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Motivation

 Top quark: The young member of the SM family
— Discovered in 1995 but still almost everything to learn
1. Is the W+jets event excess pure tt production?

Measure top cross section

Ny

Test of QCD predictions @) Test of SM > New physics?

Check different decay modes

2. Want to measure top properties, but first ....
* Need large top quark datasets

Measure top cross section




Top Quark Pair Production at the Tevatron

Top pairs produced via strong interaction

-
N

CDF Run 1
~15% theoretical uncertainty

o(pp — tt) (pb)
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Cross section increases: 1.295 + 0.015

| 65717, pb | > 85pb |

~15% ~85%

Theoretical uncertainty: ~ £15%
 PDFs
 Renormalization/factorization
scale

M b — tF
(Ge\t/c}F():Z) a(p}(opb) 2

170 7.8
175 6.7

178 6.1 <:|

M. Cacciari et al. JHEP 0404:068 (2004)
N. Kidonakis and R. Vogt, Phys. Rev. D 68 114014 (2003)
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Event Signatures from tt Decay

Br(t — Wb) ~ 100% g
< B Always:
“ 2 b quarks +

€ 2 W bosons

t

i

-
-

Q|

« Final state given by the W boson decays Br(W — leptons) = 1/3
Br(W - quarks) =2/3

|ets e

e BR = 44%
SB-15 T @
m . —
l-h =
*d_b‘ All-hadronic Er
)

Assuming:
My, = 178 GeVi/c? <: * New today (next talk)
*BR=21% -2 15%

lepton+jets

O dileptﬁog
* BR = 30% \ Yy *BR=35%

«S/IB~1/5-5 «S/B~1.6-3.0
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The CDF Run Il Detector

Central Mion s

Central Calorimeter (EH

e SVXII Wail &
* 5double sided layers
Plug Calorim
* r-(0Z measurement

Forward
« ISL
* Increases coverage to |n| <2
e Impact parameter resolution

e SVX/ISL: 40 pum (incl.
beam width) W

« LOO

Forward Calorin

provement

eV tracks - ~ 64 cm .

e nra v owa mms e mew merw P ——

] ..
! Silicon Vertex Detector
Intermediate Silicon




Lepton+Jets Event Selection

318 pb-!
Run 178855 Miseing £t o 45 Gev 4
Event 5504617 Muon Pt = 37 GeV .
L& — High P electron or muon
3 e E; or P;>20 GeV
(-U . 0 0
b-jet N Lept(?n |.solated from jets |
| % < — Large missing energy from neutrino
. ! ~ « MET>20 GeV
+ : :
j\\ . b-jet = — 2 3 high E;>15 GeV jets
Y - M_(W) > 20 GeV
et Top is Massive!
e s/ e =7, 27 o 1

Large total event transverse energy:

Four jets in the final state jets E; + lepton py, E, + MET

b Two from b-quarks



Secondary Vertex B-Tagging Algorithm

displaced New offline/ Updated tagger
tracks . .
SO — . Tracklng improvements
vertex « Silicon LOO
Lo, .- » More forward tracks |n|>1
Primary > o * Algorithm optimization |
vertex rdo - Ly >~ 9 * Loosen track selection
g O Ly  Tighten vertex quality requirements
- L}( ~ 20% Db-jet efficiency increase
rom racKs Zz . . .
prome ~ 30% mistag increaseljet
Tight/Loose Secondary Vertex Tagger

o 07p SecVix Tag Efficiency for Top b-Jets Quark l Tight SecVtx l Loose SecVix
% "3 Tight SecVix Data Efficiency (%)
A Loose SecVix b 403 +£2.7 48.5+3.5
: c 8.74+1.2 128+1.8
3 oaf

0ak Mistags/jet (%)

F light | 0.5 | 1.2
o2 F Top MC scaled to match data \f
0.1E Only b-jets with [n|<1
F I T I I 20% b-jet efficiency increase I
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20 40 60 80 100 120 140 160 180

jetE; (GeV)
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Top Cross Section: Tight / Loose Tagger

« Acceptance and efficiency from

Pythia MC

e Backgrounds:

Top Tagging Efficiency/Evt (%)

Tight

Loose

Gain

60 + 3

69 + 4

15%

16 + 4

23+4

44%

— Wbb,Wcc,Wc
« ALPGEN+HERWIG MC

 Normalized to pretag W+jets
data

— WH+light (mistags)
* Mistag matrix from jet sample
« Applied to pretag W+jets data
— Non-W
* From data




Top Cross Section (Tight Tagger)

[ ]wbb
CDF Runll Preliminary (318 pb'1) I weT
2 - = 178 GeV/c’ [Jwe
5 500 i Mtop Erﬂl;wstags | Systematics |
} i . . on-
A :
_"f 400 y/ Signal region BMlsngeTor  B-Tagging: 5.2%
© ;E'b‘j:;ﬂ Lepton Isolation: 5%
2 300 % [ tio=8.7pb W+Heavy Flavor: 4.4%
£ N At + 10 Luminosity: 5.9%
> [ : 4+ Data 318pb”"  Total: 11%
2001 DARIIIII: / ‘
—_ oG ForN, =3 Measured
100 F Cross section
_ — it 3,
0l ' ———__1 Expectation for
1 2 4 > _
. Number of Jets Mtor 178 Gev
Sample Events tt fraction o(tt)
> 1 b-tag 138 81% 8.7105 155 pb
> 2 b-tags 33 91% 3. 7_|_1 8 —_I-ll?? pb
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Top Cross Section (Loose Tagger)

Sample Events tt fraction o(tt)
> 1 b-tag 174 73% g.710d Tis pb
1 6
> 2 b-tags 54 92% 10. 1+ + Db
> - o
CDF Run Il Preliminary (318 pb) 22 b-tags Systematics
g A L — F}Eﬂ}éﬁ_}ﬁf’j B-Tagging: 13.4%
@ sk ki VI e Lepton Isolation: 5%
?g Eriieilototo by / ............................... H:in-w W+Heavy Flavor 3.0%
o |1 wee Luminosity: 5.9%
S 25¢ "
’ o 0
80kt — _ Measured 'Ot 17%0
E : 1 cross section
"E "l 1Expectation for
@ Z —
.E 10 ............................ top 178 GEV
z | .
0 2 3 4 5
Number of Jets
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Top Cross Section Using Kinematics in a
Neural Net

 Method uses pretag sample
— Independent of b-tagging
— Top kinematics and event shape information combined in a NN

o Updated result

_ 194 pbl EEEEED> 347 pbt
o Lepton + Jets Selection

— No H; or M- cuts

— Additional QCD CUT:
o Agcut: 0.5 < A(MET-leading jet) < 2.5 for MET < 30 GeV

> 3-Jet Sample:
a priori most sensitive
> 4-Jet Sample:
better S:B - cross check
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The Neural Network

e Seven input variables Feed Forward Network
— H; 7 Input Nodes
— Aplanarity
— Maximum jet
— 2E;(Jets 3, 4, and 5)
— 3p,/ 3E; O OO 1 Hidden Layer
— Minimum dijet invariant mass
— Minimum dijet separation (AR)

0 : Background
1 : Top Signal

NN Training

EEEEEEEEEEE

UUUUUUUU

* Signal:

e PYTHIA tt MC W+jets bkgd

Integral 8300

EEEEEEEEEEE

» Background: ;
 ALPGEN+HERWIG \ﬂ:‘

W+ 3pand W + 4p MC ~
» Other backgrounds are ignored in the 100
training o
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NN Analysis Results

Fit NN output from data to NN templates

tt and W-background float
multijet fixed to 4.6%

CDF Preliminary (347 pb™)

Templates 160"

NN Templates (Normalized to Unit Area) -

ﬂ 140=

g 02 t signal =
g 0.18 Electroweak backgrounds g 120 LT

S 0.16 QCD multijet backgrounds o 100~

< 0.14 R

. m —

> et -

0.12 Njets >3 c 80

Q B

> _

@ 601

IJ 01 02 03 04 05 IJB 07 08
NN Oulput

(R

multijet
W+jets
tt
combined
data

N >3

jets
signal: 148.2+ 20.6 events
multijet: 43.2+ 3.7 events
- Wjets: 744.4 + 32.8 events

0 i =4
0 010203040506070809 1

ANN output

Sample Events

Fitted tt

o(tt)

W + = 3 jets 036 148.2 £ 20.6

6.0+ 0.8 + 1.0 pb

210

W + >4 jets

80.9 £15.0

6.1+1.1+1.4pb
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Systematics

Jet Et Scale
W+jets Q"2 Scale
ttbar PDF

Total




Cross Section Dependence on Top Mass

Acceptance and efficiency depend on top mass

Default:
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(hep-ex/0507091)




Summary

5 Cocebr et ke ek vy | Assarml matTs Govie | New: ~350 pb* | | Old: ~200 pb-
CDF Run 2 Preliminary
Dilepton: Combined 6.9 424417 Events Relatl\(e Relatl\(e
(L= 200pb") v -21-1.2 Uncertainty Uncertainty
Lepton+Jets: Kinemati¢ HN 6.3+ 0.8 + 1.0 036 21% 28%
(L=347pb ") 0.8 1.0
Lepton+Jets: Loose Vertex Tag 09 , 1.2 174 169 -
(L=318pb") 8.7 & 0.9 ax 0.9 0 280
0
Lepton+Jets: Tight Vertex Tag 09 , 1.2 138 16%
L= 38,|:lu,l BTiDBiDB
Lepton+Jets: Dbl Loosé Vertéx Tag 10i1 + 2.1 54 23% ==
(L=318pb ") 14 A47%
0
&
Lepton+Jets: Dbl Tight'Vertex T 18 . 19 33 27%
PN 'g £ BTt et
Lepton+Jets: Soft Muon Ta 33 .13
s 9 R 31% loose
0
® Overlap: single/double ta { -
MET+Jets: Vertex Ta 11, 1.6 p- sing g 0
(L=311pb ") * 1a9 5-9 T 11 + 11 24 A) t|ght
@
All Hadronic: Vertex Tag 7.5+ 1.7 , 3.3 79% Single
(L=311pb ") 1T — 22 . :
oot b b b b by Overlap' Ioose/tlghttagger 61% double
0 2 4 6 8 10 12 14

s(pp — tt) (pb)
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Conclusions

Experimental uncertainty has reached
the theory uncertainty level

QCD
New Physics

1 fb-lwinter 2006

Measurement limited by systematic uncertainties

Starting Probe of {

Multiple tagging:
e > 120 double tagged top events in 1 fb-?
e Full reconstruction of events
* More precise measurement of top mass
 Study of top properties

17—
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