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The CDF Detector Upgrade
Most of the detector has been upgraded.

Main upgrade:

newsSilicon Vertex Detector (larger cov-
erage)

7 double-sided layers

1 single-sided layer on beam pipe
(not used here).

90 cm long
(instead of 4 layers of 50 cm in Run |)
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Topology and Selection of \Lepton+Jets" tt Events

Decay chain: _,
{ Both top quarks decay to W+b. j..19/
jet

{W! o
{W! |, (I=eor ).

jet
Branching ratio  30%: B
large B.R., and reasonable backgroul

Signature and selection:

{ 1 Highpy lepton:> 20GeV
Isolated:l ¥4 < 10%

{ High Missinde1: > 20GeV

— —

{ 4 jets:
require 3jets ofEtr > 15GeV '
{2 B-jgts, can be tagg_ed by recc ‘nﬂ {
structingsecondary vertigear iden- A
tifying soft muons é
require 1tagged jet
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Overview of the Analyses

| will show results from 4 similar analyses.
All analyses share the same lepton ID, jet and nfissisgjection.
Di er in b-tagger and signal extraction technique.

2 B-Taggers:

Secondary Vertex Tagger: Soft Muon Tagger:

1) Evaluation of background and evewdt) Evaluation of background and event
counting. counting.

2) Using the double-tag sub-sample.

3) Kinematic t to extract the signal
fraction.
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C

Secondary Vertex B-Tagging Algorithm
Take advantage of theng life-time

of B hadrons

450 m

Secondary Vertex algorithm.
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Select good quality tracks wiitinge
Impact parameter

Try to reconstruct a vertex.

/7
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. . L CDF Il Preliminary
Tag vertices witlharge (transverse) 1 HT = 358 Gev
. Jetl 79.6 GeV
decay length signi cance
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Secondary Vertex B-Tagging E ciency

Use sample aEmi-leptonic dechyjets
as a control sample to normalize the MC
to data:

away jet

data
B

E Double Tag Method B-Tagging Efficiency <« MC

Error dominated by statistics, and under-  °%

o Data

0.7F

standing of control sample Heavy Flavor o

0.5F
content. oar

0.3F — ¢ -
Check irmulti-jet eventshe E+ depen- 02 ==t 4
0.1

dence of the b-tagging e ciency, as well
as the mistag rate of the algorithm.

N T B
10 15 20 30 35
Ble

vl by Ly
0 45 50 55
ctronJetET4

1.8 Scale Factor (Double Tag Method)
1.6F

E ciency for taggingat least one jet in 14f
a tt event(l+ 3 jets, incl. data-MC t2

1F
scaling): 0.8¢
0.6F
0.4F

tt : 53 4% 02; | | | | | | | |
1tag Y0152 253035 40 45 50 55

AR R AL AR LR REAY
|
|

Henri Bachacou CDF Il DPF 2004, UC Riverside



Measurement with Secondary Vertex B-Tagging (I)

Method:

Simple counting analysis:

Nobs: Number of observed events
Npkd - Number of expected background events

Ay 29 : Acceptance x b-tag e ciency = fraction of produtedvents that are
tt

actually detected

L : Integrated Luminosity

In order to increase sensitivity, reject background ly thsimotal (transverse)
energy in the event

Hy = Scalar Sum of Jets+, Leptonpr, Missinge+
Requiringdt > 200GeVrejects> 1/3 of background, keeping 96%to§ignal.
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Backgrounds

Key issue of this analydinderstanding the W+jets sample composition

We use both data and MC to evaluate the backgrounds.

WhhW cc,Wc

Monte Carlo provides Heavy Flavor fraction
W+jets, normalization from data

W g (mistag)
Mistag rates measured in multi-jet control samg

QCD (multi-jets) W faked either by fake lepton,
or semileptonic B decay

B Wbb/Wcc/We Use non-isolated lepton sample
Doy o) Single TopWW, WZ, ZZ: from MC
[E Single Top

WWW/WZ/Z7
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Measurement with Secondary Vertex B-Tagging:

Analysis based on 1p8 ! accumulated be
tween Feb. 2002 and Sep. 2003.

48 tagged eventwith 3 or more jets ant

Ht > 20@eV (57 withouHt cut).

=5 6+1 (stat)Jrl O(sys,t) pb

Syst. |Erron g
Acceptance 10%
B-tagging, 8.6%
Luminosity 6%

Number of tagged events

CDF [l preliminary

require H + > 200 for 3 3 jets _]

I:I mistags ! _‘
) Wbb
[J Wecc
I non-W
I we =
B WW,WZ,Z®t t

) Single top

[ ] Totbkgdz+ 1s

e Data (162 pb™)

Number of jets in W+jets

- CDF Il Preliminary

—Data

B Wbb

[ Wcee
Wc

B QCD
Mistags

Il Top (6.7pb)

Bgd 4.4% e
.
Oo_ 100 200 500 600 700
HT (GeV)
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Number of Double tagged events

Measurement of

tt With double-tag events

Look at the sub-sample of events withgged jets

Very pure signat/B=9

Interesting check of the B content of W+jets sample.

8 candidates dominated by statistics.

CDF Il preliminary

14

12

10

o IOROOO

mistags

Whbb

Wcc

wz

Single top
ttbar (6.7pb)
Tot bkgd + 1s
Data (162 pb ™)

(o]
T T T T T T T T
| | | | | | |

2 3
Number of jets in W+jets

it =94 22 1lpb

2-jet events: 2 excess

But not seen In the single-tag

sample
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Measurement with Secondary Vertex B-Tagging,
Using a Kinematic Fit

Uses the same secondary vertex tagger, and same sammudéd(paut).
Fit the E+ distribution of the leading |t extract the fraction dft events.
This variable is both sensisitive and well-understood.

Avoids evaluating the background contributions. Bacokigshape from 0-tag data
I does not rely on Monte Carlo (complementary method)

Background template:
Signal template (Herwig):

% ‘=_ Prababllity functlon for the tap signal In leading Jet Et
79 140 8, w00
=1k +

= 1 | 8 | ol ¥

0k ol Y

z hia

= 100 [ T | el
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© w0 [ a L
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Measurement with Secondary Vertex B-Tagging,
Using a Kinematic Fit

CDF Run Il Preliminary (~161.6 pb ?)

Result based on 16D .

57 candidates.

" | W+3 or more jets B
10 ] sample ] —— tt+BKG
I - - - tt (HERWIG)

——- BKG
(from data)

The t gives att fraction of:
06751
consistent with previous analysis.

Cross-section:

mber of events / 10GeV

it = 6:0"5(stat)  0:8(syst) pb

_ 2
Cross-check: measurements with other

S «

kinematic variables, such as second lead- | ¢ ./ v LT ]
ing jet, or sum of two Ieading des 60 80 100 120 140 160 180 200
give consistent results. Leading jet ET (GeV)
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Soft Muon B-Tagging Algorithm

ldentify muons coming frol hadron semi-
leptonic decays

100, [h|<0.6 region
950

Match tracks in drift chamber with segments **x
muon chambers. i

[os)
o

~
o
T TTTT TTTT TTT

Likelihoodt based onmuon system informatior
only

Efficiency [%]
~
a1

(o]
a1
IANRRE

E ciency measured frod= , Z° samples. 0
551

Main uncertainty due toigher track occupancy .. . . . . .
In tt eventghan in control sample.

p; [GeV/c]

Fake rate determined fromjets control sample, **¢
parametrized in, , andpr: o5t

90F

Average fake rate = 0.7% 85
Actual e ciency is lowered by the semi-leptor gjz
decay branching ratio: Y70t
E ciency to tag at least one jet inta event: :
= (14 03".,) % for 3-jet events 55
= (16 0:3'9.5)% for 4-jet events R
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Measurement with Soft Muon Tagger

Test of the Heavy Flavor properties

CDF 1l Preliminary
the tt sample.

I Wbb,Wcc,Fake

. @ non-W
Same counting method as shown be = © Drell-Yan
with Sec. Vec algorithm. W, W2, 22, Zex

77777777777777777777 Total Bckg+ 1s

. 1cti * +
Lower e ciencyl poorer statistics, bu Data (194 11 pb)

larger data sample (no silicon detec
required)

Require H;>200 GeV for 3 3 jets

umber of tagged events

Backgrounds are evaluated with S€ 5

methods: dominated by mistags ar”
QCD

20 candidates in 19b ! of data. Number of jets in W+jets

Nops N
= ook = 4:2*23(stat)  L4(syst) pb
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Conclusion

it has been measured with signi cantly larger statisticsith@an |, at a new
center-of-mass energyq = 1.96 TeV):

So far, results are consistent with a Standard Mbdelnal withm;  1735eV
SM — 6.7+OZ7 b)
tt o9 PD):

Top Production Cross Sections with B-Tagging at CDF ||

CDF Run 2 Preliminary ®

Secondary Vertex Tagger

Publication in prepara
tion.

@
Secondary Vertex Tagger, Double-Tagged events

Looking forward tc
more data...

Secondary Vertex Tagger, Kinematic Fit

o
...I...SoftMuon.Tangr...I....I....I....I..

2 3 4 5 6 7 8
s(pp ® tt) (pb)
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Background Summary Sec. Vertex (backup)

Background W+1ljet |W+2jetsW +3jets|W + 4jets
Events before tagging 15314 2448 179 91
mistags 406 49 | 168 22| 32 05 223 04
W kb 212 76 | 141 47| 1.7 06 1.2 05
Wcc 107 47 | 61 24 | 06 03 04 02
W kb, W cc, mistags (Method 2)72.5 132|370 75| 56 10| 3.8 0.8
Wc 37.7 123} 92 34,08 03| 03 0.1
WW=WZzZ=2Z,27 23 05 | 26 05| 03 0.1]0.08 0.06
nonWw 26.7 28 |125 19| 25 05| 119 04
single top 27 04 | 47 07,08 0.1] 0.2 0.03
Total 141.8 18.9/66.0 89|100 12, 6.3 0.9
Corrected Total 141.8 18.9 66.0 8.9 13.8 2.0
Observed positive tags 160 73 21 27
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Soft Muon Tagger results (backup)

Results
Background W+ ijet | W+ 2jets | W+ 3jets | W= 4jets | Wtz 3 jots |
Events before tagging 18314 2889 226 111 337 |
Fake, Wb, Wee 1159 £ 11.6 | 41.2 £ 4.1 6.4 + 0.6 43 +04 10.7 £1.1
We 10.4 £ 29 41+ 1.3 04 +01 012 4 D03 .55 + 018
WW, WE, 27, Zo 77~ | 113+ 017 | 136+ 0.07 | 0.18+ 003 | 0.04 £001 | 0.20 +0.02
non-¥W 21.1 £ 0.9 8.1 & 3.9 1.5 £ 0.8 07 £ 05 24+ 1.2
Drell- Yan 31+06 |064+027 |018+014| 0O+00 | 018+ 014
Single-Top 0.51 + 0.04 | 0.95 + 0.06 | 0.15 + 0.01 | 0.036 + 0.003 | 0.19 + 0.01
Total Background 1522+ 155 | 563+58 | 89+10 | 52+07 | 142+16
Corrected Background 11.59+1.5 11.59+1.5
#f expectation 036+000 | 3005 | 5609 | B1+18 | 13727
Total Background plus # | 152.5 + 155 | 593 £ 5.9 25.3+3.1 25.3 £ 3.1
Tagged Events 138 48 13 7 20
==3 jets bin
=] I 1.4 (sys.)pb
o. =427, (stat.) £1.4 (sys.)p
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