Top Quark Measurements
at the 2= Fermilab Tevatron




Introduction m:!?

© Top quark was expected in the Standard Model (SM) of electroweak

interactions as a partner of b-quark in SU(2) doublet of weak isospin for the
third family of quarks

=> Evidence for top in 1994 (CDF)
=> Observation in 1995 (CDF&DO0)

® In Run I statistical uncertainties dominated:
=> Overall consistency with the SM picture
= but...still a few loose ends

© In anticipation of much increased statistics in d
Run II: nd 3'
— Rich physics menu 15t 2 <
=> Increased luminosity = increased precision Gen erat'””

O Surprises?
o Preliminary results on: cross section, mass, W helicity and single top
Tevatron has exclusivity on top physics for the next several years!
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Tevatron collider in Run 11 aFN

© The Tevatron is a proton-antiproton
collider with 980 GeV/beam

Vs =1.96TeV in Runll (1.8TeV Runl)

« 36 p and p bunches 396 ns
between bunch crossing

O Increased from 6x6 bunches _ .
with 3.5us in Run I oo Tevatron

-

o Increased instantaneous luminosity: _ Mali Tjectar - )
O Run II goal 30 x 103! cm=2 s '1 A el
O Current: 3+4.5 x 1031 cm=2 st

—_—

. — my =
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Run II Data Taking Status
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~300 pb-1 delivered by the Tevatron

© Good quality data since Spring 2002
© Data collection efficiency 85+90%
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Tevatron Collaborations INFN

Istituto Nazionale
di Fisica Nucleare

12 countries, 62 institutions
767 physicist 19 countries
83 institutions, 664 physicists
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- _ )
Top physics understanding -

1

Program

eTop production & decay
eTools

eCross section

a eSingle top
o\W helicity

eMass
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Top Quarks at the Tevatron

Pair production

i I S S

| B(t_Wb) = 100% |

W'’s decay modes
used to classify the

final states
15% eDilepton (e,u) BR=5%
/ eLepton (e,u) +jets BR=30%
oAll jets BR=44%
® TpqtX BR=21%
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Methodology & tools &f N

Full characterization of the chosen final state signature in terms of SM
background processes (control region)

=> Optimize signal region for best measurement precision

© How to separate signal from background:
=> Top events have very distinctive signatures
o Decay products (leptons, neutrinos, jets) have large p;'s
o Event topology: central and spherical
o Heavy flavor content: always 2 b jets in the final state!

© Tools (need multipurpose detectors!):
= Lepton ID: detector coverage and robust tracking
=> Calorimetry: hermetic and well calibrated
= B identification: algorithms pure and efficient
= Simulation: essential to reach precision goals
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The upgraded detectors IN
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eNew tracking: silicon and
fibers in magnetic field
eUpgraded muon system

eNew bigger silicon,
new drift chamber
eUpgraded calorimeter, u

eUpgraded DAQ/trigger
(displaced track soon)
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eUpgraded DAQ/trigger,
esp. displaced-track trigger



The new Silicon detectors mf:?

Istituto Nazionale
di Fisica Nucleare

4 H-disks

Common features:

12 F-disks
DO

eCoverage of the
luminous regions
eExtended acceptance at
large pseudo-rapidity
IR Gl 3D Tracking capability
6 Barrels """ 0 eExcellent I.P. resolution
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How to tag a high p; B-jet INFN

displaced
tracks

e or |Lin jet
Secondary
vertex

-"
.
.
.
]

vertex dO
e b—lvc (BR ~ 20%)
e b—c—flus (BR ~ 20%)

prompt tracks z ® Exploits the b quarks semi-leptonic
decays
] Signature of a b decay is a = These leptons have a softer p;
displaced vertex: spectrum than W/Z leptons

= Long lifetime of b hadrons = They are less isolated
(ct ~ 450 um)+ boost

=> B hadrons travel L, ~3mm B-tagging at hadron machines established:
before decay with Iarge ecrucial for top discovery in Runl
charged track multiplicity eessential for RunlI physics program
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Production cross section INFN

Istituto Nazionale
di Fisica Nucleare

Run I Summary

Top Cross Sections

® Test of QCD
= discrepancies from QCD might

imply non SM physics gy e HAD
0 SUSY processes . R 5% SVX
o Top-color oI_3Ject_s o i o oz SLT

= Current uncertainty is statistics »

dominated i ¢ ;20 DIL
I — 6.57 7 pb Combined
© Experimental handles for RuniI: - H Theory (4.7 -5.5)

=> Larger overall efficiency (lepton ! o DO | 64 DIL
ID, trigger, bta_ggl_ng) w/ better i o LT (1opo)
background rejection -

— Main data driven systematics ﬁ ¢ “herr Ll {Aag)
(Jet energy scale, ISR, ¢,,,) . 770w HAD
scale with 1/ N e |sm Combind

2 4 i} 8 o 2 4 L6
- ~ 0 p — (f) (pb
RunII(2fb?) doy/ow <10% © P = (p0)
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Run II cross section — Dilepton channel Inr

entries / 50 GeV

Large Missing E;

2 high p; leptons (e,u,t,iso track)

2 central jets

CDF Run Il Preliminary

WW+WZ+27
| [l + Drell-van

B +fakes

+ 1t

126 pb ™!

10

< Istituto Nazional
di Fisica Nucleare

H+: scalar sum of all the measured
“objects” E{'s (leptons,jets)

DO Run II prellmlnary 97 7 pb1

rrrryprrrryprrrrprirrprrrrprrrrjrrrryprrrrprroriga I rrri
E.: .| Instrumental Bg 7

[ Physics Bg
Mt euj
— Al Contributions
B endata

1 2 3 4 5 6 7 e 9 10
Number of jets, PT>15 GeV

13



Double b-tagged
dilepton event @ CDF

Run 162820 Event 7050764 Sun May 11 16:53:57 2003

CDF Il Preliminary
Secondary Vertex

< Jet1 69.7 GeV
L,=16mm

Jet2 63.2 GeV
ny =13 mm

L (tl) 25.9 GeV """+

.. L TCL34.8 GeV

lll'l'llll'lIll'l'lIll'llll'l'llll'llll:'l'llll'llll'l'llll'llll'l
D
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Run II cross section — lepton+jets

1 high p; lepton(e,u)

>3 central jets

no. of tagged events

DO Run Il preliminary - L=45 pb-

40 -

30 -

20

10

———

e Data
QCD
W+light
Wc
Wec
Whbb

t__ error on Bgr

CDF Preliminary (126 pb-1)

a
FN

This signature suffers from large

W+jets background. Isolate signal using:
SVX B-tag and/or kinematics

T T T

.é....i.”;?

jet multiplicity

Njet 2 4

top

L [ W+jets
- [l EWK
+ I QCD

0.4]

0.2|

Hr (GeV)
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Run II cross section summary INFN

CDF and DO Run Il Preliminary

D@ Dileptons 90-107 pb’’
CDF Dileptons 126 lt;'.@:ff
CDF L+Track 126 pb”’

DD Ltjets/CSIP 45 pb”
DD Ljers/SVT 45 pb™

D Lijets/topo 92 lat}.E:f‘l

D& L+jets/soft muon 92 pb'f
D L jets combined 92 p.if;"‘r
CDF L+jets/SVX 57 pb™!
CDF L+jets/HT 126 pb’!

D@ Combined 90-107 pb’’

C

8.77%2 (stat)">7 (syst) = 0.9(lum)
7.6 (stat)' 15 (syst)
7.3 £ 3.4(stat) = 1.7(syst)

7.47%4 (stat) > (syst) = 0.7(lum)

10.8"3) (stat)'>{ (syst) = 1.1(lum)
4.6 (stat)t (syst) = 0.5(lum)
11.475 % (stat) 7o (syst) = 1.1(lum)
8.0"%1 (stat)"; ] (syst) = 0.8(lum)

5.3 £1.9(stat) = 0.9(syst)

5.1 +1.8(stat) = 2.1(syst)

8.1722 (stat)"} S (syst) = 0.8(lum)
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Cross section s dependence

CDF and DO Run Il Preliminary

E& ol ] Kidonakis NNLO- NNLL - (hep-ph/0303186)
© Cacciari et al. (hep-ph/0303085) '
R A A S
O B M SRR
SRS
s SRRk
: fC,EDFRunI;I(H) Hnﬁnfmn
0 [ CDFRunl CDF Runli(ixjets). 4-D@ Run L
1750 1800 1850 1900 1950 2000
Vs (GeV)
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First Run II look at the all jets channel m’f:?

IBtituto Nazionale
di Fisica Nucleare

¢ Challenging signature: very low S/B!

—> cross section & mass measured in Runl (CDF,DO0)
e Best tools needed:

kinematical quantities, neural networks, b-tagging algorithms
eCurrently considered very difficult/impossible at LHC...

DO Run | all hadronic channel .. _
1000 Luminosity 80.7 pb-!

# Selected events : 78
Expected Bkg. : 68.0+1.6

D@ Run 2 preliminary

events / 0.05
w
(=)
o
|I

250

-

150(—

1
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IR “0
N ‘
...2'.”»’.’.2’33:3:“
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Neural network Output neural network discriminant
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Test for new physics in tt production INFN

PP
T sl 4 im Lo D Preliminary
% l Ezm- --: | }j . Dﬂtﬂ
R 1 1 Signal + expected Backgrounds
12 | o ; B S0 i+ Wets/multjets
ol EEW T ‘ Wetsimultijets (0.78:0.22)
- ® (DT Data (63 events)
: _ 44
. tt and W+ jets Simulations (63 events) i E
_ “q—jEts SsREREn. (31.1 ewerts) I:I: | rrri | rriri | rriri | 1 1 [ i | | 1 rrri | rrri | rrir
! l ] 150 400 450 500 550 6J0 650 YO0 Y50 B

600 TO0 g00 Q00 1000
Reconstructed M& (GeV J’(‘z)

Model independent search for a narrow resonance
X->tt exclude a narrow, leptophobic X boson with
my < 560 GeV/c? (CDF) and my < 585 GeV/c? (DO0)
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Single Top Physics

=> Same signature as SM Higgs
associated production:

o W+2 jets bin!

= Single top samples have less
objects in the final state:

o larger background

CDF Run Il Preliminary
L B I I R B B R

> F ]
(0012 — ]
© 5 _
4% 01 t-channel ]
& B s-channel ]
oo8— | L non-top background —]

— | B

B —-—- ti background N
0.06|— ]
0.04 -
002 =

B | 0, -

d-lo |

0 Ledoedg ||||||||||||||||||-|"[_i"|'1--1 S
50 100 150 200 250 300 350 400 450 500 550
H, GeV
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Search for Single top in Run 11 &m

© Main measurements: production

cross section(s)-> V,,, mass: . swjmT‘Z"'L?;'i'_i.—.'-'r?.i.'-'.lf:f.l.'fmlgﬁ—t;i-gg—-W

= Two production modes, o 45E- —

different sensitivities to new g 4 e - single top E

physics: 2 a5t -~ E

— t-channel:anomalous aE ~= non-top E

couplings, FCNC = —— SUM s

piINgs, 2.5 —e— Data —

— s-channel: new £ E

charged gauge bosons & E

® InRun I a separate search (CDF,D0) £ I

and combined (CDF) have been E i E

performed g i T T

O Same method is applied in %00 150 200 250 éaf T350 400 450 500 550

RunII for these preliminary H-(GeV)
results:

oi(t-channel)<15.4pb @95% C.L. o(combined)<17.5pb @95% C.L.
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W helicity in top decays INEN
® Top Mass is LARGE: top is produced and decays free:

=> The helicity information is preserved and reflected in several kinematical
quantities (W lepton p; or M(Ib))

= F, is naturally included in the ME calculation (SM prediction: F,=0.70):
— New Run I measurement from DO with better statistical power:
Fo= 0.56 = 0.31(stat)=0.04(syst)

70

:CDI* 11 pr'@limi'nar'_mrI

! Long+l.h.+bg DO preliminary
60 - Long —
I Left-handed

— Background
® Data 108:126 pb-!

50k

|||>mnin||\n|m|m.n..

entries/20 GeV

OU 20 40 60 80 100 120 140 160 180 200
Lepton p;(GeV)
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Top Mass

C

Istituto Nazionale
di Fisica Nucleare

210

80.6
© Top Mass: Fundamental SM 1 — Lepq 'SLD Data' |
parameter | -+~ LEP2, pp Data
= needed to determine ttH coupling 80.54 68%CL
= important in radiative corrections: = ' S
: o/ i @ i CDF/DO 1
constrain AM,/M; to 35% in Runll & g4 4- 2 fo-1goall [~ -
Eg ]
© Experimental handles: 80.3 - i
= B tagging: reduce - T
i - m,, [GeV I
background & combinatorial 1124300 Preliminary]
= Data driven systematics scale with 80'21 30 150 170 190
1/ N (energy scale, gluon radiation) m, [GeV]
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Top Mass Measurement &FN
© Template method: Run I summary
= Kinematic fit under the tt i
hypotesis ° 168.4 + 12,8 Gev/c* DY Dilepton
= Combinatorial issues _‘_i 173.3 £ 7.8 Gev/c® D@ Lepton+jets
= best y2 combination chosen g
— Likelihood fit — — 172.1 £ 7.1 Gev/c¢® D@ Combined

© Dynamical method: |
= Event probability of being signal | —

167.4 + 11.4 Gev/c* CDF Dilepton

or baCkground as a function of _._ 175.9 £ 7.1 Gev/c¢® CDF Lepton+jets
m(t) i
= Better use of event information ——e—— |188.0£ 1.5 Gev/c*CDF All-Hadronic

- increase statistical power

= Well measured events
contribute more

0 New DO Run I result: _’_

factor 2.5 improvement %H e 1180.1+5.4GeV/c? DO +iets
statistical uncertainty! 150 180 190 180 150 200

M, (Gev/c?)

e 176.0 + 6.5 Gev/c? CDF Combined

174.3 + 5.1 Gev/c¢” Tev. Cembined
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Handles for a precision measurement INFN

DO preliminary

:E*Lz - "g
A precise measurement of the S ..
) ) 0.8 - B
top mass combines cutting edge /
theoretical knowledge with state 7 / T
of the art detector calibration R ?/// o
0.2 | /! 7 . 0.2 [ /
\ -
0 _+--"T’/\ 1///% \}\‘L_L. 0 L. [ |//%| L an
J 170 180 180 70 /5 &0 85 90
Top mass (GeV) W mass (GeV)

gamma-jet balancing: basic in situ calibration tool
Z+jet balancing: interesting with large statistics
Hadronic W mass: calibration tool in tt double tagged events
Z->bb mass: calibration line for b-jets, dedicated trigger
: understand ISR/FSR, PDF's
accurate detector modeling
how to optimally use event information
large statistic will allow to pick best measured events

AR
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First look at top mass in Run II &'

CDF Runll preliminary, 108 pb- CDF Runll preliminary, 126 pb-

Events/(15GeV/c?)

8 | b j 45E IIS — E 6
C I:IData 22 evts T 4 N
7 :_ —I 35 E > fr 6 _g: 4
c P sk 0 ¢
6: % Signal + Bkgd 2-55 G 1.4 1
- IR N = ok 1
5 :— ??g Bkgd only (6.5 evts) 1 ; r =00 Te0 1% £ lzégv
C 05E = i
41— ok Q CDF Run Il preliminary
C 130 140 150 160 170 180 130 200 210 25 a
C Top Mass {Ge\ﬂczl — 0.8
3 — o B @ me (M, =175Gev)
- o 0.6 & DATA
2F a f
- / E 04 6 events
1__ 0';’:*::::::::3::%;0 TR c
C 7 R Ay
g W i . 0.2
0 100 120 140 160 180 200 220 240 260 280 =1~ Ll .
100 150 200 250 300
2
Reconstructed Top Mass, Tagged Events (GeV/c') Mass / GeV

Mass in lepton+jets channel
with a b-tagged jet Mass in dilepton channel

177.5%% (stat) = 7.1(syst) GeV/c* 175.07174(stat) = 7.9(syst) GeV/c>
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Conclusions INFN

© Top quark existence established at the Tevatron in 1995

© Several top properties studied using Run I data
= limited statistic

© The Tevatron is the top quark factory until LHC:
=> Run II ~50 times Run I statistics - precision measurements
=> Constraints on the SM Higgs boson mass and SM consistency
=>...0r surprises?
= First Run II results cover a variety of channels and topics
=> CDF and DO are exploiting their upgraded detector features

A very rich top physics program is underway:

let’s see what the top quark can do for us!
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CDF and DO Run Il Preliminary

- [ Kidonikis NNLO-NNNLL+ (hep-ph/0303186)

Y CEDFRHH H (1) Yy DO If?zm I

—*--(%DF—R&H—%J ........ +--CPF—R&H—i;}-(jHje.fsJ%--#--D@-I?uﬂ-l- .....
1750 1800 1850 1900 1950 2000
Vs (GeV)
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