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@ Top quark physics and the Top quark mass.

@ Mass measuring techniques.
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lepton+jets, dilepton and all hadronic final states.

@ Conclusions and outlook.
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LO diagrams

Top Quark Production and Decay

@ In proton anti-proton collisions
at Tevatron energies, top quarks
are primarly produced in pairs via
strong interactions: we measure
the mass in this production mode.
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[ The Top Quark mass ]

Fundamental parameter of the Standard Model

@ Affects predictions of SM via radiative corrections
—m, can be related, with mW, to the Higgs mass om,, o mf,ln(mH)
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Precision measurement = 2(8) fb-' projection: sm~1.5(1) GeV. 3



[ Measurement techniques ]

Main mass extraction techniques:

Reco. Top Mass (1-tag(T))
@ Template methods: typically, one mass 0.14- COFRunllPrellminary
per event from kinematic fit, 0.12- \ i"1'45 P
compare data to MC templates. - "I
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@ Dynamical methods: event by event

weights according to quality of agreement

with Standard Model top and background

differential cross-sections. \ .
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parton level variables (y) to

differential cross-section (LO matrix element) PDF’s reconstructed level variables (x)

@ Highest precision measurements from dynamical methods, and {+jets
final states (although other final states and methods can be competitive).
All of the results presented here use dynamical methods, at least in part.



[ Challenges of Top quark measurements ]

@ Top quark physics exercises the understanding of all detector components.
@ |t is a rare process with significant backgrounds.
@ We measure jets, not quarks.

@ We detect E;, not neutrinos.

calorimeter jet

With increased statistics: focus is now on systematics
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Handles on systematic uncertainties: _j J* out of
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to decrease with larger data samples.

Results shown here: <1 fb-1. Current data on tape: ~2.1 fb-"



[ Mass in the {+jets channel ]

Event signature:
One high p- lepton (e or p)
four jets (b-tag incorporated),

large E7. £
.
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Backgrounds:
Medium, mostly W+jets,
and QCD multijet.

t(—W=b) t(—W=b)
L et L qg

Added bonus:
in-situ calibration of
light quark jets using
the hadronically
decaying W mass.



[ Matrix Element Method ]

Dynamical method pioneered by DY with re-analysis of Run | data.
Currently yielding the most precise results for both experiments.

Makes maximal use of information in each event by calculating event-by-event
probability to be signal or background, based on the respective matrix elements:

})evt (x" m JES) — f;op ])sig (x’. mtop 4 JES) + (1 o f;op )})b (X; JES)

top’ kg

@ x: reconstructed lepton and jets kinematics
o JES from M, constraint.
o Signal and background probabilities: from differential cross-sections

P@im,, )=~ [d"o(vim,, )da, dg. f(a,) fla: )W »

e All events are combined in a likelihood

-InL(x,,...,x, ;m JES)=—ZlnPeW(xZ.;m JES)
i=1

top’ top?

¢ Likelihood is maximized as a function of m,, and JES. 7




I+jets Matrix Element Method
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[+jets Ideogram Method

Same kinematic fitting and discriminant as the Template analysis.
Event-by-event likelihood, each event gives a distribution of masses.

!
Levl (mtop ’ Psample dm + (] B ])evl
N
discriminant / Signal Breit-Wigner’s

_ _ ~ Gaussian resolutions
combinatorics weight

Background shape

................................................................................................

—_—
no
|

o g o 1.2 : oy : :
2 DO, 425pb" | & ] . DO,425pb7 | 8 T4 | i D@ 425pb"
= . electron+jets | € i muon+jets E i . lepton+jets
T T (SRS oS- PR © ; ; : L I O IO O S PR .
© : : : o o
o o o
%) i N %
L 14 (un] Ll
- ] -

0.9 :

1T e R — R I ; : 0.8 —{rzosdreereendiennens R T

T TT I rTTT I LI LI I TTTT I T TT T I TrTTT I TTT

................

Till IIITI
190 160 170

TT I TT
160
Top quark mass (GeV)

T | TT T I T
160 170 180 190 170 180
Top quark mass (GeV)

D, 0.4 fb

M

wop=173.7 £ 4. 4(stat. +JES)+2.1 -2.0(syst.)GeV/c?

IIII
180 190

Top quark mass (GeV)



[ Mass in the t{+jets channel ]

Backgrounds: low.
Diboson, W/Z+jets.

jet D& Preliminary ripa

Event signature: %

Two high p- lepton (e or )
two jets (b-tag incorporated),

large E;.

eu + jets
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GeV
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et ! Added challenge:
Two neutrinos.
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[ Template Methods with Weighting ]

General: the dilepton channel is underconstrained. Template methods assume
values for certain variables in order to extract a solution, and assign weights

to the different solutions.

Example 1: the matrix Weighting method (MWT) scans over top masses and assigns
a weight to the solution, based on the Matrix Element predictions for the lepton p;’s:

W, m, )= > fooe(Wfope(OPE] |m,, )p(E. |m, )

solutions jets

Example 2: the Neutrino Weighting method (vMT) scans over top masses and the

n'’s of the two neutrinos and assigns a weight (as a function of m, ) to the solution,
based on the agreement of the calculated neutrino p;'s and the observed E;

] Nige, [ &E{ calc E/Obs ]ex 6E cale £ ;bs )2
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@ maximum likelihood fit to signal and background templates 11



[ li+jets Template Methods with weighting ]
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[t+jets Matrix Element Method

Probability Density
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[ Mass in the all-hadronic channel ]

Event signature:

six jets (= 1 b-tagged),
additional selection
on event topology.

: et
Jet
et € ,’»

l ITR/4 Backgrounds:
R Large, from QCD multijet.

SN b
P b #N p
oo ,7:“‘?\\\ <~ _jet Added bonus:
A TR in-situ calibration of
A - light quark jets using
Jet jet the hadronically
decaying W mass.
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\.

Template Method

All-hadronic Matrix Element assisted

New 2D (M
Analysis:
signal Templates from

top?

Matrix Element calculation,
background templates from

data-driven model.
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Top quark mass: Summary

Top world average still from Summer '06.
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[ Conclusions and outlook ]

@ Results on the measurement of the Top quark mass presented for datasets
up to 1 fb-.

9 All ~1fb-! measurements are converging, analysis of the >2 fb-! dataset
started.

@ Measurements now extend to final states once considered “challenging”,
l.e. the all-hadronic channel, with results competitive in precision with
other channels.

@ Current relative uncertainty on the Top quark mass: 1.2%.

@ Aiming at ~1 GeV uncertainty (<1%) at 8 fb-1.

@ The excellent performance of the Tevatron and the CDF and DJ experiments
are the key to precision measurements in top physics.

17



Back-up slides




CDF: +jets Matrix Element Method 1030 pb”|

Uses a per-event probability for the mass as a weighted sum of the differential
cross-section for LO top quark pair production and of the differential cross

section for background processes: signal/backg fractions
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The all-hadronic channel signal

DY W and Top quark
mass from di-jet
and tri-jet spectra =

Tri-jet spectrum
with additional

combinations/5 GeV
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Cross-sections: Tevatron, LHC
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[ Top Mass Uncertainty Projections ]

CDF Top Mass Uncertainty

(&l and I+ channels combined)
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