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_levatron Performance

Peak luminosity > 1x10%cm *s™"
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~ Top Quark Pair Production

In pp collisions at the Tevatron, top quarks are predominantly pair produced
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op Quark Decay

m Electroweak decay

*q
= In SM, top decays 99.9% of the time to Wb W v, g
. . t
m Top decays before it hadronises
top lifetime (10%*s) « hadronization (102 s) "
m Event classification "alljets" 44%

- done on the basis of W's decay products

LE 11

- 3 categories: “dileptons”, “lepton+jets”, “alljets”

m Event identification tHets 15%

- Need to reconstruct

e electrons A%
¥t ;
e MuonNs eu 2% X
. T¥E ?'fo &
* jets from b quarks P e utjets 15%
e jets from light quarks 3 I
e MISSINg transverse energy "dileptons" "lepton-+jets”
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b-jet identification

B hadrons...
...are long-lived and massive ...may decay semileptonically
Secondary Jet

Vertex e or in ]et

Decay
Lifetime
Primary 5
Vertex™\ 4 £ b -
Impact ) _»"u,*
Parameter I

= Vertex of displaced tracks = Identify low-pt muon inside jet
= Impact parameter probability

60% -<e—— Top eventtagging efficiency — 15%
0.5% e*—— False tag rate (perjet) —— 4%

6 Brigitte Vachon, McGill University




Events with real W or Z bosons
= W+jets
= Z+jets
= WW, WZ, ZZ

Events with misidentified isolated leptons
Multijet events

= with a jet mis-identified as an electron
» heavy flavour production with a
mis-identified isolated electron or

muon from a b decay

Other minor sources
= COSMic rays, multiple interactions, etc.
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Cross-section measurements

m Test Standard Model prediction

- New measurements at a different Vs
- Increased statistics

m First step toward any top property analysis

m Process potentially sensitive to New Physics

- new heavy reasonance
- non-SM contamination from production or decay
(measuring in different channels also cross-check to make sure it is SM cross-section)

m These events are an important background source for other types of analyses

- single top production search
- Higgs search

m Help improve QCD understanding in preparation for LHC
- test perturbative QCD

Since April 2002, CDF and D@ collaborations have collected > 0.6 fb™ each
Results presented here use 150-350 pb™
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cross-section: “dileptons

Event characteristics:

2 leptons
: 2 b-Fj)etS > Inclusive measurement
= missing £, Fit £, vs N, distribution to different

templates of SM processes.

One lepton and one opposite-charged track

S/B~2
Event count per jet bin
Sk | CDF I - 197 pb ™
.‘E 70 = WW + WZ + 27
‘g - ==+ Drel-¥an o
E_ B+ takes Final cut » T—»—""““ ond.
¢ S+ fi{o,, = 6.7 pb) ~__| 5

/ region

Humh&r of 5 '5_:
CDF Il Preliminary |

- '___ + g
31%
PRL 93, 14201 (2004 N 2.5 N
( ) jet @ 8.6 j‘2.4 (stat) +1.1(sys) pb Q
b

7.Ojf22_é7(stat) jr11_-?;5 (sys) +0.4(lumi) P
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Cross-section: “dileptons

Two opposite-charged leptons Electron-muon with SVT b-tag
(R7.00001, R7.00003, R7.00004)  S/B~3 @/u‘
-E1B . tf Y e (15 GeV)
Q + =
>14 mww
“512 — . Fakes
510 Zly u* (52 GeV)
'E + Data
=3 8 @ 10 S
= S of o Dam D@ Run Il Preliminary
6 'g 8__-ﬁbar
.E 7E DBackgrounds
4 3 F
2 5
| | 4E
Q 0 2 4 6
Number of Jets
54%
+5.1 +2.6 ) z Jn;tz;nﬁultiplicity3 o
14.3 775 (stat) 75 (sys) 0.9 (lumi) pb 41%

11.1 72 5(stat) +1.4 (sys) 0.7 (lumi) pb
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Cross-section:

Event characteristics:
= 1 lepton

= 4 jets (including 2 b-jets )
= Missing ET

epton+jets

Extract tt content of samples based
on kinematic characteristics of the events.

(no b-tagging)

Neural Net

NEW CDF Preliminary (347 pb™)

_f -- multijet
160 Aepve\ 0 | W+jets
- — tt
140:_ — combined
..d.120:— « data
e N >3
% r signal: 148.2 + 20.6 events
E 80C multijet: 43.2+ 3.7 events
g : Wijets: 744.4 + 32.8 events
o 60
40
2{1:— """" e L AT T S
o_.-l" Fiotelnttisdbdibig -|_|_'|'.'i'
0 0102 03 04 05 06 0.7 08 09 1

ANN output

6.0 0.8 (stat) = 1.0 (sys) pb

21%

Topological discriminant
(R7.00005, R7.00006)

1] -
§ 407_ e+jets i ::z fiba

B —_ __1 ] r
.g 35 L=141pb [ fitled Wejets
5 - B 7ited QCD
c 30

I[El] 0.1 0.2 D.3 D4 05 0.6 0.7 0.8 0.9 1
Likelihood Discriminant
32%

7.2720 (stat) 12 (sys) £0.5 (lumi) pb
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cross-section: “lepton+jets

Require secondary vertex tagging
Count number of events with = 3 jets

» [ web
CDF Runll Preliminary (318 pb ) B wes
2] [ _ 7 :
E 500[ Mo, =178GeVic"  gingle-tag |[B™
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LI:.IJ / - Mon-W
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E |:| DibosomZ—1T
o ’ [ ]#fo=73pb
L - P
g 300 A i1a
-.L:' [ A Data 318 pb” dOUble'tag . e
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1m l-E 16 L -Single Top
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16% |
7.9 +0.9 (stat) £ 0.9 (sys) pb @
1 2 3
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Cross-section: “lepton+jets

Use two different b-tagging algorithms
Count number of events with = 3 jets

Secondary Vertex Tag Counting Signed Impact Parameter

DO Run II preliminary

ntq\,
%

- . - |[]aco
50 S'n9|e'tag W QcD L (@ wi double-tag
2 ¢ B W-light | (mwe P
¥ 170 pb* 1 150G 170 pb
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- L bar> 1l B
5 E ] ] :g" -
o120¢ ! : " Si:lgTo B IZ_—n*r
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100?—'?’ T i .tf—>|+'|ets

5
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~tt cross-section: “alljets

Event characteristics:

= 6 jets (including 2 b-jets)

SVXtag + fit to Njets

SVT tag + Neural Network

(T7.00004) (R7.00002)
=
| CDF Run I preliminary, L=165 pb™" | Neural Network 2 output
R00- n
%80; o Bmm::d e ;: 103 - DQ- Runll prelimi-nar:.,' | .
= : + Background +1cp [0=6.7 pb) o C Integrated |UmII"'IDSIt“\,f'. 162 pb
EGO_— . Duio = - — re-normalized background
1403— % : ¥ vertex tagged data
1203_ D expectad t t contribution
1000 10°-
8o -
60 I
a0
: M
m_ .
et 10 signal
ot I | | | -
djets bjets 6Gjets 7jets 8jels 5.3 P e o :

68 neural net discriminant 76
7 +4.7 b ° +3.4 +4.7 °
.8 +2.5(stat) ' 5 (sys) P 7.7755 (stat) 73’y (sys) 0.5 (lumi) pb

14 Brigitte Vachon, McGill University




cross-section summary

Al (T7 oooos)

D Run Il Preliminary

L I U S R
[ Cacciari et al. JHEP 0404.068 (2004 Assume m= 1?& GEWG 154,98
CDF Run 2 Praliminary ° . dllepton 143
i Ll [}
Dilepton: Combined 7.0+ g? + :; L=146pb"' o ® H
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Lepton+Jets: Double Vertex Tag 9.0+ 1.7 + 1"5 o
(L= 318ph") ) ) L=164 & 413418
= 9 = l+jets (Vertex ta 82 13 -1_Eph
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Lepton+Jets: Jet Prob Tag 58+ 12T 13 | | P9 | |
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All Hadronic: Vertex Tag 7.8+ 55T oa - -
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/HTT\
— tt cross-section summary
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op Decay Measurements =

m Test SM predictions I’ q

- Br(t = Wb) ~ 100% t ~J™

m Look for New Physics

- Anomalous kinematic distributions of particular final states
Ex. SUSY cascade decays

- Anomalous decay modes H*
Ex.t— Hb
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Op vecay: branching fraction ratio

V| Compare number of events
R=B(t—-Wb)/B(t—-Wq)= .
(= WE)B(=Wa)=G G "y with 1 and 2 b-tags.
SVX + NN fit (I+jets and dilepton) SVT/CSIP (I+jets)
(M7.000086) (M7.000086)

Waibb+2p 4.8 + 4.6
B oCO, 1.0+00
Wi 172+48
= MC sum

a0- w
- Data (14ag), 23.0

| ‘ . 20;
THIL L : \x

o(pb)

Number of evenis

05 1 r12'5

% 02 04 06 08 1 ~ 054 017
Neural network output R.sp =0-65 “g3(stat) o1z (syst)
R, =0.70 337 (stat) *§i5 (syst)

R =1.11 707 (stat+syst)
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Op vecay: anomalous kinematic =

/
/
is

7
L ET’ Ptleadmg Iepton, angle between | Cii Ll —%—Data (193 pb )
. 14 Total SM + 1o
ET and Pt ; Tvarlable 12:_ E gl\(ﬂcbz 6}'(7 pb)d
C ackgroun
= Use KS-test on sub-samples ok -
m T he probability of obtaining a data sample , ,+ *

less consistent with the SM than what is :
observed is 1.0-4.5%

) L - oo
I|I

L o

v b by Py P ¥ L
20 40 60 80 100 120 140 160 180 200
leading lepton p,

=

Top Decay: anomalous decay modes

Model Independent

BR(H >1v) +BR(H > ¢ 5) + BRH > Wbb) =1

m Fix cross-section to SM value and assume g O R Praiminary Excluded 95 %CL
B(t_’Hb) 1402 —— SM Expected
a dileptons, lepton+ijets, lepton+hadronic tau  } | E e ooven
m Results: calculate constraints on o (I corrnn e
M_,vs tanp 22110;_
MHVS B(t_>Hb> 1oo§_
902—
80;
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ingle top production

m Electroweak process
m Has never been observed before!
m Two main production modes at the Tevatron

s-channel t-channel
q t q' q
W-l-
w
g b b ‘
g b
0.88+0.11pb 1.98+0.25pb

m Cross-section about half that of tt production, but much higher irreducible
background

m Search for New Physics (s/t-channel have different sensitivity)
m Single top events can be used to directly measure IV_ | without any

o0  assumptions on the number of quark generations Brigitte Vachon, McGill University



Event characteristics:

= 1 lepton

= >2jets( =1 b-jet)

= missing E_ b
antiproton b

Analysis Outline:

1. Event Selection
- select W-like events
- maximize acceptance
- model backgrounds

2. Separate signal from backgrounds

3. Determine (limits on the) cross-section
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Combined search

CDF Run Il Preliminary
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ingle top production

Channel-specific search

CDF Run Il preliminary
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ingle top production

Separate signal from backgrounds D D@ Run Il Preliminary, 230pb"
;‘2 160 -@-Data
- Cut-based T 140 —t-channel (x10)
- decision tree 3  Srehannel (10
- neural network 120 o Mot
100
Determine cross-section
- 2-D likelihood fit (DT and NN)
- event counting (cut-based)
4
© - q Number of Jets
@ - -e—Data D@ Run Il Preliminary, 230pb
- 140 - —s-channel (x10) -
€ 1nn Mt 2
E 120: I W/Z+jets ‘g’
100= M multijet -
- =
80:— _*é_
60% 0.5

% o2 04 06 08 1 0

tb-tt DT output 0 0.5 1
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_Single top production

I I T T T T T LT T T T VLSS

Upper limits on production
cross-section (pb) at 95% CL

s-channel t-channel
Cut-based 10.6 (9.8) 11.3 (12.4)
Decision Tree 8.3 (4.5) 8.1 (6.4)

Neural Network 6.4 45 5.0 (5.8

D@ Run Il Preliminary, 230 pb™

12
B . 95% CL @ Standard Model
- PRDG66, 054024 (2002)
10— .90% CL Top-flavor (m,=1 TeV)
- |[]68% CL Ztc FCNC (g,,.=,)
8- 4th family (V,=0.5)
B Top-pion (m,=250 GeV)
6 PRD&3, 014018 (2001)

t-channel cross section (pb)

Muon channel data

| | | |
00 2 4 6 8 10

s-channel cross section (pb)
Electron channel data
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ummary

= [Op pair production cross-section
- currently measured to 20%
- goal is to reach ~10% with ~ 2 fb™

o =6.3+0.8(stat) £ 1.0 (syst)

tt
(lepton+jets, Neural Network, 347 pb™)

m Top decays

- currently measured to 20%

o(s-channel) < 6.4 pb

o(t-channel) < 5.0 pb

(lepton+jets, Neural Network, 230 pb™ )
- Road to Discovery

-Need more statistics
-Improve sensitivity of analyses

-Observation is hoped for with 1-2 fb™ of data

m Single top production

m Just seeing the tip of iceberg - still a lot more data to be analysed
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. Saturday 10:45am-12:30pm
. Sunday 3:15pm —5pm
. Monday 10:45am-12:30pm

Monday 1:30pm-3:20pm
Monday 3:30pm-5:20pm

40 parallel sessions talks
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