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e youngest member of the quark family
e discovered in 1995 at Tevatron

v’ not a surprising discovery:

= b-quark requires an isospin partner
 the search for top lasted 20 year due to

its unexpectedly heavy mass

e

Run I CDF & DO combined:
Mass (top) = 178 + 4.3 GeV/c2

40x bottom quark mass
Comparable to gold nucleus

5 orders of magnitude v
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Why top quark is so interesting

Top mass is a fundamental parameter of
the SM:

v' SM radiative correction dominated by
top mass

v' Special role in dynamic of EWSB

v' together with W mass places a
constraint on Higgs mass

' H
l() woow S w
b W
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Tevatron: so far the only

place to study the top
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Signal of today,
background of tomorrow!
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@ How top quark is produced

One top pair each 10'%inelastic collisions at Vs = 1.96 TeV

Femmilab
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@ How does top quark dacay?

Top quark lifetime is short: decays before hadronizing
T, ~4%10%s, T' = 1.5GeV >> Ay, ~ 200 MeV

> No spectroscopy like other heavy flavor

» Top momentum and spin transferred to decay products

Standard Model:
{—Wb ~ 100% b

q

q W
4 W " . )
Main "usable™ top event topologies:
*tt — Ivivbb  di-lepton 5% (e+u)

*tt = lvqqbb  lepton+jets  30% (e+p)
* tt — qqqqbb all hadronic 45%

\

tt decay modes

Te/tu

tau + jets

all hadronic

tau + jets

et u+ ot

w’
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Outline

1.

4.

5.

The experimental environment:

° The Tevatron
° The Collider Detector at Fermilab

. Experimental challenges in top physics:

e fracking, vertices and b-jet identification
e jet reconstruction and energy measurement
e understanding W+jet background

. Top physics in the lepton+jet channel with 700 pb-:

e the top pair production cross section
e the top mass

Single top and top resonant production searches

Summy: plan for top physics with =2fb-!
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€ The TeVatron Collider

® p-pbar collisions
VJ'$=1.96 TeV (RunI 1.8)
® 36 bunches, 396 ns
e record peak Lum. 1.8x103?[cm-2s-!]
v Recycler
e 1.7 <interaction>/bunch crossing

- _1 3 : ..‘_ - A
°x25pb /week Shie Tevatron
: Averagei# of pp c;ollisions E s ;; - - JE___:_‘ ‘
- |6 bunches | , Main Injector |
' : 1 & Recycler =
1 _____________________ f‘._o". i..o""
i =" 1108 bunches
r E.‘.‘. 0?\)“‘0 : :
Lumi‘ﬁbsf'jry [dm-2s-1] | 4 fb! expected by 2009. Electron

1031 1032 1033 cooling on track could get 8 fb-2 2009
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Luminosity Summary

Collider Run Il Peak Luminosity
1.80E+32 1,80E+32

Peak luminosity > 103%[cm=2s!] 1<
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& Central Detector at Fermilab

> Silicon detector (SVX):
»COT: drift chamber
Coverage: |n|<l1
opt/ Pt~ 0.15% P+
»Calorimeters:
Central, wall, plug
Coverage: [n|<3.6
EM: og | E ~ 14% WE
HAD: oz | E ~ 80% WE
»Muon:
scintillator+chamber
muon ID up-to |n|=1.5

Multi-purpose detector:
precision measurements & search for new physics

~us@l 2 U "‘\ D3 & gt R !"" l
a0 L N : L
A al \ . = . - 5
S ¥

e WP AR

-0 5 I

st

SV X EM cal Muon
COT:tracking Had cal
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& SM physics & beyond in top quark

Top quark:
Cross section ® Top production rate

resonance productio ® Top mass
single top, V,, ® Single top production

Top quark properties:
® Top production rate
® W helicity in top
events
® Anomalous couplings
® |Vl
® New physics?

width/nfeti@

spin correlatio

branching ratios
rare decays

a ..on the right path but
t—H*b, ty

we need more statistic
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@ Top experimental signature

b quark jet

Final State (jepton+jet): lepton, neutrino plus 4jets
v" High-pt central electron/muon triggers
v" High pt electron or muon with Pt > 20 GeV

¥ Isolated

Electron: EM cluster in calorimeter
with matched track

Muon: track matched to hits in muon chambers,
MIP ionizing energy in calorimeter
v" Large missing Et >20 GeV
V" Leading 4 jets
» Reconstructed with cone algorithm (0.4)

using calorimeter towers Challenges:
¥ Inlk2.0

b quark jet

Acceptance = 5%

including BR
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@ B-tagging: tracking

a,, (1tm)

displaced
Identify heavy flavor jet by reconstructing tracks
displaced secondary vertices wrt the

primary vertex. B ct = 460[um]

.~ secondar
L ry y

rimary vertex
Ingredients for a good SecVtx tagging: vertex
e efficient tracking reconstruction
e resolution on impact parameter (30um) LOO 1.2cm from|  qymy
e resolution on primary vtx (10->30um) beam axis | 2=

e efficient reconstruction of secondary
vertices inside a jet

20 —tragcks T botkireadTregion I:ﬂ m i‘ i |ﬂ:| ﬂ:‘
1804 —-— - . ' detector L
160— _____ | Resol uflon on do CDF Tracking Volume
1404—-*— including beam width 0]
1203 ——* ]
100- x 3 15

5 Y Without LOO . - e
80 i . 3 g

b s ““ 1.0 7] i‘ §
604 —-— . e — S e . S -
402 Mm‘g ] % §

] . - g * - £ :
20— ——— with L Q0O - 2 2

0: r+rv+rrv | vy vyt o l\
0 1 2 3 4 a . "'.\‘ 1.0 1.6
Py (GEVY Ny TEMEDATE
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& B-tagging

SecVtx b-tagging:

v' Identify displaced vtx inside a jet

Jet probability b-tagging:

v" Probability that jet tracks come from primary vertex
Soft lepton b-tagging:

v' Identify leptons(eu) from HF decay

SecVix Tag Efficiency for Top b-Jets SecVix Mistag Rates

> 0.7 L ) 0.06 C
e Tight SecVtx © - Tight SecVix
[0} L L
3 Ul Loose SecVix 2 0.05 Loose SecVix
% 0.5 F ® L
o E 004
T oaf :
a 0.03 F
0.3 F . C
,F Tagging ¢ for top events =60% 0.02
02 C
= Top MC scaled to match data . s
0.1 Only b-jets with |n|<1 . Only jets with [n|<1
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
jet E; (GeV) jet E; (GeV)

SecVtx is the algorithm used for the results presented here.
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In progress: use jet properties, secondary vtx mass, .... along
with SecVix & jet probability to disentangle HF from light F

F Light quark
-E - - Bin 82-90 GeVic: f, = 0.318 + 0.029 D‘"{ gntq - udS( (bck)
=) L Al i —c (sig)
1200— s —=— Data (Jet50) N \/7 —b (sig)
k7 T CE R Fit prediction 0.061— - E{t:: ([5".9:'}
E? 000} 30 f, x tagged jets i =
? ; — .. xtagged jet 04— .
ganu_ :-?. s ¥ tagged jets DD4: bb in jet
sooF " 0.03
L % Non-b jet -
b jet - 0.02}
200 4+ CDF Runll Preliminary 0.01
il -
0 I I B
u, —~ — -
0 1 3 1

4 5 B
Mass secondary vertex [GeV/c"]

: !

Keeping the same misstag rate the efficiency increases by =10%

e more efficient selection of double tagged top events (purest sample)

e NN out could be used as a b-jet pdf in a likelihood
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@ Jet corrections Jets are collimated sprays of hadrons
originating from the hard scattering

v" Calorimeter jets: complex detector behavior
» must correct for detector cracks, efficiency

» must correct for pile-up interactions
(3.6 average interaction @ 10-32cm-2s! (<1.7>)

v" Hadron jets:

AL o e } Correction to particle jets using dijet MC
\ T tuned for single particle E/P, material, and
t 1 fragmentations:
‘%‘E zy ¥ underlying event subtraction
% v" Parton jets: model dependent correction
4 » Gluon radiation, energy loss
Et __ e Monte Carlo model based
73
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€0 Jet correction sysfemahc

Central jets
o 01— J
—— | Quadratic sum of all contributions
[ -
mmmm———— Alsolute jet enengy scale ) A
2 0.08 At high P, dominated by
®  |\a === Out-of-Cone + Splash-out - - - -
— uncertalnty in sulgle partlcle
[ — - . - R
. — ooeld% = Relative - 0.2<|qy|<0.6 response measurements (lll-Sltll
g - e Undearlying Event & test beam) and tuning of
= . the CDF simulation
— 004 + = _
oo2 | _—s—mm""" N
%; g g g - o .
e e e e e e ee e e . P!
O >..........:...‘:.::._.._.".'.".:.'.'.:.'.22'.;':;‘:.‘.‘:.“.“.’.".‘..‘.‘."‘.::.';:.".‘.".".‘:.‘;::‘.7.'."..-.'.'.-.—..-.—.'.".'.'.-.-.'.'.-.—..—.‘z.'s'.' ..... T

50 100 150 200 250 300 350 400 450 500
At low P, dominated by °°" (GeV/c)
out-of-cone uncertainty

(physics modeling uncertainty)

] 1 1 1]

o

a¥ J

I

0.1

-4
=

.:_ -out-u.m .r.r.m -‘ T
s | y+jets, di-jet, Z+jets
-0.1 , _+4 -0.1 , 1 are used to cross
Central region Forward region check the jet energy

40 80 Pr 40 80 = Pg corrections.
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@ Measuring top quark pair cross section

One of the first things to measure is the
top pair production rate.

N

events N background

Luminosity * €

> Y lisolated e/n pr>20 GeV/c
< v at least 3 jets p>15 GeV/c
a v MET>20 GeV

-
-t v,
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@ Lepton+jets cross section

- kinematic fit

Need more discrimination

against same final state from

W+ jets processes!

events/ 0.04

CDF Preliminary (760 pb™)

I_:IIlIIIIlIIII|IIII|IIII:!”!IIEI|II_I+_|_II

0 " -
0 01 02 03 04 05 06 0.7 0.8 0.9

--- multijet
-------- W+ijets
— tt
— combined
« data
>
Njets >3
multijet: 78.0+ 4.2 events
Wijets:1698.1+ 49.7 events
signal: 324.6 + 31.6 events

ANN output

| Hy
2 02
c |
: -
5l Top
E I
§ 0.15- .z
Njets = 3
* Normalized to
0.1 unit area
W+jet
U_ | |T . .. | A |
0 200 400 600
GeV

Kinematic event observables

>Decay products of top more energetic

ind central than W+jets

»Combine kinematic observables in NN

>Fit observed data to expected
listributions from signal and backgrounds
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@ top cross sections in l+jets

Kinematic fit
o (>3jet) = 6.0 + 0.6(stat.) + 0.9(sys.) pb
o (=4jet) = 5.8 + 0.8(stat.) + 1.3(sys.) pb

'Source IKNN i 50”

[[Wtjets Background‘ 10.2‘ —>
QCD B

ackground 1.3

tt generator 2.6
tt PDF 4.4
tt ISR/FSR 2.2
Lepton ID 2.4
Luminosity 58
ota I 15.7|

Why the W+jet background
gives such a large systematic:

e what is the status of MC

e which are the plan for

improvement
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& Monte Carlo simulation

LO calculation rate uncertainty 50%, shape 10-20%

~10 | | | T T E
2 F CDF Run Il Preliminary - L
c F ¢ W ev+ njets,127pb™ ]
9 4'l § CDF Data A Soft radiati
5" s et oty 10 fard scattoring S0t radiation
" ALO QCD 1= M, Alpgen - ME
@ 10°L VL0 QCD yige= <p> Alpgen |
o E
U - -

10 = = Naive: W+n p (ME)+(PS) ™ W + 2 N jet

- : W+(n+1) p (ME)+(PS) ~ W + > N+l jet
1 E_ _E coe
| | | | |

-
D
)
OO @ 4
T tl

. 2 topologies ~ O(a)
arton et A ) .
Jets outside Small contribution ‘?,\ .
ME acceptance Higher order in a, double counting

dep. on parton-level cuts
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New merging tools

LO ME calculation interfaced
with parton shower MonteCarlo

MLM's matching
Michelangelo Mangan«

CKKW prescription
Catani, Krauss, Kuhn, Webber [ CKKW Combining >= 1 jets .op
- L
o 10%; -
S F CDF Run Il Preliminary W + 1 ] et Al
% N W—=eviznjeto . Op+1p+2p+3p

10°| —+- CDF Data

— SHERPA — Op+1p+2p+32p+4p

-

-

102]

—4e

10}

-

1| JetClu R=0.4 (E, > 15 GeV, hi<2.4) |
| | 1 !

a s
0 1 2 3 4 5

jet multiplioity (= n jeta) 20 30 40 50 60 70 80 90 100 11D
Leading Jet Et

Have to be validated & tuned on datalll
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W+jets cross section

Differential xsec wrt jet E; in each of
the 4 W+ n jet inclusive samples

Integrated xsec wrt jet E; in each of
the 4 W+ n jet inclusive samples

(W—ev) + > njets CDF Run Il Preliminary (W—ev) + 2njets CDF Run Il Preliminary
; T I T T T T I T T LI I T T L I T T T T I T T T T I T LI T I T L T I T s | T I T T T T I T T T T I T T T T | T T T T I T T ]
o, - -

é 102 Tt CDF Data IdL = 320 pb’ " 102 et -} CDF Data '[dL = 320 pb”’ ]
3 et " Wkin: ES =20[GeV]; [ <1.1 2 E Fem Wkin: E3=20[GeV]; |17 < 1.1 E
= 10 w R MY = 20[GeV/c’]; E} = 30[GeV] ny C 2™jet - MY = 20[GeV/c?]; E} =30[GeV] ]
% 3%jet " e Jets:  JetClu R=0.4; n|<2.0 3 B " w""w dets: ﬂZL?ﬁ’nﬁeﬁf r’\nokliig correction |
g 1 ”‘m L hadron level; no UE correction ﬁ 10 bl ted 7. Lo ’ =
ety w ~}-LO Alpgen + PYTHIA —5 E ¥t _ " "y, ~F LO Alpgen + PYTHIA =
G R - E2] T ]
10—1 e m = —_— — ) ﬁw M‘%*‘ —
§ e 1= "t 5 e : =
= E 3l ] =
-2 p— s = ] ’%ﬁb{, =
10 == _ : % Th it .
3 f i 107 T ﬁﬁ %} _
10 l ‘ f ﬁ%
10+ - .
1 I 1 11 1 I 1 1 11 I 1 1 11 I 11 1 1 I 11 1 1 I 1 11 1 I 1 11 1 l 1 10-2 E_l l s . | 1 1 . . . " . 1 I . . s l s l—g

0 50 100 150 200 250 300 350 50 100 150 200

Jet Transverse Energy [GeV]

Jet Transverse Energy (ET'") [GeV]

This cross sections will allow to make an effective tuning of new leading order

Monte Carlo generators -> reducing the MC uncertainties on top & searches
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Lepton+jets with b-tagging

NW+HF

NW + ]ets

W+ HF
data NW + jets S(b tag )

MC fraction of

W+jets from HF

b-tag efficiency
for W+HF MC

Scale by data/MC
b-tag ratio

CDF RUN 11 Preliminary(SQSpb'1)

« Data

[ ]tt (8.2pb)

[ Non-W QCD
* [ | Diboson
[ Single Top
Wc
B Wce
I Wbb
[ Mistag

1200

1000

800

Number of Events

600k

400

200"

W+1 jet W+2 jet W43 jet W+= 4 jet
Jet Multiplicity

Number of Jets = 4

B Jra:gged / // g e

Tagged J
agged

uon

:E
2:

GeV, Phi=79, L2d =7 mm
GeV, Phi=355L2d=1mm
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@ top cross sections in l+jets

SecVtx b-tagging
o (=1tag) = 8.2 + 0.6(stat.) + 1.0(sys.) pb
o (=2tag) = 8.8 + 1.2(stat.) + 1.3(sys.) pb

Source Systematic (%)
b-tagging 6.5
Luminosity 6.0
PDF 5.8
Jet Energy Scale 3.0
ISR/FSR 2.6
Lepton Identification 2.0
Total 11.5

Largest systematic is the b-tagging
scale factor data-MC efficiency (6.5%).
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& Top quark pair production

-
N
T

T T T T L A T T T T i
CDF Run 1 CDF Run 2 Preliminary |
Combined 110 pb” Combined 760 pb™

Many different approaches to
measuring the top cross section,

o(pp — tt) (pb)
2
|

allowing us to carefully
cross check the results, and
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look for anomalies. M. =175GeV SN DRSS g GV e ;
top=+ IV | L
LA S N Y I Y N O B P 4? |
l:l Cacciari et al. JHEP 0404:068 (2004) Assume m=1 ?5%/
Kidonakis,Vogt PRD 68 114014 (2003) CDF Preliminfry 2l ]
ﬁ/ ® L D i
s Cacciari et al. JHEP 0404:068 (2004) m,=175 GeV/c?
Dilepton /3.3t1.5¢1.0i0.5 A
(b= 750pb J / 1800 1850 1900 1950 - 2000
'Lepton+Jets: Kinematic i 6 0+0 6+0 9+0 3 : (GEV)
(L= 760 pb ") / ....... = 125 | | | —
‘Lepton+Jets: Vertex Tag%-.‘_‘ % - CDF Il Preliminary 760 pb-1
: 13 k.
Leptons-lats % 8.2+0.6+0.9+0.5 e
® " Iz ol el T
Lepton+Jets: Soft Muon 1.3 v L TTeealll ""’"-‘ — Rt T
optonsJets /’% 5.3+3.3+13:0.3 : S T
6 e LTI
"MET+Jets: Vertex Tag 14, 04 | E T
P /%/ 6.1:1.2 +14+0.4 s _
Cacciari et al. JHEP 0404:068 (2004)
. ! 7 & ' S N I Cacciari et al. + uncertaint
All-hadronic: Vertex Tag// e +3-34 2| e Kidonakis, Vogt PIM PRD ;8114014[2003} .
(L= 311 pb™) % 8.0+1.7 —2.2 0.5 I (NSRS Kidonakingnm ]
"Combined f60 162 164 166 168 170 172 174 176 178 180
i 1 7.3+0.5+:0.6:0.4 . ace ;
o e e e e 12 aa op pair production cross section

S(pp — t) (pb) measured at 10%
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& How to measure the mass

How do we know how much mass a particle had?
J:

et et
1
\ /

7

u

b-jet

we can’t just put the pieces back together again!

Lost information:

» neutrinos have escaped the Detector effects:
detector ¥ Lepton identification is good
¥ Quarks have radiated, showered but not perfect
and hadronized ¥ Jet energy scale and jet mass
» Jjet to parton association resolution
misinformation: ¥ B-tagging and jet to parton
» Background processes mimic top association
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&> Solution:

4 91
. ‘ q2
: Lep’rqn + Jets: 5 b1 | Choose an estimator
® 4 jet resolutions 4 b, of M
e parton-jet associations: y N fop

- 24 (no-btag)

- 12 (1-btag)
- 4 (2-b’rag) g 22FT T =
® one missing neutrino g *?
h . Each event has
18 ) a curve,
Dilepton: | \ rather tl;an
® 2 jet resolutions ,F as:lfa:w
e parton-jet associations (2) osf .
e two missing neutrinos osk / \ 7
All Hadronic: Mrreer
e 6 jet resolutions Construct a probability
e parton-jet associations: curve P(Mt) for each event
- 90 (no-btag) Form joint probability for
- 30 (1-btag) all events
- 6 (2-btag)

Choose most probable
value!
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Mass Fitter (event by event)

(]

22

AUE TE\)
(BYE — pYE)?

Top mass is
free parameter

Constraint:
e event p; balance

* Mjj =My

¢ Mlv = MW

* My = Mgy
Vary:

e Measurements within
resolution

e parton-jet assignments
e two missing neutrinos

X~ = Zi=i4 jets " J=xy o 3
i J
) 2
(mj;—my)~  (mpy— miy)?  (m bjj = (mpgy (m2)"
+ = + 2 2 2
v v t t
2-tag 1-tag(T)

“_‘E 1000 (] A Events NJ.-! ?EH [ ] A Events

= 3 RMS = 27 GeWic’ > 160 AMS = 32 GeVic’

o 800 . 2 140

a ! B Corr. Comb (4795) G 120 B Corr. Comb (28%)
ﬁ 600 RMS = 13 GeVic’ 100 AMS = 13 GeVic®

£ 400 S 80

Z 200/ & 40

- i i u " 1
100 150 200 250 Eanu 350 100 150 200 250 300 350
m*ce(GeV/c') m{<°(GeV/c")
1-tag(L) 0O-tag

“ TDUE‘ [ Al Events “ [ Al Events

> 600¢ RMS = 31 GeVic® > RAMS = 37 GeVic”
¢g 200 B Corr Comb (18%) | @) B Corr. Comb (20%)
© 400¢ RMS = 13 GeVic® o AMS = 12 GeVic’

+ J00F -

g 200- 5

I 100f it

150 200 250 2:‘:!|[.'II.'I 350
m*?(GeV/c')

100

u1[.'ll.'l 150 200 250 300 350

mreso(GeV/c’)
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€ Construction the template for sign. & bkgd

»Samples: Herwig with

as a function of true

Mtop = [130 to 230] GeV
» Get analytical functions

(2 Gaussian + gamma)

of reconstructed mass, M;

mass, M,

> linear depend. on M;

Rec Mass 1-Tag(T): CDF Preliminary

Top mass:

7145 GeV/c?
165 GeV/c?
185 GeV/c?

W 205 GeV/c?

250 g
M. (GeV/c))

top

300

>
>

>

Otag: W+jets

Tagged: W+HF, Mistag, fake-W,
Single-top

Shape: mostly by ALPGEN MC,
cross-check with data

Events/(5 GeV/c’)

0.5

0.4 B Wets
Whbb

0. Blsingle-top

1-tag(T)

100 150 200 250 300 350
myeco (GeV/c”)
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Simultaneous fit to JES and M,,,

Reconstructed W mass is correlated to the jet energy scale in units of o

(prm) for the in situ jet calibration. M; largely independend on M,

PDFs ( My | M,,=180, JES) PDFs ( My, | M,,=80.4, JES)
-~ 3

B T _ 0.024 s 3 Io.oz
@ ¥ ) 0.018

2
—0.016

Jes (0

1 0.014

0.012
0 —0.01

0.008

J ES(0)

0.006

0.004

0.002

™ 120 140 160 180 200 220 240

100 120 140

M;; M’rop
Mt templates Mjj templates
> Use same c2 fit > All pairs of non b-tagged jets from
> Build templates for various Miop, JES 4 leading jets are used. No x* cut
- Miop : SGMe Mass range » Templates are built in the same
- JES : -3s to +3s : 1s defined by the way M’r femplates are made.
standard JES uncert. (73% in JES > Obtain PDFs (M | Mtop,JES)
uncert., “3 GeV in Mtop)
> Obtain PDFs (M; | M-l-opl JES)
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Template method

2-tag: 38 events

Reconstructed top

mass in different event

samples

Reconstructed W->jj
mass in different event

samples

2-tag: 57 events

. Data
[ signal + Brgd
m Bkgd only

50 100 150 200 250 300 350 4
m, [GEWI::}

Entries/{15 GeVic)

1-tag(L): 75 events

Entries/(15 GeVic’)

50 100 150 200 250 300 350 400
m, (GeV/ic))

Entries/{15 GeV/c)

Entries/[15 GeV/c")

. Data
[ signal + Brgd

m Bkgd anly

150 200 250 3}!] 350
m=* (GeV/c )

Events/(15 GeV/ic)

00 150 200 =250 300

mee (GeV/c')

1-tag(T): 105 events

12
1

1-tag(L): 61 events

Events/{(15 GeV/c")
Events/{15 GeV/c")

=1 =

100 150 200 250 300 3
m== (GeV/c)

100 150 200 250 300 3

me=e (GeV/c')

0-tag: 97 events

1-tag(T): 120 events
Sample Expected
150 200 250 300 350 40 ege e
m, (GeV/c’) sensitivity
100 0-tag 1%
O-tag: 108 events

1-tag(L) 9%

1-tag(T) 45%

0 2—1’09 35%
0 50 100 150 200 250 300 350 400

m, (GeVic')

Andrea Messina Infn Rome-CDF

Seminario - Roma La Sapienza

31



@ Lepton + jets:

results

CDF Run Il Preliminary (680 pb'1) 2-tag only

2 SFTIL :

M, =1734 £17 g, 18 g £1.3 , GeVIc? < F e 5

AJES=-0.3 060 E L L (s :
-1 e | =

Systematic breakdown e e

Source AM ropl’ GeVlc?) | o O SRS SRS M. SO i
16016517075 180185 190

Remaining Jet Energy Scale 0.7 * M,,, (GeV/c

ISR/FSR 0.6 *

B-jet modeling 0.6 -

Background Shape 0.5 *

Background JES 0.4

Parton Distributions 0.3

Generator 0.2 *

Simulation Statistics 0.3 *

B-tagging 0.1

Total 1.3
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CDF (*Preliminary) Best Tevatron Run Il (*Preliminary)
_H r - — @ —

hantoh) g 16742103+ 4.9 DO Dilepton 155.0 +149 2 7.0
Aun 1 Lepiontlets 176.1+ 5.1+ 5.3 (L=230pb”) '

Auni Allhadronic "~ 186.0 +10.0 + 5.7 * O
‘Dilepton: HaiPEiement btag 162.7 + 4.6 + 3.0 DO Lepton+Jets 169.5 + 3.0+ 3.6
, (L=680pD") o e e (L=320pb")

Dieptor: sl Mement  164,5 + 4.5 = 3.1 —o—

Dilspton: Combined ¢ 167.9+5.2+ 3.7 "CDF Dilepton 164.5 + 4.5 + 3.1
olepgyweeiine = 1707 5 88 =37 R .

LTS ) 169.5= 75 =4.0 "CDF Lepton+Jets 1734+ 1.7+ 2.2
DR o . 169.7 = 32 = 4.0 (L=680pb")

DHePlg M © 166.6= 32 = 3.8 * N

) f § ) oy m O 23 Tevatron EPS 2005 172.7+1.7+2.4
y ety | 173.2+ 5, = 3.2 (CDF+D0 Run I+l Average) (stat.) = (syst.)
LeponsietsiL, T 1839z 157 £ 5.6 T e T
¢ pb) . 13.9 140 150 160 170 180 190
Leptonagts: Matrix Element - 174,14+ 2.0 + 2.0 Top Quark Mass (GeV/c’)
Leptonslsts: MW :“r 173451722
CDF March, 2006 172.0 = 1.6 + 2.2

T?&BEPEGEHE? ff;??gssapb"j 172-7 = AT [%,-Sﬂ}

150 160 170 180 190 200
Top Quark Mass (Ger'cz)
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Projection for the M, uncertainty

Lepton+jets channel (CDF+D0 combined)

— 5
>
O as _
=45 - CDF Top Mass Uncertainty
= - . _ (l+1 and l+] channels combinad)
< 4 vennn - Statistical uncertainty i |
E B s JES systematic uncertainty (from My, only) 1 Q ]
_8 35 nin Remaining systematic uncertanties N{.] 1" 26" 4fp" afn’
<} " Total uncertaint =
g y 2 by
§ o *
25 =
: o {3} CDF latestresult ".._
2 [ S ¥ CDF Results My,
. "'-:'_._ 1 i ot £ -.. .Ir.:-. |
L5 = ] +« Runllagoal (TDR 1996)
Tor , <] ]
1 "'::%,;:::'l.'.""'l'lllllllll||||IIIIlIIlllllllllllllllllll ] Scale 'jl'{-;'ta”'ll ﬁ' Fix ."I.{E!,'E”
r 'c.,,,, . i, | (assumes no improvements)
05 = llllllll||.........:::.l.lll:llllllIlllllll.lllllllll:'.l.: _________ S-I:'.a|E! J{tﬂtﬂl] ! -,E
- | | | ] (improvements required)
O L1 L1 L1 L L (R T Ll T T T L B e L T rrry
0 1 2 4 5 6 7 48 2 3 4
Integrated Luminosity (fb™) 10 10 10

Integrated Luminosity (pb”)
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80.5 1

integrated luminosity /expt. (fb™)

10% F
10" ¢

10° F

1 —LEP1 and SLD

'LEP2 and Tevatron (prel.)
68% CL - old

175 20
m, [GeV]
combined CDF /DO thresholds
130 o
{10 fbo™'
2 o
— 95% CL Iimit
—— 30 evidence E
F —— 50 discovery 1
80 100 120 140 160 180 200

Higgs mass (GeV/c?)

o

Int. Luminosity per Exp. (fb'1)

-
o

» The Higgs boson searches

L

- WH—evbb
DO: 382 pb’'

L L L L L

ZH—vvbb

ZH—vvbb
CDF: 289 b’

SM WH—Wbh

—

DO: 261 pb'

LI

HowWw 'Sivly

CDF: 184 pb'

Tevatron Run II Preliminary

LI B |

WHoWWW
CDF: 194 pb”!

WH-WWwWW
DO: 363-384 pb '

SM ZH-Zbb

SMWH-WWW

A
WH-Ivbb HoWW ' Siviy
CDF:319pb’ DO: 299-325 pb’’
SM gg—H-WW'"

Ly L
110

120

| l
130 140

150

160 1

- Higgs-Sensitivity Study (03)

statistical power onfy
{n6 systomatics). i . _

—

SUSY/Higgs Wotksh
: 98-

3 Eviden

""" 55 Disdovery

i ExXCimson:

PEPEFEE BT ArErErEE B B PR A R
100 105 110 115 120 125 130 135 140

Higgs Mass m,, (GeVIcz)

..but this Is the subject of a different seminar

70 180

m,, (GeV)
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@ How else top quark is produced

Standard Model Tevatron Single Top Production

9 "b t 9 q
~0.9 pb >ﬂ//\< § ZV [ =2pb
C-[’ ;) q —> =S q' %4 2

o(pp =1+ X@M, =175GeV)~3pb

Direct measurement of V,,

p /V@

g RN Resonance Production?
OR
@\‘ »¥ 222727

p A0
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@ Search for single top quark production

v Why is it difficult? v Neural network analysis to
optimize sensitivity to signal

» Signal sandwiched between against background

W+jets and top pair production

v" Dedicated likelihood to
discriminate between each signal

and each background Mainly signal
Mainly bkgd g N
= —e— CDF Il data
2 ] = 20 B Single-Top
= A ttbar
5102 :
- % < Bl charm-like
o o 15 bottom-like
S 10 Q.
o 2
2 c 10
€ 1L = CDFldata o
q>’ B single-Top |
w ttbar 5
10" I charm-like
bottom-like
1 0.5 0 0.5 1 02 0.4 0.6 0.8 1
NN output NN output
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Search for Single Top Quark Production

Single Top Posterior Probability Density

2 0.8}
Best fit value z; CDF Run Il preliminary
[
+1. +2. Q
o(fit) = 3.2_}.451 (Stat)_i;l (syst) 2 0.6} J- L dt = 695 pb”
=
SM Prediction =3pb 3 ,, O ingletop < 5-9 PD at 95% C.L.
a
CDF Il preliminary 0.2
Ig 7
» 6
o |} 1 .
o
% 5'- 10 Gaingle-&op [ pb1]5
Q
= 4
c !
D a3
w vh
2
)i

I R S S S S S S
integrated luminosity [ 1/fb ]
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& Top-antitop resonant production

v" Various exotic models predict the existence of heavy
particles decaying to ttbar: Z-like vector

v Lepton+24 jets (no b-tagging) resonant
» Matrix element technique to template
increase sensitivity \/
i \
Bkgd template 50Oz_AII events
: - Resonant
180 W+4p (Alpgen)/Qi aoo[- signal

160
140}

— mtt RECO

120

100[-

ﬂ SM ttbar (Pythia)
j All events

300 400 500 GOM%éO;) fg é%

0106300 306" 400 500 600, 789,690 tg é% w
Eanelooss ol | | nlA“mffLru_n-l;;_‘-

0 1 | 1 | Ll L Ll
0 100 200 300 400 500 600 700 800 9S00 1000
M, [GeV]
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@ What does CDF observe in the tt mass?

v'Fix top pair, diboson, QCD to

expected rates

»Assume everything else is

W+jets

events/10GeV/c2

=3
=

R

---------------------

CDF Run 2 preliminary, L=682pb'1

| —— CDF data, Nev=447

W+ > 4]

QCD

SM i, 6.7 pb

Diboson (NLO)

-------------------------------------------------------------

---------------------------------------------

_________________

potoabi-d-4-bby -|-++-|--+- b-4-1-l

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

—————————————————————————————

_____________________
_____________________

______________________

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

______________________

300 400 500 600 700 800 900 1000 1100 1200
M. [GeWc’]

tt) [pb]

.BR(X"—>

G)(o

CDF Run 2 preliminary, L=682pb™

©
|

00
|

-~
|

Expected limit at 95% C.L.

Expected limit at 95% C.L. +1

Expected limit at 95% C.L. +2c

—#— QObserved limit at 95% C.L.

Leptophobic Z', T'7=1.2% M,

M,>725GeV

'

o —

| T L
00 850 900
M, [GeV/c?]

13)]
L=
o
15,
3]
o
=1]
o
o
N
(3]
o
~J
o
o
-]
m_
oF
CD_
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@ Summary

Tevatron delivered More than 1.6 fb-!; 4fb-! by 2009

Best Tevatron Run Il (*Preliminary)

'D0 Dilepton 155.0 =140 7.0 BTt i 0'1. °P=7 .3+0.5=0. 610 4 P b

(L=230pb") 10 1
——— (3] 1 q 1 3
‘DO Lepton+Jets 169.5+ 3.0+ 3.6 § S Sjb M =17 2.711.71 2.4 GQV/CZ
(L=320pb") g fOP
H— G ——
"CDF Dilepton 1645:45:31 § R
(= 75098 8 | v corroans CDF II world best measurement
@ — i
"CDF Lepton+Jets 1734+ 1.7+ 2.2 ﬁ ! * Runllagoeal (TOR 1996)

(L=680pb") | Scale afstat) /YL, Fix a(syst) AM+0P< 2 GQV/CZ Wi fh ZFb—l

‘ i t
Tevatron EPS 2005 172.7+1.7+ 2.4 T
------- Scale aftotal) / T

(CDF+D0 Run I+l Average) (stat.) = (syst.)| ) ~
“““““““““““““““ (improvements required)
140 150 160 170 180 19( T2 T3 T
Top Quark Mass (GeV/cz) 10 10 10

Integrated Luminosity (pb™)

® Our syst. due to JES and bkgd shape are expected to be improved soon
e B-tagging will be soon better performing

e Single fop production 0<5.9 pb - expected first hint of signal with 2fb-!
® no evidence of resonance M,,<750GeV

e We have few hundreds of top event and we will double the statistic
soon, we are ready to have an impact on characterizing top properties
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Backup slides & additional material




Other Top Properties Measurements

Measurement Result | Ldt (pb~)
W helicity F; 0.74705] 200
W helicity F.. Fy <0.27@95% CL 200
Search for anomalous kinematics Consistent with SM 193
Search for H™ in t decays BR(t — Hb) < 0.91 @ 95% CL 193
Odilepton] Ol+jets 1.457%; (stat + syst) 126
BR(t — Wh)BR(t = W) > 0.61 @ 95% CL 162
BR(t — 7v.¢)/BRg(t = V1) < 5.2@95% CL 193
Search for 4™ generation t' quark | my < 196, my > 207 @ 95% CL 347
Top quark lifetime CTiop < 52.5 pm @ 95% CL 350
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) B jet corrections: Z->bb

¥ signal obs.

[ toxg. pred.: 0674 +0.005
I 7 :i9ne 1c:0.028 £ 0,008
windt: 324397

Nb sig. evi. = 20811677

idgheniien ot
- ’2

1721814

l'.ndl W71%
| Prab 0,306
T T po 11600z 1622

B7.39: 2018

6000

4000

2000

T LI} ] LI T I LI T l LI

0 20

: ‘ i H i i H i H
0 20 40 60 &80 100 120 140 160 180 200

GeV

40 60 &80 100 120 140 160 180 20

GeV

400 pb! (but most part taken with DPS...).

* Two tagged jets w/ E,(L5)>22 GeV, |n|<L3.

* Reduce QCD background and ISR/FSR by
requesting back-to-back events with low extra jet
radiation.

* Data driven background computation.

With new data: aim to extract a cleaner signal
and perform a first b JES measurement.
To reach a measurement at the 2% level:
* 1 fb! of usable data
* develop tools that improve b-jet energy
resolution (Hyperball, NN).
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@ b-jets require specific corrections

Separate corrections are applied to b-quark jets and light-quark jets
(from W), because of different response of b-parton and light parton.

W-jet correction

b-jet correction

._0.6 5-0.6
= — Alln = — n=0.25
20.5 -i 205 e
5 W-jet p; 5 n=0.75
9"0.4 3'0_4 """ l‘|=1 .25
---n=1.75
0.3 0.3 :
b-jet p;
0.2 0.2
0.1 0.1
0 PR PR R P Srw 0 MR PP T T T SN . |
0 50 100 150 200 0 50 100 150 200

Jet p; (GeVic)

Jet p; (GeV/c)
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& Does top always decay to b quark?

Fit R= R=BR(t+—Wb) / BR(t—>Wgq) times b-tag efficiency
from observed number and estimated composition of 0,1,2-tag
dilepton and lepton+jets events

NI = 37 (N$ = N = =
. N 6 :
N{*P = Nin. - €i(R) + N} T " /\
c 4:_ 0—%5 175 2 25R
s 1 - +0.27
5| 2f- CDF I R=1.12"0% 7
2 0sf  O-tag ol | 1
£ | 1 0.5 1 1.5 R
C‘Ig i g i l ‘ ' ' ' T
0.6 i el
. 0.8
04
02] 0.6 M 95% C.L.
ol I 90% C.L.
[] 68% C.L.
% 0.2 0.4 0.6 0.8 1 04 0.5 1 15
_ _ + RAe R
Ag= g - Clight ™ 0.44+0.03 R>0.62 @ 95% C.L.

from independent estimate
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@ W helicity from t->Wb decays

v" Examines the nature of the tWb vertex,
probing the structure of weak
interactions at energy scales near EWSB

spin=1/2

spin=1/2

w+
spin=1

v Stringent test of SM
and its V-A type of interaction.

W, Longitudinal fraction|| W. Left-Handed fraction

I = 0 » | e
44yl
DRRL N

W, Right-Handed fraction
F.,

4 81
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@ Run II W helicity in top events

L .
60 CDF Il Preliminary
/ Ldt =200 pb~!
so)
i 810
~ - =)
S |
8 L
F, 30 +
o I
" - ® data
- I
qC, 20'_ best fit |
I left-handed component |
I longitudinal component |
10 i background component |
0! ' St '
0 50 100 150 200 250

charged-lepton p; (GeV)

The combined dilepton and

lepton+jets b-tagged events
plotted against the best fit.

300

SM: Only longitudinal and
left-handed W's can be
produced in the top rest
frame.

Use lepton p; spectra to
determine the fraction
F, of longitudinally
polarized W's.

F, = 0.7 in the Standard Model

Result: F, = 0.27+ 0.35 — 0.21
or F,<0.88@ 95% CL
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Top lifetime

Electron BG Template - Impact parameter of lepton |
*g -1 | CDF Run 2 Preliminary B Tau E_ 16F CDF Run 2 Preliminary,
510 BmConv. | wv 14]318pb°
:g\ ) = i —&— data: RMS=33.4 + 1.9 um
g B QCD 2 1ol ] best fit (AMS=41.3 um)
gm.z I ~ Prompt 5 [
10}
8f
10° | 6l
4
-400 -200 0 200 400 2
Track d, (um) [ J( Jr
S0 100 0 100 200
dy (um)
FC Confidence Belts
Gl CDF Run 2 Preliminary = 12¢ CDF Run 2 Preliminary
= g 8 ! 318 pb”
§ 80_318pb :_g 10l p
5 g
60 |
F 6l
40 [
4r
20 ol
0 | I 0 :— L | - 1 -
0 50 100 0 10 20 30 40 50
maximum likelihood ct (um) L (nm)
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Can we find something heavier with

top properties

Heavy quarks ( 4™ generation ) t' — Wq exist in various extensions of the SM.
- search for t' -~ Wq in lepton + jets + missing E_events ( CDF, 347pb™)

- try to remain model independent ‘50 —
- reconstruct t' candidate mass CDF Run 2 347 pb-"
. . g0} Preliminary t—-Wq, =4jets| -
- fit templates in (HT, Mt,) Hr vs Mreco
30t Nez4
Hy(GeV)
‘ 600 — v B 20} m(t) = 225 GeV -
550 | LTl el T e
I ot N S . 10
as0 [ .
a0l 300 400 500 600
WL R S AT e Hr (GeV)
:m;. .! £ - ; v ] EW+jets " "
BREDER I i o~ 8L 237 B S ) CDF Run 2 347 pb-!
250 R"."‘: ¥ ol : . (m, = 175GeV) gol Preliminary tWa, ~4jets |
200 :1‘" - (. (m, =-225GeV)| HT vs Moo
150 _0 - Data, 347 pb . 60} ”/'g_’4
L T T E—T T e
Mroco (GEV) 40 m(t] = 225 GeV
20
- no evidence for t' in 347pb™ .
0 00

Meeco (GeV)
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t' cross section limit.

310l CDF Run 2 347 pb-1
| Preliminary

o} t—Wq, > 4 jets

o

= Ht vs Mieco expected
1

% observed 95% CL
= 1F upper limit

S S »

o | theoretical prediction

% [ (Bonciani et al.)

150 200 250 300 350 400
t' mass (GeV)

translate cross section limit into a t' prime mass limit of
196 — 207 GeV/c* @ 95 CL
for a true top mass of 175 GeV/c.

expect m(t') > 300 GeV/c* with 2fb™ unless ...

aalimit
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& B-tagging

SecVtx b-tagging:

v' Identify displaced vtx inside a jet

Jet probability b-tagging:

v Probability that jet tracks come
from primary vertex

Soft lepton b-tagging:

v' Identify leptons(eu) from HF decay

SecVix Tag Efficiency for Top b-Jets

Tight SecVitx
Loose SecVix

b-tag efficiency

02 F
- Top MC scaled to match data

0.1 E Only b-jets with |n|<1

O-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

mistag rate

20 40 60 80 100 120 140 160 180
jet E; (GeV)

CII)F Run Il Preliminary \'E= 1.96 TeV

=  Monte Carlo: uds jets
*  Monte Carlo: b jets

™

L aun

z#

+

—~
—+

N'dN/dX (per unitX)
>

-h
(=

)

—+=
P flat for light peaked at
zero for long living particle

__¢_2_+_

10

-3

i

10"
X = Jet probability variable
SecVix Mistag Rates

10

0.06 [
. Tight SecVix

0.05 = Loose SecVix

0.04 F
0.03
0.02

0.01 F

Only jets with n|<1

N:
20 40 60 80 100 120 140 160 180
jet E; (GeV)

SecVtx is the algorithm used for the results presented here.
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Top mass with the decay length technique

Top Mass 15 Confidence Intervals - Measured d.‘,;- Overlaid

o 240 — ' - -
7n_'t2 + .,n'g. _ 772’%&" me ->":’. CDF Run 2 Preliminary - 695 pb”
T = . ~ 04— 8 220
2m,my my =
7]
g 200
Transverse Decay Length - Tagged W +:= 3 Jet Events
' ' ' ' T ' ' 180
100 }  CDF Run 2 Preliminary - 695 pb™ i
_ : 160 |
- tf {m =185) | +15.7 ]
80 - I single top (s-chan) -_ Mtup=183'g-|3.a- GeV
I + + single top (t-chan) ] 140 7
g Or s ] 120 — ——
L [ gén ] 048 05 052 054 056 058 0.6 0.62 0.64
40 + N Mistags - ‘ﬂ]_r,‘}} [em]
: + =@= CDF Data :
20 : I + K.S. Prob = 3.8% : - 57 .92
e +++++++ © | my= 18391137 (stat.) £ 5.6 (syst.) GeV/e?
0 _L— — M - ]

35

05 0 05 1 15 2 25 3
Lyy [cm]
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@ Analysis outline

High P; electron trigger 320pb-! = Identify W event, reconstruct jets

Backgrounds:

e QCD from data: by reversing lepton-
ID selection

e W-like from MC
e Promotion from Minimum Bias

e relative normalization from template
fit to ME; to data

(Missing Et | ~ Data
—— Combined
10° L Log Scale Signal
E==, — Tau
- Top
-—_‘ - Z
T, ettt T
10° L= - ‘a:’ QCD
= ‘:""_‘____ W —ev+=1jets
“":* Jet Corr. MEt
10% gy
E +$+1~
i 4t Tt T
# Bty
4 T+ 1
E 1 i
10 I .
||||\||||.||||.l.| ||||| Lot L |

| IR A L
0 10 20 30 40 50 60 70 80 90 100

Missing Et (GeV)

Acceptance

Acceptance:

Defining o wrt W detector
acceptance:

¥ correct only for detector
resolution effects - independent
of th model

Use W+np MC for acceptance & ID

Validation: ID on Z data, acceptance
by studying different MC.

1= A
oof- L
229 1 I I
0.8— %
E vyt ¥ ¥ * ;
0.7 I
E o'} ‘:J o] : X I [ o
0.61 I l
= [
0.5
0‘4:_ -+ Geometric
0.3F —= Total
- Kinematic
0.2 —— Electron ID
= N P R R R R R
] 50 100 150 200 250 300 350

Jet E; [GeV]
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Background and systematic error picture

T
/Z \
[rs =\
He g
\ LR/

s 1F
Y
: 10'1:— v"o 55090 NS{alalslal=l~l=]~]~la]L 3 ) ] 10 l T
:OE iijié@gé;mMm%%%mﬁﬂH [l
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Kinematic data Monte Carlo comparison
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& Optimized lepton+jet top analysis

Improve Signal, S/sqrt(S+B), AB:
* Signal: more statistic (700 pb-'), tagger improved
*S/V(S+B): Re-optimize cut on H; as in previous analysis

* Background Error: Reduce error on poorly-modeled QCD
fakes by cutting out a lot of these backgrounds: M (W) cut
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@ et, and yT, missing energy+jets

Ax BR(tf = et ,ut,) ~0.08% AxBR(tt = v + jets) = 4%
Zero isolated electrons/muons!
1 isolated electron/muon p;>20 GeV/c v At least 4 jets p;>15 GeV/c
v MET>20 GeV v" MET not collinear with jets
V' At least 2 jets p;>20 GeV/c v At least 1 b-tag
Reduce backgrounds In future: explicit tau identification!
v" Total transverse energy >205 GeV i
v Not compatible with Z—tt o(tr) = 6.1+ 1.2(stat) =3 (syst) = 0.4(lumi)pb
[ CDF Run Il preliminary, L=311pb'_|
Events (195 pb-!) e, ut, : —
Bk O 8-I-O 1 O 5-I-O 1 E ftbar MC: 0.68 +/- 0.12
S i = 25/ . [ mxBKG: 032 +-0.12
DGTG 2 O - | J. I:I Fit resuItLlCﬁﬁF\I]D]Fgl{;ES
20/
CDF set limit on anomalous decay rate : '+, CDFRunl
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€ Jet correction

Correction for detector effects:

e Energy scale in the central with test beam,
tracking

e transfer energy scale in the forward with jet
P; balance

e Use tuned simulation to correct for underlying
event, out of cone radiation .........

| B=PP ™ Pt™ - (24 caPIF> )/ (2-<APF>) | R=0.7
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& W mass uncertainty

Systematic uncertainty on transverse mass fit

Uncertainty Electrons Muons Common
Lepton Scale 50 21 21
Lepton Resolution 7 12 0
Recoil Scale 20 20 20
Recoil Resolution 24 24 24
Lepton Removal 15 10 10
ull Efficiency 7 7 0
Backgrounds 17 18 0
pT(W) 13 13 13
PDF 15 15 15
QED 15 20 12
W width 12 12 12
Total Systematic 70 55 48
Statistical 43 49 0

Total 82 74 48
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