Qutline :
» Introduction
> Cross section measurement

» Top Properties Measurements: E%E%TE%{%%Y
Mass
lifetime
charge

> tt resonances




Top quark discovered in 1995 by
CDF and DO

Missing particle as today it is the
Higgs

Important to undestand what we
missing in the Standard Model
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B Comparison between observed and predicted properties is a test
of Standard Model and search for new phenomena

B G;; is the most inclusive property and the least sensitive to high
order corrections

B Recent s calculations are based on parton-level, o1 calculated in
pQCD with NLO matrix element

B Top is very heavy and can couple to New Physics at High Energy
scale

B An anomalous tt rate can be indications of new physics

B Compare o for different final states

B Gt/ O SENSitive to non-W decays

B different channels have different sensitivity
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Quark Top Cross Section: Production & Decayl

Production
85% /" ’ 15% ' At Tevatron top
\ f A quark is mainly
FO0000000 l' ll‘**'t“trl'l';'*. - .
r ’ » g N produced in pairs
1 t Ny \ ;

~ + other diagrams

ttbar Decay Modes

Oete Emu+tmu  Etauttay Oe+mu det+tau
Omuttay  WEetjels Omu+jets Otautjets Dall had

Di-leptons 5%

Leptons+jets 30%
All-hadronic 44%
Others 21%
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_Quark Top Cross Section: Final States |

Each final state has specific characteristics and require a
specific approach:

® Di-lepton: low yield, low background, well defined leptonic
signature

® | epton+jets: higher yield, moderate background, lepton
signature + MET + jets

® All hadronic: highest yield, huge background, only jets
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_Quark Top Cross Section: How fo measure |

Cross section 6 measurements are based on counting experiment:

N Nasseved = NUMber of top candidates
background N, ,10rens = NUMber of background events
£ (imE ]J Ldt s(mt) = overall efficiency can depends on

N

observed

Top mass
JLdt = total Luminosity

Background evaluation is the most critical part, two methods used:
B data driven
® simulated
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Quark Top Cross Section:How to measure (2)|
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9 °
lectron Jet 2 (b)

Displaced

Wertex
displaced

tracks

1L

Needed:
> Lepton, y,e, identification
> b-jets identification:

W soft-lepton

¥ vertex tag

Soft-lepton:

Select y,e from B semileptonic decays
Vertex tag:

Select tracks with high impact
parameter wrt primary vertex

Fit to identify a secondary vertex
Cut on decay lenght L><y
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Quark Top Cross Section: Dilepfon decays |

Requirements:
> two high Propposite charge isolated leptons (Pt>20)
> at least 2 high ET jets with at least one vertex b-tag

> MET Tagged Top Candidates With Njet> 2
Io—— T T _
_ CDF Il Preliminary 2.0 fb™]
Major Backgrounds =t __—data |
[ -®- ntries ]
Drell-Yan Z/v*: calculated using  2of 7Y || 0778 0 oo
. [ o= 6.7 pb| ]
control region o JT mooo
. - ~® B
Di-boson: WW ,WZ,ZZ [t mi: |
10t Bl ww .
QCD: fClke lepTOnS : : 3 EDY— 't
[ CODY— I'T
5 : \ _|
0 150 200 50 300

dilepton invariant mass, GeV/c?
Donatella Lucchesi 8



Quark Top Cross Section: Di-lepton result |

Tagged Top Candldates With Njet> 1

?o;- | CDF Il Preliminary 2.0 fb™

6ok -1 data

| Entries 104
- DATA

o 1 2 3 4 5 6 7 B 9
Jjet multiplicity

N observed N background

E(mr)ILdI

Data & MC

NObserved: 90
NBackgr‘ound: 1 3 + 2

‘c(tt) = 9.0 £ 1.1 (stat) + 0.7 (sys) + 0.5 (lum) pb

Dominant systematic error:

Jet Energy Scale and background contribution
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Quark Top Cross Section:lepton+jets decays |

Requirements:

> one high P; isolated leptons (P+>20)

> at least 3 high E; jets with at least one soft lepton b-tag

> MET W+ =3 jets COF Il Preliminary (2 fb)

- I:_Inr.a
»H=Z(E++P+ MET)> 200 GeV g e
S 35 = e e
(| [ Other backgrounds _
. E 10 L] Backpround +1 uncerantios
Major Background °
» W+jets: 3
. ]
® Heavy Flavour fraction and 5 15
shape dermined with MC & daTalg 10
* light flavour from data 2 Z
® Other contributions from non-W 100 150 200 250 3&11553-:“9]9 450 500 550 600
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Quark Top Cross Section:lepton+jets result i

CDF |l Preliminary (2 fio )

1000 "o
-ce N spseried™ Niaciground
% B bt Woe, e 0'— .
2 800 ] Eﬂlw
Rt Bekig

g —— Background-+t E [mr ) Ldt
% 600 [ Background+t ermors
o Require H,>200 GeV for = 3 jels
L§ 400 e e . :
3 ===== gjgnal regio Data & MC
E
;._:- 200 NObserved: 248

N Background: 8 7i6

W fot W2 [pts W3 [ets Wz 4 jots

Jet Multiplicity

o(tt) = 8.7 + 1.1 (stat) + 0.9 (sys) £ 0.6 (lum) pb

Dominant systematic error:
soft-lepton tag efficiency and background contribution
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All the measurements are then combined

What we learn:
v All the decay channels are consistent

v Lepton+jets is most accurate
v Close to the theoretical predicm
It has the higher number of events

with not so large systematic error.
All hadronic suffers for large backgroud

Donatella Lucchesi

CDF Run Il preiiminary April 2008

T T T T T T T T
[ Cacciari et al. JHEP 0404:068 (2004 - 2
[ Cacdiari (2004) ~ Assume m=175 GeV/c
Kidonakis, Vogt PRD 68 114014 (2003)

'Lept0n+Track

(L=1070 pb ) 8.3+1.340.740.5

'Lept0n+Track_:1Vertex tag

(L=1070 pb’) 10.11.841.1+0.6

NN

‘Dilepton: Vertex tag o

(L2100 pb ) 9.0+1.10.7+0.5
‘Dilept

22100 pb) 6.8+1.0+0.5+0.4

Al

i

'Lept0n+Jets:_§(inematic AN
)

(L= 760 pb 6.0+0.6+0.9+0.3

'Lept0n+Jets: Vertex Tag
(L=1120 pb )

: °
Lepton+Jets: Soft Elect T:
R don Sy Cectron "’% 7.842.4+15+05

‘Lepton+Jets: Soft Muon Tag
{L=2000 pb )

8.2+0.5+0.8+0.5

8.7+1.1:0.940.5

\\j\\\

AMET+Jets: Vertex T: 0.8
(L= 3$1Spb'?) = / 6.1:1.2 +,:+0.4
&

All-hadronic: Vertex Tag

(L=1020 pb ) /
'Combined(olgSLT,aII—had)

(L= 760 pb )

8.3+1.0 429405

&%

7.320.5+0.610.4

(stat)x(systyE(umi)
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Quark Top Cross Section:Final results(2)

The result is compared to the theory

o(pp — tt) (pb)

12:“' I T T T I T T T I T T T I T T T I T T T I T T T I S 12 T T | T T T T T T T T T T T T ‘ T T T T
L 2 | CDFRun1 CDF Run 2 Preliminary |
C —_ Combined 110 pb” Combined 760 pb”

10 ' 10 ~
1
i | &

81 & sk 1 e =
i © R L L
6 6L "'""'-”-‘-‘;n‘_=_1_'f§9_3.\!'€ ----------------------------- =
s I et St m=180.GeVIe oo

al 1 s
i Cacciari et al. JHEP 0404:068 (2004) a- N
e Cacciari et al. + uncertainty i L

2= e Kidonakis,Vogt PIM PRD 68 114014 (2003) || -
I Kidonakis, Vogt 1P ] 2 7]
I R B S B SR BN S SRR R i DCacCiariEtal-JHEP°404=063(2004)m.=175Gercz i
60 162 164 166 168 170 172 174 176 17 80 ol

Top Quark Mass (GeV/c 1800 1850 1900 1950 2000

s (GeV)

It is consistent with the theory:
v as function of Top Mass
v as function of the center of mass energy
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__ Quark Top Mass: Inroduction |

» Fundamental parameter of Standard Model
» Important ingredient for Electro-Weak precison test

> Precise determination of top mass
helps to infer Higgs mass.

» If Higgs is found -> fest of
Standard Model

my = 7613 GeV 3
mg < 182 GeV (esxor)

Donatella Lucchesi
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__ Quark Top Mass: Tnfrodction |

Decay Channels: Same used for cross section

Main issues:

X missing v momentum

¥ combinatorics

x Jet Energy Scale (JES)

To redure the error W->jj calibration
Analysis with at least one hadronic W
measure simultaneously M: and JES:
scale Jet energy to match My spectrum

Method used to extract the mass:

template
Matrix Element
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__ Quork Top Mess: Template Method |

Method: build top mass and JES template for signal and background
Use the templates as pdf in the Likelihood.
Extract top mass and JES

All hadronic decay channel

Reconstruct the event kinematic by minimizing:

2 2 2
a_ (mfy —Mw)®  (nfy) —Mw)®  (nf) )" (i) E"‘: ' — AR
¥ Ty I I? i =

mjj = invariant mass of mjjb = invariant mass of P, =top transv.
two light jets three jets momentum

rec

For each permutation we obtain m;
signal (MC) and background (data)
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Quark Top Mass: All Hadronic

Signal template: Monte Carlo data Background template: data
K

E B tt m{* templates, 2 tags events (JES = 0.0) EO-UB - Background m:e “template, 2 tags events
- o™
00.14 L r
3 [ Miop = 160 80,07~
"?'é I - P s | Corrected Bkg
,?5’0-12._ I Miop= 170 .”.‘;0-06:—
] i Mtop = 180 e . oo
§ o1 Mtop = 190 20.05F — P(m™)
B B rec ) -
E0.0B a - P(mt | Mtop,JES) ._,_0_04_
0.06 :— 0.03f
R 0.02f
0.04 — N
i 0.01F
e = :
- 0 o
0 B 1 1 1 1 1 1 1 | I T T T N N — 4 I L L L 1m 1m m 2m % G
100 150 200 250 300 \ m;™ (GeV)
m= (GeV) AL

_|".|; ﬂ:' P:n:“ [:m‘hi | M!‘ﬂ ’JEE:] _I-ﬂmei [:m‘h i:]
L — L + L 'EMH]:- = 1_['!=f. -+ n]:+m e
tot M top JES

TEL THELT

The Likelihood has two [Nt P FLy (w ¢ | Meop, JES) s FLY (e, )
’E-T - l_[-!=1 i iy,

terms: one for the mass

and one for JES
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Quark Top Mass: All Hadronic result

CDF Run Il Preliminary (1.9 fh"]

CDF Run Il Preliminary, (1.9 f&7) % 50[- 2 tags events 1']1:“
3 g T
ﬁl_' E -Ln{La’Lm“) Contours, 1+2 tags events % B _+_ Data
2f g a0 B Fittea tf
i3 [ " Fitted Bkg
i aol
a| Z 12Ndof = 21.4 /27
e 20l Prob = 0.785
r— —Ln{L.fLm)=4.5 (3) -
- — -Ln(LiL__)=2.0(2q)
2 — -Ln{L/L__)=05 (1) N
[ 3 Fitted Values 10—
] U I PUTI RS PRTUY PUREN T FRUTE PP P B
150 155 160 165 170 175 180 185 190 195 200 B
Mtop (GeV) B
0
100 180 200 250 oo

m;* (GeV)

M., = 177.0 + 3.7 (stat+JES) + 1.6 (syst) GeV/c’
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Observables: measured momenta of jets and leptons

Question: for an observed set of kinematic variables x what is the
most probable top mass

Method: start with an observed set of events of given kinematics
and find maximum of the likelihood, which provides the best
measurement of top quark mass

Our sample is a mixture of signal and background
evt (x m ) ftop sgn (x m ) (1 ﬁop) |])bkg (X)

P bkg(X ) depends on the decay channel
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Quark Top Mass: Matrix Element Method |

W(x,y) is the probability
that a parton level set of
variables y will be measured
as a set of variables x.
Parton Energy <> Jet Energy

dq, dq, f(q,) f(q,

f(q) is the probability distribution than
Normalization depends on m, a parton will have a momentum q

Includes acceptance effects

probability to observe a
set of kinematic variables
x for a given top mass

B, (x;m,) F
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__Quork Top Mass: ME in Lepton-iets |

Select events as in the cross section measurement
Recall: Major background is W+jets

Likelihood minimizec}lwfor: M..,, JES, Cs=signal fraction of events

L(Myop, JES, Cs; &) ‘[[ [Cs Py(&; Myop, JES) + (1 = Cs) Py yjets(T; JES)]
Py yiessl X, JES) ob‘ra;:eld from Monte Carlo

Results of unbinned Likelihood fit

CDF Preliminary 940 pb™

M., = 1709 + 2.2 (stat+JES)
+ 1.4 (syst) GeV/c?

JES =0.99 + 0.02 (stat)

Cs = 0.68 + 0.05 (stat)
(5/(5+B) = 0.84)

'150""1%0""180' 21
M (GeV/c)

top

0.95 |




Mass of the Top Quark ("Preliminary)

Measurement Moo [EE'!.I"J"DZ]
CDF-1 di-l L ) 167.4 = 11.4
D@-l il e 168.4 = 12.8
CDF-II di-1" - 171.2= 3.9
Dea-11 di-1* 1737+ 6.4
CDF-l |14 1761 = 7.3
D&E-1 14 1801 = 5.3
CDF-Il 1+ 1724« 21
D=1 1+j/a” 1705+ 2.9
D&-11 1+/b* 1730z 2.2
CDF-1 all-j i 186.0 = 11.5
CDF-I1 all-j* 177.0= 41
CDF-ll Ixy - 180.7 = 16.8

Tewvatron Run-1/1"

150

7o

M, [GeVic’]

Donatella Lucchesi
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« Relative uncertainty: 0.8%
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Quark Top Mass: What are we measuring? |

» All M; measurements are calibrated to MC
— MC calibration not unigue to top mass

* |[nthe MC, the parameter we calibrate to is
the top-quark pole mass

— Numerous discussions with numerous authors

— All say: “It’'s pole mass w/i ~A,4~200 MeV/c?’
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Quark Top Mass: What are we measuring? |

* There's a theoretical iIssue since t-quark is not a
color singlet

— What we need is an experimental observable that's
= A color singlet
= Sensitive to M,
= \Well defined at a hadron collider
= Can be modeled theoretically in a well defined manner

— What we have are experimental observables that are
affected by numerous non-perturbative (QCD) effects

» Makes theoretical interpretation difficult, since mapping from the
perturbative to observables requires non-perturbative model

= This is what the modeling systematic uncertainties are meant to
address... how sensitive are we to varying these effects in MC?
A: moderately, ~500 MeV/c?
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Direct measurement of top lifetime very difficult: 1~4x107%° ¢
t=h/T ->T,~15 GeV - _ Grmi

Liop = —=-
Width of reconstruct the Top mass sensitive to I'; AL
Lepton+jets decay channel with the template method:
- construct template fitting event kinematic
4 By — My )? +a (Mj; — My )? J Templa‘res:
[erf'mr.....]z .;.UIT— e Signal: MC, M, for dlffer'enT I,
- B - A / Backgr'ound MC + data
o2t cormmtpimmy ) § 07 () ot ()
0100"iéd"é66"ééd' 300 350_E 05_100 150 200 250 300 351,0—E DR el ae s b LSt 35;0_5 25

reco 2 reco
(GeV/c ) mieee (GeV/c) mieee (GeV/c")



Top Quark Width Fit

The ||ke||h00d |S L= J!:.~LI|:1|-r= A -EI-;.-_

gimatmel iy o) O - e Paiglii Dyon) + npPrlm,)

Lohape = - i
*hay N ! e + Mg

0.02 CDF 1I

§ ermEy 3
0.018 W — 1y 7 )

2-tag signal shapes
m, = 175 GeVi/c?

—Inl Ly =
' |,.._ ;
= i-‘l|_.|._:-

0.016 T

0.014

0.012

Low sensitivity.
We must distinguish among
different curves

o
o
pry

0.008

Fraction/(5 GeWcz)

0.006

0.004

0.002

200 , 250 300
m;e< (GeV/c”)

7 Ll
0—00 150
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Top Quark Width Results

2-tag Reconstructed Top Mass (GeWcz)

30
ﬂ i CDF Run Il Preliminary (1 fb") , \ ;
%25: Log kelhoodlvs Fited top with Confidence Band with Systematics
- 25 _—— III|III|III|III|III|III|III|I||I
g %1 00'_95% Confidence Level i
Sa0f QL M, =175GeVic?
- g8 |
015 130 S L. ~ 80-
105_ . Data (82 evts)
: [ Jsional + Bkgd so- Data .
51 DBkgd only I
0: 8l : S A Al 40_— —_
100 150 00 250 300 350 4(1)2 - —_— T
Tlgp =74 GeV m'ee- (GeVi/c') i ——— I
201 = J
fit _ I = A
r T- ‘486 Gev r <12 7 Gev - F CDF Run Il Preliminary (1 fb") -
TOp 0#IlllI|||||III||||||III_
o 20 0 20 40 60 80 100 120
01- 95 /O CL I-Igp (GEV)
27
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does top->W™+b ?
1. Standard Model top charge=2/3
2. Exotic Model top charge =4/3

Method:
® determine the charge of the W
(lepton charge)
® get the flavor of the b-jet
® pair the W with the b jet
ensure W and b jet come from the same top
® Separate events SM and XM

Use di-lepton and lepton+jet dataset decay channel
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__Top Quark Charge Anaysis |

Get the b-jet charge: jet-charge algorithm

|y = weighting factor It is optimized on bb sample:
0 = jet axis one b->u charge is known

P; = track momentum

Pair € with b-jet using the best My, . |
to identify the top. Ay
We get ‘
» N = number of SM like events with

top charge +2/3
» N = number of XM like events with

top charge -4/3
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__Top Quark Charge Resuts |

f+=fraction of top pairs charge +2/3
Profile Likelihood for the Log %
Likelihood curve for the
observed N+ and N- .

Minimum the curve at f+= 0'87'\:@

CDF Run Il preliminary L=1.5 fb™!

18000

= =
E 9
= =
= (=]
=] =]

12000

Pseudo-experiments

10000

8000

G000

4000

2000

CDF Run Il preliminary L=1.5 fb"

_||||'|'|||||||| '|'|||||||||'|1||||||||'|1||||||||

Asviiawviia J_Jucchesi

1|IH-O.SHHOHII0.5|||I1HH1.5IIIIZH

Distribution of the fraction ofﬁSM
like pairs (f+) assuming either the

Exowm Model.

measured f+=0.87
corresponds to a p-value of 0.31 .
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__Top Quark ChargeiResuts |

40°

CDF Run Il preliminary L=1.5 o

160[}-
140}
120[}-

100[-

80f}-

p-values under the SM hypothesis if XM is true
a=1%
[=87%

0-
0 0002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 002
p-values

Generate PE according fo XM
distribution for each one find the area

under SM distribution, this is p-value.
Choose a= 1% probability of incorrectly

rejecting the SM -> p=area under curve
When we have f+ we calculate its
p-value. If p-value>a we can say we can

exclude XM at p

Since the p-value under the SM hypothesis is 0.31, this is
greater than the a priori chosen value of a 0.01, so we exclude
the exotic quark model with 87%. confidence.
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__Search for 17 resonences: method |

Compare Standard Model predictions with data possible hint of

New Physics

Method

s N kag
dM_. — . [ ZA g

N, = number of events in bin 1

N.& = number of predicted
background events in bin 1

A; = acceptance 1n bin 1

Alver = the width of bin i

JL = integrated luminosity

» Use lepton+jets decay channel:
- high Pt lepton + at least 4 jets

» Use four vectors of the 4 jets +

lepton+neutrino to measure M1t
> Evaluate Ai with Monte Carlo

Donatella Lu

160 |
140
120
100 |
80|
60
a0t
20

~waiwioa
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CDF Il Preliminary

e Data IL 1.9+0.1 "
C+
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+ -nghtﬂ vor
—
]
[
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Search for tt resonances:unfolding |

To extract the true Mtt distribution from the measured we model
the effect which distort Mtt with Monte Carlo and produce the
probability response matrix: Ax=b where x is the true distribution

and b the measured. Result consistent with SM
This is equivalent to: 10" —
f — SM Expectation
Ny .ﬁ | -SM Uncertainties
E_;i:l-‘“h_iiij - bﬁg 1072 4 o Dam,IL:1_91ﬂ.1m'1

n ]
Ll

| = min

."'jllii'f

tt

do/dM [pb/GeV/c?]

A new thecnique is used
to avoid singularaties due o
to not populated bins. —_————————

0 200 400 600 800 1%0[] 1200 1400
Unfolded Mﬁ [GeV/cT]
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ey

We studied:
> Cross section measurement
» Top Properties Measurements:
Mass
lifetime
charge
> 1t resonances
Missing:
B Top helicity
H BR(T->Wb)/BR(t->Wq)
B Charge Asymmetry AFB
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