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Off-forward parton distributions and Shuvaev’s transformations
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We review Shuvaev’s transformations that relate off-forward parton distribu(@R®DS to the so-called
effective forward parton distributiondEFPDS. The latter evolve like conventional forward partons. We ex-
press nonforward amplitudes, depending on OFPDs, directly in terms of EFPDs and construct a model for the
EFPDs, which allows us to consistently express them in terms of the conventional forward parton distributions
and nucleon form factors. Our model is self-consistent for arbitxagy u, andt.

PACS numbeis): 13.60.Hb, 11.15.Bt, 13.60.Le, 14.20.Dh

[. INTRODUCTION tions and nucleon form factors at arbitrary scale
In the next section we briefly review the basic properties
The treatment of nonforward high-energy processes, suchf the off-forward parton distributions, and we define the

as deeply virtual Compton scatterifBVCS) and hard ex- €effective forward parton distributions. In Sec. Ill, we recal-
ulate Shuvaev’s inverse transformations, which relate the

clusive electroproduction of vector mesons, in perturbativ . X ;
QCD gives rise to a new class of parton distributions, thiFPDS to the OFPDs, and we derive their supporin

S which is not identical to—1<x=<1 as for the conventional
so-called . sk_e wgd parton dlstr|but|or(§Pp§) [1-8] and forward parton distributionsln Sec. IV, Shuvaev’s transfor-
double dlstr|bqt|ons(DDs) [9_’8]’, 9‘?”efa"2'”9 the well- mation is brought into a form that is convenient for a further
known conventional parton distributiof$0—-12 and, at the analytical and numerical treatment. In Sec. V, we connect
same time, the nucleon form factors. In the following Wehe effective forward parton distributions directly to nonfor-
restrict o'urselves to the. off—forwa_rd parton @stnbutlonsward amplitudes, and we briefly discuss the reliability of
(OFPDs3 introduced by Ji[3—-5], which are equivalent to  sjmple approximative formulas. In Sec. VI, we introduce our
nonforward [7,8] or off-diagonal [6] parton distributions. model. Finally, in Sec. VII, we summarize our results, and
Therefore, our results can be easily generalized to nonfoiye draw the conclusions.
ward and off-diagonal parton distributions.

The off-forward parton distributionsl ,(x,&,t, ), which Il. OFF-FORWARD AND EFFECTIVE
parametrize nonforward matrix elements of light cone bilocal PARTON DISTRIBUTIONS

operators(P |Qp(_”/21”/2)|P>|n2:o’ depend on the mo-  p long-distance behavior of hard scattering processes,
mentum fractionx of the average nucleon momentuR — which is not calculable ifQCD) perturbation theory, is fac-
:=(P+P’)/2, which the initial state partop carries, on the  torized in matrix elements of light-cone bilocal operators. A

“skewedness” ¢&=—n-A/2n-P with A:=P’'—P, on the Fourier transformation of diagonal matrix elements results in
momentum transfer invariabt=A2, and on the renormaliza- the conventional quark and gluon densitigs) and g(x).
tion scaleu. For vanishingé andt, they are identical to the Analogously, the off-forward parton distributions are defined
usual forward parton distributions. Detailed reviews on off-by nonforward matrix elements:
forward parton distributions can be found, e.g., in Refs. N 0
[8,5] rer|n | _

Recently, Shuvaej13] demonstrated that the off-forward <P 'S lﬁq( Z)ﬂgl’/’q(z)‘P’S> -0
parton distributions can be relat¢ak least in leading order
by simple transformations to so-called effective forward par- =U(P’ S)AU(P S)fﬂe—ix(n.E)
ton distributions(EFPDg, the renormalization scale depen- ' ' 1
dence of which is governed by the conventional forward evo-

lution equations. These relations have led to some progress XHq(x,€,1) dx+0O(4), (1a
in determining the shape of the off-forward parton distribu-

tions for small values of [14], since the EFPDs can be <p’ys’ F2, _E) n#nugabpmv(ﬂ) p,S>

identified with the usual partons for small values {#nd 2 2 20

arbitrary scaleu. 1 o -

. In thg present paper, we express nonforward amplltudes = ZU(P',S")hU(P,S)(n- P)J e ix(n-P)
directly in terms of effective forward parton distributions. 2 -1
Furthermore, we define a family of self-consistent models for
EFPDs, in which the effective forward parton distributions XHg(x, &) dx+O(A), (1b)
are obtained from the conventional forward parton distribu-

IWe use throughout parton distributions with both signs,dfe.,
*Email address: jensn@hall.physik.uni-dortmund.de g(—x)=—q(x) andg(—x)=—g(x).
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whereg,p, is the Wilson gauge link. Note that we have an . SHUVAEV'S INVERSE TRANSFORMATION
additional factor ofx in the definition of the gluon distribu-
tion compared to the original definition of JB-5], Hg
=ng', which removes an “artificial” singularity for finite
[8]. Due to time reversal invariance and hermiticity, Ji's OF-
PDs are even functions @ so it is sufficient to treat only +1
positive values of. The different®(A) contributions can be qe(X)= f Kq ', &Y)Hq(y, &) dy, (6a)
found, for example, in Refd.8,5,15. For vanishingA the -1
off-forward parton distributions reduce to the diagonal par-

1
tons: 9e(x)= f KT EYIH(y,0) dy. (6b)
Hq(x,0,0)=q(x), (28

We start with connecting the effective forward parton dis-
tribution to the off-forward ones. This can be done by Shu-
vaev’s inverse integral transformatioh3]:

+

We briefly sketch the main steps of the derivation of the
integral kernelslc;é(x,g;y) in Ref. [13], in order to deter-
mine the support properties of the EFPDs. The calculation is

o o based on the formal inversion of the Mellin moments in Eq.
The renormalization of the defining operators leads to a scalg;)-

dependence of the off-forward parton distributions. The evo-

H¢(x,0,0)=xg(X). (2b)

lution of the OFPDs takes a simple form at the one-loop 1 “ GY9)
level for the Gegenbauer moments, ge(X)=— ;discz0 el (7a)
n=
GY(£t 2'[n!J* J+1 nc<3/2>(X>H t,u)d 1 & GY9
(Ot =y |, O g gt dx 0=~ —discS, -3 @
¢ T = X
(33 n=
3-2"(n—1)In! [+1 X with
' -t discF (x) = 5- im[F(x+ie) = F(x—ie)].
XHg(X,t,,U,,E) dXv (3b) o0

_ , _ _The Gegenbauer momen@&9(x) are defined in Eq(3).
since they evolve exactly as the Mellin moments in the di-rp 4 factorial functions in Eq(3) are replaced using the in-

agonal cas¢8]. For example, for the Gegenbauer momentste ral representation of the beta functitEgs. (6.1.18 and
of the nonsinglet off-forward quark distributions one has (692.]) inpRef. [16]}. We obtain kg, (6.1.19

ag(p) | Yon'?Po +1| 1 +1 1 ~
GIMEtp)=| —— Gr™étume), (4 :j i f L @Y
n P n 0 Q0= |- _disc| o _1_52,0 3
where vy, and B, are the leading coefficients of the non- s&\N
singlet anomalous dimension and the beta function. This fact X\ 5 ds|Hq(y,€) dy, (8d)
allows the definition of effective forward parton distribu-
tions, whose Mellin moments equal the corresponding Ge- al 1 13158
: . —S y
genbauer moments of the OFP[S3]: gg(X)If —;dISCf e Z CEF/Z)(E)
- - n=0
J‘Jrl q
X", (X, ) dx=GI(&,t, 1), (59 sé|\"
S " x g ds|Hg(y, &) dy. (8b)
+1 : : ;
f "G (X, 1) dx=GI(&,t, ). (5b) Th,el exp.ressmns in square brack_ets_ are the integral kernels
-1 Kqg(X.&;y). Before we state their final form, we have to

look at the generating functions of the Gegenbauer polyno-
Their scale dependence is governed by the conventional evénials {EQ. (22.9.3 in Ref. [16]}:
lution equations, and they reduce to the diagonal quark and
gluon densities fog,t—0. The crucial point is that the ef-
fective and off-forward parton distributions can be related to
each other by Shuvaev’'s transformatiof3]. As these
transformations do not depend on the momentum transfeéfhe generating functions on the left-hand side analytically
invariantt and the scalew, we can safely skip them in the continue the power series on the right-hand side to the com-
following. plete complex plane. In Fig. 1 we show the circles of con-

exp(— v Log(1—2wz+27%))= Zo cw)z". (9
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Kq*(X.&y)

. 2x 9 jl O(— S+ 4sxyl €2— 4x?1 £2)
1 Re; / 1 Re; — alé] 9y Jos\(1—s)(— 2+ Asxyl£2— Ax% €2)

- - \
Z
1

Imz Imz

* 2
w>1 —>1 Y B o 2"[nt]
ze =w VI -1 2 = w £ iV — w2 o1 ‘g )HEO( 1) (2n+1)'
(2) (b) y
X ECH| Z om0, (11a

FIG. 1. Circles of convergence of the power series in(Egfor
positive w. The corresponding figures for negatiweare received ,C—l(x £y)
by mirroring at the vertical axis. The thick lines show the disconti-~ 9 ">’

nuities of the generating functions. 4x 92 (1 6(—sz+4sxy/§2—4X2/§2)\/1Ts
g ay? fo s?\— 2+ 4sxyl &2 — 4x?| £

vergence of the power series and the discontinuities of the

generating functions, which arise from negative arguments v\ & 3.2%(n—1)!In!
of the complex logarithm. We see that we have to distinguish + g( 1— ‘_ ) > (- 1)n—"'
two cases: |y|>¢, which corresponds to the parton- &l /n=1 (2n+1)!

distribution-like region of the OFPDs, any|<¢, which y
corresponds to the meson-wave-function-like region. Let us xgnlcfﬂl)(_) SM(x). (11b
begin with the latter case. One might think that fgf< & §

- - slfy £
one has no contribution to the integral kem&lgy(x,£Y)  \we cannot carry out the derivatives, which would lead to
because the generating functions are analytical for any finitggnite contributions from the derivatives of the theta func-

and reaiz. However, the discontinuity at=c produces delta  jons and divergent integrals. The infinite sums represent the

functions and their derivativeé(“)(x). From the circle of  conribution of the meson-wave-function-like part of the off-
convergence we find that their contribution is in any casggnyard parton distributions and do not appear in R&g],
restricted to|x|<¢/2 in the effective forward parton distri- gjnce the discontinuity a=, resp. x=0, was overlooked.
butions. Fory|> ¢ the discontinuity can be easily calculated. The gccurrence of delta functions and their derivatives in the
We face strong singularities in the generating functions at th@¢fective forward parton distributions are comparable to

end points of the cut, therefore, we have to take derivativeg,eson-exchange-type contributions in double distributions
of less singular functions, so that théntegral in Eq.(8) is 1718

convergent. An examination of the circle of convergence tpq expressions for the integral kernél§é(x,§;y) show

shows that that the Gegenbauer moment inversion is not practicable, in
general. Therefore, it can generally not be used for a simple
de(x)=0 and g«x)=0, if IX|>Xp:=3(1+1—&2). solution of the evolution equations of off-forward parton dis-

tributions.
(10
) ! o IV. SHUVAEV'S TRANSFORMATION
This defines the support area of the EFPDs, which is shown
in Fig. 2. Finally, the complete result for the integral kernels As we will later see, the predictive power of the formal-
of Shuvaev’s inverse transformation is ism lies in relating the effective forward parton distributions
to the off-forward ones by Shuvaev'’s integral transformation

+1
" M= [ Kgxevamdy,  aza

‘\\\ /', +1
Hq(x,6)= fﬁl Kq(x,£:y)gely) dy. (12b

o The full derivation of the integral kernels, 4(x,&;y) can be
Y found in Ref.[13]. We merely state the finite result:

4 Ny 1 T
T |1 I1 T
-1 =3 +tz  Hl gy LY +10(y(1—52) 1)
X,&y)= r— —_—
q —

FIG. 2. Support area of the effective forward parton distribu- mlyl Y ]yl -1 X—§s
tions. The dashed lines correspondte + £/2. The contribution of
the meson-wave-function-like part of the OFPDs is restricted to the % x—§s ds (139

. : \ o7 o= 9S
region between the dashed lines. y(1—s%)—x+¢&s
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y(1—s2) (— &< &)-symmetry of Ji's off-forward parton distributions.
Ky(X,&Y)= > \/—f (_—— ) The relations on the right-hand side show that it is sufficient
™ \/_ y X—¢s to restrict the calculation to positive valuesyfWe define

X\/&ds (13b)
y(1-s?)—x+¢&s _X_ ¢

a2 L mrmaa e
| | - . | £ 2y 2y TS
Again, performing the derivatives would give divergent in-
tegrals and infinite contributions from the end points. The
derivatives of the theta function give rise to the “suspicious X g 5
overall sign” that is mentioned in Ref18]. Equation(13) is b"g_ 2y 2y Vay?—4yx+ &, (19

equivalent to previous results presented in Rgf4,18.

It is useful to express the integral kernels in terms of
standard elliptic integrals, because it is then possible to pewhich correspond up to the' £, which we added for conve-
form the derivatives analytically. First, we give the symme-nience, to the zeroes of the denominator in the square root in

try properties of the integral kernels: Eq. (13). As the radicand has to be positive, we must further
restrict the possible range gfto
Kq(x, = &Y)=Ko(X,8Y),  Ko(X,&—y)=+Ko(=X,&1Y),
(14a y>x= i (x+ (= &), if x=¢. (16)
Kog(X,=&Y)=Ky(X,EY),  Ky(X,&—y)=—Kg(—=X,&Y).
(14b

With help of the integral tables in Ref19] we obtain our
Of course, Kgyq4(x,6y) obey the fundamental final result:

p
8y —Xa) \/Xiavxz—gz
Ko(x,£y)= +0(y—Xg) ¢ iL(R oa1 1bJraR 031) for x=¢, (179
RN aEfybban 3 b Pl7p
9(X+§) £ L( ( 4 1 _1lbta 5 0—_al) for x<§¢,
y(b—a) b ’b—a' 3b-a 'b—a’
- xm/_(x e oy-xa Lo
2b—a 034 _zbz—abntazR 031) for x=¢
b b’ 3 b? D\ b '
Ko(x,&y)= > [&b=a) b (17b)
6(x+§)7—2 y b-a
2b—a —a 2 b’>—ab+a? —-a
b—a | %p=at "3 (b—a)Z P b—a' ) for x<¢

whereRg andRp are Carlson’s elliptic integrals of the first These integral kernels accumulate the main properties of the

and second kindsee, e.g.[20]) with x and ¢ dependence of off-forward parton distributions. For
x>¢, the OFPDs essentially look like forward quarks and
1 1 gluons:
Re(X,Y,2) == dt, 18
FXY2=3 |, JE+x)(t+y)(t+2) 18 1 /g
Kq(x,&y)=0o(y—x)+ ;O(X—z), (20a
Ro( Y 3f°° 1
p(X,y,Z 2
N 19 Ky(X,Ey) =X8(y—X)+O i—z) (20b)
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The forward evolution concentrates the effective forward
parton distributions ay~0. Therefore, the smajl-behavior
of the integral kernels, 4(x,§;y) reproduces the well-
known asymptotic forms of the off-forward valence and sin-
glet quark, and gluon distributiori8]: ’

1.0

05 05 r

siwarofu [ [frofne
X! = |z - 3 A - 1
a gl & Jo\am g/t s
(213) 0.0 0.0 .
. X X(gz_xz) (15 y . L 0.0 0; 1.0
Hy(X,) =6 1- z TI §+0 z yqg(y) dy,
0 (a) R}Zm(exact) : R‘I;"(/\q) (b) R;m(exact) : R;m(/\g)
2_y2\2 r,
Hy(x,&)=6 1— f u E)-FO X yo:(y) dy FIG. 3. Comparison of the exact imaginary part to the approxi-
S € £ 0\8 & ¢ ' mative ratioR™ (A, o) for g3(x) ~x Mgt
a.0\"ag £(%),9() ~x " taa™

(21b)
-~ ] ) ] where we have neglected tli&A) contributions, analogous
Additionally, these equations prove that the integrals in Edtg Ref.[14]. The imaginary part of the amplitudes is related
(12) are well defined and convergent. to the diagonal elementd, 4(£,£), which can be expressed

Even the physical interpretation of the different regions inby the effective forward parton distributions:
x holds in the formalism of EFPDs. Inserting Ed4) in Eq.

(12) yields —mHy(&,6)=Im Ay (&)
1 TG ¢
Hq(x.§)=f0 (KX, &Y)ae(y) + Kg(—=x,&y)q:(—y)) dy, =—fo le_quz(m) dz,
(229 (243
1
_ V) + _ . ) 2T
Hg(X,f) JO (’Cg(X,S,Y) ’Cg( Xa'f,Y))gg(Y) dy _ ?Hg(f,f): Im Ag(g)
(22b
=&,
For |x|> ¢ the off-forward parton distributions are related to == fv Xb3222\/1—2795( 2(1—52)) dz,
corresponding effective forwar(antjpartons with a mini- 0 z
mum momentumX,|. For |x|<¢ the picture of a meson (24b)

wave function is supported by a simultaneous contribution of

effective forward partons and antipartons with any momenwith the quark singlegz(x)=q.(x) —q¢(—x). The imagi-
tum y. The different expressions for the integral kernelsnary part is essentially dominated by the behavior of the
Kq.9(x,£y) for x| = & show, analogous tf17], that the off-  EFPDs around~¢/2. For small values of this region can
forward parton distributions are not analytic|at=¢. The  be accurately described by

analyticity of the OFPDs fok# ¢ requires that the effective s N

forward parton distributions need to be analytic fiod XQe(X)~ X", (253

=£/2 only.
é y Xge(X)~X Mo, (25b)

V. NONFORWARD AMPLITUDES AND EFPDs If we insert Eq.(25) into Eq.(24) and set the upper integra-
The use of off-forward parton distributions is required in tion limits to one, we achieve approximation formulas for the

deeply virtual Compton scatterin@VCS) and hard exclu- imaginary part of the amplitudes in E3):
sive electroproduction processes. Detailed information can

be found in Ref[5], and references therein. Here, we are m, IMAG() 2\/;F()‘q+%) (263
only interested in the part of the amplitudes that refers to the aT g¥éR) F(\g+3)
de q
OFPDs:
al 1 1 m,_IMAGE) 8V (At 3) (26b)
Aq(§)==ﬁl x—EFie xFe—ie) N8 dx, 9 ge(£2) T(Ng+4)
(238 A similar ratio was already presented in Rgt4], where,
however, the imaginary part was compared to diagonal par-
Ag(é) ==f+1( ! + 1 )EH (%, &) dx tons atx=2¢, which leads to an extra facto 2% a.g.
9 —1\x—é+ie  x+é—ig/x O ' In Fig. 3 we show a comparison of the exact ratio, derived

(23  from Eq. (24), to the approximation in Eq.26) for the ef-
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fective distributions in Eq(25). The change of the integra- 1,
tion limit has no remarkable effect up #~0.1. The accu-

racy of the gluon ratio is slightly worse compared to the
quark ratio, because of an additional factorzbfin the inte-
grand in Eq.(24). Since the quotients of the gamma func- os}
tions in Eq.(26) have a weak\, 4 dependency and Fig. 3
shows a good stability under a changengf,, we can con-
clude that Eq.(26) is an excellent approximation of the
imaginary part of the amplitudes for the valuesépfwhere 00 =

10 ¢ 10?107 10!
the effective forward parton distributions can be reliably 3
gj:r?st:z:gg with the conventional forward quark and gluon (o) RE() + B (exact) (5) RE(hg)  RE(emact)

The calculation of the real part is straightforward but te- ) N
dious [we have used Eq(13) rather than Eq(17)]. The FIG. 4. Comparison of the exact real part to the approximative
. . i pRe s —xNgg—1
principal value integration can be performed exactly and thdato Ra.g(hag) Or G(x),g(x) ~xTas =,

final result consists of integrals without any strong singulari- V1. MOMENT-DIAGONAL MODELS

ties:
In this section, we try to build a model for the effective
ReA B J'l 2 N 1 1 <[ €z q forward parton distributions. The situation does not seem to
eAq(6)= 022\ % itz Ji-z Q| 57| 02 be very promising, because Shuvaev's inverse transforma-
tion cannot generally be used and we face a difficult support
1 1 z I3 area for the EFPDs in Fig. 2.
+ J 2t V172 qé(z) dz, (279 Reference$14,22,18 were dealing with a model for off-
/2% forward parton distributions, the Gegenbauer moments of
14 £z which are independent of. Because the corresponding
ReAg(f):f —3(22—8+4*/1+z+4~/1—z)g§(—) dz EFPDs are also independent &fthese models manifestly -
0Z 2 violate the support area in Fig. 2, as was also recognized in
L 1 Ref. [18], though it should be a good approximation for
+f 4<__ 8z+4\z(1+2) g§(£> dz small values of. This model would have had the great ad-
é2xy \Z 2z vantage that it would have been stable against a change of

27b) the inp_ut _scalg, since the evolution.of the Gegenbauer mo-
ments is identical to that of the Mellin moments.

We note that the expressions in brackets in the first integrals Nevertheless, this idea can be used to find valid models
in Eq (27) are a|WayS negative’ therefore, the two integra|sf0r the effective forward parton distributions. Because a
partly cancel each other. Again, we insert the smddehav- ~ commonn-, &, or t-dependent factor does not have any in-
ior of Eq. (25) into these integrals and set the lower limits of fluence on the evolution equations, we can generalize the
the second integrals to zero, so that everything can be evaliipodel withé-independent Gegenbauer moments to a class of
ated and yields the following ratios between the real andnoment-diagonal models with a common proportionality
imaginary parts: factor:

Re ReAqg(§)  hgg GR9(&,t, ) =constn, &,1) X M3 %(u). (29
q'g'_ImAq,g(g)_an 5 (28

The t dependence is usually factorized, congj(<F(t),

This is identical to the result, achieved by dispersion relaWhereF(t) is the Dirac form factof14,22. These models
tions, in Refs[21,14]. From Fig. 4 we see that the quality of allow, provided that the Mellin inverse can be performed and
the approximations of the real parts is significantly morel€ads to valid supports, a direct and simple calculation of
sensitive—note the logarithmic scale—to the change of th@ff-forward parton distributions and amplitudes, with help of
integration limit and to a variation of, ;. Additionally, the ~the formulas(17), (24), and(27), for arbitraryx, £, u, and for
right-hand side of Eq28) depends strongly ony 4, and the the region oft,_ where theO(A) contributions can b_e ne-
first integrals in Eq(27) have dominant contributions from glected. The simplest model for proton OFPDs of this class,
two regions: arounck~0 andx~ £/2, i.e., we must require Which fulfills all known theoretical constraints fo~0 (e.g.,
that\, ¢ is essentially constant for small Therefore, only ~S€€ Ref. [5) and gives a good approximation of the
for very small¢, when Eq.(25) is a valid approximation for t-dependence, is

a large range ok for the usual forward quark and gluon £+

distribution, the latter can be used to reliably predict the real a.9 ol s —1\ep a.9

part of the amplitude. Nevertheless, for small values of , Gn (g't"u)'_z(z) Tnea(&DFHOM (), (30
where the real part is strongly suppressed, the absolute val-

ues of the amplitudes are determined to a good precision fovhereM9(«) are the Mellin moments of the usual quark
small & [14]. and gluon distributions in the protoR}(t) is the Dirac form
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factor of the proton withF}(0)=1, andT,(x) are Cheby- fects in deep inelastic scattering. Hence, one can argue that
shev polynomials of the first kinfEq. (22.2.4 in Ref.[16]}.  the arguments of the parton densities in E81) reflect

It is advantageous to use the Gk+Reya—Vogt 1998GRV  skewedness effects. But such arguments can as well be relics
98) parton distributiong10], since they are given forval-  of the Gegenbauer polynomials that appear in the derivation
ues down to 10°, which allows us to compute the real part [24,29 of the ¢-scaling variable.

in Eq. (27) for small values of with a high accuracy. With

use of Eq.(22.3.25 and (4.4.27% in Ref.[16], a Mellin in- VIl. SUMMARY AND CONCLUSIONS

version yields
1+ \/1_—52 2x sim_ple exprgssions that_ relate effec;tive forward parton distri-
gex)=1 0 ——|x|)q —_— butions, which evolve like conventional forward partons, to
1+1-¢2 off-forward parton distributions and nonforward amplitudes.
1-1-2 ox We emphasized Fhat the off-forward parton dis_tributions and
+ 0(—— |x|>q(—) ] F(t), nonforward amplitudes can be directly determined from the
1-V1-¢2 conventional forward parton distributions and nucleon form

factors at arbitrary scalg for moment-diagonal models. Ex-
emplary, we stated a simple self-consistent model for the

In this paper, we presented with Eq&7), (24), and(27)

(31a

— EFPDs of the proton in terms of the GRV 98 parton distri-
g:(x)=1 6 u_w)g L butions[10] and the Dirac form factor of the proton, which
2 1+1-¢2 allows us to predict off-forward parton distributions and non-
forward amplitudes for arbitrary, &, u, and(not to large t.
1-V1-¢2 2X 0 These predictions should not differ too much from results of
L 2 —Ixl]g 1— \/1_—§2 Fi(D). other models at least at smdlas the results in Refg14,22]
show.
(31b Nevertheless, it would be illuminating if further self-

. T, consistent moment-diagonal models exist, especially models
We see that the effective forward parton distributions are 3hat have a qualitativeglly different behavior i[r)1 the )r/neson—

simple combination of two rescaled forward parton densme%/vave-function-like region, such as the off-forward parton

with the correct support area and_ an approprlate_commoalsmbutlons of chiral soliton model calculatioh26], since
t-dependent factor. The first one gives the conventional for; . . . .

S . the real part of nonforward amplitudes is dominated by this
ward quark and gluons for vanishirdggandt. The contribu-

) . . . : region and gets important for large
tion of the second summand is restncj[edx_{K &2, ie., it Because of the complicated support area of EFPDs, an
influences only the meson-wave-function-like regjah< ¢

of OFPDs, and is negligible for small values fTherefore, investigation of the double distributions of moment-diagonal

most of the numerical results of Refd4,22,18 can be ac- models might be helpful.
curately transferred to the model in E&J).

It is an interesting fact that the argument of the first for-
ward parton density in Eq(31) is very similar to the We thank M. Glick and E. Reya for proposing this inves-
Georgi—Politzer ¢-scaling  variable [23], £=2xg/(1  tigation and for instructive remarks during the initial stage of
+ \/1+4XZBM ZN/QZ), that originally described target mass ef- this work.
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