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CDF/D0 and Tevatron overview
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The top quark:

t g t 1st quark 3rd generation
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The top quark:
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The top quark pair signatures:

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 e/p (or lepton+track)
p>15 GeV/c

E Missing E; > 20+ 30 GeV
pointing away from other objects

E 2 high-E; jets (can be required to be b-jets)
E.> 15+ 20 GeV

v b jet

Main Physics Backgrounds (from MC)
B Zly+jets
B WW/ZW/ZZ +jets

Analyses: dilepton,
lepton+isolated track
both w/ and w/o b-tag

Instrumental backgrounds (from data)

F mis-identified isolated leptons (from bad reconstructed jets)

¥ missing E; from detector resolution or jet energy mis-measurements.
¥ (mis-identified b-jets)

Main systematics: lepton-id, JES, BGK/MC normalization and b-tag | -




D | Ie ptO n combination of dilepton and lepton+track w

Two well reconstructed leptons: i
40

¥ 4 independent channels:
ee, uy, e/u + 1/2jets

(7))
[
c
S
B + selections on sphericity, Z fit, H; ®
©
S
(]

Lepton+isolated tracks:

B Relax 24 |lepton identification
to a isolated track
B increase acceptance also 10
for T decays
F1 b-tag (DONN cut at 0.65)
¥ 4 independent channels, e/p+1/2jets(b 50

DO preliminary, 1.05 fb’

* Data
1%
1z
[1Diboson
B Fake

Dilepton | L+track

obs 73 21
bkg 23.5 6.2

S/N ~ 3!
|

100 150 200 250

|| Leading Iepto!;l PT (GeV)

combined: o = 6.2 + 0.9(stat) + 0.7(syst) * 0.5(lumi) pb [AG/G~19%

Ac/5~20% | Ac/G~18%

CDF dilepton (1.2 fb-1) CDF L+track (1.1 fb-1):
o = 6.2+1.0%£0.710.4 pb o = 8.3 £1.310.7%0.5 pb

CDF L+Track + btag (1/fb)
0 =10.1+1.8+1.1+ 0.6 pb. 4



Dilepton e/u + 1

Important to look for effects beyond the SM (t—>H*b—1tvb)

D@ Run Il Preliminary L=1fb"
& * DATA
S 1al- E Multi] ' ¥
S 18 B Multijet B only 1 well identified e or p
(] - 3 Z - ptu orete
5 o = i, iz -
B 1 =ti%’ﬁton+ietsl B 1 7 candidate from NN_ output:
- tt — dilepton non- i i i
E b s . (N cluster size, |solatloq,
Z F —+— . track-calorimeter correlation)
10 tt— t+l signal
8 extra acceptance B >1 b-ta
6 from dil and I+jets - g
ar —1— Cross section measured in
2 i et + ut combined:
- o s (extra acceptance from I+jets and dil)

% 100 200 300 400 500 600 700 800
HT(lepton+jets+t+MET), > 1 tags, > 2 jets

c=83*20 .4  +05pb

Measured (pb) SM expect (pb)
o*BR(tt—e+1+2v+2b) | 0.19%012 (stat) £ 0.07(syst) 0.13
o*BR(tt—p+t+2v+2b) | 0.18%0.13 . (stat) £ 0.09(syst) 0.12

(extra acceptance from tt in I+jets and dilepton are treated as bkg!) 9



Le pt0n+jets Chan nel widely used for top quark

properties determination
Basic Signature:

B 1 high-P; lepton (P> 20 GeVi/c)
B Missing E; > 20+30 GeV

B 23 high-E; jets (2 can be required to be b-jets)
(E+> 15+20 GeV)

v/ b jet Analyses: w/ and w/o b-tag

Physics Backgrounds (estimated from data and MC):
F W+jets
¥ Z—11, Single top, diboson

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

¥ Mis-identified b-jets.

Main systematics: lepton-id, JES, BGK/MC normalization and b-tag | 1¢



L e p t o n +j e ts o 800 DO Huln Il preliminary _-._ :':'Ia (1Ib-tag}
§700 ﬁ b:;i:raounds with leptons

I backgrounds without leptons

0.9 fb-"

Combination of complementary measurement: 3500

¥ NN-b-tag: 8 channels (e/u, 3/24 jets, 1/22 tags)
¥ 1 jet bin used for bkg cross check

2Jets 3Jets >4Jets

1Jet

o= 8.05 % 0.54(stat) +0.70 (syst) £ 0.49 (lum) pb

DO Run Il preliminary

—=— data (24 jets)

B isignal

backgrounds with leptons

I backgrounds without leptons

F topological discriminant: (e/u, 3/24 jets)
combining geometry- and energy-related vars

(AR;j, Ady; mer Hy @planarity and sphericity) 0.9 fb-’

il

¥ Independent from b-tagging,
and BR(t—Wb) assumption

Number of Events

= + + +
o= 0.02 + 0.78(stat) £ 0.36 (syst) + 0.4 (lum) pb o e 08 DE T oo o

Likelihood Discriminant

'\

Combined: o= 7.42 £0.53(stat) * 0.46(syst) £ 0.45(lumi) pb R

_ B(t —)Wb) _ +0.09 _ 0
R= BiowWa)~ 0.97°3% (stat + syst) ~ UAG/G 10%

oy =8.18705 (stat + syst) £ 0.5(lumi)pb 11

In the same dataset, simultaneous




Le pton+jets CDI? Rn | Prellmmary (1. 12 fb ) . Data

'E 90 A []Top (8.8 pb)
"3 " (i . [ Ew & Single Top
COI'e L+J event selection: g 30: = L a 5/ """'|:|w+LightFla1.rur
. o LW / [ Non-w
+ H; > 250 GeV (200 for 2 btags) 2 70 B W Char
g 60 /- I W-+Bottom
&
. b'tag: 21/22 b-tagS (t|ght + |OOSG) E 50 ............................ 4
as cross check. % 49 ____________________________ e
For double tagged events, S/N ratio -E %0 2% Z
bettel’ than in Standard di|ept0n g gl s A ANAARAINAAA NG AAAOAOAAE RN AAGARaa: __
analyses! 10E k
. 2 3 . 4 o5
N f
FAG I5~13% umber of Jets
Gaiag = 8.2% 0.5 (stat) + 0.8 (syst) + 0.5 (lum) pb U ]
Cogtag = 8.8 *0.8 _ _ (stat) £ 1.2 (syst) £ 0.5 (lum) pb WA0/0~17%
U

~ W topological discriminant:

oy = 6.0 £ 0.6 (stat) £ 0.9 (syst) pb (760 pb-)
Other measurements from CDF <
BESecondary vertex and NN btag :

~  o0,=8.5%0.6 (stat) + 1.0 (syst) pb (700 pb-')
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All-hadronic:

Basic Signature:
E 6 or more high-E; jets
E 2 of which from b-quarks

Main Physics Backgrounds:
F QCD multijet production

Instrumental backgrounds
F mis-identified b-jets.

| CDF Run Il Preliminary |1 .02 1:b"I

8000 .
C Observed tags (L02 fb™)

7000 ;_ :] Background
6000 I < (c=8.3pb,m=175 Ge[V/c?)

5000

4000

3000F

2000

1000

obs

Q 0.2 0.4 0.6 a8 1
NN output

DO: 6, =4.5 *20 _  (stat) *14 _,

b jet
Highest branching fraction
Highest background

jet Kinematical overconstrained

jet

jet

jet b jet

NN with 11 kin vars: e\\-g.94 = 4.8%; S/B~1/16
With at least 1 btag S/N = 1/2.2
Main systematics jet energy scale ~16%.

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

Q)

[ Ac/c~25%

; (syst) £ 0.3 (lumi) pb (410 pb-T) 13



Decays top as expected?

DG Runll Preliminary
;Q 241

Cross section ratio (I+jets/dil):
Sensitivity to W boson disappearance
due to B(t—Xb)>0.

w

top quark pair decays involving charged
Higgs could enhance the observed I+jets

2.2
2f
1.8

1.6
14
1.2
1
0.8
0.6

(7

%

— . i

- 68% C.L.
- 95% C.L.

o, |

_Illill IIIII I'II'I III.IIIIIII
0 02 04 06 08 1 12 14 16 18 2

meas

<

RO'

_ G( pﬁ - tt—)l+jets
G( pp tt—)u

=1.2172% (tot)

cross section while lowering the dilepton one

B(t— H*b) < 0.35 @ 95% C.L.

.

%
for t— H*b —csb,
and m,,~80 GeV/c?:
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Is top produced as expected?

Measurement of relative fraction of gg fusion processes: %7 :
0.0 Gi ------- Gluon-rich
o(gg —>tt [\ —Nogluon
Foo = Egg tt_; 80.05 %
O % = H ':__r
pp .§004 ; ‘:"-.i CDF Run Il Preliminary
Combination of two methods: 003 |\ re-w
a i
B Low p; tracks - B
(gluons radiates more than quarks) = 0015
B Kinematical vars from gg and qq in NN trainin °:-"'1"1'"""'T%'ﬂ 540455
5 10152025 3035404550
99 49 9 \ Number of low p; tracks

(gg produce unlike spin and forward top pairs)

[ Neural Network Templates |

c 1 _ g t 0.09 5_ Sarr;;: (1 Tag)
o - - - E —
2 = CDF Run II (Preliminary) 00sf .
g 0.9_ . . -1 - — bk
=k Int. Luminosity 955 pb oorf-
0.8— E
8 T F | Measured Value = 0.073 0.06}
o 0.7 'y 0.05[
2 F |syststat 0.07° 0 | t oosf
C | Limit at 95% CL: < 0.38 0.03
0.5 o
0.4 001
= SM=O15 5 mellnnaslonanlonanlonan(ds ! |
G G 035 04 0.45 05 0.55 06 065 0.7 0.75
Feldman Cousins Combined e
: Best Value

il | I [ I
0.2 0.4 0.6 038 1 1.2 1.4
Fitted GG Fraction

’ Fog= 0.07%015 - (stat+syst)

Fog < 0.38 @ 95% C.L.
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Is top produced as expected?,

Searches for new physics in the tt invariant mass spectra:

In the ttbar invariant

a 5 PR D R LT P G N AT BT T LY T T

mass in the L+jets channel 8 455 ' —ipested I Pk
. ] s 45_ with uncertainty band E

New Physics can yield Z’ searches: 7 E ~ Observed limit 95% CL 3
shape distortion or bumps 5 o Bl
L K{=g -3

P PS | M, > 760 GeV/c2(D0) &, N

Preliminary -

CDF Runll Preliminary 1.9 fb, MZ, S 720 GeV/cZ(C DF) 1-:

o [ ; =
S L KS=42.3% = =
& —— Data (Nev=371) (0.95fb") F :
& 6of + [ 1Top E e s e e L :
w F + [] EW & Single Top :900 400 500 600 ?00 800 900 1000 110(]
50 [k I W-+Light Flavor M, [GeV]
G | | = Nonw
E H l;l W+Charm . CDF Runll Preliminary 1.9 fb"
3oF ﬁ + ] w+Bottom Searches for massive gluon . g =0.10 M,
C il - - .
Ly decaying to t-tbar. 0.2 | ~SMExpectation
10; f % . L *Data Best Fit A
: _ q :
e o e " a/G ? 0.1
3%0 400 500 600 700 800 900 108 C

tt invariant mass [GeV/c?

; q | t _0.1E scanned all

15% gg production assumed. - I<1o (EISI009R0IM
do/dM,, measurement | [Use DLM for Mtt reconstruction:0-2; 2%;
SM consistent! Flttec_l coupling strength 1._7c5 400500600 700 800
p-value of 0.45 consistent w/ SM expectation. M, (GeV/c?)
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| Caccilri et al. JHEP 0404:068 {2004} AssumL m=175 e'\.hh::2
Kidonakis,Vogt PRD 68 114014 (2003) CDF Preliminary

7
Lepton+Track 8.3+1.3£0.7+0.5
DQ Run " preliminary Winter 2008 (L=1070 pb ) /
. . 'Dilepton
I+Jets {tf-tagged and topological) HeH 7.42 :0.53 £0.46 £0.45 pb (L=1200 pb-r) / 6.2i1 .1i0.7i0.4

910 pb
I+jets (from B(t—Wb)/B(t-Wq), PRL) o +0.90 . 'Lepton-i-Jets: Kinematic:

910 pb™" 8.18 -0.84 S Flb (L= 760 pr) / 6-0i0-6i0-9i0.3
dilepton (topological) 6.8 .. '] pb . /

1050 pt Lepton+Je_ts: Vertex Tag/ 82t05t081r05
I+track tagged) 5.1 pb (L=1120pb') /

e Lepton+Jets: Soft Muon 1.0
tau+lepton (b-tagged) o 14405 pb (=760 pb ) 7.8+1.7 +,4+0.5
tag+jets (b-tagged) 51 pb z‘l_li;-;e;?}fertex Tag % 6.1+1.2 13:310.4

“' t (b-tagged) i . 1 4 .
al_j.e S e 4.5 | pb All-hadronic: Vertex T4 8.3+1.0 iz-oio_s

. (L=1020 pb™') / 1.5
(stat) (syst) (lumi)
, B Cacciari et al ) JHEP 0404, 068 (2004) "Combined(old SLT, II-h%_
=175 GeV ombined(o \a
M ¢ Kidonakis and Vogt, PRD 68, 114014 (2003) (L= mf pb'(‘ ) | | % |73i(g€rg’iigygi%ﬁq 2
A T T T T T Y I
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
— s s(pp — tt) (pb)
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¥ Cross section measured in many different channel,
to test SM prediction and search for new physics signals

¥ Investigated possible new production mechanisms (Z’/G).

B Good consistency w/ SM is found in all measurement
for x-sec, experimental and theoretical uncertainty are at the same level

¥ More statistics is already available, expecting lots of updates and new
measurements for the Summer. 17



Conclusions

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

I

T T T
| Assume m=175 ev/c?

CDE Preliminary

7
Lepton+Track 8.3+1.3+0.7+0.5
DQ Run " preliminary Winter 2008 (L=1070 pb™') /2
. . 'Dilepton
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910 pb™
I+jets (from B(t—Wb)/B(t-Wq), PRL) 818 0% b 'Lepton-i-Jets: Kinematic: + + -+
910 pb™' . _ogs W0OP (L= 760 pb”) / 6.0+0.6:0.9+0.3
dilepton (topological) 68 ° 12 409 . b ) /
1050 pb~' © 11 08*4P Leptont+Jets: Vertex Ta / 8.2+0.5+0.8+0.5
L=1120pb) @ CooTeo e
I+track (b-tagged) 5.1 +16 409 0, pb { pb ) /
1050 pb o Lepton+Jets: Soft Muon 1.0
tautlepton (b-tagged) 8.3 *20 +14 o, pb (L= 760pb'1) 7-8i1 -7 iugio's
1050 pb~! I 2
tautjets (b-tagged) 43 407 . "MET+Jets: Vertex Tag / 1.4
HeTS (e 514 777 w:pb L= 511 9B /% 6.1:1.2 +,3+0.4
alljets (b-tagged) 20 +1.4 i
,11- ? i e 4.5 19 1.1 " pb All-hadronic: Vertex Ta 8.3+1.0 +2.0+0 5
10 pb . (L=1020 pb") / LTV T, TV
(stat) (syst) (lumi)
_ B Cacciari et al| JHEP 0404, 068 (2004) " Combined(old SLT "_h%_
m,.. = 175 GeV ombined(o! a
° Kidonakis and Vogt, PRD 68, 114014 (2003) (L= mf pb'(‘) | | % |73i(g?iigygi%ﬁq p
T T T T I Ay O R
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14

o (pp —>tt) [pb] (PP —> 1) (pb)

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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CDF/D0 and Tevatron overview

Central Muon Central Calorimeter (EAH)

s B CDF and DO are a multi purpose detectors
= ® The tracking systems
oo @2 Ce=SN R — \ O multi wire drift/scintillating fiber tracking
3 ST O silicon vertex detectors

B Calorimeter systems:
U Electromagnetic section
0 Hadronic section

Forward Calorimeter (E) i e -
e, ) | - H
Luminosity Moritor | | \ g B Muon chambers cover the outer regions.
|| | | TimeofFlight
[ | Central Outer Tracker -
| Silicon Vertex Detector Dty o scpbtEiazos
Intermediate Silicon NORTH _ l SOUTH
FERMILAB'S ACCELERATOR CHAIN i s
s
— \\\\\\'\ M\'mﬂgflllllll .\\\\\\\;\s:_v q
R e MAM BmcToR | J ALLIIITRNRY S\ t
Vitlnecvorer o0 L ] \
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N Sy ANTIPROTON B
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cor S [ :g‘
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. COCKCROFTWALTO L
PROTON _—— = -
e
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Other Dilepton x-sec:

Leptons Transverse Momentum Tight Lepton Et (GeV)
20— . : _ : . — _
200F S e E 80F CDF Il Preliminary 1.1 fb ™ a | CPF Il Preliminary 1.0 fb
— ata r > 250
180_— 77 ObS “44% Bkgd % o uncertainty o 70 :_ _ Diboson 8 5: :r::::::l:::@munﬂ
25 bkg E tt (0=67 pb) : E 1 29 Obs . + Drell-Yan =] 3 - PYTHIAM,_ = 175 Gev
[ WWIWZ E L -
’/w % 50:_ ] 54 bkg B + fakes %20.- . Das
= g — + tt (measured o)
w S0 oo
g —e— Data G 15[ 69 Obs
T i 12 bkg
o E L
30F t > 2 3 10
20F
: sk
1 5 5 0 - T == —— R o S e 3
e RL skt SRR 0 20 40 60 80 100 120 140 160 180 20 0 20 40 60 80 100 120 140 160 180 200

P, (GeV) Tight Lepton Et (GeV)
Dilepton (1.2 fb-!): [ Ao/5~20%
o =6.2 +1.0(stat) £ 0.7(sys) £ 0.4(lumi) pb.
Lepton+track (1.1 fb-") U Ac/o~18% J
o = 8.3 * 1.3(stat) £ 0.7(sys) * 0.5(lumi) pb.
UAG/G"ZZ%

Lepton+Track + btag (1.0 fb-1)
o =10.1 * 1.8(stat) £ 1.1(sys) * 0.6(lumi) pb.
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Lepton+jets

[ 03'800 —&— data (1 b-tag)
E B isignal
Q 700 — backgrounds with leptons
>
= i 11} ackgrounds without leptons
DO Run Il preliminary « 600 [t
— - e + 500 0.9 b
a14 ; Cacciari et al. 2 .
gt Kidonakis and Vogt 5400
= . F
S 13¢ DO Run Il I+jets 900 pb'’ =300
*g - 7 world average top quark mass 200
7] 12— 100
g 11:— . N Experimental 0™ Jet 2Jets 3Jets >4Jets
M A NY precision reaches
s [ ] o N theoretical DO Run Il preliminary .
D ST . ) 7)) 90 —=— data (24 jets)
£ e Ry SR uncertainties! T go B csiona
9 - o AN e, 5 g i backgrounds with leptons
C ke, oA N\ w 70 I backgrounds without leptons
8 /e . TSNS e 5
- T B o - @
7E measurement e £
E Lo ""---::.-_‘ﬂ__. 5
. = theory '
5 __I 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 11 | 11 1 ‘.'Iﬁ*.?"d: 11
155 160 165 170 175 180 % 0.1020.30.4 05 0.6 0.7 0.8 0.9 1

top quark mass (GeV)

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

In the same dataset, simultaneous

R - B(t —Wb)

- B(t > Waq)

o, =8.18"%(stat + syst) + 0.5(lumi) pb

=0.97"3% (stat + syst)

Likelihood Discriminant

~
0]

S~ UAG/G~1 0%
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Is top produced as expected?

CDF Runll Preliminary 1.9 fb” CDF Runll Preliminary 1.9 fb™ Searches for massive g luon

. . [=0.10 M, decaying to t-tbar.
S r iy 0.2- -SM Expectation

+ s . || *Data Best Fit g /G t
+ I EW & Single Top 0.1 . ?
[ W+Light Flavor B )
l _ l:l Non-W < 0_ B
[l w+Charm - g t

| w+Bottom ! scanned all | :
-0.1- 15% ag productlon assumed.
C £1G I G =[005'O5]MG °

Events / 20 GeV/c*
g 8 3

B
o

30

20

_ 0.21<7 i Use DLM for Mtt reconstruction.
) T - 1<30 | | Fitted coupling strength 1.7¢
400 400 500 600 700 800 900 1000 400 500 600 700 800 consistent w/ SM expectation.
tt invariant mass [GeV/c?] MG (Ge\”cz)
10" CDF 1l Preliminary
— ; :ﬁ E:fth do/dM,; measurement
2 107 o Data,jL=1.910.1fb" e/u pT>2()GeV/C
& > 4 jets ET>20 GeV, Missing E; > 20 GeV
=10° >1 b-tag
% Correct M,; for distortions from detector effects
N - (SVD method)
10"
,,,,,,,,,,,,,,,,,,,,,,,,,,, Consistency w/ SM checked using Anderson-Darling

0 200 400 600 800 1000 1200 1400

Unfolded M_ [GeV/c’] statistics, with p-value of 0.45. 23



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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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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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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