yong Zhao

Are quasi-GPDs Lorentz covariant?
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Main results

Definitions of quasi-GPDs




Main results

Definitions of quasi-GPDs

—z/2

2/2

Definition of quasi-GPDs in symmetric frames: (Historical)

0
F}"AI

.= (L Nla(—2/2)7"q(z/2)|ps, N) )
2=0,2, =0
io%" A

= Us ’ ’ OH PS As
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—MEQ(O) (Za P, As)‘s us(psa /\)
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Main results

Definitions of quasi-GPDs

k—A/2

P-AJ2 ‘ P+A/2

Definition of quasi-GPDs in symmetric frames: (Historical)

If quasi-GPDs are Lorentz covariant then: |

—z/2 z/2

Use 7

Definition of quasi-GPDs in asymmetric frames:

29




Main results v

Definitions of quasi-GPDs

—z/2 z/2

|psa >

P-A/2 _GPDs B P +A/2
i areT ‘ . 'H P, A
If quasi-GPDs are Lorentz covariant then: 7 Q) (% )

k—A/2 k+A/2

= 12=0,2, =0

Use 7’ | Use kinematics of asymmetric frame |

Definition of quasi-GPDs in asymmetric frames:

—z/2 z/2
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Main results

Lattice QCD results: (See Martha’s talk for details) I
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Malin results L

Lattice QCD results: (See Martha’s talk for details) h

i I ' ' ' non'-symm ' —— | 2 I ' ' ' non'-symm E " ——

* symm —e—i symm —e—i
it
¢ ¢

0.8 | A3

Yissannas
1 1

0 5 10 15

21




Main results k

Definitions of quasi-GPDs

Definition of quasi-GPDs in symmetric frames: (Historical)

0
F)"AI

]

. ic"MA,
= Y HQ(O)(Z’ PS’AS)‘S 2M EQ(O)(Z’ PS’A'S)‘S

Historic definitions of H & E quasi-GPDs are not manifestly Lorentz covariant

Definition of quasi-GPDs in asymmetric frames:

0
FA’AI

a

Q(0)(2, P, Ad)|,
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Main results k

Definitions of quasi-GPDs

Definition of quasi-GPDs in symmetric frames: (Historical)

0
F}"AI

]

. ic"MA,
= Y HQ(O)(Z’ PS’AS)‘S 2M EQ(O)(Z’ PS’A'S)‘S

Historic definitions of H & E quasi-GPDs are not manifestly Lorentz covariant

This means that the basis vectors (1°,i0°?:/«) do not form a

complete basis for a spatially-separated bi-local operator at finite momentum

D — T .

22




Main results

Definitions of quasi-GPDs

Definition of quasi-GPDs in symmetric frames: (Historical)

Fy x,

ic"MA,
= Y Ha) (2 Pos As) | J =55 Bao) (2 Ps As)

We do not dismiss these definitions
since they do work in the large-momentum limit (I will show this formally later) |

e ¢ e B = ;
1w0'P A,
‘ = ’YHQ(U)(Z,Pa,Aa”a QMM, Q(O)(Z,Pa,Aa)|
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Main results

Definitions of quasi-GPDs

since they do work in the large-momentum limit (I will show this formally later)

Definition of quasi-GPDs in symmetric frames: (Historical)

Fy x,

ic"MA,
= Y Ha) (2 Pos As) | J =55 Bao) (2 Ps As)

We do not dismiss these definitions

Can we come up with a

manifestly Lorentz covariant definition of quasi-GPDs for finite values of momentum?

|

0




Main results

Lorentz covariant formalism




Main results

Lorentz covariant formalism

Novel parameterization of position-space matrix element: (Inspired from Meissner, Metz, Schlegel, 2009)

_ PH
F v =a@, ) i

A

zH AH
Aq + MAz + ﬁAg +

1oH* ioHA PHig#A
A A
M T ST T

Ag +

FAak Yo uu
M3

A AHPjg?D
Ar + YE

AS ’Lb(p, A)

Vector operator FY,,

' Nla(=z/2)v"a(z/2)Ip, A)

ZZO,EJ_ :OJ_
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Main results

Lorentz covariant formalism

Novel parameterization of position-space matrix element: (\ector operator)

1oH* johA PHrjgzA et Yo AHjg#A
et AT T et At TE

PH

F v =a@, ) i

zH AH
Aq + MAz + ﬁA;g +

AS ’Lb(p, A)

Features:

« General structure of matrix element based on constraints from Parity

» 8 linearly-independent Dirac structures (Lorentz vectors change with frames)

* 8 Lorentz-covariant amplitudes (or Form Factors) |4, = A;(z- P,z - A, t = A2, 2?)
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Main results

Lorentz covariant formalism

Novel parameterization of position-space matrix element: (\ector operator)

1oH* johA PHrjgzA et Yo AHjg#A
et AT T et At TE

PH
M

) L SH AH
Fyv =u@,X) Ax+ MAz + ﬁAs + Ag|u(p, A)

Martha’s talk: Validating the frame-independence of A’s

Features:

« General structure of matrix element based on constraints from Parity

» 8 linearly-independent Dirac structures (Lorentz vectors change with frames)

* 8 Lorentz-covariant amplitudes (or Form Factors) |4, = A;(z- P,z - A, t = A2, 2?)




Main results

Exploring historical definitions of quasi-GPDs

Mapping Form Factors to the Lorentz non-covariant definitions of quasi-GPDs:
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Main results

Exploring historical definitions of quasi-GPDs

Mapping Form Factors to the Lorentz non-covariant definitions of quasi-GPDs:

Symmetric frame:

3A2
2 A%

A A% (AP ADASPPD
OM2P3  2M2(P3)?

HQ(O)(ZvR% ‘/—\3)‘5 = A1+ P—SA3 - 2pups3

LA (ADPALT  AGPAT Y
2M2POP3  2M2(P3)2  2M2POp3 )78

- 2M2P3
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Main results v

Exploring historical definitions of quasi-GPDs

Mapping Form Factors to the Lorentz non-covariant definitions of quasi-GPDs:

Symmetric frame:

A a, A0 AL ((AD%RADALSRY AR
Ho) (2 Py As)], = P03 T opups 2M?P3  2M2(P3)2 2M2P3 )7°
p-s: S - (A0 (AQPALS  ADPAR Y
- " \20P2POP3 T 2MA(P3)?  2MPPUP

Asymmetric frame:

0 0.3 0A3.3
EA Gz Ho (21 P Ba) = A1+ s = (i - 0 }i )4ng )
+( (Ag)?2" 1 (Ag)?AZ2° 1 Pylog, :AUAJ 3 BA2 ) A,
\ . * 2M2P3,, , (1+%)4MQ(P3UM)2 (1+ Pfga)QMZ(P‘f”g“)g - 2M2P3,,,
W Jr( (AO)S 3 | 1 (A())JAS 3 B 1 (AU)ZA‘S 3 B 3A2 AU )AS
2M2PY, . P3,. . (1+ 5 iiga)z;szgvga(p Sea)® (14 _Aa )2Mz( 3ga)?  2M2PO, P3. .
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Main results v

Exploring historical definitions of quasi-GPDs

Frame-dependent expressions: Lorentz non-covariance from explicit kinematic factors |

Symmetric frame:

LA NS (A28 ADA33PD  43A2
Ho) (2 Py As)], = Aa o P08~ apops (2M2P3 C2M2(P)? 2M2P3>A6

LA (ADPALT  AGPAT Y
2M2POP3  2M2(P3)2  2M2POP3

Asymmetric frame:

AO A0 3 1 ADAS 3
HQ(0)|a(z’Pa’A )= A1+ Po Az — (2p0 ap‘ A3 40 P3 2)‘44

avg,a avg,a” avg,a (1 -+ 5P3 = ) avg, a( avyg, a)
) ( (A0)223 1 (A0)2A3 2 L PO LADASS a2 )A

— 6
2Py (14 Ba ) AMP(PR,,)° (14 _Bi ) 2M*(P3,,)? 2MPFj,,
avg,a avg,a
(AU)S 3 1 (A())JAS 3 1 (AO)ZAB 3 3A2 A0
+ (2M2P0 p3 A3\ AM2PO (P3 ON2(PS 2 OAZP0 )AS
avg,a’ avg,a (]_ + 2}337‘1) avg, a( avg, a) (]_ + ) ( avg, a) avg, avg,a
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Main results

Exploring historical definitions of quasi-GPDs

Frame-dependent expressions: Lorentz non-covariance from explicit kinematic factors I

Lattice QCD results: (See Martha’s talk for details) ’

|:2 1 T T T T T L ¥ 2 non'-s mm "_._‘
? T o = — | symm ——
A | 3 tion of « -
08 —_— P
L | AS/G 0 15 F As/a - O
\ GPD |
\ / 06
X
£ oaf > Frame-dependence of quasi-GPDs
> i ” '
. Roz2t # § ] o
. def . g :
Remi® '’ : |
i Omeseanaglge? Slgepannnn ! Oillfiiiif’ - . ‘ i?"ll,lll‘
: 3 15 e 0 5 e 15 Btion of ( AB 49 4 0 5 10 15
| 2/a z/a

' Qualitatively similar results for imaginary parts | _

Same conclusion but now through the Form Factor approach E)As
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Main results

Light-cone GPDs

Mapping Form Factors to the light-cone GPDs: (Sample results)
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Main results

Light-cone GPDs

Mapping Form Factors to the light-cone GPDs: (Sample results)

Definition:

- ﬂs/a(p;/a? )\’) 7+H(Z? PS/@’ AS/G) +

oo = Wa XN a(=2/2)7"a(2/2)ps/a, N)

z=0,z2, =0

ioTPA /g
s/ E

IM (Zaps/a:As/a) us/a(ps/aaA)

Relation between light-cone GPD H & Form Factors:

H(z-Pz-At=A*2%)= A, +

As/a-z

As Lorentz covariant expression!
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Main results

Lorentz covariant formalism

47




ie)

Relation between light-cone GPD H & Form Factors:

Main results

Lorentz covariant formalism A
I[(.z-P,z-A.t:A2.32)=A1+P—Su/\3
. avg,sfa’ Z
Quasi-GPDs & Form Factors: (Sample results)
Symmetric frame:
—2z/2 2
AO AOZS (A0)223 AOA323P0 Zgﬁi
H P,A)| =A1+ =2A3 - —="_A sl TsTeR s A
Q) (% P 85, L pots T opops (2M2PS3 2M2(P3)? 2M2P§> o
(A0 (A02AT ALPAR N
OM2POP3  2M2(P3)2  2M2POP3
Asymmetric frame:
A9 A0 23 1 AOA3 23
H JPaAy) = A+ —2 Az — ot _ A
22 [2/2] Qo). (2 ) = A Py 0 (ngvg,apgvg,a (1+ 2 )4P§vgga(ngg,a)2) 4
(A9)%2 1 (AY)?A32 L PoygeBafez®  22AF
P-—A @ P + 2M?P3,, . B (1+ QP%?L )4]\/12(1:’3”9’@)2 B (1+ QP%ZDZ )2]\42(1:’({,13,09,’@)2 B 2M?2P},, , 6
\ S 4 +( (A% 1 (ADPAR® 1 (AYPARS SPARA] )A
2M?Plug.aPiuga (14 ;50— ) AMPPRuga(Fluga)® (14 o) 2M*(Plyga)?  2M2Flyg o Piug.a ’
48




Main results

Lorentz covariant formalism

Quasi-GPDs & Form Factors: (Sample results)

Symmetric frame:

Relation between light-cone GPD H & Form Factors:

As/u "z

H(z-P,z- At = A%, 2%) =|A | H ——
Ru'y.s/u T2

As

ie)

Ay (A9)%z°  AJAISP)
Hq)(2 Ps, As)|, = A1 + S5 As OM2P3  2M2(P3)2  2M2P3
(A0 (ADPALT  AGPAT
2M2POP3  2M2(P3)2  2M2pop3 )78

Contamination from frame-dependent power corrections

Asymmetric frame:

HQ(O)|a(zaPaaAa) =

1 ADA3 3

(1t B ) 4P o (P2

avg,a

“favg,a

avg,a’t avg,a

avg,a

3 2 p0 3 2 3 27 D3 3
(1 + ZP#) 4M Pavg,a(Pavg,a) (1 —+ %) 2M (Pavg,a)

(A9)2A3 3 1 PO, JAYARZ BA2 ) B
i — ‘ - — - - : 6
M?P3,, , 1+ QP%E )4MQ(P3UQ,G)2 (1+ QP%E": ) 2M2(P3,, )2  2MZ2P3,,
avg,a avyg,a
(A% 1 (AY)?A3° L (AR P
2po  p3 2M?2pP0  p3

avg,at a1
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Relation between light-cone GPD H & Form Factors:

Main results

Lorentz covariant formalism

5 e As a’ %
II(z-P,z-A.t:A‘.::')) =JA; +—'Z—A3

Quasi-GPDs & Form Factors: (Sample results)

Symmetric frame:

I)u vg,s/a’ Z

HQ(O)('Z7R€1AS)‘5 = A; + —As

(29728 AUALAPY

oOM?2P3  2M?(P3)2  2M?2P3

(A0 (ADPALT  AGPAT
2M2POP3  2M2(P3)2  2M2POp3 )78

Asymmetric frame:

Contamination from frame-dependent power corrections
s B ——

In the large-momentum limit, these expressions reduce to light-cone results |

—— = GG, a

N W . TS
- AS 2( P3 2 AB 2(P3 2 2 p3 6
avg,a (1 + 2P(%U-:Lg,u ) 4M (Pa'ug,a) (1 + QP(?‘L,G‘) 2M (Pavg,a) 2M Pavg,a
(A0 1 (A2 A8 I (ADPALS sSARAY
— = — < —
avg,apg)vg,a (]_ + ZP#) 4ﬂ/fzpc9vg,a(P£)vg,a)2 (]_ -+ %) 2NI2(P£)vg,a)2 2]\/1213,;9@9‘@13@31) :
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Main results

. Interlude:
Quasi-q

Relation between light-cone GPD H & Form Factors: -

Lorentz covariant formalism 2 ne
H(z- Pz At=A%2% =i+ 5 R
avg, S/ 1l
tors: (Sample results)
Let’s go back to PDFs I
me:
e — —
(AP ADALPY
Ho() (2 Py &), = Ax + N (2M2P§ -~ 2M2(P3)2  2M?2P3
043 .3 0V2A3.3 0.3A2
(As) < - (As) AS‘Z o A.SZ ALE AS
2MPPIPS 2M2(PP)?  2M*P)P?

In the large-momentum limit, these expressions reduce to light-cone results

Asymmetric frame:

—

—_——

Contamination from frame-dependent power corrections l

x

o avg,a
1 (A0)2A3 3 1 Py ADA3S 23A2 )A
o 3 3 6
]\IQR)?( g, (1.'_ 2P€ir )41[2(Pﬂ%lg{1) (l+ 21)%; ) 2A[2(Rj‘ . {L)Q 2]\_[213{;{ -
(A(])S 3 L 1 (A())SAB 3 L 1 (A())QAB 3 ZSAQ A[]
a
o 2 3
< 2P(91J(1Pa?‘bga (]_Jrzpﬂj )4ﬂ[2pcg)!,ga(Pc§Lga) (]_Jrzp%” )21[2(Pa3vga)2 QAIZPO
avg,a




Relation between light-cone GPD H & Form Factors: -

Main results

Lorentz covariant formalism ‘
- Interlude: e Py At = 8, 57) [ o2 1
Quasi= tors: (Sample results) s
Let’s go back to PDFs I _
e gme:

“arXiv: 1705.01488

Quasi-PDFs, momentum distributions and pseudo-PDFs

Old Dominion University, Norfolk, VA 23529, USA and
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA

~ 9M2p3

A. V. Radyushkin

M®(z,p) = (plth(0)v* E(0, 2 A)¢:(2)|p) (12)
type, where E(0,z; A) is the standard 0 — 2z straight-
line gauge link in the quark (fundamental) representa-
tion. These matrix elements may be decomposed into p®
and z® parts:

2

M®(z,p) =2p° M,(—(2p), —2°)

+2°M.(—(zp), —25-7(

The Mg(—(zp), —22) part gives the twist-2 distribution
when 2% — 0, while M. ((zp), —22) is a purely higher-
twist contamination, and it is better to get rid of it.

13)

pendent power corrections I

— —

limit, these expressions reduce to light-cone results

F=F

avg,a

BA 3 .3 - 0 0A3.3
Form factors =~ 1 Pavgaatas )
2 A3 INT2( P3 2 INT2 P3
vy n.) (J_ -+ %) 2‘11 (Pn.'t,'g.u) 2“"‘[ ‘P(u"(],u
1 (A())SA.‘%ZH | 1 (A())zAHZS ZSAiAU
3 AT 9 I A3 NI E : 2 onrs2 D0 (L;'
(]_ + 21_;%u ) 4;1IZF)(.(I]!.'_(}.H (P)uﬂ(f_q.(l ) ’ (J_ + %) 21\[‘3(35)'(4.(}_(1 ) 2 2)([2 JD((‘)UU_” JD(?H

avg,a avg,a




Main results

-~ Interlude: Hiz+ P b= N0 | /A " \
Quasi= tors: (Sample results) gL
Let’s go back to PDFs !
— aline. -
arXiv: 1705.01488 N
N zu??‘%)

Quasi-PDFs, momentum distributions and pseudo-PDFs - e

A. V. Radyushkin
Old Dominion University, Norfolk, VA 23529, USA and
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA

M?(z,p) = (pl$(0) 1* E(0, z; A)¢(2)|p) a2) If one takes z = (2_,2z,) in the @ = + component

fpendent power correctior

; of M?, the z®-part drops out, and one can introduce a
type, where E(0,z; A) is the standard 0 — 2z straight- .
line gauge link in the quark (fundamental) representa-

tion. These matrix elements may be decomposed into p® ~ ot quga
and z® parts: 3 3 0 0A3.3 3A2
2 Form factors - 1 Pavg.aBaBa? 22 A1
Ma(zﬁp) ZQPQMP(_(ZP)’ _22)7 s avg,a )2 (J_ + ZIJA’? ) 2112 ( R?t'!i.u )2 2'3\12R:!§t“(].(1
+ 2*M,(—(2p), —2*) (13) o Lo .
! (A3 L (@gPAt @Al

The Mg(—(zp), —22) part gives the twist-2 distribution
when 2?2 — 0, while M. ((zp). —22) is a purely higher-

avg,a avg,a

avg,a avg,a

)

(14 20 YAM2FD, (P2, 0)? (14 A0 )2M2(P3, )2 2M2Pl, Pl

)

twist contamination, and it is better to get rid of it.
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I Interlude:! H(z Pz At = A2, 22 it L
Quasis tors: (Sample results) B

Let’s go back to PDFs Fai
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‘ ependent power corrections '
M®(2,p) = (p|9(0) v* E(0, z; A)i(2)|p) (12) @ If one takes z = (z_,z,) in the @ = + component
of M?, the z®-part drops out, and one can introduce a

type, where E’(O, z; A) is the standard 0 — =z straight- 1
line gauge link in the quark (fundamental) representa-
tion. These matrix elements may be decomposed into p®
and z® parts:

2 Form factors
M(z,p) =2p" Mp(—(2p), —22)‘7 :
e ( avg,c

+2°M.(—(2p), -2 13)

t-cone results
~ formula (6). For quasi-distributions, the easiest way to
., remove the z® contamination is to take the time compo-
¢ nent of M®(z = z3,p) and define

1
MO (23, =20/ dy Q(y, P) e¥F* 14
The Mf(—(zp), —22) part gives the twist-2 distribution ( glp) = 3 s Q(y ) ( )

when 2?2 — 0, while M. ((zp). —22) is a purely higher-
twist contamination, and it is better to get rid of it.

(1 - —A2 \AM:

- Therefore, 1° is better behaved than +* with respect to power corrections }
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—Interlude:F H(z - Pz At = A2, 2% L
Quasi= ctors: (Sample results) :

Let’s go back to PDFs Ia

Y -
arXiv: 1705.01488 )
- 23 A% )
Quasi-PDFs, momentum distributions and pseudo-PDFs 2M2 P
ol Domini  Statement needs a qualifier: Situation more complicated for quasi-GPDs

Thomas Jefferson Natio

(See next slide)

M®(2,p) = (p|9(0) v* E(0, z; A)i(2)|p) (12) @ If one takes z = (z_,z,) in the @ = + component
of M?, the z®-part drops out, and one can introduce a

type, where E(0,z; A) is the standard 0 — z straight- n 1 - ire T one results
line gauge link in the quark (fundamental) representa- : T — n— - = 3
tion. These matrix elements may be decomposed into p® - formula (6). For quasi-distributions, the epsiest way to

., remove the z® contamination is to take thq time compo-
¢ nent of M*(z = z3,p) and define

and z® parts:

2 Form factors
M?*(z,p) =2p° M, (—(zp), —22)‘7 '
it avg,a

+ 2" M, (—(zp), —2° (13)

1
. M(eap)=2%° [ dyQu.P) v . ()
The Mﬁ,(—(zp), —22) part gives the twist-2 distribution 3
when 2?2 — 0, while M. ((zp), —2?) is a purely higher-

twist contamination, and it is better to get rid of it.

(1 L —B2 \AME

Therefore, 1° is better behaved than v with respect to power corrections I




Main results

Lorentz covariant formalism |

Contrary to quasi-PDFs, A0 operator for quasi-GPDs is plagued with

(frame-dependent) power corrections

ie)

Relation between light-cone GPD H & Form Factors:

As/u "z

Hz:Pagedodie A% 2° T
( Ru'g.s/u T2

r

) =|A1 |+ Az

AO (A0)223 A0A3Z3PO
H Py A = A+ =24 VA et S R
Q) (% I, = A+ pos OM2P3  2M2(P3)2  2M2P3
(B2 (A)AL°  ALPAL Y
M2PY)P}  2M*(PP)?  2M*PVP}

1 ADAS 3
e AS srai—) g0 (Pdvg.a
(A5)2A328 1 :AOAJ AN ) )
) A (Pha)® (14 i) QMZ(ngga)ﬂ C2MPPR,,)
| 1 (AQ)3A3 23 1 (A2)2A323 - BAZ A0
Pvga s (14 gpii) PP (Pligal (14 i) 2M3(Phoga)®  2MP PPl
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ie)

Relation between light-cone GPD H & Form Factors:

Main results

Lorentz covariant formalism

As/u "z

II(Z'P,Z'A.tZAz.Z")) =A1 +P——A3
avg,sfa’ Z

Quasi-GPDs & Form Factors: (Sample results)

Symmetric frame:

o |
You can think of eliminating power corrections by the
addition of other operators:

In spirit of what’s done for PDFs:

1 A2
Asymmetric frame: (v 7°)

= —

0

Aa
HQ(O)|a(zaPaaAa) = A; + PO AS‘

avqg.a




e

Relation between light-cone GPD H & Form Factors:

Main results

Lorentz covariant formalism

As/u *Z

II(z-P,z-A,t:A2.z2)=A1+ A3

P(u'g.s/u 2

Quasi-GPDs & Form Factors: (Sample results)

Symmetric frame:

Hqo)(z, P, As)|, = A1+ =5 As

You can think of eliminating power corrections by the
addition of other operators:

In spirit of what’s done for PDFs:

(v1,~?)
—

Main finding: F

Lorentz covariant definition of quasi-GPDs:

-— -— P m——
Schematic structure: | Hg — co@y%% 01@5'71@1’)»-\» CQQ@BA,?z@iy) A
> L N0

Note: Here ¢’s are frame-dependent kinematic factors that cancel frame-dependent power
corrections to project quasi-GPD to the light-cone result

See Martha’s talk for rigorous expressions |
| — T | — — d
|




Main results

Lorentz covariant formalism

Quasi-GPDs: (Sample results)

[](Z-P,Z-A.tZAz.Z")) = A; +

As/u "z

‘P(l vg,s/a’ Z

As

ie)

Relation between light-cone GPD H & Form Factors:

Lorentz covariant definition of quasi-GPDs:

Hqo(z-Pz-Ajt=A%2%) = Ay +

Asa'
/ ZA3

P,

vg,s/a " <

59




Main results

ie)

Relation between light-cone GPD H & Form Factors:

Lorentz covariant formalism

As/u "z

Quasi-GPDs: (Sample results)

Lorentz covariant definition of quasi-GPDs:

II(,Z-P,z-A.t:A2.22)=A1+ As

P{l vg,s/a " %

Asa'
Holz- Pz At =A% 22) = Ay + —22"% 4,

P,

vg,s/a

* 2

Key point:

Think in terms of the matching coefficient at 1.LO:

|-z/2]  |z/2] o /°° d§ < w (
H(I) = . |£| C f sz, HQ

7 ( Xiong, Ji, Zhang, Zhao, 2013/
e Stewart, Zhao, 2017/
§ Izubuchi, Ji, Jin, Stewart, Zhao, 2018/ ...)

(Schematic structure)
c =4(1-¢)

W
As/rl "z

= A; +
Pu'l'_r],.s'/u T2

As

Lorentz covariant definition of quasi-GPD
allows fastest convergence to light-cone GPD at leading order

%0




e

Relation between light-cone GPD H & Form Factors:

Main results

Lorentz covariant formalism A
sfa "%

[I(z-P,z-A,t:A2.22)=A1+ As

F’(u'g.s/u T2

Nii1aci-GPNe: (Samnle recqriltg)

Martha’s talk: Numerical comparison between Lorentz covariant & non-covariant definitions of quasi-GPDs
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Summary

Connecting dots: Ending with what I started with
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Summary

[ Goal: |

Connecting dots: Ending with what I started with

Perform Lattice QCD calculations of GPDs in asymmetric frames |

All
momentum transfer to source

—z/2 z/2




Summary Q’

Connecting dots: Ending with what I started with

All
momentum transfer to source

—z/2 z/2

Approach 1: Can we calculate a quasi-GPD in symmetric frame
through an asymmetric frame?

Transverse boost: This Lorentz transformation allows for an exact calculation of quasi-GPDs in symmetric frame
through matrix elements of asymmetric frame

| g4




Summary

Connecting dots: Ending with what I started with

Approach 2:

Why go through a calculation in asymmetric frame?

Why not calculate directly in asymmetric frame?

All
tum transfer to source

z(2




Connecting dots: Ending with what I started with
Why go through a calculation in asymmetric frame?
Approach 2: ——
Why not calculate directly in asymmetric frame? All
- _ tum transfer to source
—z/2 z/2
P-A g |
!
jzation of pos
2) Novel parameteriz
Key findings: |¢




Summary

Connecting dots: Ending with what I started with

g3 b Bocannald
Approach 2: Why go through a calculation in asymmetric frame?
Why not calculate directly in asymmetric frame? All
- _ tum transfer to source
Key findings: |¢

» Lorentz covariant formalism for calculating quasi-GPDs in any frame

« Elimination of (frame-dependent) power corrections allowing faster convergence to light-cone GPDs at LO

=i
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Main results

Renormalization: Sketch

Few words on operators:

» Schematic structure of Lorentz non-covariant quasi-GPD:

« Schematic structure of Lorentz covariant quasi-GPD:

\
HQ—>C
/|

Hq — CO(WWO%D); Cli(lb’}/ltb) W co

<

See Martha’s talk for rigorous expressions

How to renormalize?
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Main results k

Renormalization: Sketch

Few words on operators:

o
 Schematic structure of Lorentz non-covariant quasi-GPD: | Hy — c
A

« Schematic structure of Lorentz covariant quasi-GPD: | Hq — col(v7°¥) W ca((py' ) (12
 —  —

Few wnrds on renormalization:
ri-MOM

_=Renormalization factors are different for (47%¢), (W), (y2)

--- Frame-independent
« Matching: --- Available for only °

--- UV-divergent terms same
--- Finite terms different

--- Takes care of finite terms for +°

« Strategy to renormalize: Use Renormalization factor for operator whose matching is known
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