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Top Quark Production at the Tevatron

Production Modes Decay Modes
* Classify by
>.0.0%< decay of the Ws
Ng 59/, ~15%

e-e(1/81)

B mu-mu (1/81)
M tau-tau (1/81)

* o(p-pott+X)=6.77 £ 0.47pb
— (N)NLO, at m =175GeV
* PDF uncertainty ~10%

e -mu (2/81)
M e -tau(2/81)

B mu-tau (2/81)
e+jets (12/81)

™ mu+jets(12/81)
| Tau+Jefs(1 2/81)

* Experimental Signatures:

— 1 or 2 leptons, >2 jets
or >6 jets (2 b-jets)
* Backgrounds:

* Important tool: b-jet tagglng

muon-
— W/Z/DY+jets, mis-reconstruction in-jet
JeLs, )
. secondary
* Test SM production and decay vertex
— Establish top quark dataset for subsequent
measurements impact parameter
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Lepton+Track

Event count per jet bin

] c .
200pb” Run I data 5@ CDF I - 197 pb " _
."4_'5, 70 B WwW o+ WZ +2Z V
2 Leptons 7. B+ Drok¥an
1 electron or muon = . R
1 isolated track ¢ +f (o, = 6.7 pb)

i
o

p~20 GeV .
In| <1 (muons), 20
In| <2 (electrons) 10
0 0 1 >2
+ Missing Et Sostemaic U -
Missing E, > 25GeV ystematic vuncertainties

Signal: particle ID ~5%, JES 6%,
+212 jets FSR 7%, PDF 6%

E >20GeV, 0| <2 Backgrounds: also sample normalization
! 1 (30% for DY)

G (1) = 7.075 (stat)']3 (syst) + 0.4(lumi) pb
Atm, =175 GeV
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Di-Lepton T

2 well-1dentitied leptons (ee, ey, pup), £.>20GeV

Cut-based Inclusive v !
* Require 2 jets * Fit jet-inclusive data
* Require oppositely charged leptons to WW+tt+backgr0und
 Require total transverse energy >200GeV contributions
WW and tt 1 ¢ confidence
0] (l‘f)z 8.4 +3.2-2.7 (stat) +1.5 -1.1 (syst) +/- 0.5 (lum) pb M ———
o reliminary|
CDF Run Il Preliminary J L dt =193 pb™ §1s: L_'
10_ « Data E
. iG=84pb) 16—
I oY ee. pp 19
8— . lepton fakes
L | vwwz 12
% : - Z > 1t L
g 6l 10
Z
& ar B R
i tt(pb)
2__ CDF 1I preliminary el DHI}' €€ + (i + efi ThE:DI'}’
i o(tt) (pb) 8.67354+09 | 86733+ 1.1 | 6.7+0.3
0 L J(WW) (pb) 11.5_35 :I: 0.6 12.6_30 :I: ]_.2 12.5 :I: 0.8
0 100 200 300 400 500 600 15
H{(GeV) o(Z — 77)(pb) | 23375 £ 17 - 253.1 £0.5

Reinhard Schwienhorst, Michigan State University 5



LeptontJets Topological 7

1 lepton (£, >20GeV), Missing £ >20GeV, > 3 jets (£, >15GeV)

: q
Fit to total transverse energy 7-input Neural Network g
CDF Preliminary (195 pb-1) CDF Preliminary (195 pb ')
' ' ' ' ' 8
[ Njet 24 i 0'81_ "E E ?Vf;:“ tbar: 17.6 +3%
16} w053_ g 7(1J ‘ Conpined Fi QCD: 6.3 + 5%
| top ' "~ 0 - Wijets 76.0 +17%
I Wijets ] ]
£ 12f M other EW 60 Nj=3
S | macp :
5 o 50
! 40
4} :
| 30
0 == 1
0 100 200 300 400 500 600 20
Hr (GeV) '
Systematic Uncertainties for shape and acceptance 10
Shape: ~30% (JES), acc: ~7% (JES, PDF) 03__| —
0 0.2 04 0.6 0.8 1
NN output
Sample | Events | tf fraction a(ti)
W+>3 lets 126 £ 0. P W+>3Jets | 510 [0.176+0.030 |67+ 11+ L5pb
W+>4 Jets 118 0.503 +0.130 8.0+ 2.0+ 3.0 pb W4 Jets | 118 [ 0473£0.100 |75 £ 16+ 20 pb
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LeptontJets with SVX b-tag

* Systematic uncertainty .
— 5-10% for tagging

* 2] tags and HT>200GeV

180/ CDF I preliminary

Background
160 et /7, Background errors
Background + tf (6.7pb)

“ —
W Bkgnd + ti errors -
8 1205 « Data(162pb’) E
° C 7
2100— 7
2 E ]
‘s 80— -
[ [ —
2 60 =
E L .
5 40— require H; > 200 for = 3 jets ]
200 =
a | | | ' I =

0 1 2 3 >4

Number of jets in Wtjets

o = 5.6717(stat. )+0 9(syst ) pb
* 2>2tags

>1 tags and fit to
leading jet £ distribution

number of events / 10GeV

10

CDF Run Il Preliminary (~161.6 pb™ )

1 lepton (£,>20GeV), Missing £ >20GeV, > 3 jets (£ >15GeV)

" | W+3 or more jels
| sample

— tt + BKG
- - - fi(HERWIG)

BKG
(from data)

1 LH'-IIl 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I-'I-‘I-'I 3
20 40 60 80 100 120 140 160 180 200

Leading jet ET (GeV)

b
q
q

o5 = b. 0—|—1 g(stat) o 8(syst)pb o (7)) = 6.0 +1.5-1.8 (fit) + 0.8 (sys) pb
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Lepton+Jets with b-tag

1 lepton (£,>20GeV),
Missing £.>20GeV,

> 3 jets (E,>15GeV)

All-Jets

* Kinematical cuts to
reject large QCD background

6 < Njets <8, 21 tag

IR o

~

R Q

o jetl jet2
H ,H —-E; E;

| CDF Run Il preliminary, L=165 pb |

Background uncertainty :

Background
Background + top {o=7.8 pbj

* Soft-Muon b-tag
. — Aplanarit
— Muon 1n jet from B meson decay p y
CDF Il Preliminary P 200
¢¢¢¢ Background 2 -
= 180—
100 . Background errors g E
" Background+ 17 E 160 —
'E 80 Backgiound+ tT errors 140 :_
S M Data (126 £ 7 pb”) =
° 1t scaled to o =6.7 pb 120—
g5 60 -
= 100—
“s -
5 40 ‘ 80
E W 60—
= N -
4 [
20 40 :— E
‘4 20—
0 | | % = - - Data
2 3 =4 0 l |

Number of jets in W+jets

o, =4.173 (stat.) £1.9 (sys.)pb

it

4jets Sjets
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Bjelts 7jels 8jels

oy = 7.8 & 2.5(stat) fg:g(syst) = 7.81“3:?1 pb
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w Di-Lepton 7

2 well identified leptons (ee, eu, pp)

 140pb! Run II dat : : =/
p un 11 data  Systematic Uncertainty v

* Analyze ee, ey, pp separately — Acceptance: Jet Energy Scale ~7%

then combine results — Backgrounds: MC normalization ~40%

— Di-Lepton trigger

N r = N[ _
— Lepton £ >15GeV *g' of B it - *5'15; In
« E(¢)>20GeV (ee) i 8F WW™ - reE WW
5 4 WFakes | b — W Fakes
¢ |nedet|<1'19 |nudet|<2 E : Z/Y* A E Z/'Y*
Q oF T . Dat atoF - Data
— Missing ET>25GeV E 5t 24 Eof
Z b - Z
* >35GeV for ee,up of 6
— 22jets, E>20GeV  of af
— Z mass window cut b3 _ | 20
.. 0 D- 1 1 ]
_ HT= ETn v X B 0 100 200 Lea:irr)g Lept::D 500 0 > 4 5
~120GeV () Hy (GeV) Number of Jets
>140GeV (ep)

Oy = 14.3151 (stat) 728 (syst) 4 0.9 (lumi) pb
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Di-Lepton (eu) with b-tag

* Require secondary vertex b-tag
 Analyze N. =land N, >2
jets jets
separately
— Then take product of

L likelihoods
5 of .+ pus D@ Run Il Preliminary
"E Sé-ttbar
é 7§_Backgr0unds
Z o
5F- :
aE
8
.
8
00_ 2.5

Jet multiplicity

w e, (E,>15GeV), missing E£.>25GeV, 21 jets (£,>20GeV)

* Systematic Uncertainty

—~ ol

< |

b-tagging: ~10%
Jet energy scale: ~6%
Object ID: ~3%

e
o
&

o
°
~

Number of events
e
o
[=7]

o
°
o

S
SI I\

o RERNRREL

D@ Run Il Preliminary

2RI R A
BIBBIBIIIEIIIINIIIRIIRINGAY

25 3
Jet multiplicity

0.5 1 1.5 2

o7 = 111775 (stat) £ 1.4(syst) + 0.6(lumi) pb
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LeptontJets Topological

* 140pb”' RunlII d g DIWijj
p un ata s —ttbar
P -] —_
* Analyze etjets and ptjets go's QCb
separately £ 0.2
— Leptontjets trigger C ] #
— Lepton £.>20GeV 0.1 _:_._I__'I_—i ===t
— >4jets, E>15GeV, |<2.5 0 Fr e
_ Missing £,>20GeV (¢) 'Likeli'hoo:l Discriminant
"-'30- - data ‘ac','
- Vi £ 176 0
B fitted QCD §25

+ Build likelihood from Sz

topological variables

— Sphericity 10
— Aplanarity
— H',=(H-E")/H,
/ — w
— KTmin a ARJJ min Tmm/E

o

|

|

02 04 0.6

0.8
Likelihood Discriminant

N
o

[y
o

[y
o

(3]

e data
B fitted ttbar

[ fitted W+jets
B fitted QCD

00 01 02 03 04 05 06 07 08 09 1

pptir X = [ 2073535 (stat) ﬂ:gg (syst) £ 0.47 (lumi) pb

Reinhard Schwienhorst, Michigan State University

Likelihood Discriminant

11



Lepton (u)tjets with b-tag

1 lepton (E,>15GeV), missing £ >17GeV, > 3 jets (E,>20GeV)

* 158pb” Run II data
* Systematic Uncertainties

g0 10
— Jet Energy Scale: ~10% : . F- N & EE
. . e & e
— Background normalization: ~10% £n - g, -
. . gﬁo = éi;:Top g 6 H gi-nz;:Top
— B-tagging efficiency: ~10% o " oo i . o
40 4
30 3
20 2
1
Impact Parameter Tagger: T e e
|et multiplicity jet multiplicity
o DO Run II preliminarym DO Run II preliminary
* L+ets data * +jets data
B beckground I background Impact Parameter Tagger:
B background+tt B backgroundstt 17

oy = 52371 (stat) T172 (syst) £ 0.34 (lumi) pb

o) gy = 6.861 150 (stat) T1Es (syst) £0.44 (lumi) pb

3 4

888§|586‘88m

s
=]
T

(=]
TT

Nijets
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w All-Jets

* Require >6 jets

~

IR o

* Systematic Uncertainties

— E>15GeV, In|<2.5 — dominated by JES: ~28% q,
— Background: QCD multi-jet o Neural Network 2 output 1
* Estimated using data S 10° D@ Runll preliminary
. - = integrated luminosity: 162 pb !
* Requlre 21 b_tag (SVT) "g - — re-normalized background
* (Chain of 3 Neural Networks to % - v vertextagged data

expected t t contribution

separate signal from background

— Variables used: 10

* Event Energy _ ]
* Event Shape I Y-

* Rapidity distributions o

* Top decay products: top | |

| |
mass, W mass 0.2 0.4 06 08 1
neural net discriminant

o(tf) = 7.7153(stat) T (syst) £ 0.5(lumi) pb
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D@ Run Il Preliminary
143 pb”~’ —&— ey
156 pb! ] - ee
140Hp= . JUy
140 pb —@—1H dileptons
14100 F—@—1  e+jets (no tag)
144 pb™' - p+jets (no tag)
141 pb i +jets (no tag)
R —e)
94 pb oo ptjets (SLT)
92 pb —&—i I+jets (SLT)
5500 —@—1  ew(SVT)
158 pb~' HBH p+jets (CSIP)
158 pb HoH Htjets (SVT)
tozph M@, Al

0 10 20 30

o(pp — tt) [pb]

Xsecin pb
+5.9 +2.2
131 7 47
+13.0 +3.7
191 -96 -2.6
11 7+19.7 +7.9

-14.1 -5.0

+5.1+2.6
-43 -19
+4.1+1.6
-3.7 -2.1

+3.3+1.6
-3.0 -1.6

+2.6 +1.6
24 1.7

+7.3+2.9
-56 -2.8

+5.2 +2.1
41 -2.1

+4.1+2.0
-3.5 -1.8
+5.8 +1.4
-4.3 -1.4
+1.7 +1.7
-1.5 1.2
+1.9 4+1.9
-1.7 1.7
+3.4 +4.7
-3.3 -3.8

14.3
8.8
6.0
7.2

14.2
9.5

11.4

111
5.2
6.9
7.7

Cross Section Summary

Top Pair Production Cross Section

CDF Run 2 Preliminary

Dile-p-ton: Combined
7.0+23+1% (L= 200007

) Lepgm + Jets: Kinematic
4.7+1€+18 = 195p07)

Lapt-on + Jgs: Kinematic NN

11416
6.7+11+

1€ (= 195pb™")

Lepton +.Jets: Vertex Tag + Kinematic

6.0+]2+08 (1=-162007)

B -
Lepton +Jets: Vertex Tag

56+]2+)7 (L-162007)

"Lepton + Jets: Double Vertex Tag
4.
8T

54+24+03 (L=162007)

. -
Lepton + Jets: Soft Muon Tag
a1+38+13 (L=126p07)

All -Hat-lrcnic: Ua.rtex Ta
7.8+%

L
5,47 = -1
?123 (L= 165pb )

o

IIIIIII|III|III|II IIIIIII|
2 4 6 8 10 12 14

c(pp — tt) (pb)
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Backup Shides

Reinhard Schwienhorst, Michigan State University
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LeptontJets with b-tag

1 lepton (£, >20GeV), Missing £ >20GeV, > 3 jets (£, >15GeV)

on

g =

* Reconstruct secondary vertex from

decay Of B meson 0.8 \ Jet1 82.9 GeV HT = 202 GeV

~

R Q

— Require 1 b-tagged jet

% Soa
\ \\\\““ >

o secondary
vertex

Jet2 65.6 GeV

primary vertex
CDF Il preliminary 0
|

160 [ mistags - L
x ] Wbb . 0.2
] Wecce 7
514“ >1] tags B non-W ] CDF Il preliminary
5123 O We ] E "= mistags l E
> W WWWZZotr {14 B e —
310[, l:l Slngle tOp ] § - 22 tags 5 g{fgletop .
g Tot bkgdi1ﬁ_1 . : 12:_ [ ttbar (6.7ph) _:
P ¢ Data(162pb) % 10— Bﬂt:ﬁ%{;?) ]
5 F { 71 & .
" - - L g ]
8 60= - 3 r .
E C ] no 61— ]
2 40 - % | .
- ‘ i 1 B a4 | —
200 ! I - .
C By - . . .
1 2 . . . = 4 0 ‘ll 1|" 3 > 4
Number of jets in Wtjets Number of jets in W+jets
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Conclusions

 Top Production Cross Sections ,

- 20 — 12 il
2 F s 1743451 Gevi? -g_ . CDF Run 2 Preliminary
o 18 | Kidonakis NNLO-NNNLL (hep-ph/0303186) ~ 3
o © 10 - -
16 | | cacciari et al. (nep-phio303085) 1 &
14 ;— + Run Il ejetsiopo (prel) ~ 8— W;
12 o + Run Il u+jetsitopo (prel ) a 2 :
+ D@ Run | kjetsitopo = =
TR 6 jF:

8 | I

6 | 4 N

4 9l -

2 : 1 Cacciari et al. (hep-ph/0303085), m=175 GeV

0 750 1800 1850 1900 1950 2000 ~ " 1800 1850 1900 1950 2000
Js (GeV) \s (GeV)

* All measurements consistent with each other, with Run I, and with
theoretical prediction

* Uncertainty approaching Run I uncertainty

* Now have over 400pb™ recorded
— Will be Systematics limited
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