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@ Forward Limit GPDs — Leading Twist PDF.

In particular, from the Chiral-Odd GPDs Hr(x, £, t) we obtain the
“TRANSVERSITY” distribution:
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Motivation
Motivation

@ Very few model calculations,
i.e. S. Scopetta, Phys. Rev D 72, '05; (only Hr #0 ?);

@ Proposal for experimental study in “Diffractive Double Meson Production”,
B. Pire et al. Phys. Lett. B 550, 65 (2002), hep-ph/0601138 (First indication of
contribution # 0);

o Forward Limit GPDs — Leading Twist PDF.

In particular, from the Chiral-Odd GPDs Hr(x, £, t) we obtain the
“TRANSVERSITY” distribution:

HT(X,0,0):/'h(X): —

o Test of relativistic effects, i.e. hi(x) # g:(x) =
Possibility of measure the relativistic nature of quarks inside the nucleon.
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GPDs as generalization of Parton Distributions

D. Miller et al. ('94); A.V. Radyushkin ('96); X. Ji ('97)

MANUEL PINCETTI (DFNT and INFN Pavia) CHIRAL-ODD GPDs AND H1 IN LFCQMs June 13, 2006 4/23



Definition of GPDs
GPDs as generalization of Parton Distributions

D. Miller et al. ('94); A.V. Radyushkin ('96); X. Ji ('97)

& DIS ep—eX % 2o »
‘ V4

Q@ — oo, xg fixed P+ tle ®(p, P,S) = . ohz
— e — @)

hard process P F x(PS[(0)l(2)|PS)

Parton Distributions Compton Scattering Handbag PS—PS

PDs
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Definition of GPDs

GPDs as generalization of Parton Distributions
D. Miller et al. ('94); A.V. Radyushkin ('96); X. Ji ('97)

A DIS ep—eX A 5 \
d‘z e/p.z

@Q® — oo, xp fixed ‘ g *p. P, 9) = (2m)*
— @ = x (PS|%(0)I(2)|PS)

hard process
PS=P.,S

Parton Distributions PDe

& Deeply Virtual
Compton Scattering

Q@2 — o, xg fixed

4 -
d),(p, P, Pl, S,, S) — / (Cij; e/P-Z

(P10 (-2) v (3)1PS)

and
t=(P—P)2#£0
= Not Forward DVCS Handb QY
Scattering GPDs PS#P.S
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Definition of GPDs

GPDs as generalization of Parton Distributions
D. Miller et al. ('94); A.V. Radyushkin ('96); X. Ji ('97)

A DIS ep—eX A /; ~ \
[ d‘z e/p.z

Q? — oo, xg fixed igg ®(p, P, S) = (2m)*
=T = L siOre)IPS)

hard process
PS=P.,S

Parton Distributions PDe

& Deeply Virtual
Compton Scattering

Q@2 — o, xg fixed

4 -
(D,(ﬁ, P, Pl, S,, S) — / (Cij; elp.z

(P10 (-2) v (3)1PS)

and
t=(P—P)2#£0
= Not Forward DVCS Handb QY
Scattering GPDs PS#P.S

= GPD = Nondiagonal hadronic matrix elements of bilocal products of the light-front
quark field operators. Thus, they don’t represent probability density (like PDF), but

interference between amplitudes describing different quantum fluctuaction of a nucleon.
June 13, 2006 4/23
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Definition of GPDs

DVCS Kinematics and GPDs

Kinematics and Correlation Functions

MANUEL PINCETTI (DFNT and INFN Pavia)

CHIRAL-ODD GPDs AND H1 IN LFCQMs

“Average Momentum” FRAME

@ P=L(P+P)=(P",P7,0,) “averagt;e .
momentum

_ (P=PI)F
= (P+P)T

@ A =P — P’ “momentum transfer’

“skewedness” (SPDs)
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Definition of GPDs DVCS Kinematics and GPDs

Kinematics and Correlation Functions

q q
S /\ a “Average Momentum” FRAME

A
p=i—% Y=+ hard @ P=}(P+P)=(P",P™,0,) average
_______ pT‘________.________ v]'p__.....;......_ momentum”

z+€ { o ]w—§ z  soft @ ¢= %“skewedness” (SPDs)

@ A =P — P’ “momentum transfer’

¢/[F] :/%eixp+z_ (P,S/W_) (_%) rw(%) |PS>

(F =" 7 s, iff’*vs)

zt=z, =0
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Definition of GPDs DVCS Kinematics and GPDs

Kinematics and Correlation Functions

_gé .
q q
A P i G “Average Momentum” FRAME
5 > A
p=57% P=pt+3 hard @ P=}(P+P)=(P",P™,0,) average
_______ pT‘________.________ 'ip’"'"""""" momentum”

- —p/yt
z+€ { o ]f £z soft Q ¢= %“skewedness” (SPDs)
@ A = P — P’ “momentum transfer’

¢/[F] :/%eixﬁ‘+2_ (P,SIW_) (_%) rw(%) |PS>

Depending on which I structure we substitute = 8 different GPDs:
Diehl, EPJ C 19 °01

(F =" 7 s, iff”vs)

zt=z, =0
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Definition of GPDs DVCS Kinematics and GPDs

Kinematics and Correlation Functions

_gé .
q q
A P i G “Average Momentum” FRAME
5 > A
p=57% P=pt+3 hard @ P=}(P+P)=(P",P™,0,) average
_______ pT‘________.________ 'lp’""""'""" momentum”

- —p/yt
z+€ { & ]f £z soft Q ¢= %“skewedness” (SPDs)
@ A = P — P’ “momentum transfer’

¢/[F] :/%eixp+z_ (P,SIW_) (_%) rw(%) |PS>

Depending on which I structure we substitute = 8 different GPDs:
Diehl, EPJ C 19 °01

[ =~ e ot )
z+:zfo( Yy s, o s

@ Unpolarized GPDs O H(x, €, 1) & E(X, €, 1)
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Definition of GPDs DVCS Kinematics and GPDs

Kinematics and Correlation Functions

_gé .
q q
A P i G “Average Momentum” FRAME
5 > A
p=57% P=pt+3 hard @ P=}(P+P)=(P",P™,0,) average
_______ pT‘________.________ 'lp’""""'""" momentum”

- —p/yt
z+€ { & ]f £z soft Q ¢= %“skewedness” (SPDs)
@ A = P — P’ “momentum transfer’

¢/[F] :/%eixp+z_ (P,SIW_) (_%) rw(%) |PS>

Depending on which I structure we substitute = 8 different GPDs:
Diehl, EPJ C 19 °01

[ =~ e ot )
z+:zfo( Yy s, o s

@ Unpolarized GPDs O H(x, €, 1) & E(X, €, 1)
o Longitudinally Pol. GPDs &'l sl7(x, ¢, t) & &(x, &, 1)
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Definition of GPDs DVCS Kinematics and GPDs

Kinematics and Correlation Functions

_gé .
q q
> - il ™ G “Average Momentum” FRAME
5 Y A
p=57% P=pt+3 hard @ P=}(P+P)=(P",P™,0,) average
_______ pT»...............- b | Pl s amamasses momentum”

%{qy—% soft 9 ¢= %“skewedness” (SPDs)
, Q@ A=P-—P" tum transfer”
P= Pf% P \A_/' P e P+% momentum transfer
adz=  wptr— - z~ 7
@' — P pg _Z\r 2"\ \ps

Depending on which I structure we substitute = 8 different GPDs:
Diehl, EPJ C 19 °01

(F =" 7 s, iff”vs)

zt=z, =0

@ Unpolarized GPDs O H(x, €, 1) & E(X, €, 1)
o Longitudinally Pol. GPDs &'l sl7(x, ¢, t) & &(x, &, 1)
o Transversely Pol. GPDs  &'l7" sl 11 (x, €, 1), E7(x, €, 1), Fr(x, &, ) & Ex(x, &, )
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Chiral-Odd GPDs GPDs — Helicity Amplitudes

GPDs with helicity flip (Chiral-odd)

dz™ zptz=, g 1T +i
3 [ e N IH-2/2)0 (22N

+io¢BAa P,@ N gq 6+iaﬂAa’Yﬂ N é? 6+io¢ﬁ Pa

i ~q €
— g 8P V) [l s 4 A R0y ea e8] (o, 2)
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Chiral-Odd GPDs GPDs « Helicity Amplitudes

GPDs with helicity flip (Chiral-odd)

dz™ zptz=, g 1T +i
L[ N (- 2/2)0 (2Dl N

1

+io¢ﬁ +ia
= 5pr u(P’,N) [H?U“% +HIS BaPs | gq@ ™ Das

M? T 2m

. +iaBP
+&° M”‘*] u(p, )

GPDs can be related to the following helicity amplitudes
M. Diehl, EPJ C 19, ('01)

dz= izp+

A , _ — z- / / _
N4 o e (P, X04,-(2) 1P, N) 2+20,7, =0
_ az~ ixPtz" ;1 \/
Av_y = on € (P, N0 1(2) |p, N) 240,72, 0
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Chiral-Odd GPDs GPDs « Helicity Amplitudes

GPDs with helicity flip (Chiral-odd)

dz™ zptz=, g 1T +i
L[ N (- 2/2)0 (2Dl N

1

+io¢ﬁ +ia
= 5pr u(P’,N) [H?U“% +HIS BaPs | gq@ ™ Das

M? T 2m

. +iaBP
+&° M”‘*] u(p, )

GPDs can be related to the following helicity amplitudes
M. Diehl, EPJ C 19, ('01)

dz= izp+

A , _ — z- / / _
N4 o e (P, X04,-(2) 1P, N) 2+20,7, =0
_ az~ ixPtz" ;1 \/
Av_y = on € (P, N0 1(2) |p, N) 240,72, 0

© 0= 9o (1 =) = JkdL

© 0= (147) Y = J50l¢r

with
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Chiral-Odd GPDs GPDs — Helicity Amplitudes

GPDs with helicity flip (Chiral-odd)

dz™ jixpt " i
2 [ G NI 2/2)0 sz 2) D Ny
+io¢ﬁ +ia3
2,113+ (e’ /\)[H%“%JrH" BaPs | gge™™ A

% ] 6+iaBPa
VE N TR Y W]u(p’”

GPDs can be related to the following helicity amplitudes

M. Diehl, EPJ C 19, (01)
dz~

_ ixPtz" ;1 \/
Avia- = 2r e (P X104 -(2) I, ) z+=0,Z, =0
dz~ -
Avone = [ 550 N0_@) PN

z+t=0,Z, =0

with 0y = Zi@'zaﬂ(‘l _'75)"/’ = %(NRW

B Mix RH — LH
00 =—tPgot(1+p)y = %(bngﬁy = CHIRAL-ODD Nature
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Chiral-Odd GPDs GPDs — Helicity Amplitudes

(cont'ed) oA, = ew[ﬂq (- £)%]
= o A, =l 1 (14 ¢) S0
O Autm = (1= &)} + S — €+ 0 )
ARy v
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Chiral-Odd GPDs GPDs — Helicity Amplitudes

fonted o A =AY L (1- 0%
- OA ., _=¢ (—t) /< 1)/ ['Hq-l-('l +€) - ﬁ]
0 Ap—— = (1- €)' 2[HY + BHG — Eef + 258
@A - =-(1-¢ )1/2 ?Mzt Hq

Thus inverting:

q __ 2M
° &= 7 =(Ts s)A+++ + mgA-+—-)

+—
(to—1)(1-€2)y/1-¢2

&q 2M
0 &f =

(aigA
ot (A= = (1+s)
8M2e

+—27s A .
(o-n(-€2)y/1—¢2 "

A, )

oHi=—"F—(Arr—+A )
V. ’
—2e (A -A
(A~ Arp)
~ 2
o Tl =M (A )

V1-€2(t—t)
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Chiral-Odd GPDs Helicity — Transversity

Change of base

Helicity Basis

1
¢r = Pro = 5(1 +95)¢
1

¢L=PL¢=\/§

(1 —s)¢
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Chiral-Odd GPDs Helicity — Transversity

Change of base

Helicity Basis Transversity Basis

1
1 _ 1

¢R = PFI¢ = E(‘l —|—")/5)¢ Qi \/5(1 :l:’)/ 75)
1 Q9= ¢

=gl m e Q6=
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Chiral-Odd GPDs Helicity — Transversity

Change of base

Helicity Basis Transversity Basis

1
1 _ 1

65 = Pat = (1 +5)9 Qe =l =)
1 Q+¢E ¢T

¢L:PL¢:E(1_75)¢ Q—¢E¢l

Introducing the transversity basis also for the nucleon spin states, i.e.

1

]
b, 1) = Tz(“” +) = 1p,—))

(Ip, +) +1p; =)
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Chiral-Odd GPDs Helicity — Transversity

Change of base

Helicity Basis Transversity Basis

1
1 _ 1

65 = Pat = (1 +5)9 Qe =l =)
1 Q+¢E ¢T

¢L:PL¢:E(1_75)¢ Q—¢E¢l

Introducing the transversity basis also for the nucleon spin states, i.e.

)

b, 1) = E(Ip, +)+1p, =)
1

b, 1) = Tz(“” +) = 1p,—))

and defining the following matrix elements

T = O] [ G G(=2/20 s(z/2)p )

n [ dz7 mpra— i -
T, = (0N [ e Ji(-2/2)0" wlz/2lp. N

where \(\}) labels the transverse polarization of initial (final) nucleon in the () direction.
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Chiral-Odd GPDs Helicity — Transversity

(cont’ed)
. A T9 — _T9 T =T49
we find: ST ~q v &t “Parity invariance”
9 _ Fq 9 _ _§4
L TTT - Tll TTl - _TlT
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Chiral-Odd GPDs Helicity — Transversity

(cont’ed)
. A T9 — _T9 T =T49
we find: ST ~q v &t “Parity invariance”
q _ Fq 9 _ _§4
L TTT - Tll TTl - _TlT

and in terms of the matrix elements “A”

* TTqT == A++,__ + A_+,+_ Tqu == A++’+_ - A_+7__

* TgT = A++’+7 + A7+777 Tf’T = A++,77 — A**’d’*
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Chiral-Odd GPDs Helicity — Transversity

(cont’ed)
. A T9 — _T9 T =T49
we find: ST ~q v &t “Parity invariance”
q _ Fq 9 _ _§4
L TTT - Tll TTl - _TLT

and in terms of the matrix elements “A”

* TTqT == A++,__ + A_+,+_ Tqu == A++’+_ - A_+7__

* TgT = A++’+7 + A7+777 Tf’T = A++,77 — A**’d’*

Finally, we obtain the chiral-odd GPDs from the transverse matrix elements
through the relations
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Chiral-Odd GPDs Helicity — Transversity

(cont’ed)
. A Tq =_T9 T =T49
we find: o -,V T “parity invariance”
Y 2 9 _ _Fq
o TH=T] y=-T5

and in terms of the matrix elements “A”

TF, = Avpoye —Apo

* TT —A++,__ +A_+ +—
T = A — A

* TT—A+++ -‘rA +,——

Finally, we obtain the chiral-odd GPDs from the transverse matrix elements
through the relations

o Hi= (1_;2)1/2 TgT - e\/iM(ﬁ_gz) TH
°¢&f= %P&Z T+ \/Tﬁ—g? T;JT B m( )
e HE = m(:’} - )

& = 72— (T} +¢ ﬁ)_%(?ﬁ_ﬂqﬂ

&r = \/fo (1 —¢2)
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OVERLAP REPRESENTATION

M. Diehl, Th. Feldmann, R. Jakob and P. Kroll,
Eur. Phys. J. C 8, '99; Nucl. Phys. B 596, '01.

5+£/ \5—5
@:('D\ MR

k=k-% K¥=Fk+% 14"
| | il z+f/ (o 9_
p, — @ c<x<e
p=p-3 P =N e

7<m+e>/ \(: )
@:®\ @ 1<x<—¢

1+¢Y L=
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OVERLAP REPRESENTATION

M. Diehl, Th. Feldmann, R. Jakob and P. Kroll,
Eur. Phys. J. C 8, '99; Nucl. Phys. B 596, '01.

T+e z-¢

/ \ ® coxet We restrict our calculation
/:—: g~ to the region ¢ < X < 1 of
plus-momentum fraction,
where the GPDs describe

J R, — 0 —c<x<e the emission of a quark

p=F-% ¥ =5+% e 1-¢ with plus-momentum (X + &)P*
\' *<“"+€>/ \—@—&) and its reabsorption with.
plus-momentum (x — &)P™.
AN, 0 1ox< ¢
1+e wi-¢
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OVERLAP REPRESENTATION

M. Diehl, Th. Feldmann, R. Jakob and P. Kroll,
Eur. Phys. J. C 8, '99; Nucl. Phys. B 596, '01.

T+e / \F§
/ We restrict our calculation

@—(:) @ c<x< . —
— to the region £ < X < 1 of

h=F-g K=F+8 -~ tre / plus-momentum fraction,
|| s )0 where the GPDs describe
J R, — 0 —g<x<e the emission of a quark _
ppo8 yopil 146 with plus-momentum (x + £)P~*
e \' —@+6) / \ @-9 and its reabsorption with
plus-momentum (X — £)P™.
AN, 0 1cx< ¢

14¢° L=

At the light-cone time z* = 0, Fourier expansion of the free quark field (Fock Decomp.):
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Overlap representation

OVERLAP REPRESENTATION

M. Diehl, Th. Feldmann, R. Jakob and P. Kroll,
Eur. Phys. J. C 8, '99; Nucl. Phys. B 596, '01.

BHE f N EF
° . We restrict our calculation
A= e our cale
B ) to the region ¢ < x < 1 of
k=k-5 K=k+% 1+¢ .
/" s / (z o plus-momentum fraction,
| | where the GPDs describe
~N 0 —g<x<e the emission of a quark _
P f=F Ll 14e with plus-momentum (x + &) P*
\' —@+o / \ G-9 and its reabsorption with-
plus-momentum (x — &)P~.
AN, 0 1ox< ¢
1€ B

At the light-cone time z* = 0, Fourier expansion of the free quark field (Fock Decomp.):

_ dkt d?k - L
o1(z7,2L) = W@(kJ’){bT(kﬂkl)qu(k,T)exp(—/k+z + ik - Z1)

+di (kT kL) vi(k, 1) exp(+ikTz™ —iky - zL)}

with bT(d;) annihilation (creation) operator for an on-shell (anti)quark with transverse pol. and
us(v4) “good” projection of the (anti)quark spinor.
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Overlap representation

The representation of the nucleon state reads:
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Overlap representation

The representation of the nucleon state reads:

P =3 / [AXINAPK TN W, 0 5(F) IN, B s i),
N,3

@ W, n,3, Light-Cone Wave Function (LCWF) of the N-parton Fock state;
o |N,B; ki,..., kn), N-parton Fock state.
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Overlap representation

The representation of the nucleon state reads:

) = [18ulaReln s o) IN. Bk ),
N,3

@ W, v 3, Light-Cone Wave Function (LCWF) of the N-parton Fock state;
o |N,B; ki,..., kn), N-parton Fock state.

After some calculations we find the overlap representation for the matrix elements

2-N 2-N N
T;’;A[ = Z (w/1 - £) (w/'l + f) Zsign(,uf')(ssjq
N.B=p" =

[ AN R InB(R — RS, (7Y 5()
2—-N N

2—N
. = > (\/1 —5) (\/1 +§> Z5u;/_“r51L§/H$sign(ﬂ,!)5sjq
j=1

I
B,8",N

[ [ARINGR LG~ %03 0 (YW )
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Overlap representation

The representation of the nucleon state reads:

) = [18ulaReln s o) IN. Bk ),
N,3

@ W, v 3, Light-Cone Wave Function (LCWF) of the N-parton Fock state;
o |N,B; ki,..., kn), N-parton Fock state.

After some calculations we find the overlap representation for the matrix elements

2—N 2-N N
T;’;N = Z (1/1 - £) (w/'l + f) Zsign(,uf')(ssjq
N,B=p' =
[ AN R InB(R — RS, (7Y 5()
N 2—N 2—-N N
. = > (\/1 — 5) (\/1 +§> Z511;/_“}51L§/H$sign(,1})5sjq
B,8",N j=1

[ [ARINGR LG~ %03 0 (YW )
In ij, “ 6H}/7N][” =- the flip of the transverse spin polarization p} of the active quark.
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LCWF in CQM

Light-Cone Wave Function in Constituent Quark Models

W) = V30[qqq) + V346|999, 9) + V34,4339, 99) + ..

q q ;!
P qa + e 3+P § + 00
a ¢ b
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q q
P qa + P 3+ E
q g

CQM are quantomechanical models with a fixed number of constituents and
relativity-consistent, based on two fundamental hypotesis:
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alaons
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CQM are quantomechanical models with a fixed number of constituents and
relativity-consistent, based on two fundamental hypotesis:

+ oo

alaons

@ valence quark dominance (...only Ws);
Q constituent quarks <> effective degrees of freedom.

MANUEL PINCETTI (DFNT and INFN Pavia) CHIRAL-ODD GPDs AND H1 IN LFCQMs June 13, 2006 12/23



LCWF in CQM

Light-Cone Wave Function in Constituent Quark Models

W) = V34|999) + V30,4199, 9) + V34,4539, Q) + ...

q q
P qa + P 3+ E
q g

CQM are quantomechanical models with a fixed number of constituents and
relativity-consistent, based on two fundamental hypotesis:

+ oo

alaons

@ valence quark dominance (...only Ws);
Q constituent quarks <> effective degrees of freedom.

In such models “relativity” can be incorporated in a straightforward way and the wave
functions can be calculated solving the Hamiltonian eigenvalues equation in different
forms of relativistic dynamic linked by an unitary transformation.

S. Boffi, B. Pasquini and M. Traini, Nucl. Phys. B 649,('03).
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LCWF in CQM Instant Form — Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]
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LCWF in CQM Instant Form — Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

[IF]: x°, time;

X1’X27X37
space
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WF in CQM Instant Form «—

Connection between Instant Form [IF] and Light-Front Form [LF]

[IF]: X°, time;

X17Xz7X37
space
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LCWF in CQM Instant Form — Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

) 0, ,3
[IF]: x°, time; [LF]: x* = x7 + X%,
time;
x', X%, X3, x~ =x°— x5,
space X', X2,
space
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LCWF in CQM Instant Form — Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

. .yt 0 3 & ‘5%_
[IF]: x°, time; s [LFEX" =x"4+ X7,
et time; Ry
1.2 U3 T B - 0 3 SR
X', e X0 =x =8, el
RIS 1,2 SRR
9 space SRR
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LCWF in CQM Instant Form — Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

0 4 .
[IF]: x°, time; 25
ey

.."‘:'.’.":'./?'.,

c oyt 40 3 SR
[LF].xl_x + x°, ‘&X‘\‘&\‘\:\:k‘\t\‘:é
time; e L
— 0.3 e sl
X" =X =X, RERER

Pl
L
77

X17Xz7x37
space

L
132 B
X, X e
space S

SRR
R

SNy
S

[IF] MM, jc, pc)e = [MO + V]|M7j0uu0>c = M|M, jc, p1c)c

with Mo = 3% , \/k2 + m?2 free mass operator and V interaction operator;
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LCWF in CQM Instant Form < Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

vt 40 3 *M
[IF]: x°, time; b [LFl:x" =X+ 7, <SS
Lo time; RO '
Ly ’ e
2T PRI Vo — AN
s 1,2 RSO
space S X', x5, SRR
SRR
TR e
X

space 24 \,:»;,

SN
\s&

[IF] MM, jc, pc)e = [MO + V]|M7j0uu0>c = M|M, jc, p1c)c

with Mo = 3% , \/k2 + m?2 free mass operator and V interaction operator;

[LF] MM, ji, pr)r = [Mo + VIIM, ji, pr)r = MM, jiz, pr)r.
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LCWF in CQM Instant Form < Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

[IF]: x°, time;

L
e

=
2052
LA

b

e

1,2 3
X, X, X
) ) ) ‘%}

space

5
AT
e
q,;@»ﬁ’”’%ﬁ%h
il gty i T ey
LA B
T e
iy T
0..'....‘.?5
3

[LF]: x* = x° + x3,
time;
x~ =x° - x8,
x', X3,
space

[IF] MM, jc, pc)e = [MO + V]|M7j0uu0>c = M|M, jc, p1c)c

with Mo = 3%,

[LF] MM, ji, pr)r = [Mo + VIIM, ji, pr)r = MM, jiz, pr)r.

o

AR

R
o

&
SRR
SE

k2 + m? free mass operator and V interaction operator;

Thus, M = RTMR = My + RTVR, where R = [T>_, Ru(K. i, xi, m;) is a

generalized Melosh rotation,
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LCWF in CQM Instant Form < Light-Front Form

Connection between Instant Form [IF] and Light-Front Form [LF]

. .yt 0 3
[IF]: x°, time; e
time;
1,2 .3 - _ 0,3 o
X', X5, X°, X EXT s*“::“::“::‘”:“‘::‘:&g‘:%
space X', x5, W@ﬁ*‘i’
LR
space R

5

%

[IF] MM, jc, pc)e = [MO + V]|M7j0uu0>c = M|M, jc, p1c)c

with Mo = 3% , \/k2 + m?2 free mass operator and V interaction operator;

[LF] MM, ji, pr)r = [Mo + VIIM, ji, pr)r = MM, jiz, pr)r.

Thus, M = RTMR = My + RTVR, where R = [T>_, Ru(K. i, xi, m;) is a

generalized Melosh rotation,
1/2

= W = ({0 kL MM, jir ) = | 8525 | on (AR WS,
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EEEEE—— T
RESULTS

B. Pasquini, M. P. and S. Boffi,
Phys. Rev D 72, 05
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RESULTS

B. Pasquini, M. P. and S. Boffi,
Phys. Rev D 72, 05

@ Numerical analysis:

J e 0 = Ex.: C-O GPDs calculated in
T s " the CQM for the flavour “u”,
: W\ 1 for fixed t — —0.5 (GeV)? and
d ) different values of ¢:
Er B ¢ = 0 (black curves), £ = 0.1
< ! (blue), £ = 0.2 (red).
[N . N ="“Not only H%(x,0,0) # 0,
o (Scopetta in MIT bag model)”.
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RESULTS

B. Pasquini, M. P. and S. Boffi,
Phys. Rev D 72, 05

@ Numerical analysis:

o Ex.: C-O GPDs calculated in
the CQM for the flavour “u”,

Hy
' W\ ) for fixed t — —0.5 (GeV)? and
5 different values of ¢:

Ez B & = 0 (black curves), £ = 0.1
s ' (blue), &€ = 0.2 (red).
. M —“Not only HZ(x,0,0) # 0,
o (Scopetta in MIT bag model)”.

@ Forward Limit:

3
2
HE(x,0,0) = H{(x) =D D" drrgsign(X) / [dlalak LJod(x — x|} (3. ki X )
)\;T,' j=1
o~ 8 2
HO(x,0,0) = g(x) =D orresign(y) / [oRlsldk 1 Joa(x = x)| ! (i, k1 Aj. )
AT j=1
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@ Relativistic contents:
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@ Relativistic contents:

In nonrelativistic situations where rotation and boost commute, one has g{ = h{ (Jaffe
and Ji, PRL 67, (91)). Therefore the difference between h{ and g is a measure of the
relativistic nature of the quarks inside the nucleon — Melosh rotations.
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@ Relativistic contents:

In nonrelativistic situations where rotation and boost commute, one has g{ = 17 (Jaffe
and Ji, PRL 67, (91)). Therefore the difference between h{ and g is a measure of the
relativistic nature of the quarks inside the nucleon — Melosh rotations.

M)

(36— ge-v) | oMlaloReTo80x — ) () FRo ot

6100 = (§0ur— gie-vve) [ Ioalekedtx — sl (0, (R HEM
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@ Relativistic contents:

In nonrelativistic situations where rotation and boost commute, one has g{ = 17 (Jaffe
and Ji, PRL 67, (91)). Therefore the difference between h{ and g is a measure of the
relativistic nature of the quarks inside the nucleon — Melosh rotations.

M (x)

<%5Tq1/2 - %57(,71/2) /[dX]s[dEL]S 8(x — xa)| Py ({xi}, {KLi}[PMr

6100 = (§0ure— goe-vve) [ lealekeatx — sl (0, (R HEM

; (m+ X3Mo)2
(m + X3Mo)2 —+ Eiﬁ

(m+ xaMp)? — K* 3
(M + xsMo)? + K2
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@ Relativistic contents:

In nonrelativistic situations where rotation and boost commute, one has g{ = h{ (Jaffe
and Ji, PRL 67, (91)). Therefore the difference between h{ and g is a measure of the
relativistic nature of the quarks inside the nucleon — Melosh rotations.

4 1 - . N
W00 = (§6mre = gong-rre) [I0RldR.1e 50— x)ld(0x. (KoM
4 1 - . .
6100 = (30— goe-vve) [l dtx — s (i, (R HEM
= =
2 02
af 0.4
0.6
0
0 023 05 075 1 0 023 05 075 1
X X
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@ Relativistic contents:
In nonrelativistic situations where rotation and boost commute, one has g{ = 17 (Jaffe
and Ji, PRL 67, (91)). Therefore the difference between h{ and g7 is a measure of the
relativistic nature of the quarks inside the nucleon — Melosh rotations.

4 1 - . N
W00 = (56— gong-rse) [IORbIOR. Lo 50 — X0l (0x. (KoM
4 1 - . .
6100 = (30— goe-vve) [l e — sl (0, (R HEM
= =
gii 0.2
o 204
0.6
0 I L I I I
(I) 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1

X X
Helicity and Transversity distributions for the u (left panel) and d (right panel) quark. The blue
lines correspond to h?, the red lines show gf’, and the black lines are the nonrelativistic results

when Melosh rotations reduce to the identity (1] = g7).
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@ Axial (Aq) and Tensor (6q) “Charges”

1 1
Aq:/ ax g (x), 5q:/ ax hi(x).
—1 —1
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@ Axial (Aq) and Tensor (6q) “Charges”

1 1
Aq:/ ax g (x), 5q:/ ax hi(x).
—1 —1

The nucleon axial / tensor charge measures the net number of longitudinally /
transversely polarized valence quarks in a longitudinally / transversely polarized
nucleon.
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@ Axial (Aq) and Tensor (6q) “Charges”

1 1
Aq :/ ax g (x), 5q:/ ax hi(x).
—1 —1

The nucleon axial / tensor charge measures the net number of longitudinally /
transversely polarized valence quarks in a longitudinally / transversely polarized
nucleon.

NR HO  HYP
Au  4/3 10  0.61
Ad  -1/3 —025 —0.15
su 4/3 117 097
sd  —1/3 -029 —0.24

Valence contributions to the axial and tensor charge calculated within different
SU(B)-symmetric quark models: the nonrelativistic quark model (NR), the harmonic
oscillator model (HO), and the hypercentral (HYP) model.
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@ Angolar Momentum Sum Rule

Recently Burkardt showed (PRD 72,05) how the angular momentum J* carried by
quarks with transverse polarization in the X direction in an unpolarized nucleon at rest
is related to the forward limit of chiral-odd GPDs through the following relation:

(8"J3) = (Jg.+x — Jg.-x) = 2 [Arzo(o) + 2A750(0) + Brzo(o)] ; (1)
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@ Angolar Momentum Sum Rule

Recently Burkardt showed (PRD 72,05) how the angular momentum J* carried by
quarks with transverse polarization in the X direction in an unpolarized nucleon at rest
is related to the forward limit of chiral-odd GPDs through the following relation:

() = (g — X ) = 1 [Am(O) + 2A720(0) + Bm(O)] , )

where the invariant form factors Az, Z\m and Bryg are the second “Mellin” moments
of the chiral-odd GPDs:

1 ~
Arao(t) :/ dx xHr(x,&,t), Arzo(t / dxxHT(x &, 1), Broo(t / dx xEr(x,&,1).
—1
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@ Angolar Momentum Sum Rule

Recently Burkardt showed (PRD 72,05) how the angular momentum J* carried by
quarks with transverse polarization in the X direction in an unpolarized nucleon at rest
is related to the forward limit of chiral-odd GPDs through the following relation:

(0°93) = W5x — I 1) = § [Ar20(0) + 2Ar20(0) + Brao(0)] (1)

where the invariant form factors Az, Z\m and Bryg are the second “Mellin” moments
of the chiral-odd GPDs:

1 ~
Argo(t) = / CIXXHT(X7 .57 t), AT20 / dXXHT(X ‘57 t), BT20 / dXXET(X 57 t)
—1
Using LCWFs derived from the hypercentral CQM we obtain

(905 =039, (5°J%) = 0.10, (HYP) @)

while using the Schmidt-Soffer harmonic oscillator wave function of the nucleon (PLB
407, °'97), we obtain:

(5%J%) = 0.68, (5*J5) = 0.28. (HO) ©)
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Summary...and Outlook

Summary

@ Derivation of the Overlap representation for the chiral-odd Generalized Parton
Distributions in a general (model indipendent) framework using the Fock-state
decomposition in the transverse-spin basis;
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Summary...and Outlook

Summary
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Distributions in a general (model indipendent) framework using the Fock-state
decomposition in the transverse-spin basis;

@ Application of the formalism to the case of Light Cone Wave Functions obtained
by considering only valence quarks in a Costituent Quark Model;

o Different Helicity and Transversity distributions have been derived in the forward
limit in agreement with the relativistic requirements and the Soffer inequality;

o Estimation of the axial and tensor “charges” confirming the different size and sign
of the up and down quarks predicted within a relativistic quark models;

@ Evaluation of the magnitude of the angular momentum (5*J3) carried by
transversely polarized quarks in an unpolarized nucleon.
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Summary...and Outlook

Summary

@ Derivation of the Overlap representation for the chiral-odd Generalized Parton
Distributions in a general (model indipendent) framework using the Fock-state
decomposition in the transverse-spin basis;

@ Application of the formalism to the case of Light Cone Wave Functions obtained
by considering only valence quarks in a Costituent Quark Model;

o Different Helicity and Transversity distributions have been derived in the forward
limit in agreement with the relativistic requirements and the Soffer inequality;

@ Estimation of the axial and tensor “charges” confirming the different size and sign
of the up and down quarks predicted within a relativistic quark models;

@ Evaluation of the magnitude of the angular momentum (5*J3) carried by
transversely polarized quarks in an unpolarized nucleon.

...and Outlook

In the CQM we have taken into account only valence quarks and this limits the average
longitudinal momentum fraction X between & and 1. Nevertheless the inclusion of “sea”
contributions (to access ERBL region) is possible following, e.g., the lines of the
papers: B. Pasquini and S. Boffi, PRD 71 ('05) and PRD 73 ('06).
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Summary...and Outlook

THANKS TO THE ORGANIZERS OF THE WORKSHOP

FOR THE OPPORTUNITY GRANTED TO ME
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0 curves), t = —0.5(GeV)? (red curves).
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H=Y \Jle+m— ——— + kP + 22,
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with

Features:
@ Low energy spectrum, Form Factors;
@ SU(6) symmetric nucleon wave function;

@ For x — 1 (valence quark dominance), GPDs are obtained in a covariant
approach and exibith the exact forward limit reproducing the parton distribution
with the correct support and automatically fulfilling the particle number and
momentum sum rule.
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