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Nucleon Spin Puzzle 3

11
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Longitudinally polarized DIS:
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— only small fraction of proton spin due to quark
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.
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Deeply Virtual Compton Scattering (DVCS)

form factor

o electron hits nucleon &
nucleon remains intact

< form factor F(g?)

@ position information from
Fourier trafo

@ no sensitivity to quark
momentum

o F(¢?) = [ dvGPD(z,¢?)

— GPDs provide momentum

disected form factors

Compton scattering

@ electron hits nucleon, nucleon
remains intact & photon gets
emitted

e additional quark propagator

— additional information about
momentum fraction x of
active quark

— generalized parton
distributions GPD(z, ¢°)

e info about both position and
momentum of active quark
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P11YSiCS Of GPDS: 3D IIIlagillg MB, IJMPA 18, 173 (2003)

proton polarized in +Z direction

d?A b
Q(LbL):/WHq(%O,—Ai)@ B

1 0 d’A | :
- ey 1) O_AQ —ib A
2M b, / ) Za@0=Al)e
e relevant density in DIS is
jT = 3% + 5% and left-right
asymmetry from j*

@ av. shift model-independently related
to anomalous magnetic moments:

(b1) = [dz [d?b) q(z, b1 )by,
= 5t [ dzEy(z,0,0) = oL




GPD <— Single Spin Asymmetries (SSA)

example: yp — X

,1
5 = ot
Dy PN D
wr’

<

e u,d distributions in L polarized proton have left-right asymmetry
in L position space (T-even!); sign “determined” by k., & kq
e attractive final state interaction (FSI) deflects active quark
towards the center of momentum
— FSI translates position space distortion (before the quark is
knocked out) in +g-direction into momentum asymmetry that
favors —g direction— chromodynamic lensing

= Kp,kn <—> sign of SSAIIMNIN (MB,2004) J

o confirmed by HERMES & CoOMPASS data



Angular Momentum Carried by Quarks

© Ly =yp. — 2py

o if state invariant under rotations about &
axis then (yp.) = —(zpy)

= (Le) = 2(yp2)

o GPDs provide simultaneous information
about longitudinal momentum and
transverse position

— use quark GPDs to determine angular
momentum carried by quarks

1

=3 / de o [H(z,0,0) + E(z,0,0)]

— M.Constantinou, K.F.Liu,..

e parton interpretation in terms of 3D

distributions only for 1 component
(MB,2001,2005)



Photon Angular Momentum in QED 9
QED with electrons

7 = /dsrfx(ﬁxé):/dwx[Ex(ﬁxg)}

o replace 2" term (eq. of motion V - E=e¢j"= elTa), yielding
/d3 [u 7 x eAyp + EI (fxﬁ)Aj—&—E_jX/q

o 17 x e Ay cancels similar term in electron OAM 17 x (5 — e A)ip

— decomposing Jw into spin and orbital also shuffles angular momentum from
photons to electrons!




The Nucleon Spin Pizzas
Jaffe-Manohar decomposition

Ji decomposition

‘pizza quattro stagioni’

‘pizza tre stagioni’
3=>,(380+ L) +AG+ L
Lo, (3804 L) + A
£,=JBr(PS| @R (7 x id)a(IP.S)

3
Ly=J&(P,Slg (#)(7 x iD)d(?)|P,S)
=/ ) @ light-cone gauge AT = 0
o iD=id—gA e PP — AG — L= Mg o
e DVCS — GPDs — L¢ e manifestly gauge inv. def. exists

How large is difference £, — L, in QCD and what does it represent? J




Quark OAM from Wigner Functions

5-D Wigner Functions (Lorcé, Pasquini)

GTMD(z, k1, A)

—— A=0
->- Jdz
Charge S

. A, < = L
W(z,by, k1) = / (%); e AL QTMD(x, ky,AL)




Quark OAM from Wigner Functions

5-D Wigner Functions (Lorcé, Pasquini)

oL 2 2 - -
L) = / (gzwf/ déﬁ'ﬁﬁ (P'S"|g(0)y ()| PS).

TMDs: f(z,k1) = [d?b, W(z, EJ_, EJ_)

GPDs: ¢q(z,b) = [ d*k, W (x, by, EL)

L. = [dx [d®by [d®k, W (x,b),ky)(boky — byks)

need to include Wilson-line gauge link Upe ~ exp (z% fog A. df’)

to connect 0 and &
— ‘light-cone staple’ crucial for SSAs in SIDIS & DY

Light-Cone Staple for Uoe

straight line for ¢
straigth Wilson line from 0 to £ yields &l_
JI—OAM . I3 4(07.0.) (007.01)
Li= fd3x<P,5|qT(f)(f X iD)q(:E’)|RS>

'light-cone staple’ yields L jqf fe—Manohar




Light-Cone Staple <> Jaffe-Manohar-Bashinsky 12

L with light-cone staple at Bashinsky-Jaffe

= = too o AT = 0 no complete gauge fixing

— residual gauge inv. A* — AF4+0M¢(Z )

T [ v o Txid — £JBE:E><[Z'5—QA’(£L)

=) e -
T o _ JdzT A (=7 ,%1)

(different from SSAs due to °o A (Z1) = Tdz-

}

factor Z in OAM)

Bashinsky-Jaffe <> light-cone staple

e AT =0
= Ej/[ = F X {i({;—g/_l'l(:too,fl)]

(*] ,CJB =7 X |:’Lg— g./((ﬂ_ﬁ_)}

° fﬂ(fl) = W = % (A'L(Ooafl) + XL(*OO,fL))
= Lyp=5(La+Le)=Lo=Lc




Quark OAM from Wigner Distributions

straight line (—Ji)
%:Zq%Aq+Lq+Jg
Ly=Jda(P.S|a@y*(7 x iD)a()|P,S)

light-cone staple (— Jaffe-Manohar)
2= 2,300+ L+ AGH L,
L= [d(P,S|g(@p+(x1D )a(&)|P.S)

oiﬁ:ig—gg

difference £7 — L4

L9 — L9 = —g [dBz(P,S|g@nH[Fx [ dr- F*(r=,x1)] q(Z)|P,S)

V2FtY = F% 4 F?Y — _EY { B* )




Quark OAM from Wigner Distributions

straight line (—Ji) light-cone staple (— Jaffe-Manohar)
%:Zq%Aq—i—Lq—i—Jg . %:Zq%Aq—i—Eq—FAG—Fﬁg
Ly=Jda(P.S|a@y*(7 x iD)a(@IPS) | £1=[ds(P,S|a(@n*(7xiD)a(#)|P,S)

o iD=id—gA iDI =i —g Al (&~ ,x1)—g [° dr~F*

difference £7 — L4

L1 — L9 = —g [dBz(P,S|g@nH[Fx [ dr= F*(r=,x1)] q(Z)|P,S)

color Lorentz Force on ejected quark (MB, PRD 88 (2013) 014014)

— N\ Y
V2FtY = FO { 2y — _EY | B* = —(E+17>< B) for & = (0,0,-1)




Quark OAM from Wigner Distributions

straight line (—Ji) light-cone staple (— Jaffe-Manohar)
%:Zq%Aq—i—Lq—i—Jg . %:Zq%Aq—i—Eq—FAG—Fﬁg
Ly=Jda(P.S|a@y*(7 x iD)a(@IPS) | £1=[ds(P,S|a(@n*(7xiD)a(#)|P,S)

o iD=id—gA iDI =i —g Al (&~ ,x1)—g [° dr~F*

difference £7 — L4

L1 — L9 = —g [dBz(P,S|g@nH[Fx [ dr= F*(r=,x1)] q(Z)|P,S)

color Lorentz Force on ejected quark (MB, PRD 88 (2013) 014014)

— N\ Y
V2FtY = FO { 2y — _EY | B* = —(E+17>< B) for & = (0,0,-1)

Torque along the trajectory of ¢ Change in OAM




‘Torque’ in Scalar Diquark Model ws « c o

Lym — Ly = (Gy" (‘FX *T) q)
in scalar diquark model

(Ji et al., 2016)

N\ Z
e pert. evaluation of (g +<F ><A)
o fore™: Ly — Ly =0to Ow) 1> (ay Q)
o carlier paper by M.B. & — Ljm — Ly =0(a)
H.BC overlooked h =0 e same order as Sivers
component of Pauli-Villars ~ < Lrnr — Ly; as significant as SSAs

v

o Ly —Ly; Z0in general?

o how sgnifcant is £,y — L:?_ (CNSTRT

why scalar diquark model?

o Lorentz invariant

e 1% to illustrate: FSI—-SSAs
(Brodsky,Hwang,Schmidt 2002)

— Sivers # 0

e nonforward matrix elem. of gy™AYq

d
dAT | A=0

= (k1) = 2t gyt (7 x A) )




o TMDs/Wigner functions
relevant for SIDIS require
(near) light-like Wilson lines

@ on Euclidean lattice, all
distances are space-like

TMDs in lattice QCD

M.Engelhardt, P.Hagler, B.Musch, J.Negele, A.Schiéfer

e calculate space-like staple-shaped
Wilson line pointing in 2 direction;
length L — oo

e momentum projected nucleon
sources/sinks

e remove IR divergences by considering
appropriate ratios

— extrapolate/evolve to P, — 00




Quasi Light-Like Wilson Lines from Lattice QCD

nucleon nucleon
source sink
(fixed position)  (fixed momentum)

I L TP
fir siprs = —fir,py (Collins)

Sivers—Shift, u—d — guarks
Fuclidean F i 1
—- [ e ]
time i .
£=039, y
Boer—Mulders Shift, u—d — quarks ] = lbz| = 0.12 fm, teu - .aa—.--fﬁ-;
[ | mp=518MeV ]
IRPEEEEE M t— DY SIDIS —|
Il 3 ] X VIR TN T T YT T T YN T Y S S &
I . —e0 -10 -3 0 5 10 o
{:, — 039, % . v (lattice units)
bzl :5?'33?\4&;-' "rag, ks flJTT(:Z?, k) is k, -odd term in
sl m'"'I;Y e it 1 quark-spin averaged momentum
- — b 3 — . . . . .
ST S I somme—— distribution in L polarized target

nlv] (lattice units)




Quasi Light-Like Wilson Lines from Lattice QCD

nucleon nucleon
source sink
(fixed position)  (fixed momentum)

1 0 -
flT,SIDIS =—fir by (Collins)

= 4 Sivers—Shift, u—d — quarks
| > o4f ]
Euclidean 8 = %
time: ERE {Hihil ]
= "
00 )
= P 078, 2
= —02F '3 E ]
02l Boer—Mulders Shift, u—d — quarks 4 7“_‘: e Ibz| = 0.36 fin. I}{
o 02 S _qaf | me=518MeV 1
v =
© oifdllqrIzsess, ] = — DY SIS [
s Tt . 1 e S S
= - —0 -10 -5 0 5 0 o
= 00 = ST
= ‘3:039‘ . nlv| (lattice units)
= ® = 1 . o
e 01f “*rlfs‘;s;ﬁi—' T 131 fir(z, k1) is ki -odd term in
B o D= 1 quark-spin averaged momentum
-02r L _py SIDIS — .. .. .
distribution in | polarized target
—0 -10 -5 0 5 0 o y

nlv] (lattice units)




Quark OAM - sign of £9 — L4

L%, — L%, = AL%.¢; = change in OAM as quark leaves nucleon
L84 — Ik = —g [Bo(RSlg@NHEx [ dr F+(r=, %) *d@)|BS)

et moving through dipole field of e~

o consider e~ polarized in +2
direction

< (i in —Z direction (Figure)

@ et moves in —2 direction

— net torque negative

sign of L9 — LY in QCD

@ color electric force between two ¢
in nucleon attractive

— same as in positronium

@ spectator spins positively
correlated with nucleon spin

— expect L7 — L9 < 0 in nucleon




Quark OAM - sign of L7 — L4

difference £7 — L4

L%, — L%, = AL%.¢; = change in OAM as quark leaves nucleon
L84 — Ik = —g [Bo(RSlg@NHEx [ dr F+(r=, %) *d@)|BS)

et moving through dipole field of e~

lattice QCD M Engelhards ot al.

o consider e~ polarized in +2

directi ® Lgtapie vs. staple length
irection

Zin 2 direction (Fi < L%. for length =0
< jiin —2 direction (Figure
K (Figure) — L%, for length — oo
+ . ~ . .

e et moves in —2 direction

1.0
— net torque negative —
4 m os—r HH*H‘HE;, _,;;&Hiﬁ ]
5 S . =S - L [
sign of £ — L% in QCD 5 ?"zi}f IEEY . %&ﬂ:ﬁ
=Y ¢ =UJ ¢ 2u quarks
o Ed 0.0 T
° Folor electric force{ between two ¢ = ; HH?HH””H;HH&H% ;
in nucleon attractive T st !
s U N
<5 same as in positronium = 8| 44a50800 *23554540448 5
-1.0 : : : :
@ spectator spins positively S Alg) =k 0 B Mg w
. . nivi/a
correlated with nucleon spin )

— expect L7 — L9 < 0 in nucleon




Twist 3 GPDs - Motivation

Alternative OAM sum rule polyakov & Kitpily

/dm zG4(2,0,0) = —L,

transverse force imaging/tomography r.asian, MB, M Schiegel

2D Fourier transform of 22 moment of appropriate twist-3 GPDs
yields position resolved transverse force

looked at this in spectator models and found some weird stuff... )




OAM from twist 3 GPDs

twist-3 GPDs Polyakov & Kitpily

/ 2= e P (pl|3(2= /27 a2~ /2)|p)
_ 1
T2t

A* AZ~yT i AY~T
u(p)[ G147 (H+E+Gs) + p] Gy + 131 7504} u(p)

Lorentz invariance relations

ofdeqxft)zo
o [dxGi(z,&,t) =
R fde2( €1) = o [dxxGi(x,0,0) = —L1

@ same relation also derived in
° f daGi(z,6,t) = J scalar Yukawa

QCD Egs. of motion poiyakov & Kitpily

Tests issues

° tg?st above relations in scalar o 6(z) in GI?
dlquark model & QCD

4] ,C = —f dng )
— answer: SDM yes, QTM no

e G from DVCS?




Twist-3 PDFs — | Force on Quarks in DIS

dy +» average | force on quark in DIS from | pol target
polarized DIS:

2A,j[w92 @ oL X gr = g1 + g2

@ oL X g1 —

— ’clean’ separation between g, and é corrections to g;
_ . _ 14
o g2 =g¥"W + g with gV (2) = —g1 () + [, 7yg1(y)

1

Siiprgs (P8 a0 gF T (0)a(0)] P.5)

4

d253/dxx g2(x) =

color Lorentz Force on ejected quark (MB, PRD 88 (2013) 114502)

— -\ Y
V2F+Y = FO { f?y — _EY | B* = —(E+17>< B) for & = (0,0-1)

v

matrix element defining do ¢+ 1°¢ integration point in QS-integral
ds = | force & QS-integral = | impulse

magnitude of do

o (F¥) = —2M?dy = —10%27d;

o L deformation of ¢(z,b )

< sign of d3: opposite Sivers o |(F¥)| < o~ 1% = dy = 0(0.01)




Twist-3 PDFs — | Force on Quarks in DIS

dy +» average | force on quark in DIS from | pol target
polarized DIS:

o or o< g1 — g, @ oL X gr = g1+ 92

— ’clean’ separation between g, and é corrections to g;
_ . _ 14
o g2 =g¥"W + g with gV (2) = —g1 () + [, 7yg1(y)

dy = 3 / et = m (P, S |g(0)r+gF*¥(0)g(0)| P, 5)

4

color Lorentz Force on ejected quark (MB, PRD 88 (2013) 114502)

- -\ Y
V2FTY =F% 1 F*¥ = _FY 4+ B* = —(E+ ¥ x B) for 7= (0,0~1)

magnitude of dy

o | deformation of ¢(z,b,) o (FY) = —2M?dy = —108% d,

fm
< sign of d3: opposite Sivers o |(FY)| < o= 16*1?1/ = dy = 0(0.01)

consitent with experiment (JLab,SLAC), model calculations (Weiss),
and lattice QCD calculations (Gockeler et al., 2005)



Twist-3 GPDs — 1 Force Tomography

take x2 moment of twist-3 GPDs (£ = 0)
subtract twist-2 parts
take 2D Fourier transform

d?AL AL ~ b
/(2ﬂ_)26 AL bL/d:z:x2G§ 3(x,0,—A%)

(R =0,81q(bi)y gF¥(br)g(br)| R =0,51)
distribution of L force in 1 plane

22 moments of different twist-3 GPDs provide info about L force
tomography for different spin combinations

twist-3 GPDs = 2D | force maps
could be done immediately in lattice QCD

need to address some issues regarding experimental access...



Spectator Model Calculations of PDF's

o wanted to test Polyakov sum rule
o definitions for PDFs/GPDs based on Lorentz invariance

— need Lorentz invariant model...

findings: singularities in twist 3 GPDs/PDFs

e Polyakov sum rule worked, but
o twist 3 GPDs discontinuous at x = +£

e §(z) in forward limit

o J(z) essential for various Lorentz invariance relations, such as
o fjl dzGa(z,0,t) =0
° fjl dzhr(z) = fil dzhy(x)

v

happy ending

discontinuities cancel in linear combinations that enter DVCS
amplitude




Spectator Model Calculations of PDF's

example: scalar diquark

E+m E+m 1
PSS
—m?2 +ie k2—m2+i5u( ’ )(P—k)2—)\2+i5

sl = / Ak~ a(P,8)

o similar for quark target (QCD)
e kT =axpt

denominator integral

1 1
Lien, = -
den /dk (k2 —m? +ie)2 (P — k)2 — A2 + ie

o k2= 2Ktk — k2, (P— k)2 =2(PT — k") (P~ — k) — k2
@ Igen, =0 for kt < 0: all k= poles in UHP
o I, =0 for kt > P*: all k= poles in LHP
0 ljen = p+(€i;)m2 [2P+Pwki+>\2j|2
S =

o twist-2: T contains v }f = k=

< numerator only function of z, k; as yt4T =0 = straightforward!



Spectator Model Calculations of PDFE'S us. ero sz, ssa1 (1005

example: scalar diquark

E+m E+m 1
PSS
—m?2 +ie k2—m2+i5u( ’ )(P—k)2—)\2+i5

sl = / Ak~ a(P,8)

o similar for quark target (QCD)

@ similar for 1-loop corrections

twist-3: example I' = 1

e numerator (§ +m)? = k? + m? + 2m}
o u(P,S)ku(P,S) =2PTk™ + ...

_ P—k)2—)\2 _ k2 22
o 2k~ = (= — [P - pim]

o 27?4 term canonical (from LF Hamiltonian pert. theory — SJB)
e 1% term cancels spectator propagator

= Is = fdkfm = [dk~ (2k+k*—k%—m2+ie)2 =
e Is = 0 for k™ = 0 as pole can be avoided

o [dky oy = [k Ak rmprrye = e = L= a0 (k)




Relevance of §(z) for QCD

sum rules for twist-3 PDFs MB, PRD 52, 3841 (1995)
o [, dugr(s) = [, dogy(a)
° f dzhy(z f dzhy ()
° j;l dze( x) = 517 (P|qq|P) (o-term sum rule)

o first two are Lorentz invariance (LI) relations

If sum rule is tested by evaluating e.g. lim._,o f; dx [hr(x) + hr(—2)]
then presence of d(z) in hz, would result in violation of LI relation!

violation of twist-3 sum rules in QCD MB & Y. Koike, NPB 632, 311 (2002)

Using moment relations based on QCD eqgs. of motion one finds
o hj(z) contains §(z) at 1 loop: LI relation ‘violated’!
o g5(z) no &(z) (LI relation o.k.!)

o e(x) contains d(z) at 1 loop: o-term sum rule ‘violated’

implications for twist-3 GPDs

what does presence of §(z) in twist-3 PDFs imply for twist-3 GPDs?




Relevance for twist-3 GPDs

o relevant energy denominators:

di 1 1 1
/ (k—2) —m24ic (k+2)" —m2+ic(P—k)’ =) +ic
2 2

e twist-3: k= from Dirac numerator can cancel (P — k)* — A2 + ie
o(=5T<rt<al)

— 1 1
- fdk (k—%)2—m2+is (k+%)2—m2+i6 At

1
k2 +m?2

e contribution to ERBL region only!
e nonzero only for —§ < x < £
e discontinuous at x £ &
ooc%forf§<:v<§ Il

— representation of § function as £ — 0
e big issue: convergence of [ f%’gGPD(J; £,t) when
GPD(z,¢,t) discontinuous at x + &
@ presence of such terms ‘normal’ for twist-3 GPDs J A L




9,Go in QCD (11

How do the
discontinuities
behave as é—0

Gy and G5 in

Quark Target Model

£=05

=02

Twist-3 GPD ” Discontinuities as £ — 0

Gy Divergent
(:’._, Finite




G, G in scalar diquark model (1 loop)

What happens in 05 -

different models? oor] oor]
~ 0 e i 0 B
y Y i =
G5 and G in

oor| st

. .

Scalar Diquark Model
oz s
5 P | R =

(7') 0.04 0.04 +

2 ' os we os @z 0 oz o oe o 1 v 98 o+ ©z 0 02 04 05 o7 1

002 £=0.1 002 £=0.05

’ a o 0.01 0.01
[ B 0
oo st
| a5
s am|
- . 008

a2 55 oo o4 ez 0 o2 or oe o 1 i % 45 i Bn 6 88 54 b5 i A
| X

Twist-3 GPD “ Discontinuities as £ — 0

G Divergent
G> Divergent ”




Go, Gs in QCD (1 loop)

=05
a0 ; :

40+ 24

20} R 4

-40
05 0 05 1

o G3(T' =v1), Go(T = v, v5) discontinuous at z = —¢

o [ migGg x,&,t) divergent




Go, Gs in QCD (1 loop)

=05
80 ; :

40+ 24

20} R 4

-40
05 0 05 1

o G3(T' =v1), Go(T = v, v5) discontinuous at z = —¢
o [ migG2 z,&,t) divergent — oops!

— factorization?



[Laricr g - et Fre ()

2
= /Idx[Ai%(Gﬂ*+(E+G,)C‘)+hj((H+E+GZ)C+—A—;(EJrGI)C‘—é(HJer)C‘)
J-=1

ht - om?
ipr (GEC’ T

A AR ealll G4c->

L h t e
+ALP+<G4C+ 8§m2(5+G,)C 2‘5(1'-1+GZ)C - G5C- )J

o G;i/ G, twist 3 vector /axialvector GPDs

+ 1 1
°o CF = r—E&—+ie + r+€—ie
° é2 forward go

o [dxzGi(x,0,0) = —L,




DVCS at TWISt 3 F.Aslan, MB, C.Lorcé, A.Metz, B.Pasquini

factorization?

@ both in quark target model and scalar diquark model G; & G
discontinuous at x = +£

@ GPDs in factorized DVCS amplitude convoluted with

+
¢ r—E&-+ie r+€—ie °°°

"‘; ‘
l
-
H_
-
l
A\

good news

in quark target model (not in scalar diquark model) discontinuities
cancel in linear combinations of twist 3 GPDs that enter Apyvcs

Ay G 1L 0,

Ao ~ GLCT QE (( AL =G ) G,

4m
- P2 ~,
g reilEsGT — (165 G,
As 3 ( 4+27712 )

~ 1 A2
g GO — |Gg—— GY+ a G
s { T2 ( 4m? l)}




G+ 1G5 in QCD (1 loop)

=02

250

200

150

100

2%

50+

Gzt G

D‘f
BOE N\ B

qoof

o Gy + %G‘z continuous at z = —&

o Gy — %ég continuous at x = &

< makes world a lot safer for twist-3 factorization!




oo momentum for twist 3 PDFS ¢ auan s

quasi PDFs/TMDs

o Let pi(k., k1) be momentum distribution of quarks
e P momentum of nucleon (in 2-direction)
o I': Dirac structure of quark bilinear (I' = v for twist 2, unpol.)

— qr(x, k‘L) = limp_wo PpI};(J?P, k‘L) ‘quasi—PDF’ X.Jid+

twist-3 quasi PDFs TI'=1 (quark target model)

2 242p-k
pL(ky k1) ~ [ dko [k2_k +m>+2p-k

m2]2[(p—k)2—X2]

P—
e only den: PpL(k,, k) = (17;)‘%2 [Mz ki+m12 ki+/\2:|2

x I=a
o2 k=p*+k - (p—k)P2=p>+k -2 [(p—k)? - \?]
< contribution to p%(k,, k) that is independent of P

v ko

xr =

1
1,0 ~ 0
pp (kz kL) /dk e

—m2]?

e some quarks ‘left behind’ when ‘hadron’ gets boosted




pP=p’=10

p=p'=15

There is a momentum component in the nucleon state which does not scale as
the nucleon is boosted to the infinite momentum frame.




pZ=p+=5
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Quasi/Pseudo PDFs when §(z) is Present
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Quasi/Pseudo PDFs when §(z) is Present

7 quasi
p==p*=15 gr(x), gr (x)

p'=p’=15
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Quasi/Pseudo PDFs when §(z) is Present

uasi
P*=p*=20 gr(x), gr?*t(x)
—_—
p'=p’=20
02r a7 | 1
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Quasi/Pseudo PDFs when §(z) is Present

PZ =P+ =125

p'=p’=25

gr(x), gr?e(x)
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Quasi/Pseudo PDFs when §(z) is Present

P%=P* =30

gr(x), gTquaSi (x)

p*=p=30
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Quasi/Pseudo PDFs when §(z) is Present

. Fspes 9r(x), gr®=i(x)

o e

)

. peren g, g ()

this should be visible for all twist 3 PDFs containing potential d(x)

gr(®), gr™='x)

gr(x), groet(x)

phepaas
| E—

propr=1s
—

e pta30 Ny quasi
‘ p=r gr(x), gret(x)
- plepfen

gr(®), grit(x)




Summary

o

TP
o GPDs 4 q(x,b ) ’3d imaging’
22 moment of twist-3 GPDs

gy Ft+q distribution

L force tomography

0(z) in twist-3 PDF
discontinuities in twist-3 GPDs
rep. of 6(x) as & = 0 M
cancel in DVCS amplitude ~ G + %ég

“¢ (factorisation)
¥ +E

o Lol Lo

e individual extraction of Go & Go questionable
o some quarks ‘left behind’ in IMF at twist 3 it

q(§7,61) (007,81)

&
¢ 2(0-,0,) (007.0,) J




