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Models used to calculate twist-3 distributions:

» Quark target model (QTM)
» Scalar diqguark model (SDM)
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GPDs
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Identifying Twist = Behavior under longitudinal momentum boost in the IMF

Twist-2 Twist-3 Twist-4
Independent of 1 1
P p+ (P1)2

P* (Longitudinal nucleon momentum)

There are 8 twist-2, 16 twist-3 and 8 twist-4 GPDs



GPDs in the DVCS amplitude
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GPDs in the DVCS amplitude

TH — —j / d*xe % (p'|T|Jem. (x)J%m.(0)]| P),

VAQ

1 [1 PYA* PYA -
i = [ax| (<o - 5 )R 6 A ) + (= = iy A)C ()

(g APy, PUAL
P-g L P-q

)(Faoc, £ A)CH (x, £) — it 1apFP (3, £, A)C (, 5))] ,




GPDs in the DVCS amplitude
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Twist-3 GPDs in the DVCS amplitude
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Twist-3 GPDs in the DVCS amplitude

Amongst G1,Gs, G3, G4 and él, éz, é3, é4

only GG, survives the forward limit

G



Twist-3 GPDs in the DVCS amplitude
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G, in Quark Target Model

L

Quark target model in a symmetric frame
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A: The four-momentum transfer,

A A . :
P=p-— E(P, =p+ 5) The incoming (outgoing) four-momentum,
p: The average momentum (with p; = 0),
A A : : :
k— E(k - 5) The four-momentum before (after) the interaction.
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G, in Quark Target Model- How does the discontinuity arise?
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G, in Quark Target Model- How does the discontinuity arise?
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G, in Quark Target Model- How does the discontinuity arise?
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G, in Quark Target Model- How does the discontinuity arise?

,Y_L
1 / di eiIP+z ( P S'| q(_ )7 ( B ) |P,S) Kiptily, Polyakov , Genuine
2 2w ‘ twist-3 contributions to the
1 AJ . gk A generalized parton distributions
= (P, s[5 LGy +AI(H + B +Ca) + 7 Ga kT 7 95Ga|a(P, S)  from instantons (2003)
2pt 2M \ | pT
f
Quark target model in a symmetric frame
LA A
. 2 T (k+ = +m) (k== +m) I L
—Z | S0kt — ap*Yua(P S ) x 2 T 3 2 «"x[mm-—""ﬁm kﬁ“’—’”?" kf”]. z 1 —z P
- () (k+ ;]2 -m? +ie]  [(k- 7)2—1112-%1}': p-= P [(p = k)2 = A% + ie]
2 - —Q(n+)2
The divergent part of Go is calculated as, —ig? / d l;ldf A K 8(2 )"(L+2) .
(2m) [+ 502 = m2 4] [(k = 502 = m2 4] — B)2 — A2 + e
Using (P—k)?2 =N =2(PT k") (P™—k7) =k} — /\2 ~ in the numerator can be replaced by the following expression

k_=

(k1 +A?)

2pT

2(pt — k)

14




G, in Quark Target Model- How does the discontinuity arise?
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G, in Quark Target Model
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Discontinuities and Factorization _
v': Continuous

x: Discontinuous

Twist-3 GPD (Vector) |Quark Target Model Twist-3 GPD (Axial V.)|Quark Target Model
e v Gy v
G2 X éz X
Gs X G X
G4 X é4 X

Twist-3 GPDs have discontinuities !

GPD

1
‘ dx
f_l xt&+ie
Quark Target Model

Discontinuities - Divergent scattering amplitudes - Factorization ?
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DVCS Amplitude of the nucleon at twist -3 accuracy

Twist DVCS amplitude involves

(Twist-2 GPDs)
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Twist-3 generalized parton distributions in deeply-virtual Compton scattering - Fatma Aslan, Matthias Burkardt, Cedric Lorce, Andreas Metz,Barbara Pasquini (2018)



DVCS Amplitude of the nucleon at twist -3 accuracy

Twist DVCS amplitude involves

(Twist-2 GPDs)
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Twist-3 generalized parton distributions in deeply-virtual Compton scattering - Fatma Aslan, Matthias Burkardt, Cedric Lorce, Andreas Metz,Barbara Pasquini (2018)
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Example: The relevant DVCS amplitude involves G,*+ e
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Twist-3 generalized parton distributions in deeply-virtual Compton scattering - Fatma Aslan, Matthias Burkardt, Cedric Lorce, Andreas Metz,Barbara Pasquini (2018)
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How do the discontinuities behave as €0 ?

(G5 and ég in
Quark Target Model
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What happens in different models ?

(G5 and ég in
Scalar Diquark Model
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What happens in different models ?

(G5 and ég in
Scalar Diquark Model
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The forward limit: g, and g, in SDM

The parameterization
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popoz gy(kh), g7t (k?)
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g5 (k+), gzquasi (kZ)
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g, (k*) and g,uasi (k?) in SDM
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There is a momentum component in the nucleon state which does not scale as
the nucleon is boosted to the infinite momentum frame.
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gz (%) & g, 1% (x) in scalar di-quark model
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There is a singularity at x=0

Aslan, Burkardt- Lorentz Invariance of
Twist-3 Quark Distributions

37



g,(x) & g,1"*"(x) in scalar di-quark model
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. Twist-3 PDF
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X NN

Thereis a singularity at x=0

Aslan, Burkardt- Lorentz Invariance of
Twist-3 Quark Distributions



Twist-3 PDF

SDM

QTM

e(x)

Vv

hL (:L‘)

Vv

g2(x)

Vv

A
v
X

Do these delta functions exist at twist-2?

There is a singularity at x=0

Aslan, Burkardt- Lorentz Invariance of
Twist-3 Quark Distributions
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Behavior of twist-2 and twist-3 distributions

under longitudinal momentum boost, P*.
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Behavior of twist-2 and twist-3 distributions
under longitudinal momentum boost, P*.
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Behavior of twist-2 and twist-3 distributions
under longitudinal momentum boost, P*.
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Behavior of twist-2 and twist-3 distributions
under longitudinal momentum boost, P*.
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Behavior of twist-2 and twist-3 distributions
under longitudinal momentum boost, P*.
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Singularities in twist-3 quark distributions v': There is a ()

% : There is no 6(x)
Twist-2 PDF [SDM |QTM Twist-3 PDF [SDM |QTM
Aslan, Burkardt,
fi(x) X X e(x) Vv Vv Singularities in Twist-3 Quark Distributions, 2018.
T X 4 h, €T Burkardt, Koike,
L ( ) L( ) \/ \/ Violation of sum rules for twist three parton distributions in
hi(x) X X g2(x) Vv X QCD, 2001.

P*(P*)=5 P*(P")=15 P*(P*)=25

* At twist-3 there is something that does not exist in
twist-2: There are delta functions.

PHP)=5 P¥(P*)=15
0.0:

* We identify these delta functions with momentum | - =
components in the nucleon state that do not scale as - | | > i |
the nucleon is boosted to the infinite momentum. | o o

-0.01 -0.01
20 Gp M0 5 0 B o B A B[ X 20 45 40 -5 0 5 10 15 20 25 I -

K(K") K(K")

-0.01
20 45 -0 -5 0 5 10 15 20 25 30
K(K")

Decomposition of twist-3  hr(z) = k)W (z) + h7'(z) + hi(2)

_ _ Burkardt & Koike,
6(x) term appears not only in hJ* but alsoinh}  Violation of Sum Rules for Twist 3 Parton Distributions in QCD,
2001 45



Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains

d(x) is recovered

Transverse momentum cut off
Dimensional regularization
Adding form factors
Adding axial diquark contribution

Pauli-Villars regularization
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Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains d(x) is recovered

T

Transverse momentum cut off || Pauli-Villars regularization

Dimensional regularization
Adding form factors
Adding axial diquark contribution

A=10

0.9 f
0.8
0.7
0.6

RO5f
0.4 f
0.3
02

017F

-0.02 0 0.02 0.04 0.06 0.08

0.1

47



Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains d(x) is recovered
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Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains d(x) is recovered
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Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains d(x) is recovered
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Regularization of the singularities

The effects of different regularization schemes on the 5(x)

d(z) remains d(x) is recovered

T

Transverse momentum cut off || Pauli-Villars regularization

Dimensional regularization
Adding form factors
Adding axial diquark contribution

A=50
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WHAT ABOUT'IT?

-- What happens if twist-3 distributions involve a 6(x) ?

-- Some sum rules are violated if we don’t take it into account.

Lorentz invariance of twist-3 GPDs

1 T
/ deGi(z,§,A) =0, / drGi(x, £, A) = 0.
—1

—1

e—=0 J_

1
lim/ deGi(x, £ =0,A) + lin%]/ dzeGi(x, & =0,A) # 0,
1 =V /e

€ 1
lim/ dzGi(x, £ =0,A) + lin&/ drGi(x, £ =0,A) # 0.
-1 €E— €

€E—

9> (1—ux)

Ar2(1-¢2)

In SDM the divergent part of Gg was calculated as Gy ={ ¢* 2r+£-1)
16m2  £(1+€)

0

InA | for &<a<l,

InA; for —¢&<ua<E,

for —l<x<k&

The Lorentz invariance

1 2 13 e o 2 1 o
/ dr Gy = J / dx Mln/ﬁ_—g— dx Mll}AJ_:O ] o
-1 of G, is satisfied v/

C16m2 o E(L+€) ir? o T (1-¢€2)
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WHAT ABOUT'IT?

-- What happens if twist-3 distributions involve a 6(x) ?

-- Some sum rules are violated if we don’t take it into account.

Lorentz invariance of twist-3 GPDs
1

1 - .
/ drGi(x, £, A) =0, / drG;(x, £, A) = 0.

-1 -1

1 1
[ s = [ dngro

1 —1

1 1
/ dxhy ( / dxhr,(x)

1 —1

1 1 _ ' d
/ dre(x) = Wi (p|¥(0)¥(0)|p) = —M

1 dm

If one tries to confirm these sum rules experimentally by drawing conclusions from the

behavior near x=0 about the behavior at x=0 they might claim that the sum rules are violated.
53




The origin of &(x)
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The origin of §(x) / - s
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The origin of §(x)
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ZERO MODES and THE VACUUM

In LF framework zero modes are responsible for vacuum condensates.

normal coordinates

light-front

0.025

N

P.

free theory

P

m? + 13f
2P

P’

vacuum (interacting theory)

many states with P = 0
(e.g. a%at_;|0))

— |0=> very complex

k>0
— only pure zero-mode
excitations have P =0
= |0 > can only contain
zero-mode excitations

0.02 -

0.015 |

0.01 |

0.005 -
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Matthias Burkardt, Light Front Quantization, 1995

P*(P*)=25

“g,(k")
gguasi(kz) 4
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CUT and UNCUT DIAGRAMS

Uncut Qiagram

Cut Diagram

kA

/P/p_k\\

There is no 6 (x)

|
|
|
|
|
|
|

Twist-2 Twist-3

-- There is no difference between the two approaches at twist-2 level. Both methods are equivalent and yields identical
PDFs. They also agree for O<x<1,

so how can one method result in a violation of LIR and other does not?

--The answer is in the appearance of 6(x) term when using the uncut diagrams which is not present in the cut diagrames.



Conclusions

SDM

[ Twist-3 GPDs have discontinuities
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SDM QT™M

Conclusions
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 The sum rules for twist-3 distributions are violated if we do not take the 6(x) into account

L 8(x) is related to the zero modes in the LF framework.

Twist -3 evolution
60

L Zero modes are generated by twist-3 evolution
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Conclusions
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 The sum rules for Twist-3 distributions are violated if we do not take the §(x) into account

L 8(x) is related to the zero modes in the LF framework.

THANK . .
YOU Twist -3 evolution

L Zero modes are generated by twist-3 evolution i




