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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)

1 dz~ e m P z z z
Fll (2, A; A, N) = §f§e”ﬂ PN (=3) TW(=35,5)¢(3)Ip: A)
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Physical processes giving access to GPDs:
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(Why?)
N—"

Physical processes giving access to GPDs:

Amplitude: q(/ >F::£it
X 1€

X-dependence lost!
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Physical processes giving access to GPDs:

DVCS ‘ DVMP ‘
— 0 ol | —o s fﬁl' |

We need GPD measurements from Lattice QCD ‘

P A i
L
1
Amplitude: M / dx F(z,¢8,1) X-dependence lost!
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Can we extract these quantities from

lattice QCD? |




Can we extract these qhantities from

lattice QCD?

Light-cone (standard) correlator -1 <z <1

1 [dz™ ;
(] (. . / PR, e ikz
Fl(z, A; 0 X)) 5 2ﬂ_e
x (P s N[P(=%) TW(=3, $)v(3)Ip; A)
z+=5_L=0
* Time dependence : 2 = = (A2 )= 2
' V2 V2

* Cannot be computed on Euclidean lattice

Figure courtesy: Yong Zhao




Can we extract these qhantities from

lattice QCD?

Light-cone (standard) correlator -1 <z <1

1 [dz™ ;
e A- / == pi A& ikez
Fl(z, A; 0 X)) 5 2ﬂ_e
<@ s N[(=3) TW(=-%, $)¥(3)Ip A)
z+=5_L=0
* Time dependence : 2 = = (A2 )= 2
V2 V2

* Cannot be computed on Euclidean lattice

Figure courtesy: Yong Zhao

Correlator for quasi-GPDs (Ji, 2013)

— <<

Tl A rop3y _ 1 dz® .
Fy (o AsA A5 PY) = 2/2ﬂ_e

X (0 N[9(=5) D Wal=5. 5)¥(3)lp. )

20=2, =0

» Non-local correlator depending on position 2*

* Can be computed on Euclidean lattice

Figure courtesy: Yong Zhao
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Can we extract these qhantities from

lattice QCD?

Light-cone (standard).correlator =TS Correlator for quasi-GPDs (Ji, 2013) -00 <z < o¢
Matching formula: ,
1IN o ) / v. “dzC .,
FUi(z, A\ /(f (z, A: X\ N P?) _I) / h)'_rf"""

/ / L
X{P; \ b( =)|p, \

% dt / 12 T ( Xiong, Ji, Zhang, Zhao, 2013/
¥ M. =G| &5 mmrees | HG | Figeeso Stewart, Zhao, 2017/
§ Izubuchi, Ji, Jin, Stewart, Zhao, 2018/ ...)

Nl i3 R i
[ime dependence :

Can be computed on Euclidean lattice
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Pioneering Lattice QCD calculations of GPDs:

Quasi-distribution formalism

12




Background
N\

(o)

Pioneering Lattice QCD calculations of GPDs:

Quasi-distribution formalism

-H(z,0,-0.69 GeV?) — — E(z)-GPD P; =1.25 GeV

H(z,0,-0.69 GeV?) — — H(z)-GPD :
3l Hr(z,0,-0.69 GeV?) |-
1+

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001) C. Alexandrou et. al. (arXiv: 2008.10573)
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(o)

Pioneering Lattice QCD calculations of GPDs:

Quasi-distribution formalism

H(z,0,-0.69 GeV?)

-H(z,0,-0.69 GeV?)
Hr(z.0,-0.69 GeV?)

|

Excellent progress!!!

- - E(;L')-GP;D
— — H(z)-GPD

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

P; =1.25 GeV

0.5

C. Alexandrou et. al. (arXiv: 2008.10573)
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Pioneering Lattice QCD calculations of GPDs:

Quasi-distribution formalism

Practical drawback

Momentum transfer
symmetric between source & sink

Lattice QCD calculations in symmetric frames are expensive

| B
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Resolution:




Background

(7o)

N
Resolution:

All
momentum transfer to source

—z/2 z/2

Perform Lattice QCD calculations of GPDs in asymmetric frames
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Background

(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
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Background k

(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

1Q




Main results

Symmetric & asymmetric frames
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Main results

Symmetric & asymmetric frames

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

Symmetric & asymmetric frames

Related via
Lorentz transformation?

< >
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Main results

Symmetric & asymmetric frames

Related via
Lorentz transformation?

< >

Yes, since symmetric & asymmetric frames are
connected via Lorentz transformation
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Main results

Symmetric & asymmetric frames

Related via
Lorentz transformation?

< >

What kind?

Yes, since symmetric & asymmetric frames are
connected via Lorentz transformation
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Main results

Symmetric & asymmetric frames

Related via
Lorentz transformation?

< >

What kind?

Case 1: Lorentz transformation in the z-direction

2g v 0 —8 0
=1 0 1 0 |x|[o0
z5 -5 0 v o

20




Main results

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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Main results

Symmetric & asymmetric frames

Lorentz transformation?

Related via

Case 2: Transverse boost in the x-direction

Z
Z

0
s
T
s
z
Zs

—y6 0

¥ 0

0 1
—Z

X

Nl BN

< >
What kind?
0
0
2,
|
1
2% /2
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Main results

Symmetric & asymmetric frames

Case 2: Transverse boost in the x-direction

Related via
Lorentz transformation?

Z
Z

0
s
T
s
z
Zs

vy =8 0

-5 v 0

0 0o 1
—Z

< >
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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Main results v

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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Main results k ) |

Approach 2: Why does it matter in which frame quasi-GPDs are calculated?

Results:
20 v =B 0 0 20 =0
22l = | =8 9 O]l x| O _ _
2 0 0 1 > o7 7 Operator_dlstance remains
~'S ~a S a
spatial (& same)
0 ‘ 1
—2%/2 2% /2
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Main results

Approach 2: Why does it matter in which frame quasi-GPDs are calculated?

= af r | mm— 1 [

Key points: I GPDs on the light-cone:

P dz~ txP-zy /=

: H(x,&,t)—>/4z—ﬂ_6 P2 (' \gy* qlp) ' z=(0,2",0,)
-

-

d(P-z) ; 1
H(z,§,t) — / ue””:""—(p'ltﬁqlp) ' Arbitrary light-like 2z
4 P %
_ GPDs on the light-cone can be defined in a Lorentz-invariant way ’
Figure courtesy: Yong Zhao

perator distance remains
spatial (& same)

Case 2: Tran

(&

_ W
LN EnO

N
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Main results

Approach 2: Why does it matter in which frame quasi-GPDs are calculated?

Key points: I GPDs on the light-cone:

P dz™ txP-zy /=

: H(x,&,t)%/lf—we P2 (' \gy* qlp) ' z=(0,2",0,)
-

-

Piz) . 1
H(z, &, t) = / ‘1(4—7rz)e““° 'zﬁ(p'lq,‘éq!p) 'Arbitrary light-like 2

GPDs on the light-cone can be defined in a Lorentz-invariant way

Case 2: Tran

~ O Figure courtesy: Yong Zhao
45
ZCIZ
S =
- r aistance remains
2 0

atial (& same)

Are quasi-GPDs Lorentz-invariant?

Figure courtesy: Yong Zhao
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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
u (psa/\) Y Q(O)(Z: ) )‘s—i_ Vi

—MEQ(O) (Za P, As)‘s us(psa /\)
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Main results

Definitions of quasi-GPDs

—z/2

2/2

k—A/2

P—A/2

k+ A/2

D P+A/2

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

If this definition is Lorentz covariant:

—z/2

Use "

Definition of quasi-GPDs in asymmetric frames:

0




Main results v

Definitions of quasi-GPDs

—2/2 2/2
k—A/2 k+A/2 ’S ’ |Ps, A)
P—-A/2 JENS b P+ A/21
If this definition is Lorentz covariant: | ‘7 Hqo) (2, Ps; A )

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
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Main results

Lattice QCD results l

Re H
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Frame-dependence of quasi-GPDs !W
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Main results k

Definitions of quasi-GPDs

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

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

| | - E— =t =0

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

Definition of quasi-GPDs in asymmetric frames:

0
FA’AI

a

Q(0)(2, P, Ad)|,

29




Main results k

Definitions of quasi-GPDs

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

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

I | : - E— =t =0

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

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

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

= I — —

0
FA’)\I

a
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Main results

Definitions of quasi-GPDs

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

Historic definitions of H & E quasi-GPDs are not manifestly Lorentz invariant
|
We do not dismiss these definitions

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

IS means

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

10
}A.A’

a

U,H-A
10 L,a
i EQ(”) (: Pa: A”)

— ,}OH(—)(U)(:_ P.,,A,) B ST

a

A1




Main results L

Definitions of quasi-GPDs

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

Tl\ :A’< YR I 4‘11 A"‘- 4‘11 Fa ]‘\ 3 | A'v:{i T -‘e"r\ | AT 0 ~ f()A \ t‘ £ M {x“‘ “‘f‘ 1 22 28 B |

Can we come up with a

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

42
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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)

noo_
F)\,)\’_

1oH* ioHA PHig#A 2HigFA
A A A
e VY E

PH

u(p’, \) i

zH AH
Avtgpdat st

AHjg#A

A7+ Ve

AS ’Lb(p, A)

Features:

General structure of matrix element based on constraints from Parity

8 linearly-independent Dirac structures

- 8 Lorentz-invariant amplitudes (or Form Factors) A; = A;(z- P,z - A, t = A2, 2?)

AL




Validating the frame-independence of A’s from Lattice QCD

Lorentz covariant formalism

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

P N Pz N AH N ioHZ N io_,u,A N P,u,ilng N Z,u.io,zé N A,u,&'o.zﬂ
M M M M M M3 M3 M3

F{ v =a(p,\) u(p, \)

Features:

« General structure of matrix element based on constraints from Parity

* 8 linearly-independent Dirac structures

- 8 Lorentz-invariant amplitudes (or Form Factors) A; = A;(z- P,z - A,t = A% 2?)
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Validating the frame-independence of A’s from Lattice QCD g

A

Real Imaginary

150 Pa=125 GeV ¥ A 02 A lism

. #A; | g P, ¥ As
1as } PA: | k. PR § A

g .0 1@ * * a
0] ¢ A ¢ A tor operator)
ors{* ¢ % } A8 | —0a] * ) A

? t Aa o . i Aa
0.50 - ® t Ag — ® T Ag
,’ *‘ é i —_—— A e A e e A = I

0231 * : " 031 $ 404 } A4, As : Dominant contributions;
0001r } + 3 v+ + Y Od 4 os ¢ | | i 1 Full agreement in two frames for both Re & Im parts

Ag : Small but non-negligible;
Tension between frames is a statistical effect '

« General structure of matrix element based on constraints from Parity

Features:

* 8 linearly-independent Dirac structures

- 8 Lorentz-invariant amplitudes (or Form Factors) A, = A;(z- P,z A,t = A%, 2?)

A7




Validating the frame-independence of A’s from Lattice QCD

A

Real Imaginary

1.50 4 P3=1.25 GeV + A; 0:2 + Ai\‘ Ilsm
| ¥ Al oa{ V| ¥ A
st g + AL of TPRNPN
1oy A || e ¢ A | Etor operator)
o7s{* ¢ ¢ } A | -0a] * }AS
? ¥ Aa o . i Aa
0.50 - e " t4g | ,,) » ¢ { T Ag I
’ ‘ ———— - A - A T — - A =
0231 s . 031 $ 404 } A;, As : Dominant contributions;
ogorr § FE ¥ ¥ OF L I ) s s i i Full agreement in two frames for both Re & Im parts
—0.25 - = .2 -
F—* 1.50{ P2 =125 Gev ¢ A% ’ ¢ Ag Ag : Small but non-negligible;
125 bAy | oy ' ¢ Ay Tension between frames is a statistical effect
T— } Ag i } Ag
1.00 + Aa 0.0 4 ’ ‘ ‘ . . f A + Aa !
: SRR TR R

Az, Ay, Ag : Negligible

om Parity

000"  ® » » » ¥ 9 » 8 ®u ® ®

- 8 Lorentz-invariant amplitudes (or Form Factors) A, = A;(z- P, z- A,t = A%, 2?)
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Validating the frame-independence of A’s from Lattice QCD

Real Imaginary

1.50 4 P3=1.25 GeV {Af 2 +AIS ||Sm
J + As o1yt ¥ As
1.25 * * *Ag » L e *Ag
A .0 {® S a
W 9 ¢ Af ¢ Al tor operator)
07s{* ¢ g ¥ } A | -0a] " > * }AS
0.50 + . , ¥ + Ag —-0.2 1 * ® i i + Ag I
,1 é é — . A e A e A =
025 5 : 5 - 4 i Aq, As : Dominant contributions;
000t | ¥ F € ¥ ¢ LI ) os . i Full agreement in two frames for both Re & Im parts
—0.25 - = .2 -
_6_* 1.50{ P2 =125 Gev ¢ A% ’ ¢ A3: Ag : Small but non-negligible;
125 ¢ ﬁg 0 | ¢ ﬁg Tension between frames is a statistical effect
| 2:06 1 Aif, o.o-i t ’ 00 aaa 1 A% '
& Azl —0.1-{ 1l B4 BR ¢ AZ'
Az, Ay, Ag : Negligible - , il
" 1504 Ps=1.25GeV 4 A;" e } Azs
1.25 4 ﬁ'{‘ oE * ¢ ‘;:i
ooo{m § ® ¥ ¥ ® ® | ¥ 2 0.0{e "{.g...*z
o o * A s * A
0.75 1 —0.1 4
0 2 4 6<
P 0-501 -0.2
« 8 Lorentz-invatr o5l Az, Az :Appears only when you work with 73 5 Negligible
010 ¥ 4 66686606000




Main results

Exploring historical definitions of quasi-GPDs

Mapping Form Factors to the historical definitions of quasi-GPDs:

CQ




Main results

Exploring historical definitions of quasi-GPDs

Mapping Form Factors to the historical 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 historical definitions of quasi-GPDs:

Symmetric frame:

- Ho (oo = Ar i D04y AL (AR ASALRD A1 Y
Q) Fer B, = A1+ o8 = 5pops 2M2P3  2M2(P3)2  2M2p3 ) °
P-4/ oG, P+ /2 (A% (A9?AL  ALPAT
- " \20P2POP3 T 2MA(P3)?  2MPPUP

Asymmetric frame:

0 0.3 0A3.3
A [z How|, 20 P B0) = A1 + s i — i }i )4ng )
+( (Ag)?2" 1 (Ag)?AZ2° 1 Pylog, :AUAJ 3 BA2 ) A,
\ . * 2M2P3,, , (1+%)4M?(Pguga)2 (1+ Pf“)QJWZ(ngga)z - 2M2P3,,,
W +( (A())S 3 | 1 (A0)5A3 3 B 1 (AU)ZA‘S 3 B 3A2 AU )AS
2M2PY, . P3,. . (1+ 5 iiw)zm/jngvga(p Sea)® (14 _Aa )2Mz( 3ga)?  2M2PO, P3. .
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Main results v

Exploring historical definitions of quasi-GPDs

Frame-dependent expressions: Explicit non-invariance from kinematics factors

Symmetric frame:

AO AOZS (A0)223 AOA323PO 23A2
H .P‘; Ac,. :A TS An — s A s . s—/s s L A
Q) (% Psy As)], P03 T opups (2M2PS3 20M2(P3)? 2M2P§> ¢

(A0 (DAL ALEAL Y
2MPP)P}  2M*(P?)*  2MPP)P?

Asymmetric frame:

AO AOZS 1 AOAS 3
How| (2, Pa,Ay) = Aq + A ( o> )A
Q(o)|CL y Las 1 3 — 4
P(?‘Uq a 2Pc9vq aPcwq a (1 + PAi ) 4Pc?vq a(Rqu (1)2
N ( (A9)%2 1 (Ag)*AZ2 1 GUMAUA& 2 BA2 )A6
3 3
2M2P}y 0 (14 o ou)AM2(PY,, 1+ PA ) 2M2(P3,, )7 2MPP3,,
Jr( (A())S 3 1 (A())JAS 3 B 1 (AU)ZA‘S 3 B 3a2 AU )AS
3
2ﬂ/j2pt9vg apcifvga (]_—|— 5P A“ ) 4]1/[2})691)9 a(P avg, a)2 (1+ 5pE ) 2ﬂ/f2( avg, a)z QJ\/fQPc(L)vg aPCLSvga
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Main results

Exploring historical definitions of quasi-GPDs

Frame-dependent expressions: Explicit non-invariance from kinematics factors I

A Rem.‘“der?

I
\ " / ]q:’ 06
l 0.4

Lattice QCD results
i it
.
A, =0
-
¢
L] K
: :
i L] | 3
©
L
t’ : se
"ssana, \ut ==|. AEEL N

1|ll|li“

T T T
non-symm non-improved +—e-—
symm non-improved —e—

Pissannas

-15

Frame- dependence of quas1—GPDs




Main results

Light-cone GPDs

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

55




Main results

Light-cone GPDs

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

Fel [a2]

Lorentz-invariant definition:

d(P > Z) ixP-z
(&
47 P

H(:L',ﬁ,t)—>/

1

.Z@ﬂqﬁqm>‘

Relation between light-cone GPD H & Form Factors:

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

As/a-z

Pa’ug,s/a " &

As

Lorentz-invariant expression
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orentz covariant formalism
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a0 | Main results ¢

1 of the essence ; “as'l—G Relation between light-cone GPD H & Form Factors:
C jon O e . .
Sketf\‘t\nt definiti® == Lorentz covariant formalism A
Lorentzf'“‘va e H(z-P,z- At = A%, 2%) =|A; |+ P—‘“/%A;;
il avg,sfa "~
_.~oPDS & Form Factors: (Sample results)
Symmetric frame:
— 2
AO AOZS (A0)223 AOA323PO Zgﬁi
Ho) (5 oy A5)], = Ar + P_;JAS N QPQPSBA (2M2PS3 T 2M2(PR)? 2M2P§>A6
(AR (AL ALSAR
2M2POP3  2M2(P3)2  2M2POp3 )78
Asymmetric frame:
A? ( A0 3 1 AOA3 23 )
H 2, Py Ay) = Ay + ——9%— Ag — £ a—a A
CA L] Q0L o B = A1t g A T P o Phe (11 ) 1Plup (PP )
AT IR W X - )
E - 3 E - 3 “ - - 6
P_A oy p 2M2P3,, , 1+ QP%a )4MQ(P3UQ,G)2 (1+ QP%Q )QMQ(P&;Q,@)Q 2M2P3,, ,
\ S 4 . ( (A% 1 (ADPAR® 1 (AYPARS SPARA] )AS
3 3
2M2PYyg 0 Plvga (1 + sr—) AMPP,, o(Pga)® (14 i) 2M2(P3,, )% 2M?PY,, . P3. .
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a0 | Main results

essence : “as'l—G Relation between light-cone GPD H & Form Factors:
Py n g
defimitio s orentz covariant formalism A 2
‘/ I](‘/P Af—A' '))_Al-i-'P—SZLAg
avg,sfa’ Z

ie)

Symmetric frame:

AL (A2 AJALSP)
Ho) (2 Py As)], = A1+ 543 2M2P3  2M?(P3)>  2M2P3

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

Contamination from frame-dependent power corrections

Asymmetric frame:

1 ADAS 3
(1 4 AB ) 4P cwg a(Pc?vg a
25 avq a

Hoo)l, (2, Pa, Ag) = Ay +

avg,a

(A0)2A3 3 1 GAUATS A2
av a A6
PA3 ) 4JV‘[2(P3UQ (L)2 (]_ + PAS ) QMQ(P(fvg a)2 2M2Pcfvg a)
avg,a avg,a
( 0)3 3 1 (AO)JAS 3 1 (AO)2A3 3 3a2 AU
2Pt9vg an)vga N (]-+2p%7i) 4A/I2Pc?vg a(P avg, a) (1+ 3 )2ﬂ/j2( avg, a)2 N 2]\/12Pr;9vg aPaSv :
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Contamination from frame-dependent power corrections
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In the large-momentum limit, these expressions reduce to light-cone results |
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Relation between light-cone GPD H & Form Factors: -

Lorentz covariant formalism
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Let’s go back to PDFs I _
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pendent power corrections I

M?®(z,p) = (pl9(0) 7™ E(0, z A)y(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 Amplitudes
M?(z,p) =2p" My (—(2p), —zz)‘7

+ zaMz(—(Zp), —z ) . (13)

limit, these expressions reduce to light-cone results

F=F
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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.
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; 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-
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M®(z,p) =2p° M, (—(2p), —2°) / Pioga)® (14 —2ay2M*(P},,)* 2M?P},,
+2°My(=(ep), =20 % (13) 0 | o |
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type, where E’(O, z; A) is the standard 0 — =z straight- 1
line gauge link in the quark (fundamental) representa-
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mgmit-cone results
~ formula (6). For quasi-distributions, the easiest way to

5 . remove the z* contamination is to take the time compo-
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1
L MO(za,p)=2%° [ dyQ(u.P) evPs.
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The Mf(—(zp), —22) part gives the twist-2 distribution
when 2?2 — 0, while M. ((zp). —22) is a purely higher-
twist contamination, and it is better to get rid of it.
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- Therefore, 1° is better behaved than +* with respect to power corrections }
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Relation between light-cone GPD H & Form Factors:

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

(frame-dependent) power corrections
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- You can think of eliminating power corrections by the
addition of other operators:

In spirit of what’s done for PDFs: h
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Main finding:

Lorentz-invariant definition of quasi-GPDs: |

Schematic structure: | Hq — Co@ 7@%% c1@~/1¢»+ ¢ (1/37%59
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Note: Here ¢’s are frame-dependent kinematic factors that cancel frame-dependent power
corrections to project quasi-GPD to the light-cone result
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Note: Here ¢’s are frame-dependent kinematic factors that cancel frame-dependent power
corrections to project quasi-GPD to the light-cone result
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Sketch of the essence of a
Lorentz-invariant definition of quasi-GPDs I

Lorentz covariant formalism

Matching equation:

1
HQ(z-P,z-A,t,zQ,u) =/ duC (u,z+ Pyz- A, 22, u®) H(u,z - P,z - A, t, )
=1
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Lorentz covariant formalism

Matching equation:

1
HQ(z-P,z-A,t,zQ,u) =/ duC (u,z+ Pyz- A, 22, u®) H(u,z - P,z - A, t, )
=1

Essence of matching: Equivalence of light-cone & quasi-GPDs at LO

12i1n0 Hqo(z+ P,z A,A%,22)=H(z-P,z-A,A?)
Ze—)
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Matching equation:

1
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Essence of matching: Equivalence of light-cone & quasi-GPDs at LO

12i1n0 Hqo(z+ P,z A,A%,22)=H(z-P,z-A,A?)
Ze—)

Relation between light-cone GPD H & Form Factors:
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Lorentz covariant formalism

Key points: | (

1) Lorentz-invariant generalization of LC definition to z? # ( should converge faster at LO

2) Both sides Lorentz invariant > NLO differences suppressed by frame-independent power corrections

\ ; / Essence of matching: Equivalence of light-cone & quasi-GPDs at LO
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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

| (239




Summary g

Connecting dots: Ending with what I started with

Approach 2: Why does it matter in which frame quasi-GPDs are calculated? '

momentum transfer to source
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Summary

Connecting dots: Ending with what I started with

Approach 2: Why does it matter in which frame quasi-GPDs are calculated?

momentum transfer to source
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Summary g

Connecting dots: Ending with what I started with

Approach 2: Why does it matter in which frame quasi-GPDs are calculated? ‘

All
momentum transfer to source

Key findings: |c

» 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

Q0




Summary

Connecting dots: Ending with what I started with

Approach 2: Why does it matter in which frame quasi-GPDs are calculated? I

momentum transfer to source

3)

Key findings: |QCD

Lorentz invariant definition leads to more precise results for E

 Lorentz covi.

GPDs ir’

.cone GPDs at LO
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Main results k

Renormalization: Sketch

Few words on operators:

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

« Schematic structure of Lorentz invariant 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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