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Top Production JE

Top quarks are mainly produced in pairs via strong
Interactions at the Tevatron

— LEP1, SLD data

Heaviest known 54 - LEP2 (prel.), pp data
elementary particle _—

Decays before
it hadronizes

My > Mwy

Constrains mass of the
Standard Model Higgs

Top mass is a fundamentally interesting quantity
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Classifying Top "

W+

¢+.q  tt Decay Modes
all hadronic:
high BR, high BG

lepton + jet:
BR & BG are
managable

Need to reconstruct electrons, at the Tevatron, the top is produced almost at
rest and the decay products are much lighter;

muons, jets, b-jets, clgle miSSing they have good angular separation in the lab
fransverse energy frame and high transverse momentum
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DO Run Il Detector

mi -} Preshower

- Solenoid
0.5 |~

Fiber Tracker

(I | Muon Scintillators “r
5 — -
— -0.5 —
————————— _|I||||I||||I||||I||||I||||I||||I|
T e e | e L e e m— -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
NI, Shielding =
- Calorimeter
= T e T —
Toroid END CALORIMETER
- _Oro' Outer Hadronic
[ (Coarse)
-5 | A Middle Hadronic

Jl (Fine & Coarse)

CENTRAL
CALORIMETER
Electromagnetic

Fine Hadronic
Coarse Hadronic

Inner Hadronic
(Fine & Coarse)

Electromagnetic

Michael Begel Frontiers in Contemporary Physics 2005 4



Jet Energy Scale

Top mass measurements require clean mapping

between reconstructed objects and partons

Reconstruct jets using
iterative cone algorithm
with midpoints

(Rcone — 05)

Calibrate jet energies to
particle level

@)
T

calorimeter jet

Map jets to partons

Correct jet energies to
parton level

parton jet particle jet
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Jet Energy Scale \ };?

Top mass measurements require clean mapping

between reconstructed objects and partons

Response of calorimeter
to jets Is the dominant
systematic uncertainty

@)
T

FH

hadrons

- K Il
Jet energy scale derived i ==
from samples of
» zero and minimum bias events
» photon + jet events

» Z + jet events
» dijet events

In data and simulation

calorimeter jet
|

particle jet

parton jet
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Jet Energy Scale m

Top mass measurements require clean mapping

between reconstructed objects and partons

Response of calorimeter
to jets Is the dominant

@)
T

ko)
. : o) B
systematic uncertainty S [
. £ — hadrons
Offset Correction 5 |
. . . (4] B
multiple interactions S g ﬁ-@j—‘
underlying event
°,
E Emeas I O 2
corr — =
R xS g
Response Correction Showering Correction &
hadronic response particles in-&-out of cone S
uninstrumented regions o
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Dilepton Channel

Signature

Two leptons
Two neutrinos
Two b quarks

(£
0 We
o®W O
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Dilepton Channel \ P

Signature Event Selection

Two leptons Two high-pr leptons
Two neutrinos = Missing Er

Two b quarks Two or more high-pr jets

0O
Ofo

Backgrounds

Diboson ( WW , W Z, ZZ)
Drell-Yan

l — TT

® W

0
W + jets with fake lepton
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Dilepton Event Selection B
ep Channel ee Channel
electron pr > 15 GeV, two electrons pr > 15 GeV,
ly| < 1.1orl.5 < |y| < 2.5 ly| < 1.1orl1.5 < |y| < 2.5
muon pr > 15 GeV, |y| < 2 exclude 80 < M. < 100 GeV
AR(e,p) > 0.25 s 40 GeV if M., < 80 GeV
T
Kt > 25 GeV 35 GeV if M., > 100 GeV
Ap(p, Br) > 0.25 at least two jets with pr > 20 GeV
at least two jets with and |y| < 2.5

pr > 20 GeV and |y| < 2.5
Hr > 140 GeV

sphericity> 0.15

—1
L ~ 230 pb
actual tt Z/~* Z —> 71T WW/W Z fake e
ep 8 5.2 1+ 0.6 | 0.02 £ 0.02 0.4 0.1 0.4 + 0.2 0.20 + 0.06
ee 3 1.9+0.3 | 0.59 +0.09 0.13 +0.08 0.14 £0.09 0.07 £0.03
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Matrix Weighting Method | 4

Underconstrained kinematics given two neutrinos
Scan potential top masses
Solve for top momentum

» assume two leading jets correspond to the b jets

» = 4 solutions per tt
» include detector resolution effects

Calculate weight as a function of m. for each
event using Dalitz-Goldstein-Kondo method

w = f(x)f(x) Xp(E;|m¢)p(E;|m;)

PDF probability that observed
lepton energy comes from
top quark with mass m;
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/—"_"‘-"'

Matrix Weighting Method

Choose value of m with maximum likelihood
Form binned likelihood with signal and

background templates
WW — eu background template

my = 175 GeV signal template

100 200
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top mass (GeV)

100 120 140 160 180 200 220 240 260 280 300
top mass (GeV)

m: = 120 GeV signal template

Z — 171 background template

00 120 140 160 180 200 220 240 260 280 300
top mass (GeV)

‘POO 120 140 160 180 200 220 240 260 280 300
top mass (GeV)




Dilepton Mass Results JEes

Average fit mass
vs. input 1M

230 pb—! sample, 13 events selected,
2 events expected background

1111111

240 DY preliminar,

slope =~ 1
offset = 0

120 140 160 180 200 220
top mass (GeV)

m; = 155713 (stat) £ 7 (sys) GeV
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Dilepton Mass Results

< Source Uncertainty
‘_s’ statistical +14/—13 GeV
Fran} M99 GeY systematic 6.7 GeV
jet energy scale 5.6 GeV

40160 160 200220 240”350 250 event generation 3.0 GeV
calibration 1.1 GeV

i background 1.0 GeV
E sm=13.5 GeV underlying event 1.0 GeV
PDF 0.9 GeV

total 15 GeV

5 10 15 20 25 30 35 40 45 50
fit uncertainty (GeV)
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Lepton + Jets Channel

Signature

One lepton

One neutrino
Two b quarks
Two light quarks

O o
®

oW O
o
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Lepton + Jets Channel [ %

Signature Event Selection
One lepton One high-pr lepton
One neutrino Missing Er
Two b quarks Four or more high-pr jets
Two light quarks

W) @
© Backgrounds
W + Jets

Multi-jet with fake lepton
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Lepton + Jets Channel [ %

Signature Event Selection
One lepton One high-pr lepton
One neutrino Missing Er
Two b quarks Four or more high-pr jets
Two light quarks b tagging

W) @

© Advantages of b tagging

Reduce backgrounds—increase S/B

V@ i Reduce possible jet permutations
» 0tags: 12 ways to assign 4 jets to partons
» 1tag: 6

A » 2tags: 2
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Secondary Vertex Tagger | %

Explicitly reconstruct 3D
vertices using
tracks in jets.

N\
\ N\ \E\IX\\\
ST vertex | \fi ,'

/]
/
/
o(do) = 11 + 42 GeV /pr pm

Identify as a b jet if the
signed decay length
significance L/o > 7.

o
(o)

® b-jet efficiency DO
c-jet efficiency
A mis-tagging rate (x10)

+++++

Efficiency

o
o

¢

60% of tt events have
at least one b-tagged jet

4% of W + 4 jet events have
at least one b-tagged jet
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Low-Bias Discriminant

DJ Run Il Preliminar
0.3 y

——it
o Wijets

Fraction of Events/(0.02 Units)

DY Run Il Preliminary

o
)

Fraction of Events/(0.01 Units)
e

o

Michael Begel

Entries
Mean
RMS

Entries
Mean
RMS

Entries
Mean
RMS

DY Run Il Preliminary

S
i--e-Wijets

o
)

»n of Events/(0.01 Units)
4

DY Run Il Preliminary

Entries 17400

o
=y
a

Entries
Mean
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1
—h

o°
=)
G

R ‘D@ Run Il Preliminary

Entries
Mean
RMS

Fraction of Events/

Choose variables
with minimal
dependence on m;

Fraction of Event
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Low-Bias Discriminant
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Bl b b by b b by e b
0 100 120 140 160 180 200 220 240 260 280

Fit Mass (GeV)

DZ Run Il Preliminary

Discriminant purity:
b-tag purity:

51% = h

:1 11 L1 L1 L L1 L1 L ‘ L1 ‘ L1l
760/ B0 100 120 140 160 180 200 220 240 260 280
o Fit Mass (GeV)
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Lepton + Jet Event Selection

o
=t

7

isolated e or p with pr > 20 GeV (|ye| < 1.1, |yu| < 2)
Er > 20 GeV

low-bias discriminant> 0.4
> 4 jets with pr > 20 GeV

and |y| < 2.5

at least one jet permutation
consistent with t£ with x2 < 10

and |y| < 2.5

topological analysis b-tagged analysis
Channel e+jets p+jets e+jets p+ets
Actual 49 45 42 27
tt 27.5+2.2 204409 | 30.56 +2.4 22.0+1.75
W +jets | 9.5 +£0.45 22.01 2.6 7.0+ 0.6 4.3 + 0.3
multijets 12 £+ 0.55 2.6 + 0.5 4.5 + 0.4 0.7 4 0.05

Michael Begel

at least one b-tagged jet
> 4 jets with pr > 15 GeV

at least one jet permutation
consistent with t¢

L =~ 230 pb—1
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Topological Analysis

Scan over potential top masses D Run Il Preliminary

tt+Background
Background

Reconstruct top quark

» 4 jets = 12 unique solutions
» 2 neutrino p, choices

~
>
[}
o
=
-
N
=~
[
L
<
(]
>
1T}

» = 24 unique solutions

Perform constrained kinematic fit T8~ Tie an oo a0 2w %0 o

Fit Mass (GeV)

» require both W's have mass ~ My

» require mass of the two Wb pairs be equal
» choose minimum v |p.|

» choose permutation with best 2

Form binned likelihood with signal and background (W +4 jet)
templates
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Topological Analysis

Scan over potential top masses D2 Run Il Preliminary
Reconstruct top quark

» 4 jets = 12 unique solutions
» 2 neutrino p, choices

o~
>
<]
)
o
—
~
~
2]
)
(=
o
>
L

» = 24 unique solutions

Perform Constra”']ed k|nemat|c f|t %o ~ 120 140 160 180 2<;(-)"I"z;20 240 260 280

Fit Mass (GeV)

» require both W's have mass ~ My

» require mass of the two Wb pairs be equal
» choose minimum v |p.|

» choose permutation with best 2

Form binned likelihood with signal and background (W +4 jet)
templates
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Lepton + Jets Mass Results | e

Average fit mass

230 pb~—1! topological sample
44.2 + 6.6 tt events

DY Run Il Preliminary

Ensemble Average (GeV)

ts)

-Log(Likelihood)

/(0.4 Uni

Ensemble:

m; = 169.9 + 5.8 (stat) 77 (sys) GeV
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Lepton + Jets Mass Results | e

Average fit mass

230 pb~—! b-tagged sample . ot
49.2 + 6.3 tt events

DY Run Il Preliminary

175 180 185
Input Top Quark Mass (GeV)

DZ Run Il Preliminary

s/(0.4 Units)

-Log(Likelihood)

Ensemble:

my = 170.6 £ 4.2 (stat) & 6.0 (sys) GeV
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Lepton + Jets Mass Results

DZ Run Il Preliminary

s/(0.375 GeV)

Ensemble

—
>
[
(&)
0
~
“
o
=
o

Ensemble

Michael Begel

10 12
Statistical Error (GeV)

10 12
Statistical Error (GeV)

Source

-e'.r"'I

Uncertainty (GeV)

topological

b-tagged

Jet Energy Scale

+6.8/—6.5 +4.7/—5.3

Jet Resolution +0.9 +0.9
Gluon Radiation +2.6 +2.4
Signal Model +2.3 +2.3
Background Model +0.7 +0.8
b-tagging — +0.7
Calibration +0.5 +0.5
Trigger Bias 1+0.5 +0.5
MC Statistics +0.5 +0.5
Total +7.8/ —17.1 +6.0
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Lepton + Jets: Ideogram L%

Method based on same kinematic fit with same low-bias discriminant
Dy g, but improves statistical sensitivity by

using all jet/v solutions for fitted mass m, uncertainty o, and x?
calculating event-by-event likelihood taking into account all jet/v

solutions and the probability that the event is background (D g)
| | gives relative weight to signal and background
best permutations have most weight term according to estimated per event purity
w; = exp(—xf/z) Peot (DL B, Psampie) S0 that the
events that are most likely top count the most

L(mta Psample) — Z w; [Pe'vt S(mza Oy mt) + (1 - Pe'vt) BG(mz)}

background shape from Monte Carlo simulation

S(m;, o5, my) = /dm’G(m’,m,,;,a'i) BW(m',my, Ty)

signal likelihood based on Gaussian resolution and Breit-Wigner
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Lepton + Jets: Ideogram

Lepton + jets selection without b-tagging DO Run 1l Preliminary

e or u with pr > 20 GeV
> 3 jets with pr > 20 GeV
> 4 jets with pr > 15 GeV | emmme

|OWeSt X2 < 105 no CUt On -DLB generated purity
mean expected statistical uncertainty: 4.6 GeV

= from RMS and mean
-- from Gaussian fit
generated top mass: 175 GeV

>
o
S
[2]
(2]
@
S
©
@
2
©
S
o
c
o
o

fitted

DO Run Il Preliminary

DO Run Il Preliminary

©
<]
<]
<
©
=
k=3
o
N
b

before calibration

20 25 30

10 140 160 O 200 220 . . .
error estimated from likelihood (GeV)

top mass (GeV)

m; = 177.5 £ 5.8 (stat) = 7.1 (sys) GeV
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Summary P

D@ has measured the top mass in two channels with
O°25fb_1 Of Run ” data DY Run Il Preliminary

+5.8 +7.1
177.5 58 .71 G€

We are currently improving el e
the jet energy Scale and l+jets (template, topological) 169.9 tg:g gﬁ e
our use of the jet energy e wisged) 1708 142 49 cov
scale within the top mass ...
dilepton (matrix weighting) "-140 7.0

measurement. L H————H

. World average (Run | only)
EXpeCt |mproved resu |tS hep-ex/0404010
sSoon. 160 180 200

Top Quark Mass (GeV)
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