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Generalized parton distribution functions (GPDs) of spin-3/2 particles are defined for the first time
in this paper. Eight unpolarized and eight polarized GPDs are found. In the forward limit of GPDs, the
structure functions and parton distribution functions are obtained. Then, the sum rules that connect the
GPDs with the electromagnetic and gravitational form factors are explicitly displayed. Finally, the relations
between GPDs and the helicity amplitudes of the system are derived.
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I. INTRODUCTION

The electromagnetic form factors (EMFFs) of Delta
isobar (spin-3/2) have been explored extensively both
experimentally and theoretically for a long history [1-6].
They show richer information on charge and magnetic
structures carried by the spin-3/2 particles with respect
to the lower spin hadrons like nucleon [7-10], deuteron
[I1-16], and rho meson [17-21] etc. In parallel, the
gravitational form factors (GFFs), which are defined by
factorizing the matrix element of the energy momentum
tensor (EMT), characterize the mechanical properties such
as the mass, the spin density, as well as the internal force
distributions inside the particles [22-27]. Both EMFFs and
GFFs can be related through the generalized parton dis-
tribution functions (GPDs), which is firstly introduced in
describing the deeply virtual Compton scattering process
for spin-1/2 particles [28-30] and then for spin-1 particles
[31]. GPDs can also produce parton distribution functions
(PDFs) and structure functions in the forward limit.
Moreover, through the crossing symmetry, GPDs are also
connected with generalized distribution amplitudes
(GDAs) [32]. It makes the concept of GPDs very important
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to understand the abundant experimental and theoretical
[by model-(in)dependent studies, lattice QCD calculations
etc.] information of hadron structures in a unified theo-
retical framework [33-36]. Thus, GPDs and the related
quantities have been receiving lots of interest for particles
of spin-0 (e.g., pion and kaon mesons [37-42]), spin-1/2
(e.g., nucleon [43-46], and for nuclei, like He [47,48)),
and spin-1 (e.g., rho meson [49-52] and deuteron
[47,48,53-55]), etc.

In contrast to the increasing interest in the EMFFs and
GFFs of the delta isobar (spin-3/2), the definitions of GPDs
for spin-3/2 hadrons are still missing. One could expect
that the spin-3/2 GPDs would expand and deepen our
understanding of the quantities such as PDFs [56], structure
functions, EMFFs, and GFFs, etc. for higher spin (> 3/2)
particles in a similar method as lower spin cases. Therefore
it is of great interest to give the definitions and properties of
spin-3/2 GPDs and it is the main purpose of this work.
Now the most promising “measurement” is the lattice QCD
calculation, e.g., the recent lattice calculation on spin-3/2
gluonic GFFs [57]. In the future electron-ion collision
experiments, EIC [58] (under construction) and EicC [59]
(planned), the candidate targets may possess higher spins,
including spin-3/2 nuclei like Li, }Be, and }'B, and even
spin-5/2 ones like 1O, Mg, and 2]Al [59]. Therefore,
it would be possible to access the spin-3/2 GPDs and
helicity amplitudes experimentally [53] in the near future.
Nevertheless, the spin-3/2 GPDs by themselves are impor-
tant in the theoretical aspect.

This work is organized as follows: In Sec. I, we give the
definitions and properties of GPDs of the spin-3/2 system.

Published by the American Physical Society
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Section III displays the connections of structure functions
and PDFs to GPDs, and two sum rules of the structure
functions are derived for the spin-3/2 system. Moreover,
the sum rules connecting GPDs with EMFFs and GFFs and
the helicity amplitudes are explicitly given. Finally, Sec. IV
will be devoted to a summary and discussion.

II. GENERALIZED PARTON DISTRIBUTIONS
OF A SPIN-3/2 PARTICLE

The convention of the four-vector v in light-cone
coordinates is given as

v=(v",v7,v,), with v =10+ 2% and v, = (v',2?),

(1)

and the lightlike four-vector n = (0, 2, 0) with n*> = 0. The

scalar product of two four-vectors is u-v :%Lﬁv_—i-

%u‘vJr —u, -v,. The convention for the momenta is

qg=7p -p,

where p and p’ are the initial and final momenta,
respectively. The conventions of variables, skewness &
and x in the representations of GPDs, are

= — - <1
AR
k-n k'
d =—=— (-1<x<1 3
and x =P (-1 <x<1), (3)

where k is the loop momentum in Fig. 1. It shows that the
four-momentum of the parton emitted from the initial
particle is k — g/2 and the one absorbed in the final particle
is k 4+ ¢g/2. The corresponding fraction of the momentum
carried by the parton over that of the total system in the
light cone direction is x, = (x + &)/(1 + &) for the initial
one and x;, = (x — &) /(1 —¢&) for the final one [60].

The GPDs are defined through the nondiagonal matrix
elements of quark and gluon nonlocal current operators at a
lightlike separation [61]. The general decompositions for
quarks can be written as

P-q/2 P+q/2

FIG. 1.

Vi
1 [dz”

- / S (p! XN =2/ 2y (2/2)

=~y (p'. X YH"(x.&. 1)uo(p. 3)

P> l> |z+:0,z:0’
(4)
for the unpolarized case, and

Ay
1 [dz~

= 5/ge”mz)<P/»/1/|l/7(—2/2)ﬂ75W(Z/2)|P»/1>|z+=0,z=0’
(5)

=~y (p' VR (x. & )u(p. 2)
for the polarized case, where A(4') are the helicities of
the incoming (outgoing) spin-3/2 particles and a(«’') are
reserved indices for the initial (final) states in this work.
The tensors H** and H* define the GPDs as will be shown
in the later context. The Rarita-Schwinger spinor u,(p, A)
shown in A is normalized to i,(p, A )u®(p,A) = —2M&y,.
To count the number of independent GPDs, one can
define the helicity amplitudes for the scattering of a quark
in a spin-3/2 particle as [33]

dz= .
At gy = / Ee”‘(”)(p’,i’IOﬂ/ﬂ(Z)Ip,i>|z+:0,z:0- (6)

The operators O, describe a quark transferring from
helicity p to 4'. The two helicity-conserved operators are

1
O44(2) = gw(=2/2)r" (1 +75)y(2/2),
1
O_(2) = yw(=z/2)r" (1 = r5)w(z/2). (7)
With those definitions, one has
1
Arigr = 3 (Vs £Ap), (8)

where + represents the quark helicities. The constraints

A—/V—y,—/l—y = (_1)}L —lA*/ﬂ./m,

A(x’ 5’ t)/l’,u./ly = (_1)}/_/1"4* (.X, _5’ t)/lﬂ./l’ﬂ (9)

can be obtained from the parity and time reversal invar-
iances. And the analogous forms have been found for spin

k-q/2 ; ‘ygk+q/2
P2 P+q/2

Diagrams describe the GPDs for quarks (left) and gluons (right).
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1/2 and 1 cases in Refs. [31,33]. With these constraints, we
finally obtain up to eight independent unpolarized GPDs
and eight independent polarized GPDs for the spin-3/2
system.

The building blocks to construct the Lorentz structures
accompanying the spin-3/2 GPDs are P¥, g*, n*, y*, y> (or
Levi-Civita tensors ¢#*** ), ¢, and 6. With help of the on-
shell identities given in Refs. [6,23] and the properties of
the Rarita-Schwinger spinor (see A), one can obtain eight
independent tensors for the unpolarized and eight for the
polarized cases, which agrees with the number counting
from the helicity amplitudes. Equivalently, one can build
the tensors accompanying the GPDs of the spin-3/2
particle through the direct product between the unpolarized
spin-1/2 and unpolarized spin-1 structures or the direct
product between the polarized spin-1/2 and polarized spin-
1 structures. It can be proven that the “polarized-polarized”
pairs of tensors are equivalent to “unpolarized-unpolarized”
ones. It is known that the tensors accompanying the
unpolarized GPDs of a spin-1/2 particle [62,63] have
two independent Lorentz structures,

1,4, (10)
and the tensors for the spin-1 case are [31,49]

g(x’a’ Pa’Pa’ n[a’Pa] , n{a’Pa} , na’na’ (1 1)

with al*b"l = a*b* — a*b* and al*b* = a#b* + a¥b*. The
direct product gives

a pa od a
n{P}, n*n*,

Py, n?negh. (12)

nl? pal,
nl paly,

ga’a Pa’Pa
gk, PP,

There are two on-shell identities, Eqs. (B1) and (B2)
(see B), that can be employed to reduce two tensors
n{? P2 and nl? P2} yf in terms of the rest eight independent
ones. Hence, there are eight independent unpolarized GPDs
for the spin-3/2 case, which can be defined as

Ha/a i ga’a b Pa’ P n[a’ Pa]
= TR e Ty,
3Mna’na ga/a ga’aﬂ ga’a
2 P e A I
i 4{(10.;1)2+M]Jr 5Lﬂ-n M
+H6 Pa’Paﬂ n[a’Pa]ﬂ

2P TP )
3M*n? n®f  3Mn® n®
(P-n)’ (P n)?

+H8[ (13)

where H¥* = H“/"(x,é, 1) and H; = H;(x, ¢, 1), and sim-
ilar for the polarized case afterwards.

Analogously, the two independent Lorentz structures of
the polarized spin-1/2 GPDs are [61]

., (14)

and the four independent tensor structures of the spin-1
polarized GPDs are [31,49]

ienPa’a’ iean{aPa’} i iean[aPa’] , iean{ana’} ) (15)
Analogous to the unpolarized case, one expects that the
Lorentz structures of the polarized GPDs in the spin-3/2
case can also be expressed as the direct product between the
polarized and unpolarized structures for the spin-1/2 and
spin-1 cases. The Lorentz structures of the polarized GPDs
can be written in two equivalent ways: with polarization
comes from either spin-1/2 part (y° terms) or spin-1 part
(the Levi-Civita tensors). With the constraints by the on-
shell identities [Egs. (B3) and (B4)], there are eight
independent polarized GPDs in the spin-3/2 case:

da o pa

g . PYP o pa

Y = H, M75+H2 e y5+H3MP-ny5
+ﬁ4%y5+ f;a #r®
Hs%ﬂys+ﬁ7%ﬂys
+ Hy f(?fz)” + \/go:in . (16)

The time reversal does not provide further limits on the
number of GPDs but determines their behavior under the
sign change of the skewness parameter &,

Hi(x, &, 1) = Hy(x, =&, 1) with i =1,2,4,5,6,8, (17a)
Hi(x,E1) = —H(x, =&, 1) with i =37, (17b)
I:Ij(x, &= —I:Ij(x, =&,1) with j=1,2,3,4, (17c¢)
Hj(x,&1) = Hj(x,—& 1) with j=5,6,7,8. (17d)

H3 5 and H 1234 are T-odd GPDs and others are T-even
GPDs. When & = 0, H3 7(x,0,1) =0 and H, 5 3 4(x,0,7) =0.
It should be mentioned that the spin-0O and spin-1/2 GPDs
are all T even, and the T-odd GPDs start to appear from the
spin-1 cases, which are Hgs: ) and H [31]

In addition, for the gluon dlstrlbutlons in the spin-3/2
system, instead of the matrix elements in (4) and (5), we
have

npig / dz__ oix(P
P-n 2w

=ity (P A YHI* (x.E.0)ue(p.2).

D(p A FP(—2/2)Fi(z/2)| p.A)

77=0,2=0

(18a)
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HEN P N FPH(=z/2)F,

Nnp
-1 ﬂnﬂ/dz e
P-n 2w

with F =1¢%r°F 5. The tensors Hg’/”, 7:[;/” have the
same structures as those for quark distributions given in
Egs. (13) and (16). It should be stressed that Diehl’s
convention [33] is used here, and the definitions of gluon
GPDs under Ji’s convention [64] would differ by a factor

2x, i.e., H, = 2XH£]Ji) and H, = 2x1:1§,h).

III. PDFS, SUM RULES, AND HELICITY
AMPLITUDES

A. The forward limit

It is known that the GPDs in the forward limit give the
usual parton distribution functions. In the parton model for
the spin-3/2 sector, there are four independent structure
functions in deep inelastic scattering at leading twist and
leading order in «a,. They are F,, b;, g;, g» whose
probabilistic interpretations in terms of quark densities
read [65]

L4500 + 4 (@) + 4 (0 + 4 (x)

+1{q - a}, (19a)
L, (@) + 672 ) = (00 + 42 (0)
¥) :gzeq t t . i 1
+1{q9 - a}, (19b)
3¢ (x) — g2 (x 2 (x) — g (x
X) :%;eé (‘IT( ) QT( )E/;LO(QT( ) q4 (x))
) — o) — 3k (1) — a7
. :%235 (43 (x) — q,°( ))\/2_0(%( ) =4, (%))
+1{q9 -3}, (19d)

where cﬂT (x) stands for the probability to find a quark with
momentum fraction x and positive helicity in the spin-3/2
particle with helicity . In addition, one has q’% (x) = qI’l (x)
from parity invariance. Here, g, is the new structure
function as the spin goes from 1 up to 3/2. In the forward
limit, there are i1, P* = P%u, = 0, so the only structures in
Egs. (13) and (16) that survive are those proportional to H;
and H ; withi =1, 4, 5, 8. Moreover, in the forward limit,
H 1.4 vanish because of the time reversal relation (17) and
Hsg vanish as well because of iy (My—P-n)u, =0.

P(2/2)P W) —g gm0 =

i (P A VHG (. & g (p.2). (18b)

[

According to the results for the helicity amplitudes shown
below, one gets

¢4 () + 4200 + ¢ () + 47 ()

2H,(x,0,0) = . . (20a)
2H,(x,0.0) = (4 (x) +4,°(x)) ; (4 (x) + 477 (x)) |
(20b)
285(x,0,0) = 343 () ‘1?(@\)/:_0(61? () — g;°(x)) |
(20c)
2F4(x,0,0) = (¢.(x) — 47 (%) = 3(¢3 (x) = 42 (x))

(20d)

for x > 0. Similar to the deuteron case [31], the corre-
sponding relations for x < 0 involve the antiquark distri-
butions at —x, with an overall minus sign in the expressions
for H; and H,. With the sum rules (28) given in the next
subsection for the GPDs, the structure functions have the
following sum rules:

Aldxbl(x) ~0, Aldxgz(x) —0, (1)

if the quark sea ¢ — g does not contribute to the integral.
These two equalities in Eq. (21) are consistent with the sum
rules derived from the rotation properties of the structure
functions [65].

B. Sum rules

As shown in Ref. [33], the (a + 1)th Mellin moments
(in x) of the operator defining the quark GPDs of the system
(4) lead to derivative operators between the two fields,

Pn““/dxx/

<ldz> [ ( Z/z)ﬂW(Z/Z)HZZO:V—I(O)ﬂ(lféﬂr)aw(o).

(22)

P (=2 /2) by (2/2)]] 0,40

This relation at the operator level connects the quark GPDs
with EMFFs (a = 0), GFFs (¢ = 1), and other FFs from
higher rank current operators. For gluon GPDs, there exist
similar relations as shown explicitly by Ref. [33].
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The decompositions of the matrix elements of the vector [3] and axial vector [66,67] currents of the spin-3/2 case are

O O)p.2) = ~2ig .2 |7 (6100 o + Gt )+

/ ~ # ~
A OPw O 2) = =202 | (<o 0 2+ B )+ 1

where a different set of notations is adopted for later
convenience to exhibit their relations with the quark
GPDs. And the relations between the different notations
are 2(G1,G2,G5,G6) = (—az,cz,—al,cl) [3] and
Z(Gl s Gz, GSa GG) = (—93, h3, ai, _hl) [67] Note that
the matrix elements (as well as tensors H®?, HY and

|

il <G2(t) % + G6(t)y”>:| ug(p.4).  (23)

pPepe

(—62<z>%+ wa)}ysua(p,z),

(24)

|
GPDs) are defined flavor by flavor, so one should multiply
the electric or weak charges and sum over flavors to get the
conventional form factors. The isospin symmetry is not
specified in this work.

The GFFs for the spin-3/2 particle are defined as
[23,25]

. _ pepy (o 2PY p* (@"d" = 9"P) [ ya 2P9p*
(p", X[T"(0)|p,4) = =ity (p', 4) [M <9" Fly(t) +MzF1T,1(f)) EEEyy . Flo(1) +7F§,1(t)
, 2P% pe Pluigvta [ 2P pe
Mg F L0+ 25 L0 ) + o (a0 + 2 FL)
1 , , ,
~3 (zq{ﬂgv}[a PY 4 8¢V P P — ¢ {ﬂgu}aQZ)F;O(Z) + Mgd{#gv}aFgo([)} g (p. ). (25)

The individual tensors in Eq. (12) make it more
convenient for establishing the polynomiality sum rules.
It is similar for the polarized case. Therefore, we introduce
another set of coefficient functions that accompany the
individual tensors,

E]:H1+H4—H5, E4:3H4—3H8, E8:3H87

E; = H; with i =2,3,5,6,7, (26)

and

- 3 . 1 . . 3 . . .
=~ H.+—H, E, =—-H, E;=/5H,,

5 \/g 5 \/§ 8 6 5 6 8 8

E;=H; with j=1,2,3,4,7. (27)

Clearly, E;s (E;s) are linear combinations of H;s (H;s) that
possess the same symmetry in Eq. (17).

Taking a =0 in Eq. (22) it gives the sum rules
connecting quark GPDs with EMFFs,

1
/de,-(x,f,t):Gi(t) with i=1,2,5.6, (28a)
-1

1 - -
/ AcEi(x, &.1) = EG,() with i=1,2, (28b)
-1
1 - -
/ AvE(x,&1) = G.(1) with i=56,  (28¢)
-
1 1 -
/_ldej(x,f,t) 2/_ldej(x,§,t) =0
with j=3,4,7,8. (28d)

The first moments of E5 and E5 vanish because of the time
reversal as shown in Eq. (17). Moreover, the first moments
of E; (i=4,7,8)and E; (i = 4, 7, 8) also disappear due to
that the tensor structures n*n* /(P - n)* and n*n*n’ /(P - n)?
have no correspondences in the factorization of the matrix
elements of local currents.

A similar procedure can be done for the case of GFFs.
Taking a = 1 in Eq. (22) gives the sum rules connecting
quark GPDs with GFFs,

/1 dxxE; (x,&,1) = F1 (1) + éngo(t) —2F} (1), (29a)
-1
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1
/ dx xEy(x. £.1) = 2F7 | (1) + 282FL, (1) — 4F] (1),
-1

where

2
(290) A = L o A=2/1-2. (31
1 Vi-&
dxxEs(x, &, 1) = 8EFT (1), (29c¢)
/‘1 Then the helicity amplitudes have the following forms:
/ dxxE4(x, &, 1) = F_ZO( )+ 2FF (1), (29d) P2
2As+ =K+ g K, (32)
1
/ dxxEs(x, &, 1) = 2Fio(t), (29e)
-1
1+¢C 1+¢&
1 24 1, = —|———F= | Ky ———K_
/ dxxEq(x. £.1) = 4F] (1), (29f) Fa T\ T-e3 < HTT2 3)
-1
C [ CP? .
1 . € (5, k)
/ dxxE;(x,£,1) =0 with i=7,8. (29g) V3 8
-1
LHED( =) +dC “
The second Mellin moment of E; vanishes because of A7z _ Ko, (33)
. n m . & 2v3(1-¢8)
the time reversal invariance and that of Eg disappears as
well because the tensor structure n#n*n” /(P - n)* does not
have the correspondence in the parametrization of GFFs in | c? | c?
Eq. (25). For the gluon GPDs, the factor x should be absent A5, 1, = L‘f_ K - Lé K -— K
. 3+ (=)+ 1-¢3 ! 2 0 83 2
and the integral should only go from O to 1.
2 2
C. Helicity amplitudes . /1 +E[DA-&) + f}c [ (34)
The helicity amplitudes given in Eq. (6) can be expressed -¢ 2\/5(1 —¢<)
in terms of the obtained GPDs. To show the symmetry
properties carried by the individual tensor structures, we c3
again express helicity amplitudes in terms of the coefficient 2As (e = K., (35)
functions Es in Eq. (26) and Es in (27) instead of GPDs ’ 8
directly. We introduce the notations |p | [e*¥ = p' & ip?
and |p/, [¢*?" = p'! + ip"%, and R Ll (U ol
i T\ T s\ TR
I ]| T (B A - o
1+¢&M 1—¢M +\/§(K+1+8M2K+2)
t &
D=-—s-—— 2 *
2 2° 1-¢[D(1-¢&)—¢|C
AN N /1 ED(1-&) 25] Koo, (36)
Kyi=AE + EA B+ AR g with i=1~4, +¢ 2V3(1-8)
K.j=E;+E; with j=1~8, (30)
|
2 1 |C|2 |C|2 1+ 7 1-¢5
2A%+.%+_—§[K+1—§< 1+T >+K+3— 3+(1—52K+4 - K.+ T3 -
CP? L 2ADE - 1)+ 1] < 2K+1 >
+——= (K + K5 +4EK_;3 +
2D*(1-&) - & cP [ 1+ 7 1-¢¢
- K K_ 37
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207, Il cf f1+¢ 1—¢
2A%+(_%) ? K 16 K+2 K+’;+K 3"‘(1—52 g 1_ ]—l— 1+ K+l
¢ 2[D(& -~ ( 2L, K3 _ )

b (Kyy+ Ky + 46K ) — v
6?—5(% 2+ 4K 3) =) T-¢ iteé

[D(&?

2D*(& -1 -&]C ;
+ 3(1= 27 K_,+

Cimecr . 1-g, c
2+ =\ T3 5 (K—l +TK—3> BN
_ [1=EDE@ -1+ .

1+¢ 2V3(1-8) K-z (39)

The rest helicity amplitudes can be obtained through the
relations in Egs. (8) and (9). Obviously, As, 5, and As, 1,
in Egs. (32) and (37) are unchanged after the time reversal.
Noted that C is a dimensionless complex number and
depends on the transverse momenta of both initial and final
states. Thus, the time reversal could turn C into its complex
conjugate. It should be addressed that a common factor
C*9(X = 2) + C*#0(A — 1), where (x — y) is the step
function, can be extracted out of the helicity amplitude
Ay, ;o when A # A In the forward limit, the factor C
vanishes and so for Ay, ;s when A’ # A. Further, we have
A(x.0.0), ;= ¢4 (x) and A(x.0.0),_,_ = ¢ (x): using
this we find the relations in Eq. (20).

IV. SUMMARY AND DISCUSSIONS

In this work, the GPDs of the spin-3/2 particle are given
for the first time. There are eight independent unpolarized
GPDs and eight polarized ones. The independent tensors
that accompany the distributions can be constructed
through the direct product between the tensors accompany-
ing the spin-1/2 unpolarized or polarized GPDs and those
of the spin-1. Moreover, the structure functions can be
expressed as the GPDs in the forward limit, and the
sum rules connecting GPDs with EMFFs and GFFs are
obtained through the Mellin moments. In the last sub-
section, the helicity amplitudes of the spin-3/2 particle
are derived and expressed in terms of the coefficient
functions which are linear combinations of the GPDs
and they depend on the transverse momenta of the initial
and final states. The parity and time reversal invariances are
satisfied throughout. It is expected that the relations given
in this work could be tested in the electron-ion collision
experiments at future EIC and EicC with spin-3/2 targets,
such as JLi. Other measurements about the GPDs of the
spin-3/2 particle, like the Q baryon, may also be possible in
the heavy ion collision, where the Q baryon is rich in the

6(1—152 (“11_5 —2+U K+2> (38)

fmal state. Finally, the numerical results for the unpolarized
and polarized GPDs of a spin-3/2 particle, taking the A
isobar as an example, will be given in our forthcom-
ing work.
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APPENDIX A: THE RARITA-SCHWINGER
SPINOR

The explicit form of the Rarita-Schwinger spinor of a
spin-3/2 particle employed in our work is [68]

¥
= chp%ge (p p)u
p.o

where the coefficient in (Al) is the Clebsch-Gordan
coefficient. The explicit light-front form expressions of
the polarization vectors are derived from Ref. [69] by
boosting from the rest momentum frame to the moving
frame,

(p. o), (A1)

a 1 + = 2 ’
€ (on):M p.p —p—+7€¢

€. (p,0)

(p,O))T with

= (p1.P2), (A2a)
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V2(pi +ips)

e*(p,+1) = —<0,
Dt

T
,el(p,+1)) with

|

%%)’ (A20)

€L(p.+1) = <

g”(p’ _1) = <O’\/§(pl_IPZ)

T
,eL(p,—1)> with
Dt

ex(p1) = ( (A2)

I =i
The massive positive energy Dirac spinor can be written
as [70]

(F+M)

ﬁﬂxm (A3)

u(p,o) =

where y, is the rest frame spinor. Note that the Rarita-
Schwinger spinor in Eq. (Al) satisfies the Rarita-
Schwinger equation, as well as the subsidiary constraint
equations,

(F=M)u“(p,2) =0, yu*(p,A)=0, d,u’(p,4)=0.

(A4)

APPENDIX B: ON-SHELL IDENTITIES

Some useful on-shell identities have been given in
Refs. [6]:

/ / 1 ]
nt? patichd = P . ng*®ic"? + 2P - nP{¥ n® + 5 (q-n)*g%®

+2g - nPn% + tn” n,

t P-n ic™
{a’Pa} =_Ml1-= '
" < w2)? T om

, 2 P-n ic™
dap .y 2 pdpa 1 B2
ffep sl (M +2M), (B2)

(B1)

in which = represents the relation in a similar manner as
Gordon identity. Analogously, for the case of polarized
GPDs, one can derive these on-shell identities:

AMnl? PeUty> = [4(P - n)* = (q - n)*]g"p°
—8(P - n)nt? Py’ 1 4(q - n)nl@ pAy

+ 8P?n" n%> + 2M(q - n)g““sty*, (B3)
[ pa],,5 = ! o 5 @ ay,S
Py =597 (g - n)y? — Mgy
P? 2
@ hhyS — = pYpagyS. B4
o O = 1 PPy (B4)
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