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1. Introduction 

It is nov1 a well-known fact that the asymptotic bclnviour 

of the deep inelastic scattering is connected with the li:~hi; 

cone sinGUlarities of the current products. At firL;t :~uclt 

a connection has been established between the leading liJ·:ht 

cone singularities and the leading terms of the struoturr. 

functions /l, 2/ • 

In connection Ylith asymptotical frcr: fiolcl t.hr.o:cics /'J/ 

and conformal invariant theories operator product C}::pansions, 

valid near the light cone, have been postulated /J/ • For scalar 

currents (\<><) it looks like 

[ ] ' 0"'' ... ,. ... t< .. ), 1-<o, ~ .._ C..,. 0 c•> xr, ··· Xr• , 
(1.1) 

where the operators o,. ... r ... arc charact cri:> cd by :;pin ""-

and sca.le dimension IJ.,._ • 'J'he gcnerali:>ed fur\CtJ.0n:-. ("- oc1rr;; 

light cone singularities in decrcasinc order. FoT one pai·tiolc 

matrix elements occurring in the description of deep lnelastic 

scattering (1.1) takes the forr.1 

~pl[1lll) 1 1<cu]\p) ~ L (».tx'-) P,_c,_x 0 ,x'") 
)l"'-c,D 

(l. 2) 

Here P..._ are polynomials in X., of order '"rl. , p =- t~. g). 

For the leading termR a connection to the moncnts 111 
1 

,""-~ ... (Q,'-)"' ~;Anl"" 1 v(i,ll'> (l.J) , VJ structure functions, 

has been established / 5/ 

~ t.._-
jJ-, ... (QL) ~ (Q,_,h.(-o,J ch. (<('") Q

• ,_ 
=-'\ _,oo (1.~) 
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It ~;houl d 1w ke1)t in r~ind, hov1evcr, thnt up to now a light 

cone cxpan:;"i.on (LC") (1,1) h12s not yet been -proved from general 

nrinuipl~~; of q_uantw·; field theory, It is alGo unclear in 

nldoh CJ[l.th:.omnticnl sense the series represents the operator 

proiluct ( c, f.•, asymptotical series or series for generali''.ed 

Cunctions), Each point of view bears its own difficulties. 

LcavJ.n:; o.sic1 e the pro blern of LCE :for operator products it self 

'.'lc introduce on' the bnsis of a Dyson-Jost-Lohmann (DJL) 

:,.·t=prcse!ltaU.on the r;lobally valicl e:cpansion for the matrix 

clements of currents 161 

< PIC1t .. )}1to):l\p):::. ~(if~)"" ~1 ... (lt1
}. 

(1,5) 

In :;J>itc or soma Gim:tlarities with oq, (1,2) the clifforenco is 

that there in no apriori reason for an ordering of the light 

cone sinr;ularities of the generalized functions f~ ... (X~) 
lJocaH::;c C'rJ• (1,5) is primn:rily a Tnylor expansion \'lith respect 

to (XJL ::c:vcrthele s;;, it turn~; out that this expansion has 

a unlrccte .,s,yElp Lotlc connection with the slir;htly modifieil 

E!Ol!ll:ll t ~ 

.. 
/"'-> .... ( Q'") 

" ( t...-1 ( '~St.)-
) cl~ s 'vJ ti,Q") "\ + Q~ 

0 

... 
4- 0 ( ~·). ( 1. 6) 

:.:o:-c cliffir-ult is the investigation of the one-to-one corres-

po::J.dCJtcc bet\10en the lendinG liGht cone singularities of f~" 
ane the aG~'lilptotic behaviour of the moments 

.. 
/""2 .... , It turnc 

out that such a relation can he established if further 

condi tionr; on the spectral functions are imposed. 

4 
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2, Integral representations for ~1. ... ( )( .. ) 
.. 

and I" z,. c Q") 

following from the DJL representation 

In the following 'w'<'l,PJ ilenotes an invariant strnctm·-:~ 

function connected by Fourier transform to the j.nvariant s Coc,p) 

of the one-particle matrix elements of the current coru,JUb.tor, 

For technical reasons it is more convenient to don.l v1ith the 

synunetrized commutator C <.it', x") defined by 

( ) 
_ ( - .. <fc x, 1 il'-t x•') - <f ( x, -1 ;r• -t x•') 

((>Q, 'ft)C) - (_ ( ii', )(}I 

( 2,1) 

21 ~· -t x' 
1 

The DJL representation of C reads 

~ i~; 

Ctii' X') "'- .1:- .. ; " \ 9o<'J ~d~ Jo(.~lxt') Sa,: e. 
, '~•"'I .... 0 \i41~1. 

"'f, .. • \ (2.2) 
,14,>-)j 

It is essential to remark, that the functionnl ( C.~~.x'>, 'fo<'J) 

"'""'" st is an entire function of the variable 

this one has to taka into account that 

<pat~'> = ( {-)1. .. \ el .. 'J 1. <.~-Tli">). 'f (lc•J) 

belon~;s to S.,. (.It,) too /?./ , so that ....... 

~ • 'l'o nhow 

(2,3 ') 

\ ~ ·~~ ( ) ( C: ( ;(' x1 ) 'f c )1.')) = ~ 1. .) ll,U: ~ l "t c ~~ ;.•>, 'fell-')) 
2 

• ·t 
1 J '1•1l 1it1t 1 

'rherefore it is justified tha. t the exponential in C2, 2) can 

be expanded a.s follows 

'\2; \. z., ... ,, ...., .., z..... .. 
<cA.:'- "tcil >-'J = L- P~J J_ ( h tul "\f til>-") (2,5) 
) ' ~1.")! '2:n+1. ) I 

This lead:.; to the expansion of C. 

- -\ i.L" ..., h 
G (. x X") = - L l- , (.x) ~ tx'J 

I 'tl111 1 ... ) • 'tt.,.. J 

(2,6) 

vrhere 

5 
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0 ... 
~. ( >tl.) = ~ ... ( &(.>t~) ) a~ 1. (,.. "fX?) t.z .. l"'')) 
~~ vx 0 

(2.7) 

nnd 

p "' \d ..... 1. ... 'U. "l\1>\ (>-") ::. - "'(u.) -, ( lA ). .. ) 
2 .. +i. ) 

(2.8) 

A ren comroonts eoncerniHG expansion (2.6). It is valid in the 

Hnual seww nfter int e~;ration with a test function !fc><'-> to S.+ 

X.1d a-:1pc!'rs a's a ,;lobal ex]1ansion not restricted to the 

nci~;llllourhoou of the licht cone Xt. =0. It is simply the 

'r:-..ylor e:;:ponsion of an entire function and for thic; reason 

there i:J primnrily no oruerinc of the st:rength of the liGht 

cone Rin~zlarities in eq. (2.6). It turns out that the 

coe Cficicnts ~1..._ by integral trGlls:lorJJ:; are connect cU. to 

ap]1rar>riately defined moments of the structure function \v'c'I,I'J. 

·:re <1ei:Lnc such rnor:~ents for spnee-like momenta <l.t .. - Q' <. 0 

by 
" ( d t .. -1.. 

fAt...._ ( Q.") :. ~ 'I ~ 'W ( G', '1 l (2. 9) 

>ii th the :tC\'1 :;cnling va1·iablc "1 

Q' l t. 
~ = -... = \ (-\ -t- ~ \- .. 

2.\'\ I Q-.. } 

(2.10) 

As u::n::cl i = Q'/t, • 

Ylherc W -to. 

• 'rhe inter;ration runs over a.ll positive ") 

" An integral representation for /"tv.. can be obtninc11 Ly 

insertine the DJL representation 

'Wcll,l') = let~.)~~ ~h' ~ c~!- t~:'u.>a.- >-'')'If cit,"-') 
(2.11) 

into eq• (2. 9). From an investigation of the intecral 
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S clyt 'WcG.\'P~l'l)"' 211 Q"~clu .. )dl ~,.. .. "t-(.r,"-'J n 
\:Q .. -+ r'-+"' .. 1 .. 

A-. Ql..f~ ~ 
't' ( Gl .. -t-f't->-' 

we learn that thin oxprer;siou is v1ell defined for convcTr,cnt ,., .. 

integrations only. By the CV1tluation o.f the moments, hrmcvor, 
't>o-1 

according to eq. (2.9) "') plays tho role of the test 

function <:\>c'l) and gives co!1V'er r,ent >.1. integrals for 

sufficiently hir,h -n. • 1.'/e p,et 

00 A 

~ 

I" 2 .. t Q') 
:: ( Q'(' \ ch" ~~(A') 

o (Q'-t>.')2..,H 

with 

" t.l .... t>-~) ( a;'\.~)b '\fti::: >-"-il') 
'2. .. -t-1 J I , " 

(2.12) 

(2.1J) 

Another possible derivation of these relations starts from 

the DJL representation of the T-produot, uses dispersion 

relations at fixed values of Q't and expresses the moments 

as suitable derivatives of the amplitude 1 
" _11' __ -.:-_ 

,Mz.., ., ('2. ... )! 2'" 
l" 1\" T \ _, 

( Q'') W.'l Q'~i.v, '\ :t 
(2.14) 

From this approach it i~ clear that the above-mentioned 

difficulty is connected with the problem of subtractions. In 

the following it is always ansumed that unsubtracted represen

tations are valid, omittine the lowest moments if necessary. 

J. Connection between lir,ht cone sinGularities and the 

anym]1totic behaviour of the moments 

'rhc problem is no~1 to prove a unique connection between the 
A \. 

asymptotic behaviour of jACQ') for G: "'> 00 and the lir,ht cone 

behaviou1· of ~ ( l<') for .._•_, o which v1ould give a generaliv.a-

tion of the m~ll known results /l,?./ concerning the leo.ding 

terms in the Bjorken r(·eion an<l the light cone, respectively. 

7 
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J, [ienoralized function ~(X) has the 9 -limit of order ~ /2.f 

for )(~co if 

rt"Lt-t.>ri. (ht"> 1 'ft"') -7 U .. c,..,,'f,>Q) 
\ t, ...... (J.l) 

nhcre l\-t.) is a suitablu chosen Vloalcly rising function vri th 

thu property l!A~) /Lt~J ..,1. for t~oo • Definition (J.l) 

characterizes in a general way asymptotic power behaviour 

Jloc1i:fiou by weakly risinr; functions ( e.g., logarithms). A 

corresponuing cr'efinition \/ill be uned to uescribe the behaviour 

of generalized functionn as x _,o . 

In our case the asymptotic connection of the four functions 
,.. " 

~1~ 1x•J, ¥.. 2, 1,._,, 1 9..2, 1,..,1 and /"z .. (Q.') has to be imrestigated. 'l'hc 

11tarti.n.t.; }.Xlint are the relations (2.7), (2.8), (2.12), (2.U). 

co 

t (X') = ~ ,_ ( e(x'-J \ cl!,,t..Jo ( )o.."fii') ~~ .. !>.')) 
... O)l O I (J.2a) 

t.l ()..•) = ..i... \ elM { i1 >1" "t (it >o.'-) 
" 2"1\+1 ' 

(J.2b) 

i, <>-'> = ..L r a;: til''" "'t til >-'-il'J ~" 2 .. +1. ~ ' l 

(J. 2c) 

" ~h l"') (J.2d) " }At ... (Q')-= lQ.') ..... ~~" ... 
<.. Q'"t ,....)to. H. 

':to stuuy the chain of connectionn in each direction separately. 

J.l. Asymptotic behaviour of ~z,.lX') neaJ.' the light cone 

G." " implicn the large behaviour of J4r~ca~ 

Suppose ~:. (>C') to have a ~ -limit or order -(It,. -l) 

or 

~ t 1.->«-. L~1 t-t) ( t1,.t\'), 'fl'lt'J) = ( ~: .. t•'J, 'fcx•J) 
-~:.~ ... (J.J) 

then 

tv.;.. t-"" L-: !:\) ( "z ... lh'> 1 't!,..'J) = ( t~ .. u • ., 1 'I'!"'J) 
t~- , 

(J.4) 
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;tf' •. ' ., 

~ t~i . ( 
•' ' 

• 

which J,Je::l.lls th::t t.t., ~I'') ll:J. s the q -lir.Jit of o.r.·cler K .... :u; 

>..'-> "" • k> it hu.:; lJeca shmm 121 the 13-tra.nsfornatio.l (: .• J) 

maps the test .!.'Unction ,;pace s+ onto s+ which lt:!;cd,; to •.t 

corresponding mappln;; 0f the dual spacea (t1.,t,..11 'f'lK'J)= (t..l,.\~'1, '1'11 ,,..•>). 

~·rou this it follow'' th:J.t the existence of tho lii:Jt t in Otl" 

:;paoe implle;; the sane in tho transformed space. 

'L'hc next t;csk i~ to shOI'I the existence of th•l 9 -l:Lu:i.L 

" l..t .. {).'") kuowin£: the) '\-limit of ~ .. v .. '") • li'or this -rcnr,on of 

we consider the difCerenc;u of two functionals 

t-"" l-..:- (.'\c) l tt.,ltl'>')- i,_ .. ltl'')) 'f(l'>')) 

t -l(,. l-1. { _1-• ( l I. 'U. -o L I (D .. ~ )""'l" 
= " tt> ) 1M\ ~ "'" ~ t~AI tl') '- 'fo~·>- n ,...+ ~ > u. 

\i".:\ H (J.:J) 

- .._.,_ L "\ :\_ ) I -o I ~) '1.'0\ + l. ( ~I 1. I .. l =-t L-~-t>- ... W.l,u. )L\'~'"'ttu.t~''>lft}'..'"-te!i> 
n 'l.l\t\ '- I t 

~ 

t .... -

lil\H 

-'<,.-1 -~ I - t L" lt> (. t1. .. ,1.l-\.)>.L) 1 'ft)>.L))' 

Sufficient for the vaninhing of this functional and thereby 

for the existence of the ~ -limit of t 1,. in the assumption 

that the differences of the 9 -limit orders of successive 

is smaller than one. This in in accordance coefficients ¥~..., 
with experimental indications and theoretical models /!i, 9

/ 

In the course of the proof in the opposite direction the 

same concl unions could be done invoking po si ti •ri ty of 'W and 
A ... I~/ 

consequently ordering i"t .. +:t.lQ.•) {. rl .. lQ•). 

As last step it remains to derive the asymptotic ,.. 
behaviour of ;. ... (Q'> knowing the "' -limit of i..1,., (,...., • 

9 



~ 

Kccp:lnc; in mind that a generalized function is the N -order 

derivative of a continuous function we perform generalized 

S '"·' 111-1 -N-1 partial intc~rations in eq. (J. 2d), using bl><·'a> = ch ~~1+ Cl·'a>t 
rcw, ~'<-V> 

VIC obtcin 

.. ,Mt ... lQ') = {_-1)
11 (Q')a.... f1t ... ~~tV) 

l" l "1\1'\.) 

whc rc "tl·ll) 
1,. ~s given by 

"'" " 

~a" .. 

i l-11) 
1.. .. 

\ cl~ t~- '2) N•l 

o'-r,., t.z. ... l~). 

"l•ll) 

"-'1."1\.(~L) 
(QI.-t ,_o.}""+IIIH 

(J.6) 

(J.7) 

!row let us show that N can be chosen sufficiently large so 
"(·II) 

that ~ has a classical asymptotic behaviour related to 

the ord cr of the "'-limit of t • For this aim we consider 

b X " ~~~-~ " \ ,.,., " 
t.<-N> ,. ~ .& .. <:tw-oa> ~<.,> .. t" )d' t•<-~> l..th> (J.e) 

l-t><> o "ll run ' rcN> • 

For N lar~e enough the function (.>e-~)ti•S. is sufficiently 

smooth so thnt it plays the role of a test function. Using 

the definition of the ~-limit (J.l) we get 

or 

" ~ l·N) 
~ 
tN+ .. Lt-t> 

" (-ttl 
t. l •) 

A fl•l .. _1_ t "-t·h> J t><-ll+ ) -------'» Ct.o 
ti(.Ll-t> r,V> t~· 

'""'~ ~ c.')( ll>t) \o.,. x _, «> • 

It is now easy to evaluat~ the expression (J.6) for large 

by inserting the asymptotic form (J.lO) 

.. ~ (. ( Q_L) .... (-1)' 

II> .. •{IJ 
r t "'+" .. •> \,h.~. v; , L(~' 
rl""+•> 0 <a'+>-'>"'~'"'u. 

rz ... (Q') 

10 

(J.9 ) 

(J.lO) 

o..t 

,\ 
'f 

,.. 
110 • OC,.tlll 

::::. c. Q ....... l,.< G.'> Hi'' r (M'+"l \ tll s (J.n) 
rl"'\H) t (-HS)"'iN11 /""t..tG'l 

Therefore supposing for ~~ .. c:..') the 9 -limit ( J. J) on the 

light cone the asymptotic behaviour of the correspondinr, moment 

" tiC, 
;'-'l .. lG.'I ,_ Q. L,. c G.'> (J.l2) 

is derived. 

J.2. Asymptotic behaviour for large Q1 
of the moments 

determines the light cone behaviour 

Looking at the relations (J.2) and taking into account 

the foregoing considerations it is obvious that the existence of 
A 

a q -limit for t
1

.., implies the existence of a correspondinG 

9 -limit for 4t .... l•") • The mnin problem is to draw conclu-.. 
sions for ~l .. from the known asymptotic behaviour of ;t ... 
Let us write representation (J.2d) in the form 

00 

F < <A :..'l.:.:t,;,_, __ 
c ><) • ~ " l )I -t "C) 

(J.lJa) 

... t· .. ) 
..... \ •h , l'<7 

- (-1) ... ~ 
0 lX-1- 't.) 1 

(J.lJb) 

Appropriate partial integrations have been performed so that 
t· 10) 

~ is a continuous function. As starting paint we know 

the behaviour of l="c,.., for ><~ oo 

11 
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~ 
(J. 14) 

~-==c. ""<o 
X->OO x" '-< ><) 

'l'ho line of reasoning goes an follov~:l. In orc1er to Llcal ':litlt 

~}u. '\ -limit of ~(1:) \/C consiuer the sc'luence of functions 

"" 
Ft. l~> = ) cl."t: ':Itt"> 

-At-1- "t. 

rtu.> 
l= "t \l·) D 't" L~t) 

<\lt.-:_>_ ' "t\ T.) : -t;z;:_lt) (J.l5) 

'1'he re!> ··c, sentation gua:rantic H that Ft tq in a r;c'luence of 

.i'uuc tions holorntllrphic in the complex -e -pl=e with a out 

ctlonc the real negative a:cis. Decnuse of (J.lt) the limit on 

the ponit:ivc real axis e:.dHts 

- I< 
~ F-tt>0 = c ')( 
"t-l> DO 

Fco (>C) ¥- >00. 
(J.l6) 

For the investi,r;ation of the ~ -limit of ~ the )~tmctinnal 

( <3ttll) 1 'Pc><J ) has to be considered taking into account 

the knovm properties of f'cx) • For this purpose the complex 

:tnvers:io n fa nn ula /ll/ io applied 

(•h_t><>,lfoc))= 
2
1 . ~ ~Ftl·><-ti-a>- ft(-x-\~) 1 'ft)()) 

11\ ')~0 

and afterwards the limit t~ ~ performed 

tv;... ( ~tt><>1 lf't,o) = 1...2 . ~ ~ ( Ftl-ll-t·,,,-l'-tl·"-i')l,Y<l()) 
-\:~00 "Ill -l ... OO ')·>O 

( J. 1 7) 

( J. 13) 

=- .:L ~ ~ ~F-tl·"'·'~~- rtl·'IC-i~>,~<l<)) 
l11t -,-1 c t-'>oo 

= Al. ~ (Foo(.·'IC~~,)- foot·"-i'3),1f'(ll)). 
11\ ~-')() 

12 

In order to obtain an expression for ~ ( ~tl ... ), 'flkl) ... ..., .. 
containing the asymptotic behaviour of F<•) only, it i:J 

essential to interchange the limiting procedures in c'l• (J.ls). 

A sufficient condition allowing this interchange is the 

existence of the singlo 'limits 

~ F~<J> .. F .. t~> .. c ~" VAlitl -- -\_~« tul)'t&.._~ 
-\:_"')00 

~ \l=t l"~<-ti>ah'fl,.>) "'(ft{ .... ~\o),Vm) vll.li~ ~~~&Il-l 
~~0 ' 

(J.l9) 

(J.20) 

where additionally one limit, say the limit ')~O , must l.>e 

uniform with respect to t . Therefore at first one has to 

show that the sequence of analytic functions Ft tl> 

converges to the analytic function F.., li} ,. c.~"" 

For this reason we list the known properties of FCi, 

implied by the representation (J.lJ): 

1. l=t"J.7 is analytic in the cut plane 

2. F<lJ fulfills the estimate /lJ/ 

I F(i) I ~ ( ~ -t I'll"
\'il""' 

c' ", "' c.n.,lt..\.1. (J. 21) 

J. If ~ possess a '\-limit, i.e.,t-"1:\t)l~~·h>,'f(~J)->c, 

then by repeating the same reasoning which led to (J.l2) 

one obtains 

Ftl.) 

consequently 

.ev..:.. 
-\:,-")«> 

~"' Lt'!) 

Ftti) 
... = c. "i 

I "it.., ao , ~~l tn (J.22) 

(J.l9) 

13 
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Here we have assumed that the generalized constant lctc> 

occurinr, in the definition of the q -limit can be chosen 

n.na.lytic in the cut plane with Lt-h>fL1t> -+'i. for t_.,.., . 
It i~> importn.nt to note that the cxi:Jtence of a ~-limit 

for ~l~> correnponds to the direction independence of the 

asymptotic behaviour of the function Fci!). 

Of course a general function F1 011 given by eq. (J.l3) 

must not ncccsiliirily have the property that the asymptotic 

behavj.our r,iven on the positive real axis extends to all 

dil"ections. •ro inolate functions havinr, this property we 

restrict the class of allowed generalized functions 

by the adc1itionn.l condition: 

If ... 
~ 
-\:.-!>CID 

1 

\ 
'h.,;> - c. tl-r. ---- -
\t+'t.) 

0 t"' Llt> 

then there exists = integer N. , no that 

)< l-t.lo) (J.2J) 

'I \ ci ~ l'CI I l. t1 V><>O, Vh~. - "t 
t><llt) (:\~-,;)NoH 

0 

In the appendix it will be shown that this condition implies 

eq. (J.l9). On the other hand this condition is automatically 

fulfilled if the 9 -limit of the generalized function ~ l-r.) 

exists. 

Let us now turn to the limit (J.l4). 'fhe crucial point 

in the proof of the uniformity of this limit is the existence 

of a "\: independent estimate (J. 21). 

From the representation (J.lJ) follows directly lF(.,l-loa("' 
near the cut. This result together with eq. (J.2J) allows one to 

refine the general estimate (J. 21) as 

14 

1 -t lei 
v.tN 

t= (.!>' ~ 0.. I Ll"~>l 
(J.:'-1) 1~1"' 

so that 

~<.HI 

Ft ll>l f: b 1-+ l'!l 
(J. ;';,) 

I If\"' 

1s independent of the parameter t . This finishen thn prooj" 

that under condition (J.2J) the r,eneralized function has 

a q -limit. 1'his meann the observed asymptotic behnviour 

of the moments implies the exintenoe of the q-liraH s .Lrn 

the spectral functions \z,., "'-.t,. 

cone expansion coefficients {1~ 
and finally for thr) li~ht; 

if the space! of etllarred 

spectral functions is suitable restricted. 

Similar problemfl arise for the two point function 

"" 
G. (. -'{'') = ~ d.'\'w\. .. .... ~ . 

0"'(..,.. .. ) 

"tV\ .. + ({L 

and the vacuum polarization ( the latter written in once 

subtracted form) 

.1. 1ft-'\•) '\L 

00 

1_( 
11 ) L ..... 

<A..., t !i' u .. •, .... .., 
..... .. +., .. 

(J. ;.~6) 

(J.27) 

if the connection between asymptotic behaviour ett space-like 

momenta and their imagim ry parts is studied /S, 10/ • 

Both formulas are transformations of type (J.lJ) with po <.i tivrc 

spectral functions. Obviously condition (J.:'J) is fulfilled so 

that a one-to-one connection between the asymptotic beh.o-wiour 

far ~l->"" and the "-lirait of the spectral function cxints. 
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4, CoYlcl u:>i 0~1s 

From ::;cneral principle:; of QFT the existence of a globally 

valid '1';1,ylor expansion follows for the symmetrized com:nutator 

which bean; CJ. r:;rcat resemblance in structure to a light cone 

cxpan!>io:l, l~urthcrmore approp:ciatc moments of the structure 

funct:!.ons ca!'l b~ defined which are connected with the coeffi

cients of the '.Caylor e:-:pansion by integral transforms, As:>uming_ 

the 9 -limit on the light oo no the asymptotic behaviour of the 

l'lOl'l'mtB co.n be evaluated, The proof in the opposite direction 

i!; J,Jorc conplicatecl, In general no conclusion can be drawn. 

If horrcv,~r, the OJ pace of generalized functions is sui table 

restricted the existence of the q -limit for the light cone 

c:cpa,u;ior. co effie icnt n can be proven. In the case of positive 

E1pcctral functions ( Lehmann representation and vacuum pola

ri:>:o.tion) this condition is fulfilled automatically. 

'."'c ·;:ould like to thank V,A.I.Iatvcev, A..N.Tavkhelidze, 

A. Uhlraann c.nc1 n.I.Zavialov :ror discussions. Especially we are 

in<l.cbteLl to Gerd Lassnor for fruit:ful remarks. 
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Appendix 

l!er'l we shov: t!~c'l.t conL1ition (J,2J) imnlies the liJ;Jj.t (J.:'2). 

Let u:; [;tart with ( tiimply doaotinc N11 b;y N ) 

wher8 

"" l-Vl ... (-ttl 
Fe~)= Sch. -~ ~!!._ __ ,. \d"t. ~t~• .(t't"<w) ))1~1 

o (._ "t-t "ll UH O (i:~w)l'lil \ "t:O\ "l<"'li'a 

00 
-\.1 l-lll l -w-t ~u 
- ) ll"t ~ l"tl t-t w) L 

A ... \.."t-tWl l"t tX) 
I 

IJ-tX1 1. + 'c)' 

.... 

At. 

-· I( {t/"<1) A W-tl-1( A I( 
( l) \ 11. I ~ 

. ("t-tWl ~ 

(._"t-tx)•-t~l 

'.Chen the estimate 

I F \ L " I W~1) \ ~ .I l-\1) l NU A Nt1-l( A" I 
{ .. ) - ~ \ lt. .)UI"t ~l"tl "t-t'W) I ~ 

I( • 

W)O 

is valid., In tho followin~ a typical tnn1 of e1., :-;un ·,,11.1 u0 

discussed, ~ith ~c notation 

"t ~-.n 
c .I I ~ ('t1) 
)lfl"t. -- V A·~·A"• 

(-c,w) = I • "'-t"t,'w). 
0 Ct-'tW) 111+1 

we get .. 
I.._,'ft\ 'C ~~Lt"wl \ d't ~~:~' l"t-tW)tv-tl A ... A "'• 

0 I & 

... .. 
::. 1 IAt'C,W) Vt-,:

1
W) \ - .1__ \ (-.:. IArt,..,) th' 

""" I..( WI o '-'" Ltw) 0 cl" 
We apply 

\ 
-~~-- \,1. { "t1 W) \ I. ., 
w"\.t"'> 

"rJ W>'"'•, V"t t~.ll) 

~ 
"t ..... 

so that 

Vl'~:,wl = \ : 
.... ~1.. 

'na • 0 

17 



I 

I 

... 
\ "I .... I f. c ~ _..,_ \ cl"t. 1"'1 t¥ I : 

I L w'<Ltw) 0 ,..,; 

... 
c. "'" 11 \ cl"t. \ r"f.1 

0 

'!'he l:·., L i•ttogrn.l can be evaluated taldng into account tho 

!;eros "t; of ~ 
d,; 

<a~~==-v\ -1-'2.\v\-1-··· 
) d"t. "t=o "t="t, 

'i'hcrc e:;ist }'}: lcant th:rcc zeros "t; • In all cases Ve-t;) 

1:> l>ou,t6ct1 for all x>-s,w so thnt 

...L 

...,~ l(w) 
\ 'F ( '- W) I L.. 

) 
~ 

Apply1ng 'lor; I Ltw>/Lu>l '~ 
lTC finally [;Ct 

\ - _'\ - F(~) I <. ~ 
a"Ll") 

{...- W=l~l 

J:ou v:t~ :uc abl<e to prove the convergence of ~="t lb • At .Lirnt 

\'le mov: thot Ft (l,) i" uniforr.tly boUnl0d ior a E> ") l'.nd all t. 

f l .. \ Ll~t) l \ 1 ' tl1.> = 'l I -Ll L H. " Fnl) I. ~"' -~ 
lo) (. tlJ l) 

l'l in :1 compact ro1;iou of the l plane contn.ininc rt part 

of tht) po:-;itivc real x:in out no point:: rrom the neGative 

a::i:J. Conse!lut,ntly, Gtll> == Ftll>- (a'< 

\ <3,tl) I < ~-

fulfills 

ror all ~E>"} and all t • Decause of tv.:,.. <3ttt:)=o 
t.,~ 

valiil :Cor the submn.nifold. of the positive real ax:Ls, a well 

knonn theorem fl
21 on ann.lytic functions tells us that 

~ 
t-+«~ 

~-~:ll) =O for all "2: ~~. 
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