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Measurement of the Top Quark Pair Production
Cross Section in the Lepton+Jets Final State
with D@ Run Il Data

Two analyses presented
v Using event kinematics
v Using lifetime b-tagging
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Top Quark
4 I
-6™ SM quark Discovered in 1995 at Fermilab
-Large mass 17/4.3+3.4 GeV/c?: "naftural mass”
-Lifetime (~5.10%s) shorter than hadronisation time (~10%%) : “free quark”
CBR(T—)Wb)ﬂ 00% (within SM) )

Top production at the Tevatron (Vs=1.96 Tev)
»Single top : electroweak process : 3 P (mass = 175 GeV) not yet observed
>Pair production : strong process : 6.7+0.8 pb (hep-ph/0303085, mass =175GeV)

Top pair production of intferest
“Study top quark's properties

“Test the SM/perturbative QCD
Background to new physics signals

Top production at the LHC
>Single top production : 250 pb
>Pair production : 800 pb
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Top quark pair decay
Top pair decay modes

anti-proton (BR~areq)

Top decays before hadronisation
BR(t->WDb)~100%

all hadronic

lepton + jets

>W decay modes

> 6/% . quark/anti-quark

~ 11%/flavor : lepton/neutrino
>At least 2 b-jets

profon

*All hadronic BR~45%
6 jets (at least 2 b-jets)
> Large multijet background
*Dilepton BR(Ct")~2.4%, BR(tt)~1.2%
2 leptons, 2 neutrinos , 2 b-jets
> Clean channel but low stat
* epton+jets BR~15%
1 lepton, 1 neutrinos, 4 jets (at least 2 b-jets)
> Optimum stat/background
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Lepton + jets Chcnnel

anti-profon Nneutrino(s) Ireductible backgrounds
’missing transverse energy “W from hard process + jets radiated

lepton

Lepton neutino 3
"rr@/ o-jet Hk’%,_ _ ™ J

b-jet e,

)
W . Jet
jet Single top + jets

j et Diboson = lepton + jets

proton

" Other backarounds ~ | Eyen’r kiqemo’rics analysis
= >W+jets is the main background
*QCD (estimated from data) >QCD background
- Jet > fake e(ex.m® = 2y , n = 2y) »>Dilepton channel taken into account
+ Jet » fake u (semileptonic b-decay)
Diboson = dilepton + jets p-tagging analysis
Top pair » dilepton channel >W+jefts jet flavour taken from Monte Carlo
> All others mentioned backgrounds taken
- = info account
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The D@ Run |l detector

.II = =1~

|uhin

Eﬂlnnme-ta

Torod

End cap calorimeter NN
Coarse hadronic
Central
calorimeter
Electromagnetic
Fine H ic - Fine hadronic
ine Hadronie p‘;‘ff Coarse hadomic
Electromagnetic
L Liquid argon sampling Calorimeter )

-

Microstrip fracker and Fiber tracker
Solenoid B-Field 2 Tesla J
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Muon system
\_ Toroidal B-Field 1.8 Tesla /

4 3 level trigger sys’rem\

>Collision rate 2.5 MHz

> 1. Calo., track and
muon 2 kHz

> 2. Calo., track, muon
and vertex 800 Hz

> 3. online
reconstruction 50 Hz

A\ /
6
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~ )
Use the specificity of event kinematics of

fop pair decay to discriminate signal
from backgrounds

top like event with 4
p-isotropic central a

jets, 1 electron ‘.
I’ N
. y
=)

and large MET

»>Do not use the b-flavor of jets
>Backgrounds are W+jefts like
>Fiffing a discriminant distribution

Two analyses

e R
Use the b-tagging of one or two jets in

tfop pair decay to increase signal over
background ratio

event with 3 jets and 2
displaced secondary
vertex in b-jets

>Use the b-flavor of jets
>Estimate the jet flavor in backgrounds

& J
Jean-Roch VLIMANT

>Counting experiment
- J
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Event kinematics

'—ttl':)ar' - >W- v
+ W+jets : W boosted along z
+ Top pair decays : W from tfop decay =
greater p "
CRYIY, ‘-6"3 0.4 05 ~Jets
© Aplanarity « WH+jets : radiated jets
+ Top pair decays : jets from top and W

&
—
[3,]

bility

Event proba
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Boss. decays = greater p
£0.06. ~Top pair decay products are more isotropic
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0 1 2 3 o) e+jels
Ale,missing E;) S
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Discrimination : m

»2-class (W+jets, signal) likelihood
probability from 6 variables choosen to
optimize stat @ sys errrors

o
-
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Analysis using Event kinematics
Lepton+jet trigger,
W(Tv) + jets (p>20 GeV) selection

(=4jets) signal eff.=12%

» Fourth inclusive jet mulfiplicity
-~ Estimation of QCD background purely from data
» Dilepton channel contamination relative to signal estimated

) '

\
S «D@data | g | « DO data
' ] ' ] ' E ] = i . ti E 30_ 1 - tf
Likelihood optimisation %0, wCAel R s 01 ety ] Wajets
> ’ "
®Kinematics discriminant distribution W B multijet | w B multijet
discriminate signal from background 20 |

®QCD background estimation
discriminate QCD from W+jets

10 |
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Discriminant
\_
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Lepton+jets findl state

[Even’r kinematics analysis
230 pb’

Systematics :
\xJe’r energy cadlibration

22%
18%

Kine.e+ jets Q 2+2.1

pop—tt+X -1.9
Kine.u+jets_5 4+1.8
ppotT+X T -1.6

(stat )jg (syst)+0.5(lumi)pb

(stat >+1.2

"o (syst ) £0.4 (lumi Job

o

Kine.lepton+ jets 6 7+1 4
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~
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~B-nadrons (lifetime ~1.5 ps) don't

decay aft PV

b-tagging

vertex

-SV significantly displaced (500um | \ /L,’f‘ff’f
to few mm) from PV s:rtmei'y J-dg
-B decay tracks with large PV
impact parameter (d0)

10’ 0 significance Light jets prompt tracks

b-jets

10° |

10° |

>pb-jet identification
SVT (secondary vertex tagger)

[~
T, > signal b-tagging efficiencies
L v 45% with 1 tag

Jean-Roch VLIMANT

v 15% with 2 tags
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tracks
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Analysis using b—’roggng
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Lepton+jet trigger,
W(>Tv)+ets (p>15 GeV) selection

(=3jets) eff.=11%, (=4jets) eff.=13%
|

v

Y

Y

Y

Third and fourth inclusive jet multiplicity
Estimation of QCD background purely from data
W+jets normalisation from data
« WH+jets Flavor composition from MC simulation
Other backgrounds from NLO cross sections
+ single top, diboson

L]

/

Likelihood optimisation

-

®Estimation of number of events with 1
and 2 jets tagged

Determine the signal confent
in 8 independent channels

®Nuisance of sytematic sources

Allow for shift of Xsec

D@ Run Il Preliminary
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Lepton+jets find state

"b-tagging analysis )
btag.e+ jets _ +1.6 .
1 =8.5" ", (stat +syst ) £0.6 (lumi) PO
bt + jet +1.7 .
UpZiil;f;S 7. 6_1 ,(stat +syst ) £0.5 (lumi )pb
Systematics : 11%
W-+jets flavor composition 5% [O-l;tzg_lftpt’i’;ﬂe“: 8. 1_1 ; > (stat + syst )+ 0.5 (lumi) pb)
\btag efficiency in data 5% )
Large transverse energy Presence of W boson
30:_ -Ell:lH : -ﬁH
B ='I|"|'-:'\£| T ' h d | a5 r ='I|"l'c :
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Summcr

O_Kme lepton+ jets 6 7+1 4<Stat )+1 6(SySt)+O 4(ll/tml pb

pp—tt+X
PLB, hep-ex/0504043, FERMILAB-PUB-05/079-E (230 pb™)

g rasenen et =86 L (stat + syst ) 0.6 (lumi ) po

pp—tt+X
PLB, hep-ex/0504058, FERMILAB-PUB-05/087-E (230 pb™)

=8.1" " (stat +syst ) £0.5 (lumi)

btaglepton+ jets
pp—tt+X

vGood agreement with the theoretical prediction of 6.7+0.8 pb
“Precision measurement era of Tevatron Run |l

Work in progress
> Event kinematics analysis improvement
> Improved detector calibration
- Control the dominant systematics
- 21flb’ delivered by the Tevatron !

Jean-Roch VLIMANT EPS2005, Top Pair Production, Lepton+Jets Channel, Event Kinematics and b-tagging. 14
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Control plofs Kine. (b)
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Control plots K‘ie.(C)
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Control plots Kine. (d)

Second jet multiplicity
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