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-I- Introduction 

Acrortlillg t,o t,hc QCD t.hcory of strc,ng int.c~rncbions, tllc Y( 1s) clcca~~s I)rc(lorxiilinntl~- 
into hadrons via a t~llru-gl~~c~rl int,rrrrlrrliatc> Stilt? [I]. ‘T) I(‘ tlrrny int.0 orw photcln and 
two gliions is also allowc~tl [2], t 111, is silppr~swd l)y a factor C~((Y~,,,/~V~) comparwl to t 

t hc (1, Bminarlt, tlccny, whpr(> crcrrr and o’,, arr the> clr~ct,rolrlngrlct,ir and t,lic strong colll)liIlg 
collstants, respwtiwly. 

(1) 

where rh = -$r is t,he clect,ric charge of tll(: h-(Illark and the AIS r(~~~orrnali~;~tic~n 
sche~rls at, 0’ = (0.157 Ali) = 2.2 Gc\” is usctf. The large QCD r.c,rrwt,ic)lls affcytillg 

,--aF 

t,llc 7.9.9 arlcl s-9.9 clwa!- widths IlPitrlJ- canrrl in t,his rn tir) , SO thilt, il rIiCasiIrclnl~nt Of 
n y should allow a rrli.ablc drt.f~rmina t,ion of (Y,, 

-. 

In i~tldit,ion, t,lic> sllnpr of t,llr clircct, phot,on s~)wtriirrl cc~rlt,aiiis iliforrrlation OIL 111~ 

lion-alwliag st,ructurr of QCD. 111 fact, t,hc lowest. or(lu prrtllrl,a ti1.o c.alculatic,n I)rr- 
clicts [2] an almost, lincnrly rising spu.-.trimi in 2 = EY/Er,,,,,, with a sharp tlccrc>asc at 
t = 1 ( in analogy-to the tlrcay of c~rtllo-~)osit,rc~llillI~~ [4]. A siunma tion of leading log- 
arithmic contril)il tions to all ord(‘rs iI1 prrt,llrba tion t,licory pcrf~~rrwd 1)~. Phot,iatlis [5] 

- yic>lds a slight, soft,rrling of t,h(> spectrum compared to [2]. Tl iis sprc:triim. howrwr, is - 
still qllitc similar t-o t,hat. obt.aincd 1)~ lowest. or&r QCD and peaks closr t,o z = 1. 

A cnlcula tion her Field [6].1 )r( ( i( 1 I’ ,t .s a miicli softer spectrum using a partori-sliowr 
RIont,C Carlo npprwimat,ic)xl to prrtnrl)a ti1.c QCD that rstimatrs t,hc rffrct of thr 

self-coiipling of gliions. Thr t.wo gliions recoiling against, tlic diwct, pliotori ilCC1llirP 

a non-wro invariant mass by radiating furt.hclr l~rrrrlsstr;~l~l~~n~ glllons. This l~n~ls to 
a siipprossion of direct pliot,ons with clncrgics clos(~ to th(> I)OilIrl cnrrgy. yicltlilig il 

spcc t,riml wit.11 a ma?timilm at, 2 z 0.7. 

Data sample and detector 

The dat.a used for this analysis wrc collcct,od wi t,h t hr, Cryst.al Ball tlctwtor at t hr> 
r+c- storage ril g I DOlUS II and rcprcscwt, an inbcgra t.ul Inminosity of 17.1 & 0.4 pb-’ 
bakcn on t>he Y( 1s) reS0Ililncc, corrqonding t,o 153.5 x 10” obwrwd Y( IS) dccnys, 
and 19.2 f 0.5 pb-’ t.akcn in the> cont~inllnm. 

The Cryst,al Ball detector, tlcscribed in det,ail clscwhcro [7], is a nonmngrlctir 
cnlnrimet,cr desigwd to mcasi1rr prcciscly t.hc cncrgirs an(l tlircct,ioIis of elwt,roI~iag- 

.-. - netically showering pnrticlcs. It,s main part, (t.ho Ball) is a spherical ~11~11, ronsistiug of 
672 opt,icnlly isolntc~d NaI(T1) crystals. The! Ball cowrs 93% of t,lic ont,irc solid angle, 
two holes being lrft. for t,11c beam pipe. Each crysbal 11ns the shape of a t,runca tccl tri- 
angiIlnr pyramid pointing t,o t,lir r,-+ c- intcrilc t.ion region and projrc t.s a radial (list ancc 
of 16 radiation lrngt,lis (corrcspontling to ahoilt, onr rillclcar intcrnct,ion lcngt,li). 

Showrs pri)duccd bjr high crlcqy (> 1 GeV) rlort,rons and photons in the Ball 
&posit, aborlt 9-4’X of t,hrir rnugy in 13 acl.jacrnt, tryst als in an alI11oSt. symmctrir 
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- pa t.trrn, rcsdt.ing in an rncrg\r rcs)lilt.ion q;/E = (2.7 f 0.2)%/~~ and a11 
angdar r~solut,inn f)f abo1~6 2”. 

Muons and cliargtxl lli\<lrC)llS t.lia t (1 0 not ilrldrrg~) a stroilg intcrart.ion clcposit 
rric’rgy 1)s ic)ni7atif)n only. RJinilln~rrl ionizing Ix3rt,iclcs rlt>posit. tj’pirillly 200 AIrI it] 
onv or t.wo rqstals. If an cnrrgrt.ic l~atlron illtoracts strongI). wllilc trn1~(*rsing tlrc Ball, 
tllc tlf~posi tctl cncrgy is in grlirral r~lllrll lnrgcr ttlilI1 200 hIc\’ and tlict 1)” t.thrri of t.hc> 

IIndrorlir shower is q1iit.c irrcgillar corriparrc~l t 0 t.llilt of nn rlrctrc)rrlngrlrlti~ showrr. Tllr _ 
tlirrctions of chargwl part.icl& c~iilrqing from t,ho c+,z- iIltrrnrtic,rl rrgion arc rwi~silrrd 

1)~ a set of prnpnrt.ional wirr chi~tr~iwrs Iota tr>rl insitlr tllc! Ball. Tllr cllaltllwrs consist 
of 800 i3lilminilm t.lilws, assrmld(~~l in 4 c~lintlrical ~101~1~1~~-1;l~c~rs ilrOIlll(l t.hr Iwarrl I)ipc. 

Event and Photon Selection 

Backgrnuntl cvcnt,s from tllr QED prorc’ssrs e+c- -+ P+P.-(y) and C+K - y-~(y) 
gc3ncrall.v cont,ain t.wo high clnc!rgJ’ part,iclcs tlcpositing almost t.hrir ent,irc cncrgj- in 
t,hc Ball. In cont,rast, it. is I&). Ilnliktl~* in ~$7.9 cwnt,s t,lla t, n part,iclc othrr t,hnrl 
t ht, dircc t. photr)n cloposi t, a la rgr amollnt of cncrg.v in tllc Bijll, since t11c two gll~ons 
fragment. irib sc17~ral hatIrons. lnost. of w1lic.h (lrpcwi t OIII~ part of t,hrir c~norg~.. 11.r 
tlicwforc rcquirc a mu1 t,il)lirit!. A’ I,“‘(ir.lr~ 2 3 aIi(l an rrrqq- clrposi t,ccl IJy thf sworifl 
most1 cnergotic pnrtirlc 1.0 Iw less tllilll O.G5E(:\fq - 0.5Ellnll. Tllrsr ril t s rc.jt>ct, alm( 6 t 
all QED hnckg round cVcnts. wllilr lrinirit aillillg a lligl\ t>ffir-ic>ilcy for y.q.9 rYcnts lip t.0 

t.hc highest. y rncrgics. The small QED l);lckgrcwd st.iil loft, aflor t.llis srlcction is 
sill)tjr,7ctd at, a ln.tf:r stag? of tlic> anal!3is using continililrrl d;3 tn. 

Photbn candidat,cs arc sc>l(>ctc(l frolu rrlrrgy cliistc>rs in th(> rnlorimc>trr l)j, rcqllir- 
ing z = E-,/E rjcnn, > 0.3, a dirwt~iorl wit,liill tllc g(~oiwt.rical nCcf!I)t,iIIlC’C of t,hc: t iilw 

chamlxrs (I cos 01 < 0.8(l), Ilo tlllw rhilIlll)Pr tril(‘l< nssociil trci with thr cluster dirwtirln: 
and a la t.cral energy distril,iit,ion consist~~nt, with that, cyc~ctrd for n singlr clrctrornag- 

nct,ically showc~ring particle. The last, cllt, is rhosrn ra tllrr loo~c ns the lnt,cral rncrgl 
tlist,ribnt,ion of the. phot,on candida tc!s will tx ~lsccl t,o discriulina tc the $’ backgronntl 
in a later stage; it, is, howwr, dfrctjiw in rr\irioving intc>rart,ing hR(l~0IlS arid most, of 
t,lic? overlapping showers. The rcsldting spcct,rum of phot,on candida tcs is shown in 
Fig. 1 as the solid hist,ogram. 

The cfficienc~ of the cvcnt, and pllc)t,on srlrc:t,ion is drt,c~rmined using y.q.7 Xlon tc 
Carlo rvcnt,s prcducccl with t.hc Lund 6.3 grrlcra bar [8]. The grncrat,ccl cwnt,s arp 
I)assd t,hrough a romplcte (ICtrctcjr simllla t,ion, which 11~s the EGS 3 program ($11 for 

rlcct.rons ant1 pldc~ns arltl t.l\cx GHEISHA 6 program [10] for harlrc~nir intc>rnrticjns. 
Thr R1ont.r Carlo rvcnts arc t,hc>n a11a1y7ml oxactlj’ likr the rr;lI (1;) t.il. Thr cffcirncJ-, 
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sllcjwn in Fig. 2, is smc~)t~ll and ratllcr flat. wit11 vali1f3 of at lcast, 50% in tilt> range’ 
0.35 < 2 < I. 

Background Suthaction 

TRIP l)ackgrcwllrl clur t,o rontinnnm prorrssrs (c+c- - q;i(y) and rclmaining QED 
cwwts) is dct.crmincd from data t,akon in the urarhp continuum, which arc ;lnal,1-7ccl ; 

cxact.ly like t.11~ (-)u-r(w~r~ancc~ (latn. Tltc contin1111rIl data, s~alwl I))- tllr lllulinc)sity ra tie 
and corrcctccl for the cncrgy tlc~wriclcricc of the coritinl~i~ln cross src,ticjl\, arc shclwii in 
Fig. 1 as the dot,t~rcl llistograrll. This roritinil~~in sprctriirn is t,hen Slll)trilCt.C(l from tllr 
on-resonarire sprct.rllm of photon CRrl(Iidi~ t.c5. 

Tht hnckgrountl rrmaining afffw thr r:orlti~lulm~ sul,trnction is t~li~irll~~ cl110 to high 
cncrgy 7r “‘s w11crc thcl t,wo tlccay photons arc so rlosr t,o cavil ot,llcr tlla t, t.hc slif,wcrs 
ovc’rla1) and apl)rar RS n single cricrgy clllstcr in t,lic Ci3loTitllCtCr (‘liic~rgml ire’s). T~YI 

-.-- 

mrthocls aw iiwtl to corrwt for this l~ilckg~0~l~l~l, wllirh (Ioiilinat,cs 611c spctrilrrl for 
z < 0.5 (scllid points in Fig. 1): il stat,isl.if.al ;IrlillJ*SiS of the sliowcr sl1RI)c (nictlic,cl - 
1) ant1 a RIollt,c Carlo cnlcl~littic~rl of tllc l)ar.kgrc)uncl (nlc~t,llc,(l 2). lBot,r) tllat, prcviolIs 
iriwstigatiruis [ll, 12, 131 of t.1 .! 1 Ir ( ircct plloton siwctrilin llnl~ cssrritiall~V foll~~wccl t.hr 

srcc~~ld approach; t,hlls our first, ~1l(~t.l\ocl provitles an intlcpcntlcnt, chcrk on the: slli\pc 
of the I)hot,on spcct,riiin. 

Statistical Analysis of Shower Shape (Method 1) 

This method [14] Iitilizrs tl Ir’diffc>rcnt tlist,ril,iltions of t,hcl sqilarcd angldar width 0’ 
of t,he In t.cral onugy dist.ril)ntion of pllot,c~n arid rrirrgrtl 7f” sliowf:rs [15]. In order 
t,o calciila t.c the second momcwt c-)‘, w first, clrt.rrrniii~~ the contcr of gral.it,v f7 i,f thr> 
showor from ?’ = (I./E) Ci liiE<, w11fw thr sum incliltlrs all crystals of tlir shownr. 
E rltric)trs the t,otal stifwrr rilqg-, Ei is tllc cwrrgy in t,licJ j’h cqstal and ii; is tlic 
unit, wct,or point.ing to it.s cc>iit,rr. The> wluc of 0’ is then calcllln t,cd wit,11 (-1’ = 
(l/E) C;(T-- 7{)2E;, whcrc tl IC siliri again is owr all crystals of the slicnwr. 

Tllc lat,cral shower cxtc>nsion of R lligh rncrgy in’ is on ilVCrilgc? largrr tlia71i t,lic 
cc~rrcspc~ncling valnc for R singlr phot.011 of tlic same c!l\rrgy. Since t.hc two photons from 
a 7r” comf) clowr wit,11 iricrc~asing 7r” (7lcrgy, t llc rc~liilt~ilit~~ of a statistical tliffcrciltiii tioil 
ldwwri phot,ons arid 7rO’s is rnrrgy rlqwntlcnt,: while t,lic avcragc (07) \3li10 for 7r“s 
is nlx)nt, t,mire as large as t,liat, for I)liot.olls a b E = 2 Gc\‘, t,llo diffcrcncc shrinks t,c) 
n.hout, 20% at E = 5 Go\‘. For rach z bin (At=0.05), t.he 0’ dist,ril)llt,ion for on- 
rcsonr?nce data is calc.ldi\t.cd, niitl t.llc corrcspon~li~~g tlist.ribnticx1 for continuum (tat B 

is slll)t.rqrtd. Dile bo tho sensitivity of t,his mc~t,llocl to the ahsol~lt,r 7rTTo cnc’rg!-, 0111~. 
t.1la.t part, (‘7.9 pl)-‘) of the rorit.iriiillm tli3t.il, which was t,akrn .jllst, l~clow t,hc Y (1s) 
rrwnanc-c, is used for this slll,t.raction. 

The resulting (3’ tlist,ril)utic)ns for Y( 1s) 1 .( J, ( cc7 ‘5 arc 1 hen fit,tcxl with hloritc Carlo 
0’ clis t rib\1 t,ions fc )r ~~hot,f-~IIs ;tIltl mcrgd pions. The rxprr t d dist,ribn t,ic-)ns f( jr rlirrc t. 
y’s have hcen cxtracb-d using phot,oris in Monte Carlo ?,q,q cvcnts, whcrras tlicw 
for To’s hiIT'C IXCtl 01)t ainfd 11). iI~lill~7iIlg rlPlltril1 shower clcpc6it,ions iii hfontr Carlo 
t.lircc-gluon and qq cwr1t.s. All RIontc Carlo ovcnt,s haw hccn passccl t,hrc~ugh t lir 
cr)mplct,r rlrt,cctc)r siiririla t,ion clcwrild ahw. Not,e that, the 0’ distriI)iitic~ns for x0’s 



.-. 

- -. - from 7vIc)nt.n Carlo and (latn ;~lso cont,;\in small cc)ntril)l~tions from :~rriduit~l owrlap - 
of cxnrrgy (lqwsit,icpns and from sirlglfl pliotolls from well-scpnrntc~tl X0 clcYi1~S; tllc 
lilt t?r ccwt,ril,ut,r a tail towards slliall v:\lll(vi of (3’. Thils sf:paratctl X” clf\Ca!-S ;Irr 31s) ~. 
i~i~lil~lcrl in this analysis. 

Thr fit, rrsult. for the 0’ clistril)lltic,rl of l)llot~c)11 callclitln t.cvi with scalul fwcrgic>s 1~ 
tvwn z = O.GO iltld 0.65 is ~JIC)WII in Fig. 3. n\. rrI)ril ting t,liis fitt,ing prorcduw for i111 
rllr\rgy bins, wc) can split, i,lic f:oIit,inilii~r~-slll,I,r~~rt,~(l spv.-t,rnrrl of photoli canfliclitt,f5 on __ 

a st,at,ist,ical basis int.0 n pliotori spwtrunl ant1 n 7r” hnckqrc~uncl sprctrllm. To rninimi7c ; 
t,lic cffcct of st,a t.ist.ical fliict,ua Gory wc fit, t,tic x0 spcct,rum wit,11 211 csponcnt~i;~l func- 
t.ion, shown 3s tllv solid cIlrl*p in Fig. 1, ant1 slll)t.r;l(*t, t,llc> fit result frown t.hv sprv-trnnr 
of photon cnnclitl:l tcs to grt thr pllot~on spcct,rlun. Aftclr corrwting for t.hc rffidc~rl~>., 
w’r ol)t.;tin t,hc final phot.on sp~~t,r~m shown in Fig. 4. This mct.hcd is rffrctivt in the: 
rrgion z > 0.35; at, lowr crlcrgics t,hc> hackground of ~~(~ll--scI)nr;l trd l)llotous from 7” - 
decays prcwnts n good mcnsi~rclncnt, of thr numlwr of tlirvct phot~ons. ,.-- 

Monte Carlo Calculat,ion ( Metfhod 2) 

ln this 21lill\.SiS [lC,] tl lc Iil(‘lC~T~~l1Tl~I frown otllvr Y( IS) 1 ’ 7’. 1 ( f ca. 5 is vstirna t,cd t)y rnoclc~lli~ig .- - _ f.hc decays T(1.S) - .q.qg - hnrlrons and T(lS) -+ (I? -+ hdrous wit,11 t.hp Liintl 
gpnrrat.or [8], arifl Y( IS) -3 T+ T- d(‘(‘i1J‘s with (1 QED gc:ncrn tar [li]. Dct,cct,or rcsponsc 
is again sirniila t,ccl as for t,hr RI0lit.c Cittlo c\-clrlts disc~isscd nhf)vr. In t,his analysis 
wt 11s~ hnrflcr ciit,s on tlio lat,or;tl SlIiI1)C of the sllowcr of photon cnnclitlatcs. This _ 

-srll)prcsscs the in’ l);tckgrc,llnd 1)~. nl)ollt. an order of mngnit,nrlr, t.hlls dccrrasi~~g ct11r 
rrliancc ori llie i\Iont,e Carlo cstinlntr, hilt. also during our cffif*icncj~ for clirrct, photons 
hy ahnt, -407&. 

Tile cncrg;* slwctrl~m of pllot,c~n cantliclntcs from RIoIitc’ Ci1rlo oI-c~lit,S is SCill?d to 
t,lic appr0print.r luminfeity anfl, togf~tlicr with t.lic contiunllm sl)cctrilltl, is siihtrnctctl 
from thr ow wsonanf-e spcf*t,rilrri of 1)1i(~(on rfirl(liclilI(5. The rvslllt,ing clircct. pliotorl 
spcrtrllm, rorrcc:t,wl for rflirirncy, is shown in Fig. 5. This nlCt,ho~l is rffrct,iw in t.hc> 
region z >_ 0.50, mlicrc wc arc riot \.cry srnsitiI,r to tlrc cl-nlilntion of t,lir Rl0nt.f: Carlo 
d’ 1)nckgrountl. 

R,esu.lts and Conclusions 

The two direct, photon spectra ol)taincd iIl?OIFC ngrco wvll \vith cadi ot,hrr with a 
~r~nfidcnce level (CL,) of 58%. Tl lr spectra arc corriprcfl t,o the prrdictions from 
lowest, order QCD [Z], Photiatlis’ mo~lcl [‘I 3 ant1 Field’s model [G]. Fits wit,11 free owrnll 
normalize t,ir)n yirltl t,he x2 vnll~c~ given in Tnldc 1. Bot.11 spc tra are in good ngrwmcnt 
with Field’s mcdd wibh CLs of 61% and 01% for t,hr slwct,rn from RIcthocl 1 and 2, 

. rtyv~cliwly. The hard sIwct,rnm prrtlic.brtl by lowest, order QCD is clonrly rulcrt out, 
(CL < 1.4 x 10-’ for both spectra), as can hc swn in Figurrs 4 and 5. The fits t.0 
I’hotindis’ modal yiclrl CLs of 0.9% and 0.14%, wspcctivcly. We concluclc th;t t Field’s 
mcdrl is strongI>- pwfcrrrd over that. of Photii~dis. 

Wr use Field’s predict~ion to cst,rapola tc the spoct,rn t,o t = 0 and ol)t,;tiu t,hv 
nnrnlwr of (lirwtJe phot,ons st.n tul in Taldc 1 . where t,hc first error is st,a tist,ical ant1 
t.lic second is syst,rmnt,ic. Thv systcln;j tir error for t,hc> first mct,hotl is csbimn td 1)~ 
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Tahlc 1: Rcslllts of fits of the two photon slwctra to thcorc~tiral ~tloclcls 

-_- 
Fit h4odd l.o.QCD [2] Pl~ot,iatlis [5] Fidd [6] Firltt [6] 
Fit, Range x2/dof x2/& )f X2/d’ )f A’,( 103) 

hIc~tllorl 1 2 > 0.35 40/13 28/13 ii-/p-- 3.7 f 0.3_‘:;-~ ,-- 

AIf? t hcd 2 2 > 0.50 41/9 27/9 J/9 -1.3 f 0.3t;:: 

- 1T’c comhinc tlic rcsillts from both Irl(~t,llo(ls and c)l)t,;til, for tllc tot;)1 nllrrll)cr of 
phot,oiis iki,~ = (4.fl _t 0.3 Jr 0.5) x 10”. - .- _ _ Corrvc.ti1ig tllc niinilwr of ol)srr\d liaclronic Y 
(lCva!-s for hntlroliic r>fficirncirs clrld Slll)tril~t,iIlg t.ho Colltril)i~t,iorI of Y -+ q$. ~+cy- ’ Y.9.9 
dways, w’f’ ol)t,nirl-for the n\linlwr of Y ---+ g,q,q tlcrays [11] N,,, = (1 47 & 1 & 6) x 10” 
ant1 tllrrefore n ratio R, = NY/N,,, = (2.7 f 0.2 * 0.4)%. Inserting I?7 in (I.) y,-iclrls 

- for the> st.rong collpling const,ant, iJJ the MS rCrlorJnnlii,;ltic,11 s&cIrlc at Q2 = 2.2 G<*\“’ - 
a WlIIC 0, = 0.25 f 0.02 * 0.04. 

‘fhc reslllts of t.liis arinlysiS arc coliiparrd to thosr o\)t ainryl 1,~ prP\.io~ls csp(:riIllc>llts 
in Talde 2. T!lc shape of our spc-trlJJn is cc~nsistvnt wit11 tll(bsr of ARGUS [II] a~J(l 

CLEO [12]: 1 111 in tlisngrwnicmt with thn t illcasilrr(l 1)). CKSB [In]. Our spf>ctrliJJJ t 
confirms with l)et,t,cr rncrgy rc5ollition AnGUS’ reslllt t,ha t lowrst oulvr QCD clots 
Ilot. dtwrihc t,hc oxprirwnti~l phot.on sprct.r1inl. Onr valilcs of n, a1Jf1 ry,,(2.2 C,(:\‘2) 

arc‘ also corlsist,ent, wit.11 t,hc> rcslllts from tllr otllcr r.ul)criJJwJJts. EsrllJtling tlJo CUSB 

JrirnslJrrrnrrit, WC obt.ain an avmngr of R, = (2.77 f 0.15)%) and r,,(2.2 Gc:\‘~) = 
0.24 -f 0.02, whcro t,he errors inclntle t,hr st,atistirnl nrlrl sjxtc\Irmtic rrrors. 

Table 2: Comparison with ot,hcr exprrimwts. The rnrrgj* rcsoll~tir~ns of thr rosprctiw 
mlorimct~crs arc given for R photon mug\- of 4.5 Gc\‘. 

Expcrimm t 
CUSB [13] 

Q/E Shape R, (n) - 
- 

~~(2.2 GoY2) 
3% Hard 12, S] 2.99 -f 0.59 fl,22fytO.OGi - 

-n ill? . .- 
CLEO [12] 10% [G] ass,-mod 2.54 f 0.18 f 0.14 r).27+;.;;t;$ 
AIlGUS [l l] 8% Soft, [6] 3.00 It 0.13 f 0.18 0.225 * 0.011 rt 0.019 
This rneasnrcrnent 2% Soft. [6] 2.7 f 0.2 f 0.4 0.25 f 0.02 zk 0.04 

In concliision, R new analysis of t,ho dirrct pliot,ori cricrgjv spcrtriini from Y (IS) 
clccnys hy tllc Crystal Ball cxpcrimrnt, rdcs ollt thr hard spectra prmlictctl t)y lomcst 
ordtr QCD, hilt. is irl good agrcrrnrnb with the softor spoctrllm I)rulictccl l)!p Fidel, 
who irlclllclcs ai1 f3tiJrJnk of t,lict wlf-coilI)ling of gll~ons. This sllggc5tS Slll)~t~ilIltiitl 
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_-. 

- cont~ril)utions 1)s higher or(lrr QCD cc)rrcctiorls. Ollr va111c of R7 = (2.7 zt 0.2 f 0.4)‘%: 
rcslllbs in rv,,(2.2 GrV2) = 0.25 f 0.02 f 0.04. This vnl11e of rr, is consistmt, with the 
rrsiilts of ot.licr fly, rncasurcm~~lt~s at, highrr CJ2 va111cs [I 9: 201. 
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Figure Captions 

Figurt 1: The orl-rrsonanc~ rncrg)- sp(‘ct.rllIn of photoIl can(li(lat,es (sjlid histogra1n), ; 
t.ogct.hor wit.h t,hc s~nlctl cont,inllnm spwt,rmn (dot,t.ctl histogram). The +’ spcc.trllIu 
is shown as solid points ant1 is fit ted with a11 ~xponrnt,i;~l shapr (sc,licl cllryc), SW the 

Figure 2: The t,otal efiicirncy for t.llc: (lctwtic,tl of clircct. phot,ons frotn the> tlcca~,. 
- V( 1s) --+ ygg. This efficicnry applies to the analysis according t,o mc~thori 1 (Stnti,.~tl,cd 

.- - . AtsalyGs); for mct.liod 2 this c!ffic~ic7ic~ is rducrd 1)~ alwilt, 40% dlir to harder ciits on 
t,lic la t.cral shape of photon showers. . 

Figure 3: An exnmplc of R simdt.ancons fit, of t,ho 0’ dist,ril)llt.ion of photons (clashed 
lint) and 7r”s (dot t.cd line) t.0 tlic O2 dist,ril)iition of t.lie photon cnndicla t,cs with 
0.6 < 2 < 0.65 ( crcjsses). The solid lint is the slim of the two fit t.ccl tlistril)lltiorls. 

Figurcl 4: The dirrct, phot80n spcctrllnl after c:fficic:ncy cr)rrcct,iorl ol)t,aincd 1)~ slll,tract- 
ing t.he on-resonance l~arkgronn(l using thr 0’ fit.t,iug prcwclurc dcscrild in tllc text 
(method 1). Tl _ 1 t le ( a .a are fit,td t,o Fidd’s modd [G] (solid linr), t,o Ph~~t,i~tlis rrlotlcl [5] 
(clot,t,eti lint) and t,o t,he low>st orflu QCD prcdict,ion [2] (clnshcd lint). 

Fignrcl 5: The clircct, photon sprct,rnrn aft,er cffiriency correction ol)t,nined 13~ suhtrnct- 
ing t,hc on-resonance hackgrolmd wing R RIont,e Carlo simulation of the t)ackgrouncl 
(mdhotl 2). Tl IC ( 1 -I are fitt.cd t,o Field’s model [6] (solid line), t.o I%tiadis rnoclcl [5] _ 1; t,, 
(tlot.trd lint) and to t,he lowest odor QCD prediction [2] (dashrd lint). 
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