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CDF/D0 and Tevatron overview
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CDF and DO are multi purpose detectors built
to study ppbar interactions @ Vs=1.96 TeV.
The tracking system is composed by multi wire

~ drift (or scintillating fiber) tracking chambers

surrounding silicon vertex detectors, crucial to
detect secondary vertices from heavy flavor
decays.

Energy measurements are provided by
electromagnetic and hadronic calorimeters.
Finally muon chambers cover the outer
detector region.
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CDF/D0 and Tevatron overview
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The top quark:
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The top quark:
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The top quark decays:

ttbar Decay Modes

Oete Emu+rmu [Etau+tau DOe+mu He+ttau
Omu+tau Metjets Omu+jets Otautjets [all had

1 Dilepton:
1 Lepton+jets:

1 All-Hadronic:




The top quark pair cross
section measurements




Dilepton - channel

Basic Signature:

E 2 high-P; leptons (or lepton+track)

E Missing E;

E 2 high-E; jets (can be required to be b-jets)
Analyses: dilepton,

\ lepton+isolated track
v’ b jet both w/ and w/o b-tag

Main Physics Backgrounds (from MC)
B Zlytjets
¥ WW/ZW/|ZZ +jets

Instrumental backgrounds (from data)
¥ Mis-identified isolated leptons (from bad reconstructed jets)
E Missing E; from detector resolution or jet energy mis-measurements.



D | Ie ptO n Combination of dilepton and lepton+track w
38 30 DQ prelim

& |
Dilepton: E’ - ;tDiaTa
B 2 elp p,>15GeVic [n|<1.1/(2.0) o —E-
B 1o0r2jets E;>20 GeV é [ I M Foke
B Missing E- =l 73 obs
B + selections on sphericity, Z fit, H spl 23.5 bkg
B 4 independent channels, ee, uy, e/u + 1/2jets i +
Lepton+track: % 200 300 400 500

B 1elpp>15GeV/c n|<1.1/2.0 H; (GeV)
B jsolated track p; > 15 GeVi/c

E Missing E; > 20 (35) GeV

E jets E->20 GeV (40 for the leading jet)
1 b-tag (DONN cut at 0.65)

D@ preliminary, 1.05 fb’

[CJDiboson

Number of events
Iml T T Ioi T T fal T T T
.7
{

B4 independent channels, e/u + 1/2jets combined MFake
: . 5 ! 21 obs
Dilepton and lepton+track combined: [AG/G~19% a 6.2 bkg

N
T T T 1

o =6.2 £ 0.9(stat) £ 0.7(syst) £ 0.5(lumi) pb

Main syst: lepton-id, JES, BGK/MC normaliz. b-tag 300 400 500
H; (GeV)



Dilepton e/u+t+btag w

Number of events

D@ Run Il Preliminary L =994 pb™
E

10°E . Iﬁaton +jets
=i I ww, wz

102E' W -+ jets

®* DATA
tt—urt
B tt — dilepton non-ut [ey, uu]

EmZ T +jels
CIJZ - put+jets

[ Multijet

1 | Il | | 1 | 1 | | 1 | |

2 Ll I 1 1 L 1 Ll L L L 1 1 L 1 1 1 I L1
1008 0.82 0.84 0.86 0.88 0.9 092 094 096 0.98 1

NN, muon+>1 jets, NN_> 0.8

20 D@ Run Il Preliminary L=1fb"
] E
£ F * DATA
o 18_— N Multijet
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Q = [ Z - ptp ore'e’
5 16 7
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.8 14— I i — lepton + jets
- [ 1t - dilepton non-k
E 12 tt— et
=
= E
10—
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200 300 400 500 600 700

800

HT(lepton+jets+t+MET), > 1 tags, > 2 jets

B e/p p>20GeV/c (15) |n|<1.1/(2.0)
B Standard di-lep or same type veto
B Missing E; >15 GeV
B NN_ (+ NN antielectrons)
(Ntrk, cluster size, isolation, track-calo correlation)
B jets E;>20 GeV (30 for the leading jet)
B 21 b-tag

et + ut combined: (extra acceptance from I+jets)

o =8.3*20 _ (stat) *'4 _, (syst) £ 0.5(lumi) pb

o*BR(tt—>I+1+2v+2b) =
0.19%0.08(stat) * 0.07(syst) pb

(extra acceptance from l+jets, dil are treated as bkg!)

Main syst: lepton-id, JES, BGK/MC normaliz. b-tag
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Dilepton

Leptons Transverse Momentum Tight Lepton Et (GeV)
220 . -1
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? 77 ObS ;“:; Bkgd + 1o uncertain E H Diboson .- Phiysics « Mislag Background
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1 D
Dilepton: [AG/G..QO%
o =6.2 +1.0(stat) £ 0.7(sys) £ 0.4(lumi) pb.
| [0)]
Lepton+track UAG/G~1 8% J
o = 8.3 * 1.3(stat) £ 0.7(sys) * 0.5(lumi) pb.

Possible new CDF

_ Lepton+Track + btag
dil+btag here

o =10.1 * 1.8(stat) £ 1.1(sys) * 0.6(lumi) pb.
— 11




Le pt0n+jetS decays widely used for top quark

properties determination
Basic Signature:

B 1 high-P; lepton
B Missing E;

B 23 high-E; jets (2 can be required to be b-jets)

_ Analyses: Lepton+jets + kinematics
v/ b jet w/ and w/o b-tag

Main Physics Backgrounds (estimated from data and MC):
F W+jets

FZo1t

¥ Single top

Instrumental backgrounds (estimated from data)
¥ Mis-identified isolated lepton (from bad reconstructed jets)
¥ Missing E; from detector resolution or jet energy mis-measurements.

¥ Mis-identified b-jets. .



L e pto n +j ets o 800 DO Huln Il preliminary ; ;m “Ib_tag}
§700 ﬁ b:;i;raaunds with leptons

ql.l;l 600 I backgrounds without leptons
Basic events selection: §500 0.9 fb-1
F 1 e/u p>20GeV/c |n|<1.1(2.0) £400
® 23 jets E;>20 GeV (40 GeV for leading) 2300
B Missing E; > 20 GeV (25 GeV for p+jets) fgg

Complementary measurement using: 0™ Jet 2Jets  3Jets  >dlets
® NN-b-tag: 8 channels (e/p, 3/24 jets, 1/22 tags) « 9o/ un!preliminary ==
80 ::rl:i;?;unds with leptons
oy= 8.05 + 0.54(stat) £0.70 (syst) + 0.49 (lum) pb & 705 B e
0.9 fb-

Number of Events
[}]
o

B topological discriminant: (e/u, 3/24 jets)

oy= 6.62 + 0.78(stat) + 0.36 (syst) £ 0.4 (lum) pb
% 0.10.20.30.4 0.5 0.6 0.7 0.8 0.9 1
Likelihood Discriminant

Combined: o= 7.42 £0.53(stat) + 0.46(syst) £ 0.45(lumi) pb
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Lepton+jets

2Jets

DO Run Il preliminary

—=— data (1 b-tag)

B iisignal

backgrounds with leptons

I backgrounds without leptons

0.9 fb-"

3Jets

>4Jets

We00
DO Run Il preliminary =500
o114k ———— Cacciari et al. €400
N Kidonakis and Vogt 3300
=
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Combined: o= 7.42 £0.53(stat) + 0.46(syst) £ 0.45(lumi) pb

In the same dataset, simultane

R - B(t —>Wb)
B(t >Wq)
o, =8.18"%(stat + syst) + 0.5(lumi) pb

=0.97"3% (stat + syst)
ous

—&— data (24 jets)

B isignal

backgrounds with leptons

I backgrounds without leptons

% 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Likelihood Discriminant

~
0]

S~ UAG/G~1 0%
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CDF Run Il Preliminary (1.12 fb'1) v Data

|
Le pton+jets ggoi_ ......................................................... S |:|T0p(B.El_pb)
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Core event selection: T e ]
o o
B 1elup>20GeVic n|<1.1(2.0) gz~ L= — .
B >3 jets E;>20 (15)GeV S 00 o emm— :
L] [ 0 B
E Missing E; > 30 GeV E | 5
= Number of Jets
I Z 400l EEEEEEREERAA

H; > 250 GeV (200 for 2 btags)

B b-tag: 21/22 b-tags 0 5
Aoc/c~ 1 3% Number of Jets

Gargg = 8:2 % 0.5 (stat) + 0.8 (syst) + 0.5 (lum) pb _p—CoF Proliminary (760 pb')

Ostag = 8.8 708 _; (stat) + 1.2 (syst) £ 0.5 (lum) pb 305 _‘;‘t’lett)s d

T deta

B topological discriminant: 3= Noo > 3
o, = 6.0 + 0.6 (stat) + 0.9 (syst) pb (700 pb-') % | multt: 78.0-- 42 events
§150;_ si:;enzl.: 324:6; 31..6 Z:Z:tss

B Secondary vertex and NN btag : 100 7,

oy = 8.5 £ 0.6 (stat) £ 1.0 (syst) pb (700 pb-) so% Reac o - i

N ST AR
.7 08 09 1

o_l-"' == Fara A
0 010203 04 05 06 0

Main syst: lepton-id, JES, BGK/MC normaliz. b-tag ANN output 15



All-hadronic:

Basic Signature:

b jet
Highest branching fraction
Highest background

B 6 or more high-E; jets jet Kinematical overconstrained

jet

E 2 of which from b-quarks

Main Physics Backgrounds: Jet
F QCD multijet production

Instrumental backgrounds jet b jet
¥ Mis-identified b-jets.

| CDF Run Il Preliminary |

8000~

oo o reen NN with 11 kin vars: eyyso.gs = 4.8%; S/B~1/16
ma;_ I it (c=8.3pb,m =175 GeN/c?) W|th at IeaSt 1 btag S/N — 1/22

5000

Main systematics jet energy scale ~16%.

4000

3000F

o= 8.3 £ 1.0 (stat) *20 _, . (syst) £ 0.5 (lum) pb

2000
s 9

1000

[ Ac/c~25%

obs

Q 0.2 0.4 0.6 a8 1
NN output

DO: 6, =4.5 20, (stat) *14 _, , (syst) £ 0.3 (lumi) pb (410 pb-T) 16




Decays top as expected?

Simultaneous measurement of R and o, (I+jets):

B Use NNb-tag + kinematics (for 0-tag)
B Exploit correlation for ¢, and R. (reduce b-tag syst for o)

B Fit data for R and o, simultaneously:

R= B(t >Wh) _ 0.97 0s (Stat +§
B(t »>Wq) |

B Multijet

0 1 >2
Number of tagged jets

17



Decays top as expected?

Simultaneous measurement of R and o, (I+jets):

0.6

B Use NNb-tag + kinematics (for 0-tag)
B Exploit correlation for ¢, and R. (reduce b-tag syst for o)

B Fit data for R and o, simultaneously:

L=09fb"' ¢ D@ Data

R=BEDWD) o o700 it 1 g B bor
B(t —»Wq) B Wajets

B Multijet

Cross section ratio (I+jets/dil):

Sensitivity to W boson disappearance due to B(t—Xb)>0. A laggeﬁfiets
; D@ Runll Preliminary p*
f::— 68% C.L. we V q o ( pp — tt—)l+ jets 0.27
of 95%C.L. t nd RG = — =1.217 7" (tot
:: b+ ? o(pp - tf), oz (0

1.4}

1.2

For example for t— H*b —csb, and m,,~80 GeV/c2:
L B(t— H*b) < 0.35 @ 95% C.L.

0702 0.4 08 08 1 1214 16 18 2 (expected <0.25 @95% C.L.) 18
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Is top produced as expected?

True GG Fraction

Y

CDF Run II (Preliminary)
Int. Luminosity 955 pb™

Measured Value = 0.073

+0.15
Sys+Stat: 0.07 ;

Limit at 95% CL: < 0.3

IIII|‘1II|II
1

Measurement of relative fraction of gg fusion

Combination of two methods:

0.07;
B Low p; tracks ——, o0 G
80.05 ’ %
. . 1= i
B Kinematical vars 8004 7\ | corrumirraiminay
60.03;5 :;—:J-Ldl=1fh
from gg and qq 800 ;
in NN trainin 200
n g. u.n1f o
L ‘\‘_“
0

e lasabiesalanaslineilig n l
5 101520253035404550
Number of low p, tracks
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Is top produced as expected?

e 1t . . .
S ,o- CDF Run I (Preliminary) Measurement of relative fraction of gg fusion
£ F Int. Luminosity 955 pb”
8 0'8? Measured Value = 0.073| t . .
g 07 et 007" Combination of two methods:
= 06E- —
055_ Limit at 95% CL: < 0.3 0.07
5 ~15% B Low py tracks ————, oosf S
0.3 goos| :

F an Cousins Combingd . . k= i 1 |
021 ® Kinematical vars T R \ Yt
- from gg and qq 809 )

30.02:

in NN training.

l | YT T N ra I.
5 101520253035404550
Number of low p, tracks

Searches for resonances in the tt invariant mass spectra:

Possible new DO
4 oo result here >~

E_Techni olor ® Observed Limit 95% CL
E , * Expected Limit 95% CL >

— Topcolor Z' (CTEQ6L1) —
L =0.9 fb"

D9 Run Il Prelimina
—- 1970 data

1 =09 fb‘1 [ 10.84 Zprime750
I 148,56 tljet

5.89 1

01222

0.31 WZ
I 1.00 WW

2.351bq
108 25

3.58 Z+jets
I 9.20 Wob 2
B 5.01 Wee
I 3.90 Wip
I 6.27 Multijet

LIL

®
o
©
>
.
o
N

6,"B(X->1t) [pb]
t

M,. > 680 GeV/c3(DO0)
M,.> 720 GeV/c2(CDF)

-
o
_I[]IllIil!lllllllll[lll[][lll

&

PR (TN A (T N T N O S Y U N T T IO S o R
400 500 600 700 800 900 1000 1100 20
M, [GeV]
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Is top produced as expected?

CDF Runll Preliminary 1.9 fb™ COF Rl ol miriary 1.9 05
% I'c=0.10 Mg
3. KS=42.3% - -SM Expectation
& —— Data (Nev=371) 0.2r eData Best Fit .
& 60 + [ |Top - §
E [ EW & Single Top 0.1
550 _ [ W+Light Flavor C
il 4 } [ | Non-w < 0_

[l w+Charm -

30 | w+Bottom

-0.1;t scanned all |

- <15 I'g =[0.05-0.5]Mg
0.2 <26 |
o, P

20

10 |

00 400 500 600 700 800900 1000 460 560 660 760 860
tt invariant mass [GeV/c?] M, (GGVICZ)

Searches for massive gluon
decaying to t-tbar.

9 I A
)
[ |
g t

15% gg production assumed.
Use DLM for Mtt reconstruction.
Fitted coupling strength 1.7c
consistent w/ SM expectation.

21



Is top produced as expected?

-~
(=]

Events / 20 GeV/c*
g 2

CDF Runll Preliminary 1.9 fb™

KS=42.3% -
—e— Data (Nev=371) 0.2r

—

[ EW & Single Top 0.1
[ W+Light Flavor

CDF Runll Preliminary 1.0 o’ Searches for massive gluon

[g=0.10 Mg decaying to t-tbar.
-SM Expectation

1 Top : *Data Best Fit ) g 9/G t
,_%4 [ |
C g t

-mE ‘ (=] Non-w <0

E ;W+Charm r
i ! s i Fictom 0.1 scannedall 150, gq production assumed.
TR, 0 Fe=10.05:05IMs | j5e DLM for Mt reconstruction
o M L | 2 ;30 \.oolooit,..,. | Fitted coupling strength 1.7c
b0 400 500 600 700 800 900 1000 400 500 600 700 800 consistent w/ SM expectation.

10

Y
<
2]

tt

do/dM [pb/GeVi/c?]
=

=y
=
IS

tt invariant mass [GeV/c?]

CDF 1l Preliminary

—— SM Expectation

- SM Uncertainties

o Data,J.L= 1.9+ 011

1

0 200 400 600 800 1000 1200
Unfolded M. [GeV/c’]

1400

M, (GeV/c?)

do/dM,; measurement

e/u pT>20GeV/c

2 4 jets ET>20 GeV, Missing E; > 20 GeV

=1 b-tag

Correct M,; for distortions from detector effects
(SVD method)

Consistency w/ SM checked using Anderson-Darling
statistics, with p-value of 0.45. 29




Conclusions

DO Run Il preliminary

Winter 2008

|+jEtS (b-tagged and topological)
910 pb~’

I+jets (from B(t—Wb)/B(t-Wq), PRL)
910 pb™"

dilepton (topological)

I+track (b-tagged)
1050 pt

tau+lepton (b-tagged)
1050 pb

tautjets (b-tagged)

alljets (b-tagged)

Myp = 175 GeV

7.42 053 $0.46 0.45 pb

8.18 %% 1050 pb

-0.84
68~ .apb
51° " pb
83 . Twspb
51" 0.3 pb
45 " """.0apb

(stat) (syst) (lumi)

I Cacciari et al{ JHEP 0404, 068 (2004)
Kidonakis andWogt, PRD 68, 114014 (2003)

0 2 4 6

12

G (pp —> tt) [pb]

T T T J T
I:' Cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

I

'Lepton+TraFk
(L=1070 pb™)

'Dilepton .
(L=1200pb ")

'Lepton-i-Je;s: Kinematic:
(L= 760 pb")

'Lepton+Jets: Vertex Ta
(L=1120 ph")

Lepton-i-Jabg: Soft Muon
(L=760pb )

(L= 311 pb")

'All-hadronicr:: Vertex Ta
(L=1020 pb")
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B Cross section measurements are in good agreement w/ SM
experimental and theoretical uncertainty are at the same level

¥ Production mechanism and top quark decays are consistent w/ SM

expectation

¥ More statistics is already available, expecting lots of updates and new
measurements for the Summer.
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Conclusions
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I:' Cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)
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Not covered in this talk:

* Top quark mass see Ulrich Heintz'talks

* Top mass from measured cross section see Solene Chevalier-Thery’s talk
* Top quark properties see Riccardo Eusebi’s talk

« Single top production see Supriya Jain’s talk
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All-hadronic:

| CDF Run Il preliminary | | CDF Run Il Preliminary |

10* 4 8000 )
- . = . Observed tags (1.02 fp Y
i ‘ 7000 = Z Background
TS 6000 I (o =8.3pb,m=173 GeV/c)
E . . E
. e Multijet events (1.02 fb™) % 0001
L -
LF E o ¢ 4000
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C * 3000
10 :
s t 2000 |

1000

0 0.2 0.4 0.6 0.2 1
NN output cut

NN with 11 kinematical variable: e\y\.¢ g4 = 4.8%; S/B~1/16
With at least 1 btag S/N = 1/2.2
Main systematics jet energy scale ~16%.

Ac/c6~25%

c=8.3x1.0 (stat) + 2.0 - 1.5 (syst) £ 0.5 (lum) pb

4.5 +2.0 —1.9 (stat) +1.4 —1.1 (syst) £ 0.3 (lumi) pb (410 pb-")




Is top produced as expected?

Searches for resonances in the tt invariant mass spectra:

# tagged events

b I]ll]II'I[I]III[III]lII[I]HII[I]II]II

Number of Events
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Lepton+Jets Sample composition

Non-W Fit
2.

v Data 3

... Anti-Electrons ]

bb MC ]
[CJwMC

[ 1TopMC

B Sample-composition is estimated:
— Based on the pretag data
— Predicts sample composition in the tagged sample
by using €t9_

B Components in pretag data:

— tt

— WW,WZ,ZZ,Z/yém g Produc.:tion Cross section]
relatively well known

— single top .

— non-W (instrumental)
— WH+jets (W+HF, W+LF)

Handle on these processes: MET | or matrix method

e

Theoretical cross section with large corrections
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Dilepton Sample composition

B Data Components for dilepton and lepton+track:

~
t Production cross section
- . relatively well known, several
— WW,WZ,ZZ,Z/y%‘m correction, lepton-id + Njet SF.
-
Z boson data w/ MET — DY
— Zly—eelun } | ratio Z sideband/Z peak

— WHjets + fake lepton }

p
Lepton fake rate application from| or ele-likelihood fits
generic jet data or y+jets and matrix method

B B-tagged background:

— Fake lepton background
 WH+jets
« tt—olepton+jets ~

— Physics and mistag backgroundy
positive mistag matrices
~ for generic jets and tt
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All-hadronic Sample composition

B Background comes from QCD production of HF and mistags

B Completely data driven estimate

— per jet tag probability, parameterized using jet and global
guantities

— 21 tag inclusive prediction

| CDF Run Il Preliminary |

%000 ;_ Observed tags (102 fb™)
7000;— : Background
s000f B (c=83pb,m=175 GeVic)

g 7]
" = D@ Run Il 405 pb’
4000 ;_ > o double-tagged data
000 L - TRF prediction, no correlations

g @ 400 ot ErCdiction, indl comslations
2000f (=2}

3 (=) .
1000 E il‘r

0: [ L L L L 3 |I_ ?*

0 0.2 04 0.6 08 " c:ﬂpui % i r*‘fr
3 200+ o TR b .
[=] ¥ =0 A o é
P °
— Or per—event predictions, [
: '!.
correcting for 2tags correlations D ":r.._ |
as a function of AR(jj). AR(tagged jets)
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