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For th.. Pltst 1.1'11 y(,ars or so. t.11(' photoll st.rllcl.llr<· flll\l"tioll Ims cOllsi,krahly raised 

t Il('ord.iral allrl ('xp'Till\!'lItal illl.n!'sl.. F .... it.s poi II 1.1 i k(' portioll, tIl!' stroll!!; illl.r'rac ­
On the structure function of photon 

I.ioll rorr('rtioll t.o tIl!' Ff'fllli- W"iza,:hr -Williallis (FWW) appro xilllatioll ill QED was 

Zaixill XII" stlldi"rI hy IIsill!!; vllriollS IIwthous illrilldill~ th!' op(' rator produrt expallsioll II J, lad ­

TnIUMF, 4()04 W('shronk Mall, Vallwuv('(", D.C ., Camul.. VGT 2A3 d('r t('r1l11i'l""s 12]1111<1 I.h(' lIIoclifi"d Altardli -Paris i (MAP) (''IlIal.iolls 13,4] . It ha.s 
1)('('11 fOlllld I hal. tIl<' st.rollg illtcrarl.ion ..[crt ill color spar(' d,)('s Ilot lIIodify th(' Q1_alld 
d"l)(,lId(,II<"'·. bill. it. rhallges the I -,lq)('mlplI(,('_ Sinr(' tlll'lI lIIallY illtncsting parc r~D"parlllll'lIt of Physirs Illlri AstrollOlllY. Univf'fsity of Vidoria, 
hav(~ b(,(,11 pllhlisll!'d [5, G1 ­Victoria, D.C., Canada V8W 3P6 

Howl'ver , it "hollid II(' lIotir('d that ill 1!;"ll!'ral 1.11(' F\VW approxilllatioll incllldl's 


Abstract lIoll - lo~aril. lnllic I.('rllls alHI th('se to'r11IS arr~ '1l1it!' importallt for ('xp('rilll<'lll.ally rdl' ­


vallt Q2 vahl!'s ~ 100 G"V 1 17,8]- III this IlIlp('r, we illv('sti~at." tIl!' first-orrl('r stroll~ 

A 1!;"llI'ra I solut.ioll of III!' 1II0d ilkrl AItan·lli- P m-isi "'I II at. iOlls ill lIlOIl1( ' 1I t rr'pres!'l1- illt.cracl.ioll "[f'''' (III I.I\(' p'lltoll disl.rilllll.iolls ill Ill!' phol.oll by lI~ill~ tIl<' MAP srh('lIu '
1 


t.atioll salisti,'" by t.11I' part.oll r1isl.rihut.iolls of phot.oll, illrll\(lill)!; a )!;('llI'rl1l forlll of ill which 1.11<' J!:"I I<'ra I F\VW approxilllalioll is ... lllsid .... ,·,1. Th(' lIIast.'T ,·oplHl.iolls an' 


Oorll t.nlll. is oht.aill,·d IIY IIsill)!; tl ... \·arial.ioll nl!'!fir-i('lIt pro(·(·dllr' ·. Tho ' n'sult shows listl 'd ill So·r . 2_ III S('c. 3, W (' obl.aill tIl!' )1;""''I"al SOIIlt.ioll for the MAP (,'I'mlioll ill 1110­

t.hat. it. is \l('n'ssary 10 "pply 1.1 ... p;"Il<Tal SOIIlt.ioll 1.0 filld t.1l<' ;/' - alld Q2 -dq)('lId!'IIIT 111<'111. rr·prr·s(·III.;JI.ioll_ 111 11 spl'cial rHs,' il. ('all II!' ... ·d1l('(·d 1.0 th(' form which W;L~ fOllllri 


of phot.oll slr1ld1ln' fllllclioll. "sp('('ially for ('xp!'rilllelltally n·I,·vallt Q2 val1les . ('arli('r 13 ~ 51 . Th.. ~' · IIl...al sol1ll.ioll shows I.lml. ,'V"II I.akillg t he l('ading-lo~llritllllli(' 


Rpproxilllal iOIl of FW\V for tIl!' phololl st.rlldll ... · flllldio ll, th!' first -orrlcr st.rollg ill ­


I.('\"ad iOIl ,,[,,1'1 lIlodi fi( ·s 1I0t ollly i Is r-dqlr'lIrl"ll!'(' bill. illso its Q2 -d!'p"I"1(,lIre_III S('c_ 

4 , WI' illV<'sl.i)!;a t.( · rnr('flllly tIl!' sillglllaril.y of til<' sol1ll.ioll ami li~t tIl<' proc('rlm(' for 


tIl<' ... ·prwllldioll of I - d('I"""I"lIc(' of tIl(' parl.oll distriblltiolls ill tIl(' photol\. Filially,
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II. ModiHed Altarelli-Parisi equations 

TIl<' IIIOlIlI'lIt r"l .... ·s' ·III.al.ioll of tIll' ' ·'lllal.iolls sal is fi"d by tIll' ,(1Iark alld !\hul/I 
dist.rilrllt.iolls ill t.11(' phol.oll ('all I ... writ.II ·1l as 

rl N~ N'i" 1 N 'i rl H -q . (11,1) = rI~qfJ.., · (11 , 1) + -('n) . -, F /, (n,I), ( I ) rlt .., 11"' ,t q 

.J II" . Ii H 
Jt~ .., (II.I) = ,I~:'~,(II,I) + rI~/' C:,( J/,1) + ;-"2N, < t ,~ > JjF"h(II,I). 

rI. _ !I ' / ,. '/9 •FERM\L~.6 -;[/. , (11 . 1) _ rI" _, .., (11.1) + rI" (. , (11 , 1) . (2 ) 

o '99~ wh('r<' I = 1,1(/,i((P/!ll)/III(Q~/ ,\ ·l )) . III<' IIlflIlU'lIls of I. II!' ,'pliUill!!; flllldiolls or ti l!' ocr 
allo\llalous r1ill\f'IISioll 111,,1 ri x d'·IIIt'IlI.s ..all II!' f(ll\lld. for ' ·X;lllIpl(' . ill n,·q4] 

III this papn . as all ,· x' llllpl,·. w,· 1Is,' IIII' FEr distriirlllioll 181 ItS 1.11t' g(,IlITal Doni 

R'l t('rlll : 
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ql-d"lH'IIII"II("1' of II ... df,'c1iVl' »hololl al'proxililal.ioll ill qED (~ l"q2 / Al), 1,111. it. 

rhall~I's Ih!' .r -c!"I"'lHkIH'I' 11 - GI. Howl'v"r, ill t.11f' gl'llf'rlll ra.~I' I.IIf' pidllH' for I.he 

I'hololl slrllrl.lllf' flllld.ioll is '1l1il.,' di/f"I'<'1I1.. TIIf' soilltioll in E'I.( 10) alld (12) show 

t.hal. ('V('II for 1.1 ... I"adillg- lo.e;m·itlllllir ap»roxilllatioll tlw firsl.-on"'r st.ron.e; illtrrart.ioll 

ill rolol' span' a/f.'rl.s 1I0t ollly its J'-dl ' I)('III"'IICI~ 1,111. also its Q2-.lep"IIIIl'IlCl' . 

IV. Singul1lrity and polynomial expansion 

III ordrr to filld 1.\11 ' ,r-d"llI'llIklll. ,listrill1ll.ioll, w,~ us,' 1.111' IIwthod rroposrd f'ar­

li!!r [31. Aft.,'r fa..r.orillp; OHt 1.111' silll!;ular I ... havior at J' := 0 1.\11' distrihtllioll ('all Ill' 

exprt'ssr,1 ill a ,,'ri,'s of Jllcohi PolYllolllia1s. 

From E'I .(14), til(' righl.most ~ill.e;lIlaril.y ill III(' C"OlIIpl,'x TI-plallr of thf' mOln"lIts 

ol'rllrs at 1 - A~ = 0 or II = I.::J!JG (Nf = 4) [31. Howev!'r, to do this ill I.hr ~f'l!('ral 

,';L'" WI' shollld I", \,('!'y rarrful. III fad., a('ronlinp; 1.0 Eq.( 12), '1>(11, f) Imd G-,(1l, t) ,10 

1I0t 1"ISSI'sS sillgtllmit.y wlll'lI 1 - .\~ == II, 1",('allS!' 

_ , - (I-\,~ I' 
Ii III = t. ( IS) 

.\ ~ - + I 1 - .\ + 
" 

How,'v('r, if lIol.ill)!; Ihat. fl'::' = ()-, ,,;~., 1/ 7rb, d;~' ,,?," +00 ;lIld .\,~ 0- wlll'lI 

" -> + 1 Ilr A~ = +00, w,' Imv!' 

( .\ - _ dU" ) 	 ('.\~ r 
lim .... (1_(' -('-\~lf) +00, 

"_It (.\;; - .\!)( 1 - A~) (.\~ fl 

( " \~ f 
lilll " (1_(-(I- .\~)f)

.19 " 
( IG) .\~ = +00"_It (.\~ - .\~)( I - A~) 

It. IIl1'allS t.llnt 1.111' rip;hllllosl. sillp;I1I" ..il.), ill ('olllpll'x II-plmll' for IIII' ' ·OIT",·tiollportioll 

of part.oll dist.rihllt.if)1l of phololl o(,,·tlrs al. " = 1. Thus 1.111' distributioll ('all I", writt"11 

as 

_ .. l Ql .. 1 (t [R H. 112
:r'h(I,f) = ;'ql" Al.rf"h(''''f) =: ;'0'" A2 ,"fqh(I,Q) + :rf.h(·T,Q) , (17) 

,11111 tIll' strollg illl,'radioll rOI'!' .. l'Iioli 1.1'1'111 rnll h.. obl.ailll'd frolll till' following '1l1il.c 

silllpl,' forlllllla I!)I: (i =: 'I or 9) 

N 

f'/~( '/ ' ,Ql) == 2:C'..(ql)I''' , 
11:=0 

N 

CUll) = 2: b,,( (II )/I( 1,1/), 
'?''' 

/',,((11
) = 2:/I(.d)f,·/~(",(t), 

k=1I 

J'(I/, q = (-I )1+"(211 + 1 )1/1_(_' '_~ ( IS) 
(k )l( II - ~)I .

' 

S 

V. Numerical result and discussion 

III tl ... five- I.('I'III "pproxilllal.ioll, tl ... mdtkil'lIls C; (i = 0 - 4) for tllf' first-onll'r 

strollg int..'rH'" iOIl I·OIT.'rl.iOIl of 1.111' '1l1ark IlIld r;1111111 disl.rihlll iOlls in a »iaOt.OIl at 
q2 = 10, 101 , ](li G.,y2 <l[r list.,d ill Tllhl(' 1. W., wish to pnillt Ollt that tlll~ five­

1."[111 l'olYlllllllilll fOI'1l1 nUl rqHodll<"f: till' valllcs of I.he 1II01l1('IItS givl'lI hy E'I'( 10) 

ac.-mlll.dy. For 1.11<' firsl. sixt""11 1I101ll1'lIls of f':i~(.",(l) ('{ = 2/3, (F = 10 Gcyl), 
for ,'xalllpk, t.11I' diff,'rellce h<'tWN'1I the vah ... p;iv"11 hy t.11I' fiv,,-t"1'111 ('xprrssioll and 

Eq.(lII) is I.,ss t.hall I';{J, TIll' filII Dol'll (1'1'111 ."fq~,(J·.Q ·l) , cOIT.,(·tinn t1i~l.rill1ltioll 

I.f:i~(I.ql) alld t.hl' t.ol.al t1ist.rihllt.ioll :rf.h(.r,(J1) for till' nls,' of 'I = 2/3. Q2 = 

10 Gl'y2 an' showlI ill Fir;. 1. In Fig. 2, wr »101. 1.111' '1m1rk .lish-ihlll.ioll T f.h(T, Q'l) 

for till' ,'asl' of '( =: 2/3, 1/3 alld til!' .e;1111111 disl.ri hilt ion :r f 9h(T, (J1) at thr('r (,llI'rgy 

scaks. III our cllkullltioll WI' s<'t Nf = 4. Fi.e;. 2 shows that tIll' !!troug illt('radioll 

r/ff'rt. Oil IIII' .1" 111111 ql_,lq"'IIIJ,'II<"f' shollid 1111 Ill' 1I0t.in'd, ''SI)f'cially for tiar n 'gioll 

of f'xl'rriulI'lIl.ally 1'..\l'vallt (Jl vahws (~ 100 G"y2). 0111' of tl!(' most illl)lortalll 

fa.clors which f',lUSI' tlH' larp;f'I' "/f,',·I. is dllf' 1.0 all illiporl.allt ('ollt.rihlltioll of tIll' 111111­

lop;aril.llllli, · t.I'IIIIS ill 130111 If'I'lII ill E'I.( 4) . TIH' "olTf'('tion disl.l'illlll.ioll ('alls,'d by 

sl.!flllP; illlf'l'adioll , illllslr;IIl'd ill Fir;. 1. hils a slIIall positivr vahl(' ill tllf' slllall .1' 

I'('p;iflll alii I a rdaliVl'ly blrp;" IIf'p;alin' vahlf' ill t.11I' lar,!!/' I r('p;ioll. ThllS th,' tolal 

di~t.rill1\l.ioll illl'!'f'a,,'s ill sllllll1 .1' I'f 'p;ioll alii I df'fTf'IlS''S ill lar/?,,' T rrgioll dlll' to tl ... 

",reet of slroll)!; illl"r;,,·t.ioli. This n'sllit nlll Ill' illlnpr..,,!'d frOlIl Fig. 3, which ~hf)wS 

till' ratio of 1I101I1I'1It. of till' St.WIlP; illl.f'l'Ilcl.ion ('oITrcl.ioli 1.0 Dorll distrihlllioll . TIll' 

val1U's of ral.if) illl'l'f 'aS! ' as " iIlCl'!'!IS!'S. It illlpli,'s I.hal till' slroll)!; illtnaetiOlI I'/f(,cl 

lIIakes th,' '1l1ark ,Iisl.rilllltioll ill 1.1 ... photoll '1> f;oIling at 1arg" I \'lIt risill)!; al small I. 

W,~ call nlso SI'" frolll Fip;. 2 alld Fir;.3 I.hal. tIll' ,·ol'l','cl.ion frolll 1.111' sl.rollg illtl'[adioll 

do('s illl""';L~1' wil h 1.\ ... illCl'l'asillp; f'llI'rp;y alld al lasl. appro",dl t.1l a limil ,';L'!' (Sf'l' tIll' 

C1ll'VI' for Q1 = HI" Gf,V l ill Fi/';. 3), whi('h has 1"'('11 pn'did('" ill 1.\11' "aaly pap''!s . 

Acknowlege lI1ents 

I wOllld likf' 10 Ihallk IIII' Ullin'rsily of Vidoria, Prof. H . Fl'arill)!; alld ollwr 1111'111­

\'<TS of IIII' TfllUMF 1.lwory grol1p fflr I.hl'ir IlI'lp alld hospilality. 

References 

1. 	 E. Willf'lI, NlIfl Phys. 8120 (1!)77) IS!) . 

2. 	 C. LJ, 'wdIYII SlIliI h, PII),s . Ld I. 790 (El7S) 83. 

3. 	 A. Ni .... l"idis , NIII'I.Phys. R 163 (I!)S(I) ISG. 

4 . 	G. Altardli, PlfYS flf'\" 81 (19S::!) I. 

S . 	.I. HilSSill1 "lid P. Pillill)!;. NI"!. Pia", . nHl7 (1981) SG3: t...t.GllIl'k alld E.[/f'ya, 

Plays. flf'v. 028 (19SJ) 2719: Z"i xill '\'1. I'IIYs . H,,\, . 030 (]()S4 ) H4tl. 

(j 

http:I.f:i~(I.ql
http:ac.-mlll.dy


(j. 	 l'vl. FOIl/,IIIII"Z ;'lId E. Pillll', Phys . lit-v U45 (1992) 382; M. Gluck ,1IId 11( 'ya 
alld A Y()~l, PllYs. fl,·v. D45 (1902) 39SG; 046 (1992) ]!)73; J. Forshaw awl 

P. Hal'lilll<lll, PI,ys . ncv. 04G (1992) 3778. 

7. 	for ('Xallll'''': P. I\('ssl('r, 9th lut. WorbJwp on Photon-Photon Colli~ionj, San 
Di/:!}o, CaliJ., USA (March 22-2G,1(92) . 

8 . 	 .1. Fil'ld. F . hal'llsta alit I L. Poggiol, Pltys. Lt'lt. B181 (l98G) 3G2; Z. Pltys. 

C36 (1987) 12l. 

9. 	 Zaixill XII. TniUMF l'repl'illt: TRI-PP-9!J SU, JUlie 1993 (will 1)(' Jllll.lisll<'d ill 
Pllys. n, ·v . D). 

Tal),,· I: C()('tfjci('llts ()f till' nV( ·· lt'nll ('xpallsi()11 f()r tlw strollS illt(· ...lCti()1l corr('nioll 

of part 011 disiribliliolls ill a I'IHlt()1l f"/~ (i = IJ or g) at tI1l'l~' ('Iwrgy scal,'s 

qJ f:i~ Cu CI C1 C3 C4 

'1 = 2/3 0.017G ().3134 -I.G72S 2.4300 -1.3779 
lUGeyJ 11 = 1/3 0.0159 O.OISG -0.3IG2 0.5484 -0.3402 

Ij 0.1245 -O.7SG3 2.lU93 -2.484G 1.0434 

II = 2/3 0.042G 0.2G34 -19004 3.1434 -19827 
10J Gey1 II = 1/3 0 .0429 -0.2004 0.3300 -0.2217 -O.05G7 

Ij 0.229S -1.7226 5.0577 -6.2412 2.6!>52 

II = 2/3 O.OS-!3 -()0351 -12!>03 2.9493 -2.3133 
lUI G('Y" 11 = 1/3 0.0792 -0.5lU3 1.1!>7G -1.1448 0.2325 

-'. 
Ij O.3G03 -2.!>73!> 9.0720 -11.3GS 4.9443 

Figure captions 

Fi" I. FilII [lorll dist libllti()1l .rJ:/. (daslll'd lilll · ). COITt'ct i()11 distlilJlltillll fmlll till' 
tilst-ordl" str()l1~ ill/('rilcl iOIl .rf:i~ (da,h-d..t Ii III' ) alltl t()t,d distrilmtioll J' f~h (stllid 

Ii ... ·) for till' "as,' of 11 = 2/3, (JJ = 10 G,·V'. 
Fi~. 2. Total 'I1l;lIk distriblliiolls 1'11111 = 2/3 (al",v( · clllvl·';).ll = 1/3 (Iowercurvl's) 

al,d gltlllil dislrilJl'liolls ("Uri','., ill small .r ... ·~ioll) ill tl ... I'll<Itoll at (P = 10 (s()lid 
li ... ·s), IO J (LIsI ... d li ... ·s)' W' G,'V' (.101,11-.1"1 lill(·s). 

Fig; . 3. Til,· 1';11 io of 1l1011l('1ll ""ltj(' of till' ..oIT,· .. 1iOIl distl'ilJlltioli flOlIl strollg ill­
t. ....actioll to till' uon; ,btriillliioll ftll' III<' casc·.s IIf (/1 = 10 (solid Iii..,) , 1O'J (d'Lsllt'd 
lilll'), 10.1 (dash-dot lillt·), alltl 10" G,-\,J ((Iash-dol ·dot lilll·). 

'( 

0.4 

0.3 

0.2n 
"----­
0J 
II 
rr 0.1 
~,.. 

"- 11' . - . 

'X " 0.0 
. , 

-0.1 


-0.2 

0 .0 	 0 .5 1.0 

X 

Fig. 1 

.4 .20 
.. ­

.~. , -" 
" .­

/ .­
.3 .15 

/,.. 
I /-;;. 

'X " i .' " 
. / 	 ' 

L 	 2 ~' i· -'• I cr: .100 . / ..' 
,.. ~': ,.iT 

I:'X 
. 1 .05 

--:; : ~ ­

.00o 
00 	 0 .5 1.0 o 4 8 12 16 

X N 

Fig. 2 	 Fig. 3 

http:clllvl�';).ll

