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Measurement of A ? ~ in hadronic Z decays 
using a jet charge technique 
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rnvrit and tile effe~tivt.weak mixing angle, sin2#:,,, wnq 
tlrrived. 

In this section a short discuss~vnof the principlcs u n -
derlyiilg the jet charge techrliquc. a n d  t h ~h a w  dehnlt1ou3 
wliich will hc used throughout the paper are givrrl. 'l'hr 
DELI'HI detector and the event srlrctivn arc (lrscribcd 
in Sect. 2, together with the Ltagging t ~ c l l n ~ q u ~used to  
obtain hh enriched snrnplcs. In Sect. 3 t.lw dctcr~rlirlation> 
of t,he individual charge separations arc drsrritcd. 51, w ~ 5  

directly rr~easured from thr: data, wh11e t h e  other charge 
separations 6,1,,,>,,, were obtained fro111 ari ~ r i a l y t i c~riodcl 
accounting for possible fragmentat ion model parameter-

variations. 111 Sect. 4 the A!% extraction is described, and 
the systerriatic errors arc discussed in Sect. ti. Finally a 
summary and conclusiori art: prese~it.ed in Sect. 6. 

In order tu nleasurc ct~;irgr asymmetries in the process 
e-c- + Z + rlq + jets it is rlecessary to  det,ermine the 
charge of t he quarks uridcrlying hadrnn jets in an event. 
Thc quark chargc has to be determined from the final 
state ha~lronsand thertbforc this ~nformation is diluted by 
tlic fragmcnt ation process. Experimentally the charge of 
the initial fer111iu11in the rc!ated hemisphere is estilnntcd 
usirig thc fidlr>wjng hcmlsphere charge definitiu11: 

F : 6 - f > 0 forward 

C,4116 . ?I" hcmisphcrc 
Qt-(s)= C, lg -?I" B : ?I; - < O backward 

( 3 )  

where. the sum runs over the charged tracks ? is t h e  
Thrust unit vector: q, the particle chargc, 17 t h r  partjclc 
rtlv~uerlturri and the exponent K a positive number. The 

~rlainlyfor the incomplctr: angular acurpt;rl~cu,limited an-
gular resolution and ot,her detector effc,rts, h i t  also frrr 
effects of gluon radiatiori. 

The overall impact of fragn~entationof 311 r v e ~ i tcif 

quark flavour f can he cstimat,ed from t hc avrrngc dif-
tcre~luu of the hc~nispllere charge in the h e r n l ~ l ~ h ~ r eof the 
q11arkf and the anti-quark f :  

'l'liis quantity is called charge sepilr:~tio~~, If quarksbf. 
could 11sdirectly observed At 2qf I n  case of a pure 
flavour sd.rr~plc,xhirh 1s apl~roxl~riutely for t,he bthe c ~ s c  
tagged samplr. bf cat1 Le rr~easurcilfrom the data  using 
thc  rclation 

((7 -'(of  1 2
f H !" - ~ G T O ~ )  (8) 

Here (o;~)' 311d [ o : ~ , ~ ) 'are the  variariccs of the Q F n  
and QroT rjist~.~hlit.~ons.respectirfcly. The validity of this 
equation can Lr sccn from F I ~ .1 Note, howevcr. that  
charge r:orrrlat.~ons tetweeri the event hr tnispheres and the 
small term jQL.,) ' 

-
iirc ntglected in this expression. 

To measure A ~ L ,(6) was used, and all quantit,ies a y  
pearing in it  were evali~ated. { Q F B }  was directly rrieasured 
frvm thc data.  The b-tagging efticiencies for t h r  I!ght 11. 

d ,  s cluarks together and c quark. fd,, and f,: were  tnkqri 
frarr~the simulation, while the one for b quarks. c , , ,  was 
rnesurrd  from the data. The purities. Pf ,were rnlculatrd 
frclrtI t hcsc efficiencies. Similarly t.he charge sepiirittions. 
6<!,,,,, . {rere taker1 from the simulation and &b was ]?lea-
s u r d  The angular correct ion factors, r l f ,  have all been 
used from the  Monte Carlo prediction. Thr! relat~pnhe--

.1;: tween and was taken from the ShI prediction 
alld up typc (down type) quark u~liversalityw ~ hwsu~ued .Thrust axis is computetl using charged and nvutral pur-
(:r)nsistonry of the results uvcr a wide T R H ~ ( :of K choicestlrlrs. The plane perpendicular to this axis dlvides earl) 

0.3.0.5.O 8.1,1.2,2.1)  i s  used to justif), the precisionrverlt i r~totwu hemispheres. The Thrust  axis wits always ( r ;  = 
o f  the results. 

2 Detector description and event selection 

2.1 The DELPHI detector 

The ULLPHI detector 11;~sh w n  Oescrjl,etl i l l  cletail in [Z]. 
ln  its coordinate svstcm r l l ~2-xxis is the rlirvction nf the 
e- bearri, The radius H alld the  azitnuth rp are defined 
in the planr: perpendicular to t and the polar nrlglr 0 is 
O alo~lgz .  01dy the detector compo~~en t s  of relcvancr f o r  
this analysis arc meritioried liere. 

I r l  the barrel part a set of cylindrical detectors, coaxiol 
wi th  t hc bvibn~ dlrectiorl ;lnd inside a 1.2 T solenoidal mag-
net ic field, are clevoted to  the measurement of the charged 
!~artirlc.trscks. The i~lrlcrnlostis the Vertex Detector (VD) 
1.3).l o c ~ t c dj u s t  outside the bean1 pipe. I t  c o ~ ~ s i s t sof th rw 
ccrr~ceribrirlayers of silicori r~licrwstrip detectors at nveragp 
r d ~ iidI; 11c.ttj ,  d.P c,rri arid 10.9crrl from the interactiori r e  
gi0h FCITpolar :111gles of 44" 5 0 5 136' a particle crossed 
all th rw  laycrs. Llrltil 1993 it providcd orilv measurenl~nts 
of the RQ coorrlinxtc. In 1994 the iilnerrnost arid t h e  out-
ermost VD layers were eq i~ ippdwith douhlc-sided s~licon 

orientrti in such a way, that  the angle between the incom-
ing electro~l direction arid the Thrust axis itself beconlus 
less than 90". 

The observable, QF( B ) .  1s robust against mismeasure- 
merit of the hadron momenta lx. Its vali~eis bound i11 the 
iritervrtl - 1 to 1. The projcctiun o f  thr  hildron rriorriurlta to 
the Thrust axis ? rnalnly elirniriiites the influence of hard 
gluori radiation. 

For cvcry evrnt two qilan~itiesthe charge flow. Q F R -

and t.otal charge, Q r o r  can br- dcfinrd-

Except for detector influences (mainly hadronic re-i:~ter-
a(:tir~n) thc. average total charge (QTor} is exp~ctr d  t u  
vall~sh, w*Il~le the average charge flow (QFoj relntcs tn thr 
relevant q ~ ~ i i r k  asymmetries: 

The rclat lvc abundance o f  a quark flavour f in the hatironic 
c-vent sample is Pf. The weighting factor qr arrvunts 
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h:drol,lr: events were used in t.his analysis. The avrragc 
centrc-of-mass cnergy on peak is 91.24 GeV. 

2 .3  Tagging of hh events 
with an impact parameter method 

'1.0 s u l ~ c ta sample enriched in hh events an enhanced iln-
ptct ~xrrrtnlctcrmcthvrl was used. This  trchll icl~~ri y  1)nsed 
nn the well establish(~(1i111part pariltr~r:t.er tllethod which 
was originally proposed by ALEPH [4] arid thcn adopted 

DELP~IT15-TJ. 
To reacli at1 irr~prt>vr~d rapabitlty, especially s ~ p ~ r : ~ t . i o n  

b horn c events, additional information like thc  eifective 

urldary vertex, was inc>luded[:I. 
T h p  nEI.PH1Vertex Detector [3,8].allows a very pre- 

cise rneajilrern~ntof spittjal p n i ~ ~ t s  t hc pathalurig of 
charged For data taken in 1992 and 1$33 ver-
tices were fitted on an event b ;~event basis [5,7]: using the 
t w o  rlimcl~si~:nill of the microvrrt es rlcttct.o~-,i~ifr>rr~lation 
while the individual inlpact parameters were ~valuatctiin 
the plane perpmdicnlar to  the collidirig beams. For data 

in addition to  calculate thc vertex and the impact pararrl-
rters. 

Fdr t h ~ sar~absisa cotnhirlecl probability variab!e,t,,,. 
i v r ~ ~  cvents to have higher bLagvt~lnesuscd, bb tend 
whereas :)on-b events are peaked at smaller values (Fig. 2'). 
Samples uf events wrc wlected by cutting on bt,,, ufherr 
the corresponding b efficic~icies(purit IPS) decrcase (in-
rrcase) with higher cut value:, respectiwly. Note that  t h e  
s ~ m p l z s..;cIecteiI are highly carrelated ts~causethe evtnt ,~  
selectcd wi th  a certain cut value arc a subsa~nplcof tilt: 
evcnts ~r lcc ted  fnr all lower cut vitlues used 

The 4 efficiency. t b ,  is defined as the prclhability of 
selecting a bh eve~lt inside a data sample. and t h e  1: punt) ,  
I'k,. 1s t h ~tract1011uf 11h cveIits In t h e  selrvted 5n1!lplr t ~ ,  

whcre 3 is the fraction of s~lectcdevents at g1vt:11cut  
vhlue. t d u s  anti c c  are the s e l ~ t i o nefificieacies for the light 
Havours t hc rcliann cverlts, which are bath c.l>tni~wd 
f r d n ~the simulation. The fractions of c l  and hh evcntb 
producerl i r l  hadrnnl r :  ZU dpcays, R, and ill,: arp fixed 
so their St;rrid:ird 3Zodrl talu~s,i2, = 0.1721)arid Xt ,  = 
0.2 1%. The correspo~iding pcrities can be calculatsd usitlg 
(10). 

Accurate trirlit~e;uf thc hlurltt. Carlo sample LC) t h e  d a t : ~  
was pcrfor~ned[5 ,7 ] in ordcr to rstirnate the eficiencies 
correctly. The dala rnllected :n different yews were t,rcaterl 
scparatcIy, cIuc to tile changes in the  detcctclr. 

3 Determination of the charge separations 

3.1 Charge separations of light flavours 

The va111csof t tie light Hwour charge sqarat lons .  :lie~r 
rrrors and c:orr~latior~shavc been determined using t lrr 
franwwork of h ! u l i t s  C'nrlo frrigrnl:l~t.ationmodcls 191. Thl: 
ARIADNE part,un sllcw~ransat7 corriblned with thc JET-
W T  fragmr:ntai ion gc.l~erat,or~ .u s r cn t l~  the bcstgivt:s 
or-era11dr:scriylt ~oriof n:itirur~ici u ~ dic1t.zitiiiL.d (lal t i ~ l t ;dih-
tihutions [LO- 131. Tlwreforr this ~rloclel w ~ t hheavy quark 
drcays iitlj~istcdt . ~1r.ati:h rectmt rlat,a [I:] , w:is chosrll 
fur  the ciili:.rlat~r>r~of -hi. quark rhilrge separaticrns. IIIthe  
followirlg this  ~ikoclcl& i l l  i ~ t .re i ' c~rer lto LS thu  . J /A  frrrg 
1:lrntaticln 1nodt.1 

A lclcnl approxi~ndr~c~~~ appliedpr~weilurt:(9,121 
t u  detc:r~r~inc:tile charge separatio~lsof light and c:larln 
fl .~vuurs.  The algorithnl ofallow> v ~ r i a t i o : ~ ~diffcre~~t 
r.lotleI par?.nleters ilxportar~t for the canaidered uhrrv-
zhle to he studic:tl q.~ickly. A simultu~leousvarlatiorl uf 
thrse r n ~ d ~ l  beciluse thr: ir~fluenccpar:~rnetrrsis possik,lc, 
of  their r.c~rrclat~~or~ also co~luirlcred Thc re[e\-;irit C A I -w , ~  

culatioris Kcru t.fficicctly perfor~ned using a quadratic mi- 
xlybic subs it11ticl11of thr h l o ~ i t ~ :  model.c':trlo 


Thew frre the mollel it~pencle~icr:
uf rill ctia7>yt.sfparn-
riorzs arid also of all wlottd btn. .~of all tn.p:lt d i s t ~ i b ~ ~ t ~ o n ~ .  
likr particle, rates :).nJn~n~-llc~ltomspectra. evpnt. shape.; 
e t c  wcrc approxitr~ated t)y [.he ft)lluwing analytic expres-
sion, X,zrt--(pi,- - - .pr,). quadratic in t he  n niodel paran-lc- 
tvrh p, : 

Thr. rocfhcipnts Lj,, allow rorrelaticrl~s ~ ~ I I I I ) I I ~for t h ~ -
rnndcl parilniet,ers. Thr: ;Iy; j n  + 3) + I coefhcie~lt~1:: 

.qo.13,.C; and D,, fix each \)in were determined from a 
liri4:;ir fit (,f ( 1  1) to ZOO sets of h,lr)ntr Carlo dis t r~lut ions  
gctl+:rat.rdw i ~ . hcliffr:cilt ~ r ~ o r l e .  Eazkl ofpn~i~r~let ,Pts  t l ~  
h,lnnte Carlo sets  rcmsists of 500,000 events. Thc :nodel 
paramctrr.; w r t :  I ~ I V ~ P Hilt rarldom 111 a para~nelr rhyper-
cube defilltbcl by t h ~pararlictcr irlteri.als Klven in 'Cahle 3. 

Thtr p~t:r.isiu~lrjf t 111sprucedurf:w m  tcstcd by cumpar-
irig the rriults of t h y  i t~ lalvt)rs i i ~ ~ s t . i t ~ i t i ~ nt l r  realwith 
hlorlbc Carlo ;inswet-. Tht: nIot:rageprecision for all hiris (in-
cluding t.hose with srriall statistics) was found to be 1.2% 
and L-,I- f l ~ c .  cllnrgc. rrprir;ltior~s(:Lvcr3gt s ta t i s t~rnl1jrcc.i-
sioii 0.3%)~t was f u ~ r l dto hc r!.5%. No systematic bias of 
thc. predirtions was ~)bservc.ri. 

1 1 1  O T C ~ P ~  nptinjal modrl parnmekrs GOPIt o  T ) P !  P ~ I I I ~ ~ P  

ntld the co~responciing cllargc separations t . 1 ~analytic 
rnodr.1 was fitted by ~r~irii~riizillgx2 = --~ ( ( X n r c : X d a t o )  

/'utttita givenj 2  1 ;  4) 11siltg riiiTCrerlt svts of data dis~r,hutions 
in Table 4. Due to ilnperfcctic~~lsof the datrt and the  model 
thc  X 2 / N d fbar. sorr~rrlist,rihutio~ls is large. For t h ~ edis-
tribtltrorrs t h e  stat1.-tic,al erroni uf thc data distrib.utjons 

http:~)bservc.ri
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data I 
0 light quarks 1 
Ic quarks 

I 

i 
0 b quarks Ii 

0 1 2 3 4 5 6 7 8 9 the riurr~~:+liscdr i u ~ ~ ~ b c rc l t  a.r*c~~t>versus the blc,, ~111-

able (for 1'4II4 ~l , i t : i i ,liglit quark ,  c. quark. arid h r l~ rnrkhmC*ariable 
c ~ r n t sale .;hasw~~+ep;il.at~lyfor th r .  ~ ~ ~ ~ ~ ~ i l a t i o ~ ~  

Table 3. A R I i I l ~ N l - ~an'i .JETSET pnl.ampters related t u  ch,~r;la,supar;irlr)rl.;. 

[nterval geri, de~ ib t c srhr interval in x ~ h i c l ~t he  ~ ~ j i - : i ~ ~ ~ e t e r huf 111~11litia1 ~ I W I I ~ L '  
Chr ln  sets have beer1 ~.hc>sc;~t-- -. - - . . ..--. .. . 

Wo Pal-*meter-- ..>. -
Code dcfi~ult  ~ntr:rvxlgrri. bptzrrlal 
- .-- - -

1 I,uridu PARJ(41) 0 . 5  0.3 - 1 0 O 176 

2 Lurldb PARJ(42) 0.5 111 - 0 0.622 

3 a, PARJ(21) 0.39 U 3ti - 0 4 2  0.357  

4 J q c n  PARA( 1) 0.21 0 2 1 . 1 2 0 . 3 5 7  
" ycrl

pi PARA(3) 0.7 i - ( 1 9  O..j31 

15 yc PARJ(2) 2 0.26 -0.313 0280 

7 P ( q g ) / p ( ~ )  PARJ(1) (I 1 0.085-0115  O102 

5 s / / PARJ(3) I)5 0.3 - 0 7 1 083 
P(udl)/P(udO)/S PARl (4 )  0.07 0.04 - 0 1 0  (].(I46 

117 I'opcorn PAKJ(5)  0.5 OOCi - 4 . 5  i1.788 

1 1 add. baryon suppi PARJ(19) 0 5 O I - (1.9 0.39; 

12 p ( ' ~ % ) ~ d  - 0 2 - 0.5 0.39h 
13 P{'Sljud - 2 - 0.5 0.3b2 

14 P('S,J), - 0.2 - 0 5 0 483 

15 P(~S,) ,  - 0.2 - 0 5 0.248 

wtrr- rcscaled accord~ngto the prescripticln givcn iri 1151 
sucll ~ h n tX Z / N d f= 1. These enlarged errors were than 
used In the fit which was rcpeatrd, and in all subsequent 
calculatiotis. It is assu~nedthat thls procedure accounts 
both for additiorlal systematic uncertainties of thr dat a 
distributions and the model descr ~ption.Thr optimized 
parameters are given in Table 3. Some of the optimal ral-
ues for nod el parameters are not inside t he given range. 
Therefore it was explicitly checked by product ion of hlonte 
Carlo events with thcse optimal parameters, that the re-
sultin g analytrc approximation is still in good agreement 
wit11the Monte Carlo prud~ction. 

To obtain the systematic error of the charge separa-
tions, bf , due to uncertaict ies in the fragmentat1011model, 
all parameters were systen~at~icallyvaried in thc 15-
dimensional hyperspace. The expected Monte Carlo an-
swer is given by (11)  and compared to the data sets given 
in Table 4. T h c  corresponding X 2  reflects the quality of 
the cbosen paratncter setting. A cut in X Z  is performed 

to sclcct it11 pararrleter settings within orw s t i r r ~ d a r dde-
viati611around the optimum This cut value w& chose11 
in order to obtain systerriatic errors directly comparablc 
with the statistical 1~ definitinn. For all parameter het-
tings which survive thc cut i11 i 2  the charge separations 
df are also calculated rising (11). The scattering of the 
charge separatmns ri.flccts thc urlcertninty of the hfot~tr 
Carlo model. 

A further systcrnatic error of this approach u'a esti-
mated usirig 1 2  alternative comhinat~or~>of input data 
for the determination of t h y  curltral param? trrs. The dif-
ferent ~orribi~iatio~lsare pr~se~rtedin Table 4. 'They were 
selected in ordcr to xrtmnt  fur the fact that thr liO and 
K* spectia cannot be perfectly simultaneous descrrhed. 
nor can the chargrd multiplicitg and the 1,-distr~but~iun 
[12]. Event shapc distributior~salternatively Iltlear or 
quadratic in the  particle momenta wore clloser~.Data set 
13 will be referred to a? thc refcrc-nc~data set in the fol-
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Table 4. Combinations ot Input data used Cur tile deterrninativrr uf the c h , ~ r c rsepara-
tlnns (data sct 13) and for thc systematic cross ctieck (data set 1-12] The tlcuc~tcqthe 
d a t a  helorigirig to thc d a t ~ e t .[ A ] meails ALEPH n1easuremPtlt. [ U ] nlearis UEI.l'HI 
mcasur~mentarid [ C)  ] means OP.41 rneluuren~ent  

data set
distributlnn 

1 2 5 -4 5 6 7 8 9 1 1 12 12.' 
"P ID1 

[ A D )  
[*I

1" fr'[Dj 
K*('/A.I)!O] 
K" [A,D,O] 
Protori [A.D] 
z,Z* [ A ]  

!/(PI - ~ ( $ 1(41 
u(.4) - ?1(.1) [(I] 
J' [D:O] 
:IU[A,D] 
~ 1 3 8 5[D.oI 
chargpd multipl~city -- . .  . 

-
Thrust, h l q o r ,  L,lirior ID] 
p;"''Ui (Thrust) ID] 
Fhpldity (Thrust) [Dl 

4 

1;)2,3 Durha111ID] 
Spher., Apla~~, Plan. ID] 
P~"'""t (Sphcr ) [U] 
Itapidit!- (Sphcr-) [Dl 
U ~ . A-lade [Dl 

-
I<" (A] • 0 - m o -- * . .  
K* [A1 . . . .  * . . * I  

lorroing, because it contains a fit to all distr~hutic~ris,and 
is rriair~lyused for calr~rlatingthe rcsi~lta. 

The 11lflu~nceof the detector was bhen co~lsidered1)!-
folding t h c  charge flow dist.ributrons with  a detectclr re-
sponse rriatrix. This matrix was deterrnincd using the full 
si~nuiationof the DELPHI apparatus. For a generated 
ct~argeflow in a giver1 bin it determines tile probability 
to rr1ear;llrr: the charge flow iri any other  bin of the distri-
hution. As this  matr ix can only be detcrrnined fur e v ~ t l t s  
rt-hich wcrc accepted In the analysis,  a further corrcctivn 
factor rcw applied to account for a possible him due tn the 
[*vents rejected by thc  r ~ ~ e a ~ u r i n gpsoccss ui cuts applied 
~ r rthe analys~s.  

The  meal I \'aiut:s of t be chargr scparatluns, bd>,,,,,,,us-
ing the  refcrer~cedata set arc. glben in Tahlc 5 for the 
drtrctvr set , t~ngof 1994. 

Deca~rsethe  chargr sepnratio~lswere folded H. i th the  
response of t h r  DELPH[ detector they cannot be directly 
con~paredtu  t h r  corrcsporidirig results of othcr expcri-
rne~its.Only :ire ratios of thr r l i f fn  etlt flavours should hr 
corrlpatiblr Corriparixig the different years of data taking, 
thc values change slightly. due to a different acceptance of 
tr:~rksand events f r ~ mthe different flavours. 

Table 5 .  Charge scparatiarls J+: determined with the  J / A  
m d c l  and folded w i t h  the I)EI,PHI detector perfur~nanccof 
1994 

-
ti - a d  6" f i, 6, 

0.3  -0.1406 11 2.793 -0.1816 0.1677 
r j  5 -0.1638 o 2470 -0.2308 o 1735 
0.8 -0.1963 0.35 19 -(1,3005 0 1746 
1.0 -17.2151 0.3917 -0.34UH O. 1734 
1.2 -0 22g9 0.4229 -0 37-53 0.1717 
2 1 - 0 . 0 8  0.4075 -0 4C92 0.1615 

and I$ = Y'LF.'r., tl:e cosrtv:tions which u;rrr: applied are 
given in TiI~lt.6 fur the different qlia1.k Biivours. 

Tn acco:itlt for thr: angulilr- rlvpelldencc. of thc differ-
eritial x,y~nrnetry,t,lle tnr;tsure111ent is prrfurmed in 
4 drfferent birls of O F .  The light rl~iarkcharge separations 
are extracted using thr complete select rt! rcglon. Correc-
tion facturs to account for the different Bi: bins are taken 
from t h e  sirr:ulation anti art. list,ed 1 r 1  'Table 7. These cur-
rections arc small, indep~ndcntof thc bt,agging and S ~ L L I W  

little ciependel~ceor1 K and on the year of datit taking. 
The influcncr of the htagging lpnds tu a b i z  in the 

charge separations. A correction was determined from t h e  
DELPHI si~rlulationand accounts for differerlc~s1 1 1  tlie b 
~fficiencydcpendwce. A t  t.11e working point of f h  = 75% 
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Table 6. Cilrrection factors due to  h t a g g ~ ~ ~ ghlas w ~ t htheir = 
d 

stat~sttcalerror on dd,r,,..cfor different 6 ' s  at tho wclrku~gpo~nt  
w- 0.05 --

' K a . 8  
Cur 1W-I data (Cr = 6f (tb)/br ; 9= 92%) 

A L t L c A n c n n A. . a .* 
K c:, C u  C, t'< 

-. --
0.:1 0.65 i 0.n5 o PO f o 04 o T: 0.05 0 : 8 6 t r c ) . i l l  a )  

Table 7.C'rlrrectiu~i[actors tluu lu angular depr~~rlencr:with 
r l ~ l > i r.stnti<tlcnl error 011 6,1~,.,., fur dlf i rre~~t8,: bins for 1994 
dcit:i !Cf :6c(oj:j/15f; Pi = (1.8) 

-., . -

-
(I i e,, C, C,-- C 

75' - 8:' 1.03 i0.17 0.94 f 0.10 1.06 f (1 11 71 -1. r1.06 
ti5" - 75" 0.88 f (1.16 1.11[1f 0.10 1.112 f 0 12 1 (31 Cl.Olj 
5i1" - 6.5" 0.91 0.15 0.96 ZL 0.09 O 95 It O It1 l.(l4 0.06 
35'- 5ij" 1.26 i 0.20 1.17 f 0 12 O I h  0 1-1 I cln + u.08 

. -- ---
Fig. 3. l l c x s u r c ~ ~ w ~ i tG , ,  Ci1 c l ~ t f + ~ ~ [ l th r:tlurs. a) : IfPi6:. 
I : I 1 r e I I , L j cnlculatcd ht, 

3.2 b charge separation 

'The b chargc scpariltlon wic; measured from t h ~ !widths 
of th(: charge fl1jrr. ancl the total chargr: distributio~isw17,h 
very small Inpllt from the simulation. This avoids a d e  
pendcnce or1 the poorly ktwwn B hadron decays. 

A singlr: measure~nerltof the hemisphere charge car) be 
rcgar(led as sun1 of three indept-ndynt terms: 

where Er (=E*)is a nun vanishing (positive) bias due to 
Ilncironic re-interactions in the detector tnatcrinl arid Sf(f) 
accour~tsfor statistical variations of Q q l ! .thus {S f ( i ) }= 0. 
From thr two equations above one obtalns: 

This equation describes the relat.lun between db and the 
other measurable quantities. Most of the right harid side of 
this equation can bc extracted fro111data. apart from the 
I a y t  terms, rriarked with the under brace. Thcy are numer-
ically small and can be safely estimated from simulation. 
[ t  should be noted that the Er terms cancel completely in 
(13) if & = 1 or if Ef is flavour it~depct~dent.Left over 
are the (Sfsf)terms accounting for the small hemisphere-
hemispherr charge correlation, which is due to charge con-
servation, the con~rnonThrust axis and occasional particle 
crossovers brt.wce11hetnisphera. 

The right hand side of (13) was evaluated in samples 
of increasing h purity, which were obtained by selecting 

iiration L a r l  be extracted direct!) w h e ~ jsul~trnct,inji t l ~ r  
ba~ lg ra r indpart Cfih Pf6: and srparatlng 6,.. 

Thc r~waured4, is show11 for the co11sidert.d h pur~ty 
range in Fig. 3 c) for two differrnt K vnlllr..; In t h ~ htlig-11 
purity region the resulting bL, is 11early stable altho~igh 
some his due  to t h p  applied bt ,aging is expected. 

The mcasurcd mciln squ;lrvd charge separation (Fig. 3a) 
arid the term deduced fro111t,he Monte Carlo, which irl-
cludes the hemispherr corrclativn term, (Fig. 3b) are sbown 
in additiorl. Note that the pu~ntsare highly correlated. 
This extraction prorcdurc was checked or1 sir~l~ilateddata 
where it reprod ucrd t hr Input  charge separation correctly. 

Thr: cxtrxteil bl, values used fcrr the analysis at a work-
jug point of Pb= 92% are given in Table 8 for the differ-
m t  years. The error of the charge scp;uat.iu~~due to thr: 
systematics of the determination of the light a n d  charm 
charge separation is always more than onc order of mag-
111t udc smaller than the statistical one. 

As with the light and charm charge separat~r~ncases, 
the carrcctiun factors for the differe~ltB F  t ~ t ~ sart. taken 
from the simulation (Table 9). The ~ a r i a t ~ o r i ~of thc cor-
rection factors with iAcruuini I),, arld the dcpe~~denceon 
K are very snlall. W1t11intheir statistical errors they are 
equal for t h y  diff~rrrit.years of data t.aking. 

For con~pleteness(I;2 o-I,),H (dcfined in (14) belowj 
and agB-ogoT are s t~ownIn Fig. 4,  becausc they enter i l l  

the deterrninatiori of cjb. The quantity (QTOT)  = zfPfEf 
was taken from the sirnulatiuri because of the carlcellatlon 
effect mcctioncd. 
Thc discrepancies in the {Qror}rneasurerrlerit are due to 
an inaccurate description of the swondary interactions in 
the simulation and are considered in the sv~tematicstud-
im. The deviations enter in most of the he~n~spllerecharge 
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Thr: c n n t r i b ~ ~ t ~ o r ~of chnrrri events ha,? to l)e checkutl i r i  
detail because ctlarrri events have at) opposite asymmetry 
conipared to the duwn type b quark. Lorig lived charm 
fragmeritation protiucts r n q  be found even after apy,lyin~; 
:ihigh cut otl t . 1 1 ~b-tagging probahlity, At large b purity 
(1jb = Y2%) atwut 75% of the remaining background is 
c-luc to cllarrll everits. For cxample, the lifetimes and frac-
tions of L) mesous. in c events wcrc chccked carefully. 

4.2 The angular correction factor qf 

Thv angular ;~cccptarlct: o f  t hf: analysis is limit,rd t,c:lo~v 
35" in polar anglc, due to decreasing b-~aggirigcapahilit,,v, 
d c t ~ c ~ o riicueplarice arid decreasi~lgrr~orncriturilresolutiorl 
of thi: tracking systcni at small angles. The part art~untl 
80.'was teject.ed because h e  tneasure~neritof cih is dis-
torted duc t,u detector rr~at.erialeffects :inti ill addition 
docs riot contrik~uteto the: rrsynlmctry ~neasureint!nt..As 
the differential asyrnmPtry depends up011 he polar anglr. 
a c:orrut:tioil f;ic:tor 11 was applied. Neglecting mass arid 
gluon radiation effects t.tlis correction [actor car1 be writ-
tc:ri ;IS: 

tr(cos6') is thr: flavour dependent selection efficierlcy. As 
the Thrust axis ( T )is corisidered as the reference direc-
tion, no QCD effects are included. For b quarks this vari-
able can be measured on data and compared to the simu-
lation. 

The radiation of hard gluorls and losses of particles 
in the dead arexs of the detector close to the beam Iriay 
cause events irlitially at very small polar angles 8 to he 
accepted into the analysis. A correction For this effect. 
u-hich depends on the amount of gluon radiation, limited 
angular accept,ance x i d  smearing can be calculated as: 

In order to reduce the statistical error of this correction
4 was calculated with an artificially cnkarged generated 
asymmetry of 0.75 assur~linga perfectly forward/backward 
syrnrnetric detector. A breakdown of the different correc-
tion factors 7 for 1994 data is given i11 Table 10 in order 
to depict the magnitude of the different corrections . 

For the determination of the central results Q is al-
ways used. The QCD correction term can be estimated 
by t h e  ratio 7)2/q1 and is compatible with 1. This is to be 
expected as the charge separations should include effects 
due to gluorl radiation. 

The rather big errors for the light and c quarks are due 
to low statistics it1 the high b purity region and have little 
influence on the result. The factor ~1 is hy constructio~l 
K independent, while 912 shows no K dependence within 
errors. Both quantities vary with increasing f i  and the 
values show a slight change for the different years. 

92 data 94 dara0.04 1 
a 9.4 data a 95 dataF 

+ '  I '  l l . L L . - , A . l L L ,  8 i 
70 75 XO 85 YO 95 100 

-

Fig. 6. Results of thtt -4-1:1bf1rj~uasurerrlent(111 t h r 1' pcak as 
f ~ ~ r ~ c t i o i lof PI,with stntisticalerrurfor ti = 0.8 for all Ihc years. 
TIICt1mri7otltal l i tw corrrspurids t o  thp romhir~rrlresult for the 
peak valuc 

4.3 The determination of A P ~  

4.3.1The determination of  A): with the data 
on the  Z" peak 

The angular correctio~lfactor 11 wxs calculated separately 
for the B y  biris using (16). The purities were also corn-
puted for each angular bin. The bb measurement was per-
formed using the full angular range and then corrected 
for angular dependence using the simulatio~i.The light. 
arid charm quark charge separations were evaluated using 
an analytic approximation of the hlonte Carlo fragmen-
tation model. The resulting values were corrected using 
the simulation for detector effects, for the b purity deperl-
derice and, arialogous to dl,? for the angular hinning. No 
additional b mixing correction was applied, because this 
is already irlcluded in the dL measurement. It was checked-
that the A!& valueseextracted for the different QF bins 

-

are conipatible. The relation between A&$ and AgB was 
taken from the Shl and an up/down type quark univer-

-

sality was assumed (A% =AFB =A$$ , A$B =AFB ) .  
The determination was performed for 6 K values and 

for the full range of 4,.he results are highly correlated 
in both cases. The workir~gpoint was chosen at x = 0.8 
and the values of I),, in Fig. 7 in order to rrli~iiniizethe 

-

total crror on the  A)$ rneasuren~ent. 
For K = 0.8 the variation with Pb is given individually 

for all the years in Fig. 6. Note again that the data points 
are highly correlated. The working point is marked by the 
arrow and the central pcak- value is given by the horizontal 

line. The extracted A:$ val~~esarc stable and compatible 
between the years of data taking. 

For different K'S the results are given at the work-
ing point b purity in Fig. 7. Only the statistical errors 
are shown. The K. dependence slightly differs between the 
years of data taking, which is due to a different detector 
response. 
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Tnble 10. Comparison between 01 and 712 for  the year 1994 

flar our 5'1 T ~ ( R- 0.8) 
d 0 104 rt O 02R 0.950 f 0.080 
s ( 1  905 O U27 0 . 1  0 0 
L D 930 * 0.001 0 93Il f0 0115 

0 I T ~  0.098fO.lM7 0.8 + T i  0.088HJ.012 

0.s IAI 0.094?0.001 0.5 t ~ *  0.01i0.011 

0.3 HI O.CW4.007 0-1 m 0.0~9.012 

0.07 0.1 0.13 - 0.070.10.1 3 

Fig .  7.I i~ su l t sof the AR,n~eastirementori the Z' for different 
r; values with statistical errdr. For all years only the sclectcti 
working poirlt in fi 1s showri. 

\is [GeV] 
-

Fig. 8. 'I'he energy riepcndel~rcnf the  final A;';, rcsalts with 
>tat~stlcalc l ro rs  in compariso~iwith the Standard Model prc-
diction 

4.3.2 The determination of A F ~with the data  close 
to the Z' peak 

For t i l ~years 93 and 95 t.he analysis uf the data  close to 
the Z" peak w ~ sperformed analvgously to the peak data 
rneuurements of thc  same year. Using sjlnulatiori it was 
checked that, most uf the quantities entering in (61 en-
Prgy indcpcndent withiri statistical uncertainties. There-
Fore nnly ( Q F U )waj  cslculatcri for thr data above and 

flavour 'I! W ( K  = 0 8) 
u 0 904 + 0.032 0 g56 * 0.055 

c O S66 f0.008 0.943 + 0 033 


-
Table 1 1 .  Summary of all A F ~me&urPmPnt;i wi th  t h ~ ! rsta-
tist~calerror 

hvlow the 2' peak separately. A!1 other quant~tieswere 

evaluate~lwith thr: peak data or its corr~ipondingsi~nu-
lat ]on. It ivxs checked that  the b charge separation. ex-
tritcted with the data at the Zo peak, can he used safrlj-
for the data. clasp to  the ZO. 

-

4.3.3 The f ~ n d lresulrs of the A!: measuremerlt 

'I'he rnyasure~nentsate summarized in Tahlu 11. T h e  
r ~ s ~ i l t saitLgiven with their statistical error at the different 
avrrage c c n t r ~ ~ - o f - m ~ scrlergies at which LEP has  run.  

Combinaiian of t h e  mesurements accounting for 
-

cornmcl! errors leads to the firial ~b,b,results for the data 
recorded 011 n11d close to tlie Zo peak. Details on the sys-
ternatic s~udiesare described in  Sert. 5. 

~ $ ~ ( 9 1 . 2 6 ~ e ~ )= O 0982 + 0.0037(stat.) 

f 0.0016(s,~st) 

T h e  energy dcperlderice of these final A& results is shown 
in Fig. 8. 'flie curve shows th r  energy dcpendcrice of the 
Standard Modrl predictio11, which is in good agreeinct~t 
wit.h thc data poi~its,given with  t.heir statistical errors 
otlly. 
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5 Systematic uncertainty estimation 

5.1 Systematic uncertainties introduced 
by the b-tagging 

( ,Rd>\\ViLS w't t o  I ] I ( .  ~ ~ t l a r ~ l  VAIIIP:,h j ~ ~ l r l  0 172!1 
((j.21,'>$) A I ~ L ~  1 ~ .  +.?% 	 ~ r ,~ l ~ i i r ~ g ? [ l  5%.) for 5 )  51 F I I I ~ ~  

'I'able 12. Me~su~.ementuf 
,rnd of t h r i r  lifr'timcs 

.-
D-hleson fraction 

Do 6600 

me-qon 	 fract ion i~lsidrc q u a r k s  

lifetinic [ p s ]  

0.415 t 0.00-1 

s t , i d ~ ~ , <\ I ( ,  	 v i l l - ! ~ ~ r r l sI ( I P ~ P I I ~ ~ I I ~ [ - L I I V  I I ~ ~ : L S I I ~ P ( I  i ~ s y ~ ~ ~ t ~ i , ~ l r v  o u t  to I )e rclual witl~in errors. I<vcrtts u . i t l ~2 L)
hj~l>rux~rnntely,lrs u ~ iI f ,  u r  K L  i \  linear. Thr: chnst:~r.ari- r!lc-s,1115 arr those withmit r: quarks producccl i l l  gluoti

rcsillts i i i  sy s t e~~ ia t i r, I { . I ~ ~  unrrrt.ainties, whir11 a1.r ~ i v . r n  splittiill: w t ~ i l ethosr  ivitlj li irlcludctI most of t 11rgIllr,rl 
111 '1-a111.r I#'], splitting r v t n t s .  

The efriciencies for light a ~ i d  charin quarks elitur also - Tiit: c\ el11s \<-ere rr;-~-(:igl~r(!d awc11(1111g f t>r;~t l ~11t: I I ~ ~ I -

, , 

and a carcful study W;L\ dorit: ;LS proposed in [ l G ; .  Both 
cdus and c,- depeild on thc detect,o~- p e r f o r ~ n a ~ ~ c eii11~1were 
treater-l for each year separately. well as the t r ~ ~ l i ~ l gof 
t,hca b-taggirig. Different irlflueilces ori c,j,,, wt:rtl sturiicci: 

- T h e  gluori splittirig into ci: or hh pairs ins& light 
quark cvents. R (:hang? of +25% EOI- each cllnr~rlelrr .~ .q 

take~i irlto a c ~ o ~ i n t  [IG!. These splittirigs lead to  life- 
time inforniatio~l arid t:ntcr into the b effici~nc,v mca- 
suremenr. 

- The K" arid A corltcilt in l i ~ h t  quark event,s \ v ~ svililr-.. 	 . 

~ c dhy f10% rrs these corltributio~ls r~iay biiu t h e  11-

taggirlg. 
- To es t i~natethe  effect of thr: detector resolution th(: 


probability depending only on the impact parameter 

i~lfor~rlationfor positive and negative measured irn-

pact parameters wxs used. The difference between thc 

number of events fulfilling the same cut 011 the event 

probability distribution for negative measured impact 

parameters in  da ta  and Monte Carlo gives an  estimate 

of the resolutiori contributing to cdus in the associated 

bin of the bt,, distribution and it corresponding b ef-

ficiency. 


The tagging efficiency F, inside the b enriched sample is 
Inore substantial than the corltributions mentioned before. 

- The fractions of D meson production in c events were 

systenlaticaHy studicd according to the procedure p r e  

posed I E  [16]. The uncertainties were estimated by 

v a r y i ~ ~ g 
tlle corre~tcdvaluvs ~nsidet hc unccrtaintirs 
given in Table 12. Each systematic s h ~ f tof the D 4 .  
D,, ;I,cuntr~butiurlwas compensated by the Do frac-
tion, thprcfore no sxtra error is given iri that  case 

- Shifts induced in t b ,  arising from thr: uncertnirlties of 

the D lifctjmes urrr wtimateri by varying the corrected 

lifetimes within t h r  rrrors quuted In Table 12. 


--	 The influrr~veof the rincertalrlt y of thc avcragc scalcd 
momentum (AF) of the D's was studied re-
weighting the events such that the resultir~g (.YE} 
change.< by +2% corresponding to  the uncertainty of 
the mrasurement U 4F4 5 0.008 [ l F J  This measure 
ment w u  corrected to a level of no charm produced 
in gluon spl i t t~ngevents. Nevertheless for systematic 
studies the Z or G fastest D mesons were takcn into 
a c c o u ~ ~ tand the result~ngvariation on the asymmetry 

i t ~ gi i i t io L)+l<'X. or1 tit+: p l - i~~ ia~ ,v  dq1~11rl111g r) I L I # ~ Y , I I  

irlsidv t hc r r~vr11t.s!151 
- Thc c:hargrd mul t iy l i r i~ \ -i r ~(-h:*rrn v \ r r~ t s  u-~L\ v;i!lr.fl 

ncc t~rd~ng t l~ r  r ; t t l ! , -tr. iriclusi~rtr~po[nglrdltir,ir~cl~~rig 
1nea5111,edfcjr Do. D ' ,111d TJ, [ I T ]  

5.2 Systematic uncertainties introduced 
by the ?)-factor and the QCD correction 

-

For tlre detcrminatlon of t h e  centriil ;I!!;tllc d ( : f i n l t ~ ~ c ~ ~rli 
W;LS always uscd. ,4s n~el~tjorled cj~ffrlei:~in Scrt.  4 2,f w ~  
definit in~~sof 7)' arr rcosr>nnblr.Fvr nn Pslir~ihteof tile sys-
terrlatic uricertainty rumlng fro111tlit. srlectlcrn and tllr. r u t  
in the :icccptancp regiorl, 7); W:LS also considered. T11e ad-
vantage of this definitivn is that  ??can be (-alculated frcl111 
the data  and from the s i m u l ~ t i u ~ i .  A niiutiniilm diffcrerirt 
of 0.5% at. Pb = 92% WAS four~dconsidering all years F;,r 
the light and c q u a r k s  a conservative sys te~~ia t ic  error of 
5% was taken Into accclunt, whirh is the maximum dif-
ference between qj f  and rli'" where both rlurnbers were 
calculated frcllrl simulation. The statist,ical error of all 

-

calculati9n~ is included in the statistical error of thc A& 
rnrasurertie~lt. 

Systematics coming frorn the Thrust ;xis resolutioi~ 
were st d i e d  and found to be negligible. The experimen-
tal t h tus t axis resolution, when applying the angular nc-
ceptar~cecut, caused an  excess of small angle events t,o

-

cntcr the acceptarice region. The related bias on A& was 
estlrnared with simulation. 

5.3 Systematic uncertainties introduced 
by the dusc charge separations 

As mer~tio~ledin Sect. 3.1 the uncerta~ntyduc to  the 
chargc separations was divided into three different sourccs. 
The precision of the interpolation procedure, the uncer- 
txinty C ~ I I F :t o  the Monte Carlo parameters and the Imcer- 
tninty due  to the choice of the input distributions. The 
first stlurze gives negligible effects on the result. The sec--
ortd was treated by repeating the AY;, extraction with 
i 6 )  wit11 50 different parameter settings fulfilling the X2 
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-

Tnhlc 13. Sysre~naticu~rcwtaintiesand their influe~il-con the A?' determinat~on 
-. - -

AA% x loZ X lo2 AA& X lo2Co~~trihiiriori L_\'-I$~ 

pcak peak -- 2 peak + 2 
--,-

Chargc 5r.pnrntiorl b d . u . s , c  3 0  014 ?0.011 H I T  

-Dvtcctor resvlution (l ight-charm) *0.071 f0.029 *O. 170 
C:luon splitti~lg + c t  +O.OU5 ~tU.002 i0.008p '-

Glurm split:lng g -t hb +O OUli -kO.002 
I<'</! k a r l a t i o 1 1  T O  :I20 =I)a06 
I)+ fracr~onin c? rtO.032 i ( 3  013 
D, fractlori i11 cS H . 0 0 3  f0.003 
,I, fraction 111 I:< 70.022 '~0 .0Ob 
DO.I)',D,,.I, lifetimes + n  0 1 ~  +U.004 
;.YE) ifragmentat.ion) I0 028 0 1307 
r> decay multipl~cit~ fU . u l 5  T9 9(14 
BR(D--t KVX) * O  020 *O.OOG 
total systcinzt~c error =t0.16 i 0.13 

-
~ ~ u t .Note that  t h e  errors of the iiip:lt da ta  have b r v ~ ien- formed r ~ r i k l (,he difference in the A y b  liicasurenlent has 
I;irqed in  order to account for additiclrlal systmlabic er- hr:r:11taken :fi syst.nndtic uncertainty 
rors of the d3t3 oc the imperfect model decription. Using The ~ a l u eof t h e  material aqyrnInetry in the detector, 
the r ~ f ~ r r n c eda ta  set the resulting systematic error on A ~ " ' :and its assuciatcd uriccrtainty, AAd", are deter-
thc uyrnlmetry is small. The third was studied by solving mined fro111a measuremect of the hadronic. re-interactio~~ 
t.l:rs equation with 13 different charge separation dxta sets in the data. It is found to be 0.02 0.17% arid well rc-
t ~ ~ r l e d  pruduced the siniulnt ion. The systematic uncrrtai~ity separ;tt.~Iyby using tfiffert?nt input distrtlutions. I t  i l l  

t u r ~ sou t  that  the influ~nccof the different data  sets is of 011 the  chasgr! flow measurement IS t , ~ k e nt o  be d{Q,rn)= 
thr sallir: order. AA"'l. 

-
( Q T r j  syste~natic yThe corrcspondi~~g u~icertaint  

' l ' t h r :  generatrrl cliargu separat.ions were folded wi tn  ari on As is found to he less than 
acceptance matrix to account f i x  the iilfiuellce of the  de-
tector resporrse. In a yecond stcp a linear coixection w s  
applied to  iicc,ount for a possible hikc due  to the selection 5.5 Systematic uncertainties due to other effects
V:iriat ion in b0t.h steps of  the acceptance correction ]cad 
to A rlegligiblr: effect on the mymn;t:try results. -

Several correitiorl factors were applied to t h e  light T I I ~rclatio~ibet\k~eer~A): ant1 wiis takcri film thr: 
charm chargc separations. Tiir~r errors are crhn- Sh,i prediction. For the a~ialysis performed url t.hrZ"pcsk 
tairled i l l  slat,stIcil;error of final tbisrel: i t iu~i factor was  virried hy 2%. Thc currespond-
IIlcl;Es.ylle same treatment was pPrformcdto thr: itrial* irlg syst~mxt-icuncertainty is very small. P'or t h r  ineasurp-
g c l ~ i scorrection factorsapplied t b  tlie t, separation. r j l ~ r l tcios? t , ~t he  Z' penk a bigger varlatio~iof lo??  n ; ~ ?  

~ r s r ~ r n c d .  
All t,hr: relevarlt c i~nt~r ih~i t lorasystem;iti.~ error arc 

sumn~i i r i~rr !in Table 13. 
5.4  Systematic uncertainties due to detector effects 

7'tje hetnisp t~cru-t i~mispl~crrcorrelat ion term (SrSi }  is 6 Conclusions 
r r i a~n l -given by H f ~ r  a discrepar1c:y of about. 211%~which -

hctwccn data and 3lontr: Carlcl wru- found (deperidlrlg on A rncltsuretnpnt of A!$ using an  irnpxct paramete1 tag 
the year) As ~ y s t c n ~ a t i c  and w s  11,erfurnied.The anrtlys~suriccrtainty for thls correlation a jct charge technique 
t r r ~ nthe samc order of ~nagliitudcwas =sllrr~ed. I i ~ c l u d ~ sa da ta  salnplc of 3.5.10' hadronic events collected 

To a c c o 1 1 n t  fur inacrurate dcscr~ptioti of hadronic in- with tlie DELPHI detector frorrl l g y 2  to  1995. T h e  da ta  
teractions, the tracks i ~ n v cbeen reweighted in such a way. were a~ialy>edas a functlnn of the polar angle i r l  a high b 
t ) : ~ t(QTOT)i l l  the sirr~ulatjonbecomes equal to tile cor- p u r ~ t y  region of 92%. The asyminetries h r  the indlvid~ial 
responding datn value. The full analysis hn5 bee11 per- years of datn  taklrlg were measured. 
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Cutnhining t hrsr tneasurctncnts a t  ttlc1ilrl~pt.nde11~ 
different. centre-of-~n;lc;.;eriergies at which LEP h ~ srill1 
v i ~ l d s ,  

.4)l ' ; , (h9.55~~,1')= 0.OGS j~0.016 (stat .) 

f0.0013(syst.) 
~ 1 ~ 1 8rn (111.26Gel') = 0.0982 f0.004?(~tat.)  

i0.001fi(syst . )  
-

-1;!;,1!)2.9-4Gt.I;) = 0.123 * 0.016 (stat . )  

*0.1~0'27(syst.) 

.l'kic>cr ~ ~ t . i ~ u r v r ~ l e r i t sarc cu~ribiriedtaking c:olnriioil cr-
I - ~ I I ~I I I ~ L ~  .Lcmroutlt.Applying corrcctions for QED and phw 
t t ) r ~t~urllhrlgttClt'trrtnines t,he result of the pole rlsyrnrr~etr)~ 
to Irc Ilti: 

Hoth results are in  good agrern~entwit 11 t h e  S b l  s r ~ r l  
compatible. with the recently publ lshrd data ~ ; fothcr cs-
periment,~[I#-201 and thc  prcvinus DELPlII rrsuit !2 11. 
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