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ABSTRACT 

,,.e present data on energy-energy correlations ( EEC) and their related asymmetry (AEEC .! 

in c-,-c- annihilation in the ("entre of mass energ~· range 12 :=: ,,. :S -16.8 Ge\". The energy and 

angular dependence of the EEC in the central reg:ion is well de::uibed by O(a;) QCD plus 

a fragmentation term proportional to 1/,·'S. Bare O(a;) QCD reproduces our data for the 

hu·ge angle region of tl.e AEEC. :\on-perturhatiw effe,t::o for the latter are estimated with 

the help of fragmell!ation models. From Yarious anal~·ses usin{! different approximations, we 

find that \"alues for A~\75 in the range 0.1-0.3 Gc\" gin- a good description of the data. 'Vc 
al~o compare anal~·tical cakulations in QCD for the EEC in the back-to- back region to our 

data. Tl1e theorcti(al predictions dcscrilw well both the angular and energ~· dependence of 

the dittn in tiLe hC~ck-to-hack regiou. 

1 yp.s<t !.) .4_qS·T).:.X 



I. I?iTRODCCTIO'\ 

Thl" cuerg~·-energ~- correlation (EEC) is a mens~trcmcH1 of the euerg5 flow intP 1\';,, 

calorimeter cells subtcnding solid angles df1 and dfl Of particular interest i;. the aYer· 

age EEC [1 obt.ained by integrating over their orieutatiom hut keeping the angle_\ lwtw(·ett 

them fixed .e. 

1 dEc 

u dcosx. 
= _ '\"' _ --.- _;ri;rjd:rzdxj I j da 

(T .t_.... dxjdX jdCOS_\ 
I 1 I 

where the sum runs over all possible pairs of part ides in a given final state and Xj = Ei/ /S 
is the fractional energy carried away b~- the i1h part.icle. Be\.ause of th(' weighting procedure in 

(1 ), the energy-energy correlation is infra-red finite outside the region.\ = 0, r.. Measurement 

of dEfdx does not involve any ad hoc jet. definition or isolation of specific event topologies 

which are difficult. to incorporate into the theoreti•al description. 

QCD predicts that at sufijciently high energies the correlation around 90° is dominated by 

single hard gluon bremsstrahlung and is therefore proportional to the quark-gluon coupling 

constant a 5 [1 ]. The effects of gluon emission are enhanced, and t-hose of fragmentation are 

minimized in the forward-ba,kward asymmetry (AEEC) 

dE A 

dcosx_ 

dE'Ir.- x) dE'Ixl ---
acosx dcosx 

In the lowest non-tri,·ial order, the perturbative calculation yields)] 

1 d~A 

uo dcosx 

d"Ec 

uo dcos-;t 
a~ F(x) 
T< 

05 
A(x) = 0~:F(r.- \l- F(x): 

7f 7f 

121 

{3.a) 

13.b) 

F(x) being a function •ontaining the angular dependence. while the <·nerg:.· dependence 

is implic_it in. the v~ria_tion -of the ·iiit.f.9Jlg cQupling _co_I1Sta~lL 

Second order correctiotis hav(' been calculated b~· two groups independently :2. 3i. Their 

results can b(' summarized as follows 

1 d~c 

O" dco.~\ 

Os . o~ R I . 
-F(_y)[1..,.- co~~ \J. 
rr 7f 

1 d~A a 5 . a~ , 
--- ~ -Aix)!1 + -Ro.<yiX)J 
1.1 d(:.O$).: 7r 'IT 

{ 4.a) 

{-l.h) 

The values for Rcorr and Rasy lll('asure the importanctc of sc\ond order corre•tions. ?\ole 

that Rcorr(X) -.... 10, Rasy "'- 3 [2,3] so that the perturbative expansion nmverges for the 

asymmetry faster t.han for any other jet measure investigated b)' us so far. 

]; J .. ;. ,: •• I" ;;,·;, 

:..-1\'-"•'•·r, I· !· 

Ti,:- 1 ··-~nlt' lt· • i.d•~·- ... 

F: \-',' rr \ 't 

\-:! ,/ <·,, EJ:(' H• ,,,fr ;Htari,,tL r;ll!wJ tltHJllllt('J:'fl<lttte! 

'1• . .. ::•· 

., f ~ • 
•> ..,IJ 

' -· . ' ' ':1•·:- Tlw ;,\-a1);oi•J!' )'!lit«• ·']"'((· tr, f ,J·; l . ~ .f . 

,,,ct;"J' .,f :],r· <"l<''Il-' __ \· !'''""lntiou p<crauwter ( !!iw~tl L:-· 

,, ~ f L -~~-_l_L . c 
G ~(I - ~ J. '-

1 
2(} ·-CO.<_\_) (5) 

The tenn pnJ]J'llti(>lti<]Tf> r i;;, !'_Yllll!lt><ric m1<kr tlw exrhitll~e _\----> 7f-). (Or equivalently 

____, 1 - ~ ). Tlwrdor'· tlw C'->rn·:-·jJ'!lHllli!; fun{"tion for dw ns,\·mmetr~· has the following 

dependel!C(' on r 

_.1( \"· r 1 =' .-1.(\ J- O(t
2 J I G) 

Pow("f corrections of a perturbatin· nnture ;df<·ning the AEEC are quadratic and not 

liu("ar in the (;llcrg~· resolution pnranwtcr c These result~ arc only slightly changed if O(o;) 

effects are iudnd<·d :5). Beclluse of the infra·rcd staLility exhibited b~· the AEEC, we expect 

it in additi011 !o be weekly scusitin· to fnJ.guwntrttion effects. 

The a how- propertif:S oft he EEC n.ud A EEC in tl1e central <>.ngle region (30° :::_. X ..¢ 150°) 

make them J,.~tter suited to test low urd··t perturbatiYc QCD than any other kno\vn jet 

measure. Sew·ral experimental studies ha,•e ],e,:n published :s, 10.11: making both qualitative 

and quantitative tests of QCD hy usiug th(• EEC and its asymmetry. In recent ~·cars. PETRA 

h<<S prodded luminosity in au energy range iarger than tint! used in previous published 

analyses. An experimental study of the belti<\·iour of the EEC and AEEC iu the total energy 

range uow aY<tilable and a study of fragmeiLiiltion effects in the highest energy reached so f;,r 

iu ( · ,.- aunihilati(!ns. s~·(•m !" 1:~ (Jf gl(c<tl interest as a furtl,er kst of the Yalidit,\· of QCD. 

l"p to HO'-\" we ha\··~ di:.-c;,~scd tiw EEC <turl AEEC iu the C(•utral angular region as a 

nwr:ns f(Jr leering iow order p('rturbflti-;·p C!CD. ThP rt>!!i(>ll~ :war\ = 0 and\ :::: rr. where 

s•,ft r:mltiple ·-'iHC•Il p,c\j;,til)ll i~ iiujJ'>rtaJ:t. l:itll <t,•o ],(· n~r·r\11, tPst QCD to all order~. 

It h;,~ ],ec:, ~~!O~n< th<ct tl,e EEC ~tl~,, ,,jf,-E. iu priuripl•·. 11,,. J!'•~sihility of testing higher 

order QCD effect~. b;: lnd:im: at fln~i,·- \ (J ~-.-j,,:lf· r11lod:t~i<,!:~ ;,, the ](';,ding hJ!;arithmic 

<<PJH·•·xin,;!lic,IL !LL.-\1 ·.·;f'H·;wrf.-Jruu··l f. ,,,,,\ \ -:. ·.·.·;,•·r'· :•· WIT(' ol>tftil!e(l ·r·· based 

uE th1· drmbk lo;.:<tritinuir <tj•j>H>~:il11<<7il>::. 

Tl<(' expe!iuwr;u,l ".-urk ,\,:w i:1 tl,;~ fir-:,: i.:> ,; .•. PLl_"T(J ;,u: CELLO rollftb<Jrittions 's: 
]u,~ ~lHJ\'."Il tb;,t <tl ew-r:;ie~ j>H'S<.'lltl_\· h';;,j];,;,]e qtVt!tlili:tiY•· c••l::;,;t~:;.,,n~ i,f'l,':eeu d<tta and 

tlw<>!"Y <•n· dii:irnlt. :"\rw e<tlcllh.!iron.'- },_y Cr,llin,. httd S<•]WI. ll;;,i-::J!,;! no.r of rt.·ur,nnalization 

~roup t(·chuiq·•e:.- to ol>t<till lt]Jprc,xiull!l" JT:ulto- <tl ;d] ur<lt:r~ il, :·•·:tnrl>htioiJ theor~· :9. haY(' 

r('nnn·rl iuH·r,·st iu tb(· EEC f(or d,(· lJild:-tro·lJ;,ck <"":di!;Hr<ttil>!t • \ :.: ;;- J. \\"e ban· therefore 

ltliitlyzrd I!Ul" d;:IH 1\C('IJ!"(Jju)!.!,\·. 
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II. THE DATA 

The experiment was performed witl1 the TASSO detector at PETRA. Detail:;- of the 

det.ector can be found elsewhere [12;. The data used for this anal~·sis were taken in the peric.d 

1980-1986 at 8 c.m. energies in the range 12 ::2: ,!i :::_ 46.8 GeV (see Table I). The bulk of th(' 

data is centred at ,;:;: = 14, 22. 34.8 and 43.5 GeV c.m. energie~. Hadronic final states from 

c+ c- annihilation were selected using the information on charged particle momenta measured 

in the central detector. The selection criteria for charged particles and for multihadron 

events are desc.ribed in (13j. Basically. a charged track has to have a momentum component 

transverse to the beam of p~y :> 0.1 GeV and a cosine of the polar angle of icosOi < -0.81. 

The r.m.s. momentum resolution including multiple scattering-is u1,jp = 0.016(1--i-- p2 )112. 

with p in GeV. The main criterion for multihadron e\'ents is based on the momentum sum of 

the accepted charged particles, :Ej Pi > 0.265(2Ebt.am ). 

Only charged particles were used in the analysis. The EEC was determined using the 

following formula: 

,-
1
-- L l::qx;C(cosxij- cosx) 

l'ievenh events i,j 

(7) 

where Xi = Ei/ L:j Ej and Ei has been calculated assuming the particle to be a pion. 

The dat-a we:re c:or:r.~~~d.Jor initig.l st.at-t: r!l!iiaJion, selection criteria, neutrals and de~~ctor 

effect-s using standard' Mbftt(>---- Carlo techniques [13:. In the central angular region, the cor­

rection fac-tors for the EEC are close t-o unity for the lov·:er energ~· data sampl'es, decreasing 

t.o around 0.9 for that at 43.5 GeV. The back-to-hack region is more affected by initial state 

radiation and det.ector effects than the central region. The correction factor is large (around 

1.8) near x = 180° falling off sharply as X decreases {around 1.1 at ). = 155°). 

\'Ve- have studied the infiuenc.e of the correction procedure- on the final results. In particular 

we have investigated how the .correc.ted dat.a is affected b~·: 

cuts applied on-the ra,\' data, 

differences in the fragmentation models used for calcu!atiug tht> correclion factors. 

di-fferences in t.he values of the parrtmeters (includirLg _\)used in the fragmentation 

models. 

\'\"e estimate the uncertainties on the measurement of the EEC and tlie AEEC to be below 

10 % .. 

Ill. RE5t-LT5 

III.a The EEC in the central region 

\\"e show in fig. 1 the correc.t.ed EEC distributions at 14, 22, 34.8 and 43.5 GeV. The 

numerical \'alues are given in Table II (in inten·als of cosx) and Table III (in interYals of x)­

The drop with energ~· of the central plateau. in contrast to the slow logarithmic behaviour 

expected in perturbation theory (3,4). indicates a substantial fragmentation contribution to 

the EEC. To take it into account we use the following parametrisation [1] derived in the 

context of a parton model with energy independent average t-ransYerse momentum < PT > 
and an energy dependence of the a\·erage multiplicity of the form < n >= B + C ln( /"S) 

dN I ~ 
dcosx_)frag. 

C < PT > 
Jssin 3x 

(8) 

This parametrisation is itl agreement with ~...tonte Carlo calculations for the energy and 

angular dependence of the two-jet contributions in the central angle region (5). In fig. 1 we 

see that a linear sum of the 0( o.;) QCD term given by Eq. ( 4.a) and the simple fragmentation 

term ( 8) is enough to describe the energ~· and angular dependence of our data, proYided we 

stay away from the regions near.\= O,r., limiting ourselves to ;cosx: < O.i. The values of 

the two pararneters obtained from the fit are l\.Ms= 0.325:::::0.025 Ge\' and C < PT >= 0.86 

::::: 0.05 Ge\·. l\"ear .\ = 0.1r multiple soft gluon radiation becomes important and a di-fferent 

treatment is tH"Cessary. Assuming the parametrisat.ion in (8) to be realistic, the fact that the 

perturb<ttiYe expansion for tlie EEC docs not conYerge fast enough because it still could get 

appreciable contribution from hip:her orders. would imply that the value for AMS obtained 

nbove can he considered an upper limit for the true value of AMS' 

To display the drop of tlw central plnteau oft he EEC "·ith the energy, we have plotted in 

fig. 2 the EEC data integrated owr the region 60°-.: .\ < 120° as a function of energy. The 

solid line represents the prediction of 0( a;) QCD plus fr<~gmenf at ion term (8) which describes 

t!Jt- data well. Tht> broken line indicates the contribution of QCD alone. The cun·es approach 

t·ad1 <•thcr <•S the {'!lergy incre<~ses. \\'e are awareoftl1e f;,ct that the approach adopted is naiYe 

aud limited iu scope. It ~ern•:; ho\W'\'er to w·t an e~tinw11· of the fragmentation contribution 

to tlw EEC'. It alst• illustrate:; that iu 1mler to de~cril•e the (·eutrnl nup:lc bchaYiour of our EEC 

datn. iu <Hidition to the pcrtur\,atil·e re~ult~ on!~· a two-jt•t fraguwutatiou term is needed. 

In fig.. 3 WI' pn·st·ut tlte AEEC' 11s a functitHJ of CO-'\ for -1 differ£>nt energies. In contrast 

to tltl' helnn·ionr c-xhihitPd J,~- the EEC. tl1e as_nnmetry Yaries W'ry slowly with c.m. energy. 

lt1 fart the solid lim· wa~ obtnirl('d by a simultaneous fit of the O(u;) QCD predictions ( 4b) 

to ;dl -1 distributions in tlw rt·giutl CO$_\ O.IS. For tl~t· tmly free parameter i11 this fit we 

nbtaiu -\:v:;;'-= 0.1:?5 --:-0.0::?2 Ce\'. The fact that the qeD predictiou does not describe the 

data at CO$\ uenr l is t'XJH'C"1ed siure this is the regioll dmuiuoted h~· multiple soft gluon 

hrern::.:;tra!Jlllnp. effect~. 

\•\'c bill'(' plt•lt1·d iu fi~. -l tlw AEEC t!ata iutq!rated 0\"1'1" tlw re~iou co.'\ 0.75. T!tr 

iut(·~ratl'd asy~tnJJctr_Y cx!Jil,ib 11 Yariati"u ,\·itlJ cut. nwrgy rousistcut with tlw lo~nritluuir 



hdnn·iour of Otni) QCD I ~olid lim•). 

To p:a.ir1 further insight into the dept:rJdem'l' witb c.Ju. energy of tl!(' AEEC. we plot our 

data ir1 ntrious r<'gions of CO,'>.\. see fig. G. There i~ practically u<o energy dept'ndencc for 

CO$\ 0.9. For sm.all asimmetr~· angles. hoW<'\'Cr. we obsen-e a stronp: \'ariation with the 

c.m. energy, indicating the dominance of hnl·jet fragme11tatioll effects. 

To estimate the importance of fragmentation dfr·cts in the AEEC for angles 30.., .:;-; X ..;5 

150°, we compare our data with fragmentation mudd~. For this purpose. \\'C concentrate 

on the high energ~· data {38.4 Ge\' 5 \\" ~ 46.8 G(-'V). A Einlllar anal~·sis of TASSO data 

at lower energies (33 GeV 5 \·V ::S 36.6 GeY) c.nn be found in :11~. \Ye consider both the 

independent fragmentation scheme of Ali et al. !14: «.nd the .<:triug model of th(' Lund group 

:LJ:. Second order corrections are included ar discuss('d in;&~ using (f,b) cut-offs to separate 

two- from three- and four- jet e\'Cnts. In fig. 6 both fragmentation models are compared with 

the AEEC data at 43.5 GeV. Both fragmentat.ion schemes reproduce \\·ell the data over the 

whole angular range. Fits t.o the data in the region cos.\ < 0.9 yield \Hs= 0.165 ± 0.028 

GeV for independent fragmentation and •\Ms= 0.30;)::: 0.045 Ge\" for the siring model. 

In Table IV we show the values of .\MS and tl1e corresponding l'alues of a~ at. Js 
43.5 GeV obtained from the different approximations discuss~d so far. The systematic errors 

include, in adition to those from t-he ('orrection pro('edure, other un('ertainties from ihe choice 

of the (€,0) parameters(--- 4 %) and the angular regions used in the fits("-' 6 %). 

The fact that using different approximations giw:: different ,·alues for AM 
5 

deserves com­

ment. The uncertalnties in the values of A M-S are due to our poor knowledge of fragmentation 

effects. At- present the~- are not. understood from fir:;t principles. All fragmentation models 

giving good overall desniption of the gross feature:- exhibit<-d by multiparticle final states 

predict non-perturbatiYe cont:ribv.tions to the AEEC to be llf'gatiw !I !J. Therefore the l'alue 

for AM S obtained fptirtl,.fiHing the A-EEC data to 0( o~) predictions should be considerered 

as a lower limit. for the true value of A MS' Those ¥:-.lues obtained from a comparison of the 

AEEC data to the two models considered prol'ide us "·ith llll educated guess of the uncer· 

taintil"s due to the dl"tailed wa~- in wich quarks and gluons fra~ment. In terms of the strong 

coupling constant they are of order 15%. see table n·. 

).1easurements of AEEC at PETRA have beeu carried out by the CELLO. JADE. MARK 

J. PLL'T? and TASSO collaborations. The values, of .\JJ.>· obtained from !h(' abol'e analysis 

can be compared \1·ith the results of the MARK J and PLl"TO collaborations itO], where a 

similar treat-ment of 0( a~) ('Orreetions "·as used. tlzey are iu agreement with the measurenwnt 

of this paper and also with our previous work at 34 G"'\. c.m. energy !11: Our estimatiom 

for .\AJS are also in agrel"ment with those resulting from the nnal~·sis of the pl<tnar triple 

energy c.orrelation (PTC) done by the MARK J C<Jllaborati<m )9·. 

III.h The EEC in the back-to-hack region 

For 1·er;· small and Yer~·large angles C\:::: 0,.\-:::: ?T]. thr EEC datil <"an no1 he ch·serihcd 

by low order perturbative QCD. In this angular r<"gion not <ml_,. hntlron formation but also 

multiple soft gluon emission has to he taken into nrcount. In this St'<'lion \\'('compare our 

-~'--~---~--~~-~-~~ ""- "'---~ 

dod it ill t)w l,;,ck-t"- \,;"-k ~q-'I<JI: ·.·;i~lt it]>]'11>:,::iw<J1t· QCD ,,,J,-l!]atinn; '8 fot IYbich ;J! 

DHl<·r~ ill (t_, \W'JT 11•1'<\. 

The f,rwu];, f,,r t]J,. t·n• r!-',1-('Jl<'II'.Y rorn·];,tH>It fnurti,,I~ •c:r: use;'): is un exten~iou to al! 

rt•l('l'ant lug:nrit.lnu:- of tlw LLJ\ r('sult I. It r"tH<tills tw<• tr·nw-. a qeD part. and a parton 

uwdel rorn·rti<,Jt dt•:.;i~rlf•d to ;u·n,ul!t ffJt tbe fr<tgl!JC!lliltiou dfe<"ts due to lm1· energy final 

~Iitie particJ,.:,. (tlJOs(' with ''lH~l'f-'.Y £ Lelow a rr·rtitin cutntf Eo!· Following i91 we call 0 = ?T·-). 

thr· arollirJeCtrit~· Hllfd{' l,f'tW<'('ll two particles((/=: 0 beiug tb(' back-to-back configuratiou), 

aud q :oc- ,;:;; thr' total C('JJ\ff·-of-m<t~-" C'lWll~." of tb(· auuihil11tiou process. The formula reads: 

/ ,-<~ 
[ 

1 d~ 'j 
-;; dco50 QCD u lico,..FJ 

E £'2 
--'-~-_2_4(0)~- ·-~:-

Q < Pj [ ( Ei 2 ) ( Ei 2 ) l f -:=-T~:.sin B - J -:,~-2-_ 4sin (0/2) 
-- PT r - PT.:> 

(9) 

The constant A.(Oj is dt>lim•,l as the :r --> 0 limit (:r = 2E/Q) of A(:r) =I: A xdA;a(x.:Q2 ) 

where dA/a gin·s the probiihilit,\' that a part on of type a will dccay into a hadron of type .4. 

carr~·ing a frartion :r of the p!ll'1on's momentum, and< P} >is the mean squared hadron 

tranS\'('f~e lliOJW'll\11111 witl1 1'1':-p('ct to t!:e jet axis. \\'e have used !9, 18] .4(0) = 4. Eo= 0.4 

GeV altfl ._~ Pj ···= 0..15 G('V:t. Th(' functioil f is giwn by: 

' 1.' ' J(::) = ::-~ y'ic-y 

" 
dy (10) 

The partu11 JU(>dcl concnion is not imjw:tant when Q i~ lurgc or (i is ~mall and it does 

uot afft·c1 our analy:c-i~ of tlH· k,,k 1o back n.nfi~urati(IJJ. The nmtribution of the ]o,,· energy 

pnrtid,-.~ for sr:1all (/ i~ acroullt('d for by tlw t_~CD p<1rt. 

TlH, QC'D ·eru1 i~ fur1lw1 di,-id\'d int(> two par1~: 

- 1 d::. o' / ,., - ik /.---: - . 
-~-- (/-lH TH(kQI-1(fi.Ql 
1 _.-;:- ~ 

(11) 

rr n'ro.'/1 ~()(']I 

\Yitl1 J,.T = {J.';nrUI :'t 'J. Th(· f!•nri•·!· t:·;,n~f"!l!Jh~iou iu 1111 1•:ill allow tlw separation of 

Jl'rlurb;,ti\-t' !;,!If\ r;dculabJ,., f't"l!' w-,,,_p,·rtn:·L;,:jy,. QCD f"Olt1rihutio:J~ 1-11 small H. Tl1e first 

t t·t!ll <lll tlw ri:.2lJ1-hitnd ,:idt· ('<•lll ai11" t \w -=oft br(':ll~:-: ;-;,]llUliJ:-!. p!J;·;,i,·~ a:Jd i,!i \'('~ th<· dorninan: 

ro11triLution ;_,t suwll H. Thl' ftrnctifJil }. pH•\·id•_·~ a curn'niou ~o that the usual perturhatiYe 

re~llh is obt;tit,•d ff>r iiH).dr·~ iu th(' cr:ntral n·~ion. Tu orc\Pr n .• 9-. it i:< till" fmKtion in Eq. 

i 3.;, 1 plus a tenu which caJJ('f'l~ tlw diYCfi-!:enn!s w!J,:u H --• 0. 

The functi<Jll '11'1/,.Q) cau b(' ntlrulatcd perturbatil't?ly. but tlw calculation is nnreliable 

for ];,rgl' YCth::::_:~ of tll(' impart paramf'kr / •. (I• > /_, 11111 ,. sa,\' J lit order to den! ll'ith tlwsO? 1\';u 

n•giou." of b. Tl. is writ1en as tlw pn>duct of a perturbnti\'(' fan or aJJd o non-perturhiltil·l' mH': 

11'( /,_ Q I 11·! I• •. ({ )/', r-tr:rp 
,, 2 

/nf q- Qr1 JJJ 1111 - hi/,·, ( 12 J 



- ~-' - -..-- c.-·-· .__, --· 

where ~- ~ ,, ll -/,'2 r.;JlaJ" 1
1 =. Tht- definition of b. :~ ~Udl thnt k bma:r aiways. ancl 

;,. --. f, when/; i~ small. Thet, TT-1 b •. Q ivrt ran b,. rdiahl.r ralrnlated in perturbation tht-or:•­

proYided that l•ma:r is not too large. The Yalue of bm,u i~ otherwise arbitrary. and n chang:(' 

in l•ma:r can be compensated by a change in the uon-perturhtttive functions JJ(b) and f2rbj. 

From a ph~·sic.al point of Yie"·, r.he constant Qo. which <~ppears for dimensional reasons. is 

complet.ely arbitrary. However. it is recommended :9: tc, ta.kc Qc, ::::: 2< Ge\" and bma:r= O.I.o 
Gd"- 1 for the purposes of calculation. 

The non-perturbat.ive (large b) beha,·iour of ff in ( 12 .1. is handled b~· the functi-ons ftf b J 

and f2{b). It is not known how to compute these functions i11 QCD. Th,_.~- have to be obtained 

by a fit to the data. with the r.onstraint that the~- must Yanish for/. -• 0. \\"e us(' the following 

parametrisation for fi and h [18:= 

fi(b) ~A lib~ A 12b2 - Aool1 
b. 
-) 
b 

2 ( b. 
j,(bi ~ A21b~ A22b - A30 1- b) (13) 

X ate that these two funrtions are energy independent: once they are extrarted from the 

data at two different energies, they can be used to make quantitati,·e predittir,m for the EEC 

in the back-to-back configuration at any other energy. ldeall.v onr would like tr, dn·irle up thr· 

data into a low and a high centre-of-mass energy regime, f,xiiJg ft and h i11 tbe f•Jrtnrr. whiJ,. 

attempting to measure the QCD scale parameter in the latter. l:nfortuuately the eu<:·r>;,\' 

spanned by TASSO does not allow us to perform this tas.k. 

Therefore we han· fitted the non-perturbatin· function;; 113) appearit1g: itt 110. 11) tc• 011r 

data at the four energies simultaneous})'· The data were group('d i11 3.6° (I interYal~ aud ou!~· 

the ::mall angle region 0 (J < 21.6° (1 ~cosO< 0.01). was u;;ed in the fit;;. The rf'sult~ 

are shown in fig. '· The theoretic-al predictions describe well both tbl:' angular and ('1Jer¥Y 

depo:"ndenre of the data. The fitted \"alu!:'s of the parameters im·oh·ed in .fJI/,) and fzll•J ue: 

...1. 11 = 0.60:::: O.l<Gd": A1'2 = 0.13:::: 0.05Gd" 2: Aor, = -UJ2:::: 0.29 
., 

An= 0.94:::: O.l1Gd': An= 0.56::. (1.04Gd -. A;-.r. :-:- 0.40 :.:. 0.19 

.\"ote that A.H~ wa,; k<"pt c<>nstant ir, the fit at 0.150 Ct·\·. T!w df•·rt of cli~uging .\ J>' 

to alter the predicted rro>'S sertion at higher ener~ie:::. \\',. 1.<:1 .- cht·d:t-d thttt ntr.\·ing tlw 

QCD srale parameter within the range disrnssed in tlw prn·ir,J!.~ ~<"rtir•Jl.'!"~nlted iu fir~ of 

comparable qualit~·. 

~-·".-~.-·-- --- ·--··-·-· -.•-··v-·---· ·- ·-·-·--

!\·. C'O\'CLt"SJ0\'5 

\\"e haw presented dar a 01, ene:·~-~·-euerg_Y correlations! EEC J and their a.s~·mmetry ( AEEC) 

m (-{·· annihilation in the rentre of tullSS energ~- range 1:? ~ \·\" :5. 46.8 Ge\-. ,,-e ha,·e seen 

that the AEEC i~ a good quantit~· 10 test low order pc·r:urbatiw QCD. The central angular 

region of the EEC is well described b~- QCD plus a fragmentation term proportional to 1/v•':S. 

For the AEEC we obsen-e <: Ycr~· milci energy dependence. The AEEC data in the }&.rge angle 

region can be described by QCD &.lone. We performed fits. to the AEEC at large angles using 

perturbatin· predictions tv Oro; l QCD and also using 01 u~ j predictions and fragmentation 

models and obtained ,·alues for .\_11 ~ between 0.1 and 0.3 Ge,·. These uncertainties are due 

to our lack of understanding: of non-perturbatiYC effert~. Analytical calculations to all orders 

in QCD for the EEC for the bark to back configu:ation ha,·e also been compared to our data. 

The theoretiral predictions desrribe well both the angular and energy dependence of the data 

in the hark-to- back r<"g:ion. 
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TABLE CAPTIO:-iS 

Table 1: 
Number of events and energy range of the data samples used in this analysis. 

Table II: 
Corrected EEC at 14, 22, 34.8 and 43.5 GeV c.m. energies (in intervals of co.sx). 

Table III: 
Corrected EEC at 14, 22, 34.8 and 43.5 GeVc.m. energies (in intervals of x)-

Table IV: 
Values of A MS and of a, at JS= 43.5 GeV obtained from the different approximations used 

in the study of the AEEC. The first error is statistical, the second systematic. 

" 

------
'''·raug._.. !GeY) 

11.6-12.4 
' 

12.4-14.4 I 
21-23 I 
24-26 ' 

i 29-32 
' I 

32-35.2 ' ' ' 
35.2-38.4 

I 38.4-46.8 

Table I. 

- 11' >(Ge\') no. of events 

12 i 
186 

14 I 2704 
: 
' 22 i 1913 

25 i 231 
' 

30.5 
I 86i 

I 34-8 52118 I 
3i.5 

I 
3035 

43.5 6434 

" 



----- EEC --------------

cosx range 
1 -1.00 to -0.95 

-0.95 to -0.90 
-0.90 to -0.85 
-0.85 t.o -0.80 
-0.80 to -0.75 
-0.75 to -0.70 
-0.70 to -0.65 
-0.65 to -0.60 
-0.60 to -0.55 
-0.55 to -0.50 
-0.50 t.o -0.45 
-0.45 to -0.40 
-0.40 to -0.35 
-0.35 to -0.30 

-0.30 to -0.25 

! -0.25 to -0.20 
-0.20 to -0.15 

-0.15 to -0.10 
-0.10 to -0.05 
-0.05 to 0.00 
0.00 to 0.05 
0.05 to 0.10 

0.10 to 0.15 
0.15 to 0.20 
0.20 to 0.25 
0.25 to 0.30 
0.30 to 0.35 
0.35 to 0.40 
0.40 to 0.45 
0.45 t.o 0.50 
0.50 to 0.55 
0.55 to 0.60 

0.60"to O.G . .S. 
0.65 to 0.70 
0.70 t.o 0.75 
0.75 to 0.80 
0.80 to 0.85 
0.85 t.o 0.90 
0.90 to 0.95 
0.95 to 1.00 

14 Ge\' 
2.741±0.051 
1.407 ±0.019 
0.933±0.017 
0. 700±0.015 
0 .;)66±0 .014 
0.451 :±:0.013 
0.376±0.011 

0.341±0.011 
0.294±0.010 
0.269±0.009 
0.238±0.009 
0.232±0.008 
0.220±0.008 
0.213±0.008 

0.195±0.007 
0.191±0.008 
0.201±0.008 
0.183±0.007 
0.178±0.007 
0.175±0.007 
0.172::::0.007 
0.186±0.007 

0.187±0.007 
0.176±0.007 
0.167 ±0.006 
0.180±0.007 

I 0.194=:0.007 
0.213;t0.008 
0.209:::0.008 
0.216:::0.008 
0.234±0.008 
0.218:::0.009 
0.2S4::0.009 
0.318:::0.0'10 
0.377:::0.011 
0.437=:0.012 
0.565=:0.014 
0.689±0.014 
0.922±0.01' 
3.919±0:054 

Table II. 

22 Ge\' 34.8 Ge\' 43.~, Ge\· 
3. 719::: o .-07-~ .. -- ·4.41ll·;·o~u 1-n-- -·.~-:-G43-;:-o:uc.o 

1.463±0.035 1.31--1::.0.008 1.33--J...:.U.02..j 
0.872=:0.020 0.78G:::0.003 0.144_:dl.OU~ 

0.674:::!::0.013 0.531 :::o.oo2 o.4gs.:::o.oo7 
0.438~0.011 0.3\39..:.0.00?. 0.3G2:.:0.00G 
0.378±0.011 0.314-::·0.00?. 0.30'3:: U.OOt> 
0.346±0.011 0.2GI:::U.002 0.200:::-:0.00G 
0.289±0.010 0.228= 0.002 0.21 9 i. 0.006 
0.256±0.01 0 0.200:::0.00?. 0.1 85i:0.000 
0.223±0.009 0.179:::0.002 0.174T0.005 
0.198:::!::0.008 0.162::::-0.1102 0.147±0.005 
0.191±0.008 0.150:::.0.002 0.138:::0.005 
0.171:±:0.001 0.1432'0.002 0.130-::0.004 
0.155:±:0.007 0.135-:-0.00J 0.1 28±0.005 
0.147:±:0.007 0.128.::0.001 0.120.::::0.004 
0.14 7.::::0.007 0.123..:..0.001 0.116.::_0.004 
0.137±o.ool 0.12o.~ o.om o.Jo7:.:.o.oo4 
0.130::::0.006 0.110:--..:0.01)1 0.112::::0.004 
0.132±0.006 0.115·: O.OU1 0.109..::::0.004 
0.131:±:0.006 0.114-.0.fiOl 0.105:=0.004 
0.143:±:0.007 0.112-:0.001 0.103=:0.004 
0.121i:0.006 0.111· 0.001 0.106::::0.004 
0.121±0.006 0.113 . 0.001 0.105::::0.004 
0.133±.0.006 0.115 __ 0.001 0.104:::0.004 
0.151±0.007 0.11E 0.001 fU08::·0.004 
0.142=:0.006 0.12U :0.001 U.JJ;J::::0.004 
0.154±0.006 0.12-l ·0.001 O.JOS::.O.OO-l 
0.162:::-0.006 0.127 -0.001 0.115·..: 0.004 
0.164=:0.006 0.133::0.001 U.11C::::O.OU4 
0.18-1::::0.008 0.] 42 ::0.001 0.134 := 0.00--1 
0.171::::0.006 IJ.l;Jl:::O.OOJ ~J.13D~0.004 

0.191::::0.001 O.lG--1 :--O.OUJ 0.130::::0.004 
0.238=:0.008 O.lSG..::-Ct002 O.lGS::::0.,00-1 
0.269::::-0.009 0.210 ::0.00?. 0.189::::-0.oo.:::. 
0.329=0.009 0.202 :·0.002 0.231 ::-O.OOG 
0.370::::0.00D 0.313=li.OO:; 0.21&=:0.00G 
0.516:::0.010 0.412=:0.002 0.379-::-U.OUG 
0./00:::0.0Hl 0.597=ll.ll03 O.~·W::.O.OJO 

1.104i:O.OI3 1.061:::0.006 0.9GG-::-O.OlG 
4.492::::.0.010 5.38-1:::0.020 5.~38±0.069 

14 
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Method 

O(a~) QCD fitt.ed to date• 

at 14. 22) 34.8 and 43.5 Ge\­

O(a;) QCD +Ali et al. fragmentation 

fitted to data at 43.5 Ge\" 

O{a~) QCD + Lund fragmentation 

fitted to data at 43.5 GeV 

Table IV. 

16 

AMS (Ge\-"j (l~ at 44 G<'\. 

0.125 ::!: 0.025 0.123 ± 0.004 ± 0.011 

0.165 = 0.028 0.129 ± 0.004 ± 0.011 

0.305 ± 0.045 0.143 ± 0.005 ± 0.012 

--------- ·-·-,.·--- ----------· . ~-- ~-- ..... -- ------ ---~-

FIGU~E CAPTlO\"S 

Fig. 1: 

Corrected EEC at l4(rt). 22(b). 34.8{cJ aud 43.5(dl Ge\' LUI. energies. The solid line 

represents t.he result of o fit to the mm of the O(o;) QCD prediction and a fragmentation 

tenn. 

Fig. 2: 

Integrated EEC as a funct.ion of the energy. The solid line represents the result of a fit to 

the sum of the O(o;) QCD prediction and a fragmentation term. The dashed curve is the 

contribution of QCD alone. 

Fig. 3: 

The AEEC at 14(a), 22(b), 34.8{c), 43.5(d) GeV c.m. energies. The solid lines represent-the 

predictions of O(o;) QCD for A--xrs= 0.125 GeV. 

Fig. 4: 

Int-egrated AEEC as a function oft he energy. The solid line is the prediction of O(a;) QCD 

for AMs= 0.125 GeY. 

Fig. 5: 
Energy dependenc<' of the AEEC integrated on:r different ran1;es of CM\"-

Fig. 6: 
Tlw AEEC at 43.5 Ge\· c.m. energy. The solid line represent!; the expectations from O(a;) 

QCD and the Ali ct al. (a) and Lund lh) frag:mcntation models. 

Fig. i: 

The EEC data in th(· bacbYard hemisph('rc at 141aj. n(b;. 34.8(c} and 43.5ldj GeV c.m. 

ent:rgie!;. Solid c-un·es represcnt the rcsults of a fit to calculations by Collins and Soper. 
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