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Summary. — The eleetroproduction structure functions, defined on a
suitable homogeneous space with respect to the spinor group SIL,,, are
subjected to harmonic analysis. In this way the Bjorken limit and the
scaling law can be recovered by simple assumptions and a sum rule is
obtained. The connection of this analysis with a generalized light-cone
expansion is derived.

1. — Introduection.

Recently much attention has been devoted to the study of light-cone
expansions (%) of products of local operators, mainly bzceause of their relevance
in high-energy and high-momentum-transfer electroproduction processes. A
better understanding of the #? ~ 0 limit—whose counterpart in the physical
momentum space is the so-called Bjorken limit {5)—could also provide informa-
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tion on basic properties of the interacting flelds involved, such as their effec-
tive canonical dimensions.

In a previous work (%), a geometrical interpretation of the «scaling laws »
was proposed, based on a suitably defined expansion of the structure func-
tions () over irreducible representations of the 8L, , group, which seems the
most natural way to obtain asymptotic behaviours in the w = — q%/2v fixed
limit. The assumption of «scale invariance » reads as a dominance of a well-
defined representation in this expansion and a ¢*-power breaking of the simple
scaling behaviour follows immediately in our scheme. This breaking is the most
natural suggested also from field-theoretical perturbative expansions (*).

A w-fixed sum rule, analogous to the ¢-fixed finite-energy sum rule in the
Regge-pole theory, can be derived, which relates the low-energy region (baryonic-
resonance production) to the scaling law region; it allows us to express the scal-
ing functions Fi(w) and F,(w) as an integral over the low ¢* and » region of
the structure functions.

In this paper we first recall the main steps of our analysis and derive the
above-mentioned sum rule (Sect. 2), then (Sect. 3) we show how our group-
theoretical approach is connected to the light-cone expansion in the configura-
tion space. The connection is only group-theoretical and in fact it is based
on theorems on harmonic analysis in homogeneous spaces. Finally, we outline
the relation between the singularity structure of the matrix elements of field
products, as implied by our -analysis, and the operator expansion near the
light-cone, suggested by some authors (*). -

2. — Group-theoretical interpretation of the Bjorken limit and a sum rule.

In this Section we want to show how it is possible to recover the Bjorken
limit of the structure functions, starting from the observation that the group
SL, . acts in a natural way on the functions of two complex variables (7).

Let us consider a function W(z,, 2,), defined on the complex affine plane
(21, 2). This space is a homogeneous space with respect to the spinor Lorentz
groﬁp SLZ,O.aAnd, in fact, it is equivalent to the quotient space SL, ,/Z, where

. . 1 . .
Z is the group of matrieces ( o f\) A representation of 8L, is defined on'these
functions as follows: ‘ . : '

(2.1) T, Wz, &)= W(oe, + B2, y21 I 025),

(6) 8. ERRARA and G. Rossi: Lett. Nuovo Cimento, 4; 408 (1970); Universita di Roma,
Nota interna n. 286 (revised version}.

(") I. M. GEL'FAND, M. T. GraEY and'N. YA. VILENKIN: Generaliced Functions, Vol. §
(New York, 1964).
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where

g= (;C g) with ad—fy =1
is an element of SIL, .

We observe that the homogencous functions (|) of degree (ny—1, ny,—1)
play a special role in this space, as they form an irreducible subspace for the
representation (2.1). Then an irreducible representation of 8L, is uniquely
fixed by the pairs of complex numbers (n,, n,), whose difference is an integer (®)
and we shall call D, , the corresponding invariant subspace.

Let us recall some basic properties of the functions belonging to D, .-
From the homogeneity properties, if we put w(z) = Wiz, 1) and W(z) = W(1, 2),
we obtain .

(2.20) Wiz, 2) = 220 E)
(2.2b) W21, 25) = 2y 20 a0(E7)
and
(2.3) w(E) = TN R p(EY)
where

=

(S}

Furthermore, the follovﬁng asymprotic behaviours hold:

(2.4a) ol Wie, ) = 020 @)
i fixed

(2.4b) e W (21, 20) = 232051 (&)

. |&Itixea

and

(2.5a) i, Wz, 2y) = 20 2w 0)

(2.5b) .15]111?00 Wiz, 2,)=2m"12"79(0),

if respectively W(0,1) or W(1, 0) are finite. Note that if we identify 2, with
¢* and z, with », where ¢* and »=(pq) (p is the four-momentum of the ini-
tial nucleon) are the squared mass and the energy in the laboratory frame of
the virtual photon, eqs. (2.4) refer to the Bjorken limit, while eq. (2.54) and
eq. (2.5b) refer to the Regge limit and to the old Bjorken limit respectively.

() A function f(s,2,) is called homogeneous of degree (1, ), where A and u are
complex numbers differing by an integer, if for every complex number ¢ % 0, we have
f(Cey, £2y) = le”f(zl,%). We require 21— u to be an integer, since only in this case
e = ]C[”” exp [4(A— p) arg ] will be a single-valued function of ¢.
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Let us now consider a function W(z, 2,), belonging to the space where
the representation (2.1) acts; if this function satisfies certain regularity condi-
tions (at least if it is square summable with respect to the SL,, invariant
meagure on the homogeneous space), it can be expanded in terms of irreducible
components, 4.e. of functions which transform irreducibly under (2.1). The
theory of harmonic analysis on homogeneous spaces gives in this case the
following expansion formula:

+o0

(2.6) Wiz, 2:) = z do Wz, 2a; n, )

7L=—‘ID
-—

where n, = 3(n--ip), ny=}(—n +ig) and W(z, 23 n, @) 18 the Mellin
transform of W(zy, #,) defined by the equation

2.7) Wies, 225 m 0) =5 [A0AE Lo W G, G

in which the integral is extended over the whole complex {-plane.
From (2.7) it follows immediately that:

a) W(zy, 22; n, 0) is homogeneous of degree (ny—1, ny—1);

b) the action of the representation (2.1) on Wz, #,) induces the action
of the irreducible representation labelled by (n,—1, n,—1) on Wz, 23 », 0);

¢) the Plancherel theorem for Wiz, 2,) holds in the form

1
(2.8) fIW 41, 2y)|2d2 A2, dz, dz, = Bn z [W(z,1;n,0)|

7}=-—00

We can use the eq. (2.7) to analytically continue the Mellin transform for
any complex value of g, so the expansion (2.6) can be valid also for functions
which are not square summable in the form

+o
(2.9) Wz, 2) = 2 doW (21, 2251, 0) 5

2 -

%

Where C,is-a suitable path in the complex g-plane. In particular, if W(z,, 2,)
is a homogeneous function of degree (#,—1,#,—1), hence belonging to
D, -, we have

+0
W (e, 22; 1y @) = 20,7 do exp [io(@— )]

—

where 7, = L(# + 4§) and i, = F(—7 + i0).
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To relate the homogeneity properties of W(z,, #,) to a pole-tiype singularity
structure it can be useful to introduce an integral transform of W(z,, 2.5 7, 0),
defined as

quzz,n’Q)

(2.10) W (2, 23 m, 0) = P

0(5;)

where in the complex o’-plane ¢V (C7) is a path lying above (below) the
singularities of Wiz, 2;; n, ¢’) and passing through the point Im g— e
(Im ¢ + ¢¢). For a homogeneous function belonging to D; - one has

1,72

~ - 1
(2.11) W (2, 255 my 0) = W (21, 231y @) = 671,7[@_—.-9_ .

Although in simple cases both W and W exist and coincide, this is not
true in general; it can well happen that W or W or even both do not exist,
the integral representation (2.10) not being valid for any value of p.

Inserting eq. (2.7) into eq. (2.10), if one is allowed to interchange the , ¢
integrations with the p’-integration, one easily gets

(2.12) W(i)(zl’ 25 My 0) = fdé-dcé-—%(n-r-zg)c—%(—nﬂe) (C21, C2n) ( (ICI_l))

where 6(x) is the step function (6(x)==1 for x>0, 6(z) =0 for < 0).
Let us now consider the functions (*1°)

1 2

(2.13q) Vi3 v) = q_z(Wl(qu’ v) + ;}_2 Wa(q?, "’)) )
. 1

(2.13b) V(g2 v) = — E,‘ Walg? ),

linear combinations of the structure functions W, and W,, defined by the
equations

(2.14) Winlg? v) =

(21 )Jd‘lm exp [igu] {p|J (@) 3™(0)[p)

(2.15)  We(gh ) = —(g,w ~ q;f‘”) Wi(g?, ) +

+ (pu - g; Q,u) (pv — ?;12 %)Wz(q2, ),

¢) H. LevurwiLer and J. STERN: Nucl. Phys., 20 B, 771 (1970).
(1) We adopt units in which the nucleon mass is set equal to 1.
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where J3#) is the electromagnetic hadronic current (*'). For the Fourier

transforms

(2.16) Wi(@®, px) zfd‘*q exp [—igue] W, (g% ») , E=1,2,
and

(2.17) VE(a?, pa) f d4q exp [— igz] V (g, ), k=12,

the following relations hold (*2):

(2.18a) Wi(a?, pa) = —OVE(w?, pw) — p,p, 8,8, Via?, po) ,
(2.18b) Wia?, po) = OV, pw) .

The Vi(g% v) are free of kinematical singularities and are Fouricr transforms
of causal functions (3). 2l > 0o, ¥—> 00 With w=—¢?/2v
fixed (hereafter referred to as B-limit) the experimental data (**) seem to sug-
gest the asymptotic behaviours

(2.19) lim Vi(g?, v) = v Fi(w),

with o, =—1 and «, = —2.
From the previous analysis we can expand the functions V, in 8L, i:vc
ducible components

(2.20) Vilq?, v) = 2 doVi(g® v;n, 0),

n——-oo

s0, if we assume that in the BJorken limnit a diserete (finite or infinite) class of
representations (all with ¢g, —2 = «;) dominates the integral (2.20), eq. (2.19)
directly follows.

Under the hypothesis of the existence of ™ (or ¥) in the form expressed
by eq. (2.12), it is possible to derive a kind of continuum-momentum sum

(1Y) For the expression of the eross-section in terms of W,(q, v} -and W,(g? ») see, for
1nstance, S. D. DreLr and J. D. WALECKA: Ann. of Phys., 28, 18 (1964).

(**) is the d’Alembertian operator: [ = ¢g#' 9,3, where g#’ is the metric tensor of
the spaee.

(1) J. W. Mevsr and H. Suura: Phys. Rev., 160, 1366 (1967).

(**) F.D. Broom, D. H. Cowarp, H. DESTAEBLER, J. DREES, G. MiLLer, L. W. Mo,
R, E. TaYLOR, M. BREIDENBACH,.J. I. FRIEDMAN, G. C. HArRTMANN and H. W. KENDALL:
Phys. Rev. Tett., 23, 930, 935 (1969). For a complete review of the experimental situa-
tion, see: R. E. TaYLOR: Proceedings of the IV International Symposium on Electron
and- Photon Interactions at High Energies, edited-by D. W.- Braxex (Daresbury, -1969);
R. WiLsoN: rapporteur’s talk presented at the XV I'ntematwnal Conference on. High-
Energy Physics (Kiev, 1970)., &

L sea
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rule, which allows us to express the sealing function ¥, as an integral over the
«low-energy » (low ¢2 and ») region of the structure functions V,. Let us start
from

.t do’ s - -
@21)  lim > ;e e g, 1)

7
B , "o —
" ot¥) Q

+o ! .
= v*s () Z de _fdg df C(xk—%(n+ig’)C-—i‘(—n+ie’)0(|é‘vl —‘Vch) ,

14
- — 0
e @ e

where the O-function in the Lh.s. has been introduced to take properly into

account the support properties of Fy(w) and v, = m,(2 + my)/2(1 — w) (m, is

the pion mass); after a simple calculation one obtains (w =-—¢%/2 £ 1, 0> 0)
) o)

2.22 7 (— 2 W —._ "B e ax

(2.22) fngz( new, 7)1 PR () )

0

where § = Im ¢ can be any real number with the only limitation &, + 8 + 2 < 0.
Note that eq. (2.22) could also have been obtained starting from V¢, so
the existence of V(P or of V¢ is sufficient to derive this sum rule.
Equation (2.22) can be easily written as a finite-energy sum rule, using
the asymptotic behaviour (2.19). If 5 is a value of » above which V(g% ») can
be well approximated by »**F,(w), one. gets

(2.23) fdn Vi(— 250, n)np+f = —

Yth

F“k‘ (60) ((Vth)“"'('ﬂ e (17)“'“+ﬂ+2) .

“k‘|‘/3‘|‘2

3. — Harmonic analysis in the configuration space and connection with the
light-cone expansions.

In this Section we want to discuss what our analysis in the momentum
space implies for the Fourier transforms of the functions V(g2 »).
Recalling the definition (2.17)

(3:1) Vi@, u) = [dtg exp [—iga] Vila®, ») p=rpa,
and the expansion theorem (2.8), we have

(2m)*

i

3.2) Vet ) = s f atg exp [—iga] S [deVila’, vy 0) =
dy ‘
_i1 f Qg exp[—iga] 3 f d@f AL AE LV (Cg, D).
C’e .

2 (2m)®
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The substitution ¢ —+/C¢ in cq. (3.1) gives
2
3.5) [ew e, o - 5 7e ().

So, interchanging the integration orders in eq. (3.2), one gets

(3.4) V(a2 u) = (Zn fdQVIc 2 15 M, 0),
where
(3.5) V2, sy 0) = f AL QB EmEmr VE(La, 1)

If we are allowed to perform the sum over n, the expansion formula in the
z-space becomes

(3.6) VI ) = o (4172 i ),
ca

where 1 =1—ip and

(3.7) Ve, w; 1) = [ doo™ VE(oa®, u)

0

is a homogeneous function of #® of degree A—1. Using the notations inire-
duced in the Appendix and the definition

(3.8) (0, V)u —ffdGIGI”VG,ﬂ)

we can rewrite eq. (3.7) in the more expressive form

(3.9) V@, p; A) = (@2)" o, V() + @) (T Vi) .

This representation holds for all the values of A in which (x2)*™ and (638, V) (1)
are not singular. Equation (3.9) shows that the harmonic analysis in the mo-
mentum space induces in the configuration space an expression with respect to
the variable o in terms of representations of the unidimensional dilatation
group.

Let us now discuss briefly the properties of the functions (07%, V,)(u). Since
we are dealing with matrix elements of the product of two local operaters
(currents), we must have

(3.10) (o3, V(1) = O(wo) exp [im(A—1)] + O(—o) exp [—im(A— 1))(0Z, V) (1)
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which gives the correet behaviour

(3.11) Vit w; ) = (—a® + ieag)™ (67 V()

with (67% V,)(u) real. The reality of (6=, V,)(u) follows from the requirement

that the discontinuity of V% is only different from zero for x?>0; in fact we
get in this case

(3.12) dise VZ(@?, 5 2) = 24 sin a(2 — 1) e(@,)(@2)* (67 V()
where &(xy) = + 1 for o, >0, &@,) = —1 for @, <0.

Since the distribution (#%)** is a meromorphic function of A with only
poles, which is regular for A=mn, n =1,2,... (see Appendix), we have

(3.13) dise PX(a?, u; m) =0 for n=1,2,..,

because of the factor sin (A-—1). Again this equation holds only if also
(074, V.)(u) is regular. Actually we may expect (6% V,)(u) to have «fixed
poles» in A which originate from the derivative-type relations between
Wi(a®, ) and Vi(2?, p). In fact, becanse of the presence of the d’Alembertian
operator in the eqs. (2.18), to the (#%)*~* power in VZ(a?, u; A) it will correspond
in W”( o p; A (%) a term with (#%)*% so that a factor 1/(A—1) is embodied
in the definition of (¢2%, V,)(u) (1¥). This generates a pole-type singularity in
(6%, V,)(u) unless a zero is present in the W;(wz, u; A) partial wave. As we
shall see, the existence of a simple pole at A =1 in (67 V,)(u) is necessary
in order not to get zero for »*V,(¢? v) in the Bjorken limit.

To complete our analysis we have to relate the homogeneous SL,, com-
ponents of V(¢ ») with the corresponding « partial waves» of its Fourier
transform, as given by eq. (3.6). This can be easily done generalizing a pro-
cedure due to BRANDT (%) to cover the cases in which A4 is not an integer. We
start from the equation

_ . 1 P
314 Pulat, s ) = (s [ 0% exp Ligo) PEat, s )
where
615) P v = ot S [arazemimvice, o) =(a Vi, w)

]

(*) WF(w u; A) is defined analogously to ? (22, w3 A) as Wi(a®, u; }»)——fdo'u“‘
“Wi(oa®, ).

(1%) The fixed pole in the partial wave Vk(w w3 2) is due to the vector character of

the electromagnetic current. This is analogous to what happens in Regge-pole theory.
(*) R. A. BRaNDT: Phys. Rev. D, 1, 2808 (1970).
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is an homogeneous function of degree — A—1, which satisfies

a ~ 2 L
(3.16) V(g2 v; A) = v~ DT, (%—, 1; Z) =y~ L (w5 4).

Using this property we can evaluate the integral (3.15) in the Bjorken limit
and we have

A+l

B11)  Fuw; 1) = g f d4a exp [iga] 7 (0%, 5 2) =

A+l

. V
= lim

B (2n)4fd4w exp [igz] Vi (% pu; A).

Note that in the electroproduction case the Fourier transform of
(3.18) IV, s DT = Vi@, ps 4) — dise VI, u; 4)

must be zero, since it -would get contributions from intermediate states of
energy (in the laboratory frame) 1— g, (%), where g, is necessarily positive,

being the energy loss of the scattered electron; so we can write .

24 sin 2(A —1)

(3.19) Fi(w; i) = ) lim v“’-f'd‘im exp [iga] e(my) (@2 Y1 (a=A, Vif(p) -

&

With the position,
To=¢ + 71, w‘3=<p—r‘,
if we fix the four-momentum q, to be
gu = (v 0, 0, — (* —g)¥) ,
the scalar product-gx becomes in the Bjorken limit
q@ < 2¢v + wi(tp— T),
80 in the laborat;ry frame we have

2 sinz(A —1)
(2m)

-exp [iow(p — 7)] exp [2igv] e(p + T) (47 — |%|2)4 2 0(49T — |x|2) (074, V;c)(f;v + 7).

Fiy(w; ) =

Lim»* | dpdrdex-
B

Observing with BRANDT (%) that in the:Bjorken limit only the points with
¢~ 0 will contribute to the integral, because of the rapidly osecillating factor
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exp [2igy] and using for the Fourier transfarms the formulae given in the Ap-
pendix, we obtain .

w? 2hexp [i(#x/2) A1+ - <. _
(3200 Fulon ) = g = 5y | dr expliorl vie, Vaw.
Note that in the case k=2 for the dominant Wave =1 (remember that
to a=wu corresponds A= —u—1) eq. (3.20) would give :

R

Fz(w7 lt)vv_; 0 y o 7

unless (6=% V,)(u) has a pole at A=1; 8o we are forced:to assume

res (674, Vy)(u)
A=1

1 i—1

I

(0=, Vo) ()

i
Il

Under this hypothesis, using for §=2 the Taylor expansion of (— x2 -+ tea,)? T
near y =—2. {see Appendix)

(—@® -+ dewo )7t = (— 2 + Gem)7° 4 (y + 2) (— @2+ dewy) 25 log (— 22 Fiswy) + .0,

we get
dise Vi(a?, u; 1) = 2mvie(x,) B(2?) mes (07, V,)(x)
and hence
(3.21a) Fow; 1) = — ~ (47 oxp [— iwt]7 res (0=2, V)
. Fo(w; 1) = Gy exp [— wr]flgs (0=, Va)(u) -

In the case k=1 the dominant wave in the Bjorken limit corresponds to
A=0 and we have:
, »

(3.210) Fy(w, 0) =‘(2ln)z f dr eﬁ'pv[—’:iwr](o"-, Va)() -

We conclude by illustrating the relation bstween the general analysis of the
structure functions in the x-space, carried out in this Section, and the light-
cone expansions of products of localsoperators; suggested’ by renormalizable
perturbation theories (*4). Let us refer to eqs. (3.6) and (3.11) and compare
them with the eXpresSi%ps obtained for the corresponding matrix elements
in terms of complete sets of local tensor operators, each with a well-defined
relation between gpin and dimensi;onal:ity (*). The two expansions look very
similar and the difference is in the physical meaning attached to the exponents
of the z*-powers. For instance, in the Bjorken limit, in our language, the leading
a?-singularity near the light-cone is fixed by the indices, wich label the dominant
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8L, , representation in the integral (2.20), while in the Brandt-Preparata ()
approach the leading a2-singularity is brought by the string of tensor operators
whose scalar member has the smallest allowed dimensionality in the expansion.

For instance, neglecting all’ spin' complications, we have, by definition for
two local scalar operators 4(w), B(0),

(PlA(@) BO)|p) = V(% ) = [d*q exp [—iga] Va2, »)

Comparing the light-cone expansion for #*~ 0 with eq. (3.6), we obtain

o [+ iz, Vi
z e S G+ ien) 3 OKPIO (O] wn.. e,

where the (% are adimensional constants and G*(2?) is a homogeneous func-
tion of &* of degree (d*+ d*—d:)/2, d*, d® and d being, respectively, the
dimensions of the operators A(w), B(0) and 0%0); for 0F ,(0) we have
di =d.+n. The value of A which labels the dominant SL, , representation in
the Bjorken limit is then given by

@+ dP—d,

¢
2

A

1,

where d, = min (dj).

APPENDIX

In this Appendix (**) we summarize some useful properties and formulae
concerning the generalized functions which are relevant in the light-cone
analysis. It is of some interest to give these properties for the general case
of a pseudo-Euclidean space 0,, of dimension » = p 4 ¢, because the singu-
larities of these functions strongly depend on p and g.

Let us start with the analogue of the Dirac §-function. If we put

2 2 2 2 2 2
Ty 0y e O Xy — oo Tppg s

it is possible to define two different sets of distributions, 3% (x?) and 3% (x?)
(where (k) means the k-th derivative), related by the property

(A1) SE(2) = (—1)% 3®(—a?) .

(18) The proofs of the theorems gtated in the Appendix can be found in I. M. GEL'FAND
and G. E. SuiLov;: .Generalized. Functions, Vol. 1(New York, 1964).



SCALING LAWS, LIGHT-CONE BEHAVIOUR AND HARMONIC ANALYSIS ON S, 863

If n is odd as well as if » is even and k< } n — 1, 3®(2?) = 3®(«?), while ifn
is even and k>{n —1 the difference is a generalized function concentrated on
the vertex of the x? = 0 surface, which can be written (%)

(A.2) 0P (@2) — O (%) == ey LI4"120() ,

where the coefficients ¢,y are numerical constants we are not interested to
specify further and () is a short-hand notation for d(m,) () ... 6(@pe)-
Introducing the generalized functions (#2)* and (%)%, defined as

(@, a2>0, 0, 22 >0,
A.S‘ 244 =S d f A —
( ) (w+) 0 , 22 < 0 , an ‘ ('/’v ) ]@72[1’ 12 < 0,

we can show that they are meromorphic functions of A Wﬂ;h the two possible.
set of poles:

)

a)y A=—1,—2,...,—k, where k is a positive integer;
b)

A
A= —n/2,—n/2 —1,...,— n/2 — k, where k is a nonnegative integer,

Referring, for instance, to («2)* we have three possible cases:

1) The singularity 1 = —k is in the set a) but not in b). This is
always the case if » is odd, while if » is even this happens onlyif 1 > — »/2"
In this case we have

(A.4) res (a2)* = Ekl_il; S (a?) .

2) The singular point 1 belongs to the set b) and not to the set a).
This happens for A =—mn/2 —k and » odd. For p odd and ¢ even the res-
idue of (22)* at 1 = —n/2 —k is given by

ep (L)t
(4.5) L= G s R

%6(x) ,

while for p even and ¢ odd (2%)* is regular.

3) The singularity is both in ) and in ). This happens for % even and
A=—mn/2—k. For p and ¢ both even we have

(___ 1 )nl2+k—-1

o al2anie
S@niztr=D (g2) |- (— 1) Cled(ax) .

: 232
(A.6) res (w+) . 4k70 ! ]‘V(,n/z + k) N

A2k T I'mj2 + k)

For p and ¢ odd (¢3)* has double poles at A =-—m/2 —k and its Laurent
expansion ean be written as

v 0%(@) %)
WD @ = e Y T e T

+ regular terms,
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where L

(— 1)%(q+1)nn/2—1
4xf ! F(?"/Z + k)

(A.8) C®(x) = mka@) ,

(Ag) Oik]?(m) — (—l)(nlz—i-lc—]_)

27 nle+k—1) (2
Taas £ @

(_1)1<q+1)nn/2— Yy(pf2) —
41 [ n/2 + k)

: 7 F’
P O, e = 52

g

All we saui for (x 2) 1s valid also for (#2)* provided p and q are interchanged
and we replace 0@ (x2) by 0@ (—x2)= (— 1)¥6@ (x2).

Sinece the generahzed funetions which are of physiecal mterest are boundary
values on the real axis of generalized functions of compléx afrguments, let us
study the properties of the functions (22 4+ ie)* and (22—ie)t. They are
related to (22)* and (22)* by the equations

(A.10) (a2 de)t = (a2) + exp [ind)(a2)?,
(A.11) (22— de)h = (22)4 + exp [—dwA](22)A .

Note that for nonnegative integral values of 1 (22 de), (@2 —ie)? and («2)
coincide. For A ——k (k is a positive integer) we have )

(A.12) lim [(22 4 ie) — (@* —ig)] = 2mi(— 1)* ves (a2 )2,

A—>—I . A==k

Let us specialize this equation in the physical case p =1 and ¢ = 3. For
A =—1 we obtain

(A13) . lim (2®+ i)} — (a2 — i)t = — 2mid(a?) .

For 2 =0 using the Taylor expansion of (x®- ig)*** near 1= —n/2

(Ald) (et o (a8 i) (z + 127’) (2 - de)=12 log (a* & ic)

in the case k=n/2, we deduce | ~

(A.15) log (2 + ie) — log (* — ie) = 2mif(— ?) .

The corresponding formulae for (— a2+ ie)* and (— @ —ie)* can be obtained

by simply interchanging «3 with x%.
We conclude by giving the Fourier transforms of (%-- ie)* and (x*—ie)*:

(A.16) fd"m exp [tox](x? - ie)* =

_ exp [F i(n/i})g}(?_“;’)‘%"’zf(%ﬁ? + ) (6% T jg)a—mn
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In the unidimensional case we have

27 exp [ 4(w/2) 4]
L'(—2)

(A.17) f da exp [ioz](x 4 i) = (05)—41

and (£ —1,—2,..)

(A.18) fdac exp [iox](ws)* = - iexp[+ i(7/2) A} (A + 1) (o = de)™42,

@ RIASSUNTO

Si effettua ’analisi armonica delle funzioni di struttura dell’elettroproduzione, dopo
averle definite come funzioni su un opportuno spazio omogeneo rispetto al gruppo
spinoriale SI,,. In questo modo si possono derivare, con semplici ipotesi, il limite di
Bjorken e la legge di scala e si pud ottenere una regola di somma. Infine si connette
questa analisi ad un’espansione generalizzata sul cono luce.

3aKoHbl M0/I00M, NOBENEHHE HA CBETOBOM KOHyCe M rapMonmdeckuii amams wa ST, ,.

Pestome (*). — IlpoBoauTcss TapMOHWYECKHH aHanmws (QYyHKU@E CTPYKTYPHI JJIEKTPOPOXK-
HICHHUSA, KOTOPhIE OMNPENEICHBI HAa COOTBETCIBYIOIIEM ONHOPOIHOM MPOCTPAHCTBE IO
OTHOIICHUIO. K CIMHOPHOA rpynme S1, ,. TakuM o6pa3oM MOXKHO BBIBECTH, C TIOMOIILIO
IPOCTEIX IPEIIONOXKeHNH, peaen brépkeHa U 3aK0H MOM00HS, 4 TaKKe MOXKHO IOIYIUTh
NpaBUIO CyMM. BbIBOAWTCS CBSI3b 3TOTO aHajiu3a ¢ OOOOIIEHHBIM Da3jI0XKEeHHEM Ha
CBETOBOM KOHYCE.

(") ITepesedeno pedaxyuei.
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