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w Motivation and Methods S=D

why measure the top quark mass:

¢ the top quark mass is not predicted

t
by the Standard Model (SM) WW@MW w1 Q M
7

¢ the top quark and W boson masses b
constrain the mass of the yet
unobserved Higgs boson SRR B I

80.70 L experimental errors 68% CL:
LEP2/Tevatron (today)

L Tevatron/LHC .
how to measure the top quark mass: B0601 — crGigaz T
¢ template methods using mass E soso- T
dependent quantities (e.g. s I
80.40 -

Neutrino Weighting approach)

¢ Matrix Element methods
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Neutrino Weighting Method =0

¢ template based method to measure the top quark mass in
dilepton events

¢ final state reconstruction:

e energies and momenta of final state jets and leptons
measured with the detector

¢ need 8 constraints to reconstruct undetected neutrinos:

¢

¢

¢

neutrinos are massless (2)

W masses well known (2)

top and anti-top quark have the same mass (1)
loop over different top mass hypotheses (1)

for each assumed top mass, loop over different neutrino
rapidities which are Gaussian and don't depend on the
top quark mass (2)
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w Neutrino Weighting Result =0

¢ comparing the measured missing tranverse energy to the calculated

neutrino momenta, each event can be assigned a weight

_ 1§y, ~ (B, py (M) Py (M)
W(mmp)—azi:o exp( il o7 ) 18- 2) DQ,1V7V(;I'I(';V
mt= e

¢ using the mean J_and rms 0_of each event

Weig_)ht

0.1
weight distribution, templates for signal

and background can be formed

0.05

¢ extract mass from a maximum likelihood fit

100 150 200 0 300
Top Mass [GeV]

m,=170 GeV
=
Z 0.5
¢ main systematic uncertainty of 1.6 GeV ig f
due to jet energy uncertainties Ro.
S o.
o

¢ result published in PRD 80/092006 (2009)
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w The Matrix Element Method =D

¢ matrix element method is based on full LO calculation of
top pair production and includes detector effects

¢ for each event, the probability to be produced under the
assumption of a certain top mass via signal process is given by

ttbar q 1 q2 S

27T)4|Mttbar(y)|2
Psgn(x mtOp = J Jﬂqlqu Zﬂavor'dqldqz feor (Q:)f por (q5) bew(x,y)

Proton

_ Lepton
Antlprotc:r: ~——Pr
b “Jet
parton distribution transfer functions W(x,y):
functions £ __(q) mapping from parton y

to measured object x
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w The Matrix Element Method S=D

. / ndf 6.555/ 4
¢ calculate main baCkground DO Rurl‘ lia prel L 1|1fb 7rio -0.06515+ 0.02878

|mt =170. 4+ 47 GeV p1 4.668 + 0.08667
p2 170.4 + 0.08052

-inL

probabilities in a similar way

¢ build event probabilities by adding 15?
up the normalized signal and
background probabilities

Pevt< top> fsgn sgn( top) <1 fsgn) bkg<X)

0.5

¢ determine the top quark mass from a
likelihood fit to the event probabilities

¢ main systematic uncertainty due to jet uncertainties: 2.2 GeV
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w Measurement of top mass vs JES

¢ largest uncertainty on all top quark mass
measurements presented so far from jet
energy scale uncertainties

(=]
=

FH

calorimeter jet

¢ measurement of an overall jet energy scale "

correction JES on top of W v i
q

. t A i . Jo o
the standard correction g < YT
t

b

- g
in lepton+jets events 3 2 :
possible due to well known W mass W i

¢ systematic uncertainty can be significantly ;
reduced by a simultaneous fit of m and JES :

Psig(x , mtop)—>PSl.g(x , mtop,JES)
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w Measurement of top mass vs JES =

¢ largest uncertainty on all top quark mass

. N
measurements presented so far from jet D@ Rur b Preliminery, L=2.6

energy scale uncertainties

w F
Y 106 lepton+jets with prior

1.05]-
¢ measurement of an overall jet energy scale 1of
correction JES on top of 1035

1.02F

the standard correction ok
in lepton+jets events N

A InL=0.5
AlnL=2.0

possible due to well known W mass 089 Hlnkeas
¢ systematic uncertainty can be significantly R ey
reduced by a simultaneous fit of m and JES
P (x,m,)—=Pg(x,m,,JES)
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w Systematic Uncertainties =

¢ largest uncertainties now from signal modeling: 0.8 GeV
and remaining jet uncertainties: 1.0 GeV

¢ common effort between CDF and D0 to reduce them

Source Uncertainty on top mass in Run IIb (GeV)
Higher OUrder Eitects T0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color Reconnection +0.40
NMMultiple Hadron Interactions E= N
Background Modeling +0.03
W HF factor +0.07
b-Modeling +0.09
PDE Upcertainty 2024
Residual JES Uncertainty +0.21
Relative b/Light Response +0.81
Sample-Dependent JES +0.56
b-lagging Eifficiency +0.08
Trigger Efficiency +0.01
Lepton Momentum Scale +0.17
Jet Identification Efficiency +0.26
Jet Energy Resolution +0.32
QCD Background +0.14
Signal Fraction +0.10
Muon Resolution -
Signal Contamination -
MC Calibration +0.20
Total +1.41
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w Top Quark Mass From Cross Section C=1

¢ definition of top quark mass

2 F
. e 15 Y
convention-dependent AR D@, L=11b
b -
[ ] [ ) [ ] 12_
¢ implementation in Monte Carlo 2
only close to pole mass e
¢ extraction of top quark mass from o 0
top pair production cross section n—— R,
. [ Nadolsyelal, PRD 78, 013004 2008) ~*+oencie e
allows for an unambiguous g~ —— Cacreta, JHEP 09, 27 2008
. . . [ === Moch and Uwer, PRD 78, 034003 (2008) K
interpretation in the pole mass scheme ., |
. 150 160 170 180 190
¢ comparison of the measured cross Top Mass (GeV)

section to the theoretical NNLOWX prediction yields:

m " =169.1 + 5.9 - 5.2 (stat+syst) GeV

p

¢ result consistent with all direct measurements
¢ published in PRD 80/071102 (2009)

]
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w Top Quark Mass Difference =0

¢ all mass measurements assume top and
anti-top quark to have the same mass

¢ any difference would imply CPT violation

¢ Matrix Element approach can be used with

p JES)> P

sig<X’mtop’ sig<x’mtop’mtopbar)

¢ first measurement of bare quark _
anti-quark mass difference E

m -m = 3.8 + 3.7 (stat+syst) GeV

top topbar

¢ measurement in good agreement : . —esd
with SM expectation TR R

165 170 175 180

¢ published in PRL 103/132001 (2009), m, [GeV]
featured in Nature Vol. 461 October 2009

|
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w Top Quark Width =0

anomalous couplings
branching ratios
CKM matrix element IthI

rare decays

mass, mass difference
spin correlations

charge asymmetry charge

production cross section
production through resonances

new particles
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w Motivation S=D

¢ while the top quark mass is very precisely know, its width isn't

e direct template based measurement performed by CDF yields
an upper limit of Ftop < 7.5 GeV at 95% C.L. (see talk by H.S. Lee)

e approach is model independent but not really sensitive

e width predicted by SM in NLO:
Ftop“‘“ = 1.26 GeV for m, =170 GeV

¢ significantly better precision can be achieved if one assumes that
the coupling in single top production and top decay is the same,
i.e. 0 (t-channel) ~ I (t- Wb)
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w Method =

¢ combining the measurement of the single top production cross section
o (t-channel) with the measurement of the branching fraction

B(t- Wb), the total width of the top quark can be extracted using:
o (t—channel ) T (t = Wb),,

top — B(t%Wb)g(t—Channel)sM

o (t-channel) B(t- Wb): B(t- Wb):
¢ simultaneous measurement in s- ¢ measurement of R=B(t - Wb)/
and t-channel: 3.14+0.94-0.80 pb B(t-Wq): 0.96 + 0.093 - 0.084
¢ PLB 682/363 (2010) ¢ PRL 100/192003 (2008)
—_— B DG Runll
% i Dg 2.3 fb™ ° 600 e Data(L=091b")
9 30 = .
@ Ranked 1 tt R=1
1] i Combination i — ff R=0.5
o 20 Output > 0.92 400 $ o
g i tt R=0
3 10 200_, #
g |
0= 00 200 300 o ] -
Top Quark Mass [GeV] 0 1 22
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w Extraction of Top Quark Width =0

¢ width extracted using a Bayesian statistical approach

¢ classification of systematics as in the combination of the Tevatron
single top cross section measurements (arXiv 0908.2171)

Sources t-channel R measurement Correlations .

Components for Normalization % " D@ Run Il Preliminary, 2.3 fb’
L‘}lmiHOSit}r. . 6.1% 0.0% S, 1'25 /]| ExpectedT, =1.38" GeV
.Smgle t..op signal .modnlelmg | 3.5-13.6% 0.0% o - S Observedrr, = 205257 Gev
Top pair production signal modeling — 1.0% X 2 I '

Other background from MC 15.1% 0.6% X g I
Detector modeling 1% 0.1% 5080

Components for Normalization and Shape s f
Background from data 13.7-54% 1.7% X 3 0'6:_
b-tagging 2-30% 6.3% X o -

Jet Energy Scale 0.1-13.1% 0.0% 0'4:
0.2
I =2.05 + 0.57 - 0.52 GeV S T
top 0.5

T, =(3.2+11-0.7) 10%s

[ thee = 1.26 GeV for mtop=170 GeV

top
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w Sensitivity to New Physics =

¢ top quark width also offers a window to study new physics
o presence of a charged Higgs boson with m_ < m_-m would

increase the single top cross section and change B(t - Wb)

f_
Vv

e measurement also allows to set a limit on 4" generation b' quark
assuming unitarity of the 4x4 CKM matrix ( IV 12+ 1V 1201 and

Ith |, IVtSI small), m >m -m, and a flat prior for 0 < IthI <1:

IV 1<0.63 at 95% C.L.

|
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¢ extraction of mass from production

¢ measurement of top quark mass

¢ new approach used at DO to measure

the top quark width:

SM expectation

[
Summary and Conclusion =
¢ all direct top quark mass measurements are
in excellent agreement with each other
¢ top mass limited by systematic uncer- | D9 ‘sprlininay Winter 2009
tainties on jets and signal modeling
Run | Dileptens 011" K 4 168.4+12.31 3.6 GeV
12.8 GeV
o o o Run | Lepton+jets 111 H—8—+ 180.1+3.6+ 3.9 GeV
cross section yields a consistent result
Run Il Dileptens * o060 4 1747+ 2.9+ 24 GeV
3.8 GeV
difference still limited by statistics: Run Il Leptonsjets * 161 HH 173.7+ 0.8+ 1.6 GeV
LR 1.8 GeV
no deviation from SM observed so far
DO combined  (Warch 2002 HeH 1742+ 0.9+ 1.5 GeV
1.7 GeV
World average march 20m) [ 173106+ 1.1GeV
1.3 GeV
° Current results agree Well With Run Il o{l+jets, Il l+t) * -1 0 —e— 169.11 5.6 GeV
150 160 170 190 I 200
Top Quark Mass (GeV)

e also excellent window for new

physics
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w Top Quarks at the Tevatron =

top quark pairs produced in strong interaction:
¢ 85% via quark-antiquark annihilation
¢ O ,,=746 pb @ mtop=172.5 GeV

as BR(t->Wb)~100%, top events characterized by W decay:

tiprot
¢ dilepton final state: antiproton

e 2 bquarks, 2 isolated leptons and large missing

transverse energy from 2 undetected neutrinos _ _ _
Top Pair Branching Fractions

e main background from Z+jets events _
“alljets™ 46%

¢ lepton+jets:

e 2 Db quarks, 2 light jets, 1 isolated lepton
and missing transverse energy

ttHjets 15%

e main background from W+jets events

u+jets 15%

¢ all jets:

o R et+jets 16%
e 2 b-quarks, 4 light jets "dileptons" "lepton+jets”

e large background contamination from multijet events

ﬁhl



