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1 Introduction 

In LiJis note we de$crib(~ the ca.lcul,d.ioll of t.he top prodnri.ioll cmss sed,iOIl fo], th e SV X, 
soft lepton (SLT) iUHI di lept.OII (OIL) cOl11lLing: eX IWrillwnt.s. WI;' lIS(! I.he lluillher of 
candid i~te events, expect.ed h;, ckgrou nds, iI,ccepi.1Ll!cp.s "wI IlIlC(' rl.;lill!.ies 0 11 t.hc!':c from 
the la.t.est doclIllH'ntalion for t.he:-ie ;ulidyses. We di scuss sewr,,] Illf't.ho<is for combini ng 

tile illlidyses Lo citkulat.e iL combined tot.al cross sect. io ll which difrt~r in how the (I,cceplance 

ov(>r\aps are t,rei ll.(-~d . Beca.use lhe number of calld idal.p event.s I.<.ggf'd by hot.h SVX all d 

SLT is Ia.rger thitn expecLed (3 common event.s, i expected), t.h ese c1ifrerent t.echn iques 
g ive somewhaL difl'erant. result.s for tile Lota.! cross section. We illd ll cl ~'! l ilis effect as <~Il 

J diliOnil.1 ::;ystemal.i c uncertainly on til e measli reci vallie. 

2 Method 

Tile cross sedions ,'tile! IInCf'l' l. ili nti~~:) me ralculated using the follmvi ng lil.;elillood ('unction: 

([ c .j, _ P)1 ~. _7')1 (j,,_"i:iI'l . • 

L 
- ~"L IT -~ - ~"'~ (f i·Gt.T ·jLrll. + h;)'" -1( , ''',·J·t.:' 'I+~,. ) = e c t;; <, t' " e ' 

i ni! 
(1) 

Where i= SYX ,S LT,D IL, f i is t.he total accep t.ance, bi is the expect.ecl b.tckgrolilld, Hi 

is the numbe r of observed cnndiclate even ts, G,r b t.l1I~ It product ion cross section , and 
f Cdt = 21A 1)11- ' is lhe illteg:l'i~ted lumi nosity. The it pl'oducl.ioll cross section is found 
by maximizing In D. III the I1l(lXilllizat.ioll , the pa.l'<I.lll t' I.ers f (.(lI , fi, Clnd IIi arc illitia.l ized 
at. t heir m ean values i~l1d allowed to vary. The IIncer l. ili ll ti ~~s 0 11 t.ht'! cross s('dion i~re the 
points for whi ch 6.{11l L) = 1. Opcml.ionally, thi s Illi~x illl izi.t. io tl (ilct.ually mi nimization 

of - In L) is done with l he CERNLI B MI NUIT pack ... ge, us illg MINOS t.o ca1cll l ;~te the 
1I1l('ertaiuti es. Both the indi v idual and the combin c<1 cross sect. iolls a re ca.1culated in this 

way, though for the indi vidual cross sections there is no product over i and the centra.l 
va.l ue of the cross sect.ion, fOllnd as the maximum of III L is, simply 

1l-h 
(2) 

as expected. The fOl'llHJ.ii s ll1 is s till useful, howevl"r , ('or cilinilld.illg 1.1)(:' ItllC1~ rf,i\.illt.ies . 



Top quark mass 120 GoY Ie' WI GoY I e' IoU C;eY Ie' 180 C:eY Ie' 
f:svx 1.02 ± 0.2% 1.5 ± 0.:3% J. 7 ± 0.:1% 1.8±OA% 

fSLT 0.82 ± 0.16111') 1.0 ± 0.2% 1.1 ±n.:l% 1.2 ± O.2 'X) 

€O;/"ptl'" 0.48 ± .07/1% D.G.') ± .064% 0.76 ± .O(m% 0.84 ± .07,1% 

, SYX SLT Dileplon 

Observed Events G 7 2 
Total Bkg. 2.3 ± 0.3 3.1 ± 0.:3 0.56 ± 0.1,1 

Table 1: Summftl"Y of (l.ccept.illlt~e for top f!vE'ul.s, IlI.l111 her:s of ci\.lldid;lt.es ,mel backgrounds. 

Top quark Illa..'{s 1211 GeY Ie' 14 11 GoY Ie' lGO GeY/e' ISO GeV /c·~ 
svx pI! 17 ?8+ ... ·'·1 I? 31:+ 10.1;, 11 1':]+tU,;;! +~.~~ ull • w 10.1!! W' ,j 7.3C1 ,.). (; ,$1'1 10.81 li:'11 

q5..Ll' JIb 22 . 22~ : ~:~!j 17 GS+1r •. :l 1 
.) lO.7S 

l 1W;+n.:J!J , .. _!l.lll 1470+ 11 ·:J , 
. -11.\12 

O"/QI L ],b 14 1,)+113.0,1 
. -_ J( l.$!i 

10 41 +1:3.U~ . _s,oo 8.~) 2+11i.18~,·· 8 f17+ JU.tI$ 
. -n:ln 

T;tble 2: Calculated I.l production cross ~ections for t.he individuid SVX, SLT and OIL 

results 

3 Cross Section Result s 

3.1 Individual Cross Sections 

The calculation of the individual cros}; };cctioJls for the SYX, SLT i ll HI DIL results is 

stritightforwill'd. The cen t.ral va.lue · is given by equat.io ll 2 a.hove. The Ullcertaint.ies are 
ca.lculated a.::; the 6.(lnL) :;; ~ points of the likelihood fllnction of equiLtion 1, where 
the index i is fixed for SVX, SLT of DIL. The a.ccept.a.nl'~s, number of cantiitia.t.(!s and 
background estitllales a.re };llllllllil.ri zed in Table 1. TIH.~ result . .') for the individual cross 

sect ions a re given ill Ta.ble 2. 

3.2 Combined C ross Section Results 

The simplest and most stra.igh trorward t.echnique for combining tile result.s iut.o a single 

it cross section is to trea.t the three collllting experiments as completely independent, 
awl maximize I.he likelihood fllnct.ion 1 using t.h e accept.ances il.nd background estima.tes 
given in Table 1. Under the independence tlssul1lption, t.he !.ol.a.l like lihood is j ust the 
product of the t.hree individlla.l ex perimcllt likt~lihoo(ls. Tllis t.edilliqllc is simple ami easy 

to explain but igllores the followillg efl"ecJs which we kllOW i\.H' Jlre-"t~ J1t .. 

2 

! 

) 



) 

I. The SLT a,ccept.it.ll('(~ ill !.IlI~ doclllllelll.il.t.i(JlI does !JOI. ill(I1I1I(· the possibility of 

ta,gging a. real top event wit.1i it fa.ke 1.ag iHUI Lhlls utJdp l'es1.illlat.es t.he total 

efficiency. Tbe tagging pffici N ICY without this drec!. is a.bout .18 a.nd t.be fa.ke 

probability is about. 3 . .3%. T herefore the total !';tgging e fficiency is iI.pproxi­
mately .0.18 + (1.0 - 0,18)* 0.033 = 0.21 . Tile combined era::>s section in this 
case is 11 .41 ~~::~g Jlh for M/o,• = I GOGe V / c'l, ,t -4'X, efrect wnl pcued to u si ng 
the st.il.ucla.rcl {l.(.cepl<Lllces . 

2. T he SLT and SVX ba.ckgrounds for fa.kes, W+II]);II" , and 'vV+ccba.r (Ire cal­
culated by (lssl.ul1 illg t. hat tile f'_lll.i re parent :-;alllpl(~ of .r):2 ~ve l lt.s is not. top. 

Paranw1.erizaLions of tagging probahilit.ies iU'P <1l'pli(~d f'vC'Ilt.-bY-f'WIl t. to get, 

the tot al backgrollnd. W hen considering !.Il(~ Jikelillood of iJ givell l.op cross 
sect ioll, it. is Jl1on~ consist.ell t. t.o ca.kulil l.e t.h t~ t.op "li d non-t.op (~OmpOllellts of 
the pil.!'ent. sam pte aud re-c(1.lcut;,.te t.he b ll.ckgl'ol1lld based 011 ty on t.he non -top 

com ponent.. In pri,.ct ice, we ntn outy sod!" tILe b;"ckground by t.he non-top 
fra.ction even t hough the ol'igi !ud b.,.dgnHltld Wi'l$ ca.tcuta.\.ed evellt.- by-evellt.. 
This procedure result.s in asymptot. ic backgroullds or 1.:) for t.he SVX (d. 2.3 
input) ,unl 1.8 for SLT (d, :1.1 illpnt.). The cOlllhillf'.d cross section in this 

, 1178+""" I 1"1 1"1 C" \// ' I ' I I ,+'",., f I' CI,..,e IS I. _r •. 11 /11 o r It' ,o" = uJ .'/-" (' , C()1l1 11;,r('1 1\'11. 1 I .D.L'I,!11 1'101' 

tht" UlIcolTf'ctNI Ci"lS('; it +~II %J dFf'c.t.. 

3, T,'en,t ing "II t.iln'e ,'x pcrililenL' '" indep,'nd('nt. ig" ,n',', tl", nwrl" p in the SVX 
and SLT. We know that. three of the events an" dOll llle tagg(~cI and th.,.t this rep­
resents an upward fluctuation (See CDF-2:HO). Ignor ing t. he overl .lps will then 
overestimat.e t.he cross sect.ion (a.nel incl lldillg t he ovedl'!)s will underestimate 
it) . To Lest. the size of til e eff(~ct , we c.on::;ielel' four ill ciependcnt experiment.s : 

a) SVX, 110 SLT: :~ event.::; ohsel"\'ecl . Fo r tlll~ b;"ckgrnH nd , we use the original 
SVX backgrol1nd, milllls Ule overhl.p backgrOlll1d frotH cn r -2:{ 10. FOI" the a c­
ceptil.l1t:e we. COI" ]'t·!d. hy ( I. - SLl' tagging eJficif~1lC'y) 
b) SL'I', no SVX: 'leV(~llt::; oiJ::;erVt'll. Sill1il,l.\· to ("a::;t~ (1) IVI' Ilsf' l.lle original SLT 
hil.ckgmulJd llIiuw; the overlap bil.ckgrolilid <llltl l·on("'(I. !.III' a(,Cf'ptiLllce by (I. 
~ SVX t.agging dflc iellcy). 
c) SVX ".!l el SI: r : 3 events observed. Bi"I,ckgr01.1nel from CDF- 2:IJ O. Accep t ance 
til.ken to be average of (SVX accepl.iI.lJ ce) *(S LT tagging efficiency) and (SLT 
acceptance)*(SVX t.ctgging efficiency ) 
eI) Diie pto lls, ils~1I1l1ed to Ullcol" l'eia.t.eel wit.h above. 

TI I 'I t " t I ' , '1 '1-+""" I I' "1 1"0(' 1// ' Ie com )l1lC( cross sec .\011 III ,)I::; ca.se IS , .. 1_.1.7" 11 I or II . 'PI' = \) .Te (;, 

compit\W! wit.h I UJ2~:::; '~ 1,11 ror l.11t~ complt' 1.I~ly u II('orrela,INI cilse; ii, -16% ef­
fec t. 

The cross sect ions from t.hese va.rious teclllliques <1.l"I~ showil ill Tahle:3. T he firs t effect. 
is simple to correct for. As mentioned a.bove, the second eJrl'.ct Ci"l1l 110t be corrected for 
in any more than a.n apprOXi1l1il.te manner because we do not. know wh ich events are top 

"' !lei which background. Since t il e backgroulld t,aggi llg proiJalliiit,ies vary from event to 

J ellt by fa. irly large fact.Ol's, t. his mea.ns we cl o IIOt know how 1".0 correct. t.he ba,ckgrouncl 
precisely. Ins tead , we conecl. by balf the est.illlitted +24 % ilnd a,ssigll a ± "1 2% syst.ematic 

uncertainty. Fina.lIy, it is a]::;o not po::;::;iblp t.o coned. 0.xil.ct.ly fur I.ht' t.h ird effed. since it 
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Til.hle 3: COlllpil.r i ~oll of th~ res lI l1.s from various t.echniques fo]' ca.knlci.tillg t.he tf prod uc. 
l.i01l cross sectio ll s 

is inherently it sLi\ti ... tiCil.l flUC\'Uilt.iOl1. Agilin, we corrC'rt. IIY ha.lf of tilt' -JG% deviil.t.ion 
a.nd assign fl. ±8% systematic uncer t aint.y. T ile net. correctio1l for Lhf':se I.ltre<.~ etrects is 

0% with a systematic uncertainty of 14%. 'I'o be cOllserv;d,ivt", we inflate !.Ilis systemat.ic 
uncertainty to 25 IX,. 

Us ing the 'met.l lod 2' b,uJ:gro\llld for t.he SVX of lA .j±O . !~l'I il!ld it ]>suedo-met.hod 2 

ba.ckground of 2.G for the SLT (see CD F-:B77), n~s1l1t.s in ,I. shill or Uw wmbilled cross 

section by +14% a,\. aJI1ll;,.%es. A devi ation of \.his $iZ t~ is covel'l'·d l)y t,]w 2.')% syst.emat.ic 

uncertainty. 
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