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x Introduction

x tt production cross section in
> Di-lepton channel
> Lepton+jets channel

> All-jets channel

x Summary
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Tevatron at Fermilab

—

Proton antiproton collider
Vs = 1.96 TeV (Run I : 1.8 TeV)

36 x 36 bunches (Run1:6 x 6)
BOOSgejf.,

-.1..'_';_,'.

Collision period : 396 ns

2 interactions/crossing @ 1.10%2 ¢cm Sd/
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Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Outer Tracker
Silicon Vertex Detector
Intermadiate Silicon

* New Silicon Detector

* New Central Drift Chamber
* New End Plug Calorimeter
* Extended muon coverage

* New trigger and electronics

Mion Sl
|Muon Chambers

* New tracking system (silicon
detector and central fiber
tracker in a 2T solenoid)

* Upgraded muon system

* New trigger and electronics
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Weekly Integrated Luminosity (pb

Run II performances and data sample
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* Run II physics data taking started in July 2002
* Data taking efficiency is now of ~85 %

e Results are based on data taken until summer 2004
* Analysis shown based on 160 — 350 pb™!

* Long term luminosity goals
(end of year 2009) :
Base line : 4 fb!
Design : 8fb!
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*t - Wbin ~ 100% of cases
[J final state determined by W decay
* Three main signatures considered :
- Di-lepton : 2 high p_ leptons, 2 b-jets, large E ™
- Lepton+jets : 1 high p, lepton, large E_ ™, 4 jets (2 b's)
_ - All-jets : 6 jets (2 b's)

85% |

15% | _; g

R. Bonciani et al, Nucl. Phys. B529, 424 (1998) ; N.
Kidonakis and R. Vogt, Phys. Rev. D68, 114014 (2003) ;
M. Cacciari et al., JHEP, 404, 68 (2004)
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o At Tevatron, top quarks are primarily produced in pairs\

Final state in ¢t events

H+u 1.2%

e +u 2.4%
e+e 1.2%

=
Datobozes (/.
LHC O#43= 122500 Galss?
- —_up MRESTZ002MLA
‘-, ’ —o. down  MRST2002MLQ
o upbar  MRSTZO0ZNLO
! .. gluon MRESTZ200ZNLO

Tevatron




Lepton + Isolated track

Di-lepton (I)

Small branching ratio, relatively few SM backgrounds :
Di-boson, Drell-Yan and multijet QCD (fake E ™)

1 electron (muon) with p, > 20 GeV

and In | <2(1)
+ 1 1solated track with p, > 20 GeV
and Inl <1

o E > 25 GeV
e 22jets (p,>20GeV, Inl <2)

2 well identified leptons
ee, el,

o p(leptons) > 20 GeV

* Require two jets
* Total transverse energy > 200 GeV
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+2.4 +1.7

Combination of the two analysis —» [G () =7.07 57| (stat) 1.9(syst) pb

E. Busato — HCP 2005




-
e
e
N—'
-
o
—
O,
Q
—
—

* Measure cross section in di-lepton inclusive channel (no other cuts

than two lepton requirement)
* Alternative approach to counting experiment

* In case of same flavour : Z — ee

LU dominates

[0 Require significant E ™
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Di-lepton

2 well identified leptons, opposite charge

Large E_ ™= (> 25 GeV)

(p;>15GeV; Inl <1llor 1.5<In | <2.5for electrons ; In | < 2 for muons)

cut based analysis

* three independent analysis : ee, e, Ll
* cross section extracted from > 2 jets events

7)) C
- . => F
§25 DO Preliminary Sash D@ Preliminary
T 0 F
..620:_ 370 pb'l . E_)ata 230:— 370 pb-l « Data
g B &5 K
'215'— [ Fake leptons c F [ Fake leptons
El I WW/W2Z %20;—
10: DZ/Y 1&3-155_
S1F
- _F
o 5_—
o C
50 100 150 = 200 ~ ok
Leading Lepton P, (GeV) Jet P; (GeV)
T

" + 2.2 + 1.2
{ G(tt) = 8.6 _ zo(stat) _ 10
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Lepton + Jets - Topological

Large branching ratio, SM backgrounds :
W+jets and multijet QCD (fake E ™)

* Preselection _ CDF Preliminary (347 pb™) CDF Preliminary (195 pb-1)

o F — Tt [ T T T T T ]

- One charged high p_ lepton m% Neural | rltjet 80 ija’:‘[ logicahsy _
. . . g t nal iy

- >3 hlgh pT JetS 140; Network — tc:tombined w 0'9_ ‘ ]
: 120! + data 60} 0.8 ip

_ miss F] > i ]
Large ET 100 Njets >3 D7L—— . 1 . . !

C signal: 148.2 + 20.6 events 2 4 B 8

go[- | multijet: 43.2+ 3.7 events | 4(} oy (pb)

Wijets: 744.4 + 32.8 events

* Fit ¢t and W+jets contributions to

H,, distribution/NN output

top

+ Wijots
M other EW A

Il QcD

60

40

201

200

* Choice of variables for NN :
Maximal significance
Minimal JES dependence

e W+jets actually includes :
W+3p, Wbb+1p, Z - 1,
W S tv +2p, WW+1Ip,

WZ, single top

o_ trek ! e e e o v e S A Q-I.J.r‘l'lid-{-Ll-l-b-LL:I;.l::L'i' U
0 0102 03 04 05 06 07 08 09 1 0

ANN output 500

100 200 300 400 600

Hr (GeV)

o (tt) = 6.0 + 0.8 (stat) + 1.0 (syst) pb} < Neural
Network

Topological — » O'(ti) =4.7 £ 1.6 (stat) = 1.8 (syst) pb}

* Multijet background is fixed in the fit
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¢ Preselection

- 24 high p_ jets
- Large E, ™

- One charged high p, lepton

e Number of ¢t events
extracted from the fit

Events/0.1

Events/10 GeV

30

* DO data
W

(] Wiets
B multijet
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» D@ data
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[] W+jets
[ multijet

D<0.5

150 200 250
Leading jet p; (GeV)
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* D@ data
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Lepton + Jets with btagging

displaced
* Preselection Secondary e B hadrons have long life time
- One charged high p, lepton ’3 L,(y . travel ~ 3 mm before decay
- 23 high p, jets Primary
- Large E, // y [ Identify heavy quark jets by
reconstructing secondary vertices
prompt tracks z

> 1 tag and fit to leading

> 1 tag, = 2 tags counting experiment jet p, distribution

. N
Single tag . Double tag __ 5
Wh! _

CDF Runll Preliminary (318 pb'1) = (iEF Runll Prefiminary (318 pb'1) W % - 8Ka I,
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_ Leading jet ET (GeV)
>1tag: o(tt) = 7.9 £ 0.9 (stat) + 0.9 (syst) pb -
- o(tt) =6.0 £ 1.6 (stat) £ 1.2 (syst) pb

>2tag: o(tt) =8.7 + 1.7 (stat) + 1.5 (syst) pb
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Muon+jets candidate

Run 178855 Number of Jets = 4
Event 5504617 W // Muon Pt = 37 GeV

Secondary vertices

Muon

Tagged J

agged GeV, Phi=35512d=1 mm

¥ GeV, Phi=79, L2d=7 mm
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Lepton + Jets with btagging

* Secondary vertex tagging
[0 very good rejection of
ht 230 pb-!
c and light jets background
. 1 tag > 2 tags
% 0.8~ o pbjet efficiency DO a : _
G - — c-jet efficiency c 2!]0: ® b I EIWE:E
= 0_6— 4 mis-tagging rate (x10) s “F & ron-W I D ather bkg
et L 3 Wlight B ttbar —» |+jets
+ 8 [ We+hf 20
[ other bk i
0.4+ +++ ++ .E' B tthar — |g+jels i
I ++ z I
T A 101
0.2- I
o b -
20 40 60 3 24 — 2 3 o4
Jet p; (GeV) jet multiplicity jet multiplicity

e Eight independent analysis

channels considered : Lo(tt) = 8.6 * [£(stat + syst) + 0.6 (lumi) pb
e, U, 3 jets, 24 jets,

1 tagged jet, 22 tagged jets.
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All-Jets

Very large branching ratio, overwhelmed by multijet background

° Event selection : [ CDF Run Il preliminary, L=[1)ea5t;: T
> Strong kinematical selection —tt
— criteria on aplanarity, centrality, H,
> 6 <Njets<8(p,>20GeV, In1<2.0)
[ ) Need b_tagging tO eXtraCt the Signal : ﬂ]l] 250 300 350 400 450.;0[! SSDZHEJI;I- (B‘;ﬂ;\;)l]] H.4 05 06 07 0.8 c‘:r..:]‘ra"l;
- require = 1 b-tagged jet - ~
— Eum Data E"- : it
%, &,
| CDF Run Il prellmlnary, L=165 pb~" | [.Z c.u-;
goof - u|.]1§ i 00125
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EGOZ_ ® D=la '. ) .. |J.|15g s -
140 foo1e0 - 206805000 T 200 B0 303
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1200
1000
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g (t) = 7.8 £ 2.5 (stat) 5+ (syst) pb
40:_ G — . — ° S a - 2.3 SyS p
20"
OW | | | |

djets bSjels 6jels 7jels 8jels
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All Jets

* Require = 6 jets :
-p,>15GeV, In 1 <25

* Require = 1 tagged jet

Neural Network 2 output

-
=]

* Chain of three neural networks to
separate signal from background

Choice of variables :
- Event energy
- Event Shape
- Rapidity distributions
- Top properties

/)

Transverse Hadronic Energy

smallest di-jet mass

events / 0.05

10

10

D@ Runll preliminary

— re-normalized background

¥ vertex tagged data

integrated luminosity: 162 pb L

expectad t t contribution

162 pb-

) s ‘38007
5 D@ Runll preliminary S D@ Runll preliminary
2500 re-normalized untagged data 56007 re-normalized untagged data
— {{MC (scaled) — t MC (scaled)
-»- G-jet data (Vertex Tagged) 1400 -»- B-jet data (Vertex Tagged)
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100 200 300 400 500 600 700 800 900 1000

a L 1 1 ey,
0 10 20 30 40 50 60 70 80 90
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Summary (I)

T T T | T T T | T T T | T T T | T T T T T T T T
[ cacciari et al. JHEP 0404:068 (2004) Assume m=175 GeV/c’
CDF Run 2 F‘rellmlnary

&
I?;I&g}gg)Combmed 7 0 + g f‘l + : ;
Dilepton; MET, # jets ® 8.6 + 2.5 + 11
iL=193pb ") —24—11
I?Lezp;zf;:.lj)ets Kinematic NN 6.3 + gg + 1 g
I?Le:p;%r;:g}ets: Vertex Tag 8.1+ gg + g g
Lepton+Jets: Double Varlax Tag .9 0+ 1-.? + 1.5
{t=318pb") =17 — 15
Lepton+Jets: Vertex Ta:l-l(lnematlc 6.0 + 1.6 + 1.2
(L= 162pb"") —16 — 1.2
I.{fp::g;:.iets Jet Prab?ag 58+ : g + :g
Lepton+Jats Soft Mgcn Tag " 53+ 3.3 4 1.3
(L= 193pb"") =33 1.0
All Hadronic: Vertax Tag i 7. B _|_ _|_ 4.?-'
{L=165pb") - —2.3
...I...I...I...I...I...I...
0o 2 4 6 8 10 12

o(pp — tt) (pb)

14

DY Run Il Preliminary

dilepton (topological) 8.6 +:§ +:: b
L=230pt” —e 4 o
|+jets (topological) 6.7 +:: +:|ls i
L=23gpb” H—8—H ol
combined (topological) 71 *:2 +:=: pb
L=230 pb” oo 2%
dilepton (topological) +§§ +:§
L=370p67 H——8——H B
el (Vertex tag) 11.1 jg +::
=158 g7 B PA ki
|+jets (Impact parameter) 7.8 *:: :']: pb
L=230 pb7 . 4
|+jets (Vertex tag) 8.6 +:? +:|1] bb
L=g3gph” . A
all hadronic +34 +4.7
4 ; : : 33 3.8
[=t62p0" & E |

4 Cacmalrl et al. JHEP Wﬂﬁﬂfmj, ny 175 GEWG

il
0 2.5 5 75 10 125 15 175
o(pp — tt) (pb)

All measurements are in good agreement with the

standard model prediction
E. Busato — HCP 2005
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Summary (II)

* Top pair production cross section has been measured by CDF and
D@ collaborations in di-lepton, lepton+jets and all-jets final states.
- all measurements in good agreement with
standard model prediction

* We are at the level where systematic errors ~ statistical errors
- next generation of measurements will be limited by systematics
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