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The Beginning of the Story

e 1984-1985 R
- commissioning of the Tevatron
- first collisions at CDF in 1985
- DO was just a hole in the ground
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The Beginning of the Story

e 1984-1985 L‘j
- commissioning of the Tevatron
- first collisions at CDF in 1985
- DO was just a hole in the ground

e towards RunI
- 1987: Run 0 of CDF (0.4 pb™)
- 1992-1996: Run I for CDF and DO
(1.8 TeV, 120 pb)

 the top quark before 1995
- existence needed after the discovery of the b-quark in 1976 at Fermilab
- direct searches:

1984: Petra (e'e’): Mt > 23.3 GeV

80s: Tristan (e‘e’): Mt > 30.3 GeV

1988: UAL (pp): Mt > 44 GeV + indirect constraints

~ 1990: LEP (e'e’): Mt > 45.8 GeV from the electroweak fit
1990: UA2 (pp): Mt > 69 GeV

1992: CDF (pp): Mt > 91 GeV

1994: DO (pp): Mt > 131 GeV
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The Discovery

VOoLUME 74, NUMBER 14 PHYSICAL REVIEW LETTERS 3 Arra 1995

Observation of the Top Quark

S. Abachi,'? B. Abbott,™ M. Abolins,”* B. S. Acharya,” I, Adam.'"” D. L. Adams,™ M. Adams,'* S. Ahn,"” H, Aihara,™

The DO Collaboration reports on a search for the standard model top quark in pp collisions at
V5 = 1.8 TeV at the Fermilab Tevatron with an integrated luminosity of approximately S0 pb ', We
have scarched for 11 production in the dilepton and single-lepton decay channels with and without
tagging of b-quark jets, We observed 17 events with an expected background of 3.8 * 0.6 events. The
probability for an upward fluctuation of the background to produce the observed signal is 2 x 10°°
(equivalent to 4.6 standard deviations). The Kinematic properties of the excess events are consistent
with top quark decay. We conclude that we have observed the top quark and measured its mass to be
199° 1} (stat) £22 (syst) GeV/e” and its production cross section 1o be 6.4 = 2.2 pb.

VOLUME 74, NUMBER 14 PHYSICAL REVIEW LETTERS

3 APRIL 1995

Observation of Top Quark Production in pp Collisions with the Collider Detector at Fermilab

F. Abe,'"! H. Akimoto,” A. Akopian,”” M. G. Albrow,” S. R. Amendolia.** D. Amidei.'” J. Antos,” C. Anway-Wiese,*

We establish the existence of the top quark using a 67 pb ™' data sample of pp collisions at
Vs = 1.8 TeV collected with the Collider Detector at Fermilab (CDF). Employing techniques similar
to those we previously published, we observe a signal consistent with 17 decay to WWbb, but
inconsistent with the background prediction by 48c¢. Additional evidence for the top quark is
provided by a peak in the reconstructed mass distribution. We measure the top quark mass to be
176 + 8(stat) *= 10(syst) GeV/c?, and the 7 production cross section to be 6.8°3% pb.

submitted to PRL on Feb 24™ 1995
-D0: 50 pb? ,4.6 o

M: = 199 + 30 GeV
9] t+tbar = 6.4 + 2.2 pb

- CDF: 67 pb, 4.8 o

M: = 176 + 13 GeV
O ttbar = 6.8"3° 24 pb

standard and loose selections
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Top Discovery Seminar at Fermilab

e March 2™ 1995

some of the DO phD
students in 1995
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PDG on the Top Quark After the Discovery

t-Quark Mass in pp Collisions PRD 54: 1 (1996)

The ¢t quark has now been observed. Its mass is sufficiently high that decay is expected
to occur before hadronization.

Preliminary resuits for the top mass based on the full (Run la4+1b) data set have been
presented by COF and D@ at conferences in early 1996:

my, = 1756 £ 5.7 £ 7.1 GeV CDF lepton + jets
my = 159%23 & 17 Gev COF  dilepton
m, = 187 &+ 8 & 12 GeV CDF  hadronic

m, = 170 £ 15 £ 10 GeV DO  lepton 4 jets

m, = 158 + 24 & 10 GeV DO eu
Because of the high current interest, we mention these preliminary results here but do
not average them or include them in the Listings or Tables. See the note on the top
quark for references.
Search limits, which are now primarily of historical interest, are based on the assumption

that no nonstandard decay modes such as f — DH ' are available, except as noted
in the comments.

VALUE (GeV) as DOCUMENT 10 TECN = COMMENT
180 £ 12 OUR AVERAGE
199+ 13522 1 ABACHI 95 DO £+ jet
176+ 8+10 2 ABE 95¢ COF ¢ + bjet
e o o We do not use the following data for averages, fits, limits, ¢1C. e o o
3 ABACHI 958 DO £f 4 jets, £ + jets
>128 95 4 ABACHI 95¢ DO 00 4 jots, £ + jets
5 ABE 950 CDF
& ABE 95v COF
7 ABEF 95 COF W + > 4&jets
>131 a5 8 ABACHI 9% DO £ + Jets, £ + jets
176 410% 13 9 ABE 94e COF 7 + bjet
>118 95 9 ABE 94¢ COF ¢
10 ABg 9u CDF ¢t — bH*,
HY — r”y,
11 Age 94 CDF ¢t -« BH*Y,
HY . 7 vy
> 91 95 12 ABE 92 CDF ¢4, f + bjet
13 AUt 92F UA2 t - BMT,
HY r*y,
> 60 a5 1% ALBAJAR 918 UA1 ¢t -« BHT,
HY — ¥,
15 BAER 918 RVUE t — 1§, X7
> 72 35 16 ABE 98 CDF e 4
> 77 95 17 ABE 90C COF & 4 jets + missing Ey
> 69 95 1B AKESSON 90 UA2 ¢ + jets + missing Ey
> 60 9 ALBAJAR 908 UAL e or u + Jots, uu + jet
19 BARGER 90t RVUE ¢t — bH™'
> 41 95 20 ALBAJAR 88 UA1  eoru + jets
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And the Story Continues

e Run IT begins in 2001
-1.96 TeV
- 2005: 230 pb™!
t1 cross section measurements in the ljets channel (Mt = 175 GeV):
without b-tagging:
o7 =6.7"17% (stat) " 1§ (syst) £ 0.4 (lumi) pb.

2001

PLB 626, 35 (2005)

. . a | e DO data
with b-tagging: S 300 (@) B W-+light
| CIw v% &,Wbb
) ) ¢,Wct,
_QEtL6 (. S . : 5 B Multijets
o5 = 8.67 2 (stat. + syst.) 0.6 (luml.)opb - B Other bkg
~20 % -g _____ Bl tt - |+jets
3 T g Single tag
100
PLB 626, 45 (2005) D
-
S » DO data 0
e 50 - 1 2 3 >4
.“E’ B tt Jet multiplicity
S % ] Waijets
w B multijet 2 (o) —
R & wbb
S 30; Bl Other bkg
S [ Mt l+jets
é 20 double tag
-
z : }/
10 R ‘ 7
0

1 2 3 >4
Jet multiplicity
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Measurements in All Possible Channels

alljets:
large rate, large background

3 400

s | + Data, 18"

£ D@ [@Biisignal

5300 ’ [ Background
200

0.0 0.5 1.0

PRD 82, 32002 (2010) :

lepton+ T +jets: small rate,

large background

» DO Runil Preliminary L=12m"
‘g‘aooﬁ == b
E B W e jets
L . EZ e
g = ;
3 = .
£ —
3
z

205020 e 0 100 120 140
Lepton P, (GeV), =2 jets

100 | \
0> N . A M 1 ; A " " )

T +jets: small rate, large background

S 10° = DO, 11b"
g 10’§8) t
§ I
w 10:
E B it ejets N
r [ Other ti leptonic decays {
1 WiZvjets
Bl M s
W20 0 0 08 O]
PRD 82, 71102 (2010) NN,

y "alljets™ 46% )
|+jets: good rate,

reasonable background

tHets 15% S 3503 DO, L=5.3fb"'
£ 300 ppp 84, 12008 (2011)
$ 250
1 A% & 3
(+\_\ 20 3", 200 ‘5
W X\ ey il 3
Y riets 15% ' \00_4
"dileptons™ “lepton+jets” 50-
.;.;1 50; (c) D@, L=5.4 fb" 01 02 03 04 05 06 07 08 09 1
u)J | _+. eu+2jet RF discriminant
. [ Z(+jets): 30 .
100 mmvwwwzzz:s | dilepton: small rate,

[ Instrumental: 23
B i 192
® DATA: 281
arXiv:1105.5384

small background

5 10
b-tagging NN discriminant
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Top Pair Cross Sections at 1.96 TeV

DO Run Il July 2011 e : : , ,

(I Cacciari et al., arXiv:0804.2800 (2008) ASSUMe m.;1 725 Ge\;/c’

4 Kidonakis & Vogt, arXiv:0805.3844 (2008)
lepton+jets + dileptons (pLB) ' +0.57 - Moch & Uwer, arXiv:0807.2794 (2008)
53‘b‘J i 7.40 g:: “oso PD "
: o * 7.40 + 0.58 + 0.63 + 0.45
|ip3tz’n'*jets (topo + b-tagged, PRD) Hoi— 7.65 :3 gg .g :,i) pb (L=5.1fb ) : . . -~ . .
i * . +0 ALK +0 7 I '
o e n ot o HeH 727046 NN o T 7.82+0.38+0.37 £ 0.15
lepton+track (b-tagged) 50 *16 *09 .11 pb E/
10" e ARG B R A sy o) 7.32+0.36 + 0.59 + 0.14
tau+lepton (b-tagged) 7.32 41344120 pb i
" 1 124 -1.06 © o
22fo All-hadronic 1%
- i - + +
tau+jets (b-tagged, PRD +1.15 +0.72 (L=291") w L0 TA0TN AL
g ’ B 6.30 *1 15072 .5 40 pb i
1.0 ™ P ~
alljets (>-tagged, PRO) 1 69 314 w04 pb el e 7 7.99 +0.55 + 0.76 + 0.46
1.0 i (L=221) i
(stat) (syst) (humi) “
A B M Cacciari eff8l., JHEP 0809, 127 (2008) MEIL"Z?’?e;z ) " 711+ 049+ 0.96 + 043
o ASE B N Kidonakis @ihd R| Vogt, PRD 78, 074005 (2008) ; (stat) + (syst) + (Ilumi)
' S. Moch and B Uwer, PRD 78, 034003 (2008)
% flograsnoge faroy ) s L 1 B 1 1 il
—— 0 2 4 6 8 10 12 4 5 6 7§ N 8 4 9 10
du 2011 706 a(pp — tt) (pb)

red = 2011 result

blue = 2010 results p t{ b . . .
e il working on the CDF-DO combination

e inaddition to the cross section 2005
- cross section ra’ri?s (limit on T->H*b) o Blt—Wb) _ Vi 12
- fit the cross section together with R to extract Viv: T B(t—-Wq) |V 24| Vie |2+ | Via 2

\Vis| = 0.95 £ 0.02 assuming CKM unitarity
arXiv:1106.5436

11
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tt Cross Section Summary

August 2011

E T T 1] l T T T T I T T 1 1 ] 1 1 | e | T T l’ T 1 1 1 I 1 1 1 1 H

k= —NLO QCD (pp) ® Atlas (0.7 fo”, prelim.)

B I ERApprox. NNLO (pp) ¥ CMS (36 pb”', prelim.)

NLO QCD (pp)
102 ~ < -Approx. NNLO (pp) =
- WCDF ]
t u

+ DO

I

7\

NI

10 -

6.8 7 7.2

1 il‘ 1 Ll l 1 Ll 1 I 1 1 l 1 l 1 i 1 Rl I L l | 1 | | l Ll | l

1 2

3

4 5 6 7 8
\'s [TeV]

decay channel combined
for m, = 172.5 GeV:

CDF (up to 4.6 fb™")

DO (5.6 b1, arXiv:1105.5384)

o(pp — tt) =

alpp — tt) =

systematically limited

7.5 = 0.31(stat) = 0.34(syst) £ 0.15(theory) pb

(- +“‘)-‘

7.567 -6 (stat + syst + lumi) pb

Atlas (0.7 fb~ 1)
CMS (36 pb™1)

alpp — tt) =

o(pp — tt)

179.0 + 9.8(stat + syst) £ 6.6(lumi) pb

158 £ 10(uncor.) £ 15(cor.) &£ 6(lumi) pb

Measurements agree with the QCD predictions

i 65 o/o

A 66 o/o

Future measurements will focus on differential cross sections
Only Tevatron can measure them at 1.96 TeV
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Event Yield

Electroweak Top Production at Hadron Colliders

s-channel . t-channel H_ Wt-channel _w

v!h

b

e
~

predicted since the 80s
allows to directly measure Vip
challenging to measure

- small cross section and background similar signature than signal
- not possible with counting only (uncertainty on the bkg larger than the signal):
multivariate techniques

500 ¢ Data E 500 ¢ Data -1 E -1
jue] !.‘;:rqh Dg 2.3 fb-1 .9 B b+t Dg 2-3 fb .d_) Dg 2-3 fb
. b > . wob e
400 B wece E 400 M Wee E 100
Wi+ We N wii+we
i e 2 m e : Hy > 175 GeV
F s it L
300 : ::.ﬂ»{.-:u:h; 100 o W (7 l+jets 100 =
- B Multijets B Multijets ,
200 . 200 " 50 |
100 i 100
O. - 0 : O -
0 02 04 06 08 1 B 0O 02 04 06 08 1
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Another Top Discovery

e March 10™, 2009: Fermilab seminar announcing the single top discovery

“ A claing

PRL 103, 092001 (2009) PHYSICAL REVIEW LETTERS % AUGUST 2009

'Trn

sock ending

PRL 103, 092002 (2009) PHYSICAL REVIEW LETTERS 8 AUGUST 3600

on

Observation of Single Top-Quark Production Observation of Electroweak Single Top-Quark Production

V.M. Abazov,” B. Abbott.™ M. Abolins,”* B.S. Acharya,”™ M. Adams,™ T. Adams.™ E. Aguilo,” M. Ahsan,™ I. Aaltonen,”* J. Adelman,'* T, Akimo10,”® B. Alvarez Gonzilez,'™ S, Amerio, " *** D. Amidei,” A. Anastassov,”
We report observation of the electroweak production of single top quarks in pj collisions at /s We report the observation of single top-quark production using 3.2 fb ' of pj collision data with /5
1.96 TeV based on 2.3 b ! of data collected l\'\ the DO detector at the Fermilab Tevatron Collider, l'\in-,‘y 1.96 TeV collected by the Collider Detector at Fermilab. The significance of the observed data 1s
events containing an isolated electron or muon and missing transverse energy. together with jets 5.0 standard deviations, and the expected sensitivity for standard model production and decay is in
originating from the fragmentation of b quarks, we measure a cross section of a(pp — th + X, 1qb + “\\'L"“' of 59 standard deviations. -'\‘.‘U”‘-“li—‘ m, = 175 GeV/c*, we measure a cross section of
X) = 3.94 = 0.88 pb. The probability to measure a cross section at this value or higher in the absence of 2.3755(stat + syst) pb, extract the CKM matrix-clement value [Vy] = 0.91 = 0.11(stat + syst) =

0.07(theory), and set the limit [V, ] = 0.71 at the 95% C.L.

signal i1s 2.5 X 1077, corresponding to a 5.0 standard deviation significance for the observation.
m

e
A -

\
3" Tevatron Preliminary, August 2009 S~

Y

Single Top Quark Cross Section y (
c
o) : . 3.94 10z pb §2.5 IV, | =0.88+0.07
! . £ | 95% C.L. limit: 0.7
CDF L e 217 292 pb “15
COF : o 50 2% pb
ton | +0.58 1
Tevatron Combination | 2.76 547 pb ,
= ey - 0.5
— '
X A FESRPLA) SEPRRA
0z 4 6 8 T S Y R ) rz1
- |v
o (pp — th+X, tgb+X) [pb) w
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t-Channel Single Top Cross Section

a step further: discriminate between the single top channels:

- new physics can affect the single top channels differently
- signal: t-channel, background (other single top, W+jets, t1):

* Tevatron: multivariate (Neural Networks, Boosted Decision Trees, ...)
* LHC: cut-based or multivariate

*combination of 3
multivariate

discriminants

Oiqb (Pb) for my = 172.5 GeV:

CDF (3.2 1)
DO (5.4 fb~ ', arXiv:1105.2788)

0.8x0.4
2.90 = 0.59

CMS (36 pb !, arXiv:1106.3052)
Atlas (0.7 b 1)

83.6 = 29.8(stat + syst) = 3.3(lumi)

00°%

3.70

o [pb]

Observation of the t-channel single top in 2011

10° }

L’{'

DO 541fb™"|

68% C.L.
= 90% C.L.
N 95% C.L.

arXiv:1105.2788

® Measurement

t-channel cross section [pb]

1)
[1] PRD 74: 114012, 2006 . SM 21
F (2] EPJ Ca9: 791, 2007 { Four generations
(3] PRD 63: 014018, 2001 13)
(4] PRL 99: 1901802, 2007 T0p-flla:l/or
. FCNC
% 2 4

s-channel cross section [pb]

10}

t-channel single top quark production

a
v
A

| ! | ! |
CMS, 36pb’

m Atlas, 0.7 fb-" prelim.

DO, 541

COF. 32Mm

- NLO QCD (5 flavour scheme)
e Theory uncatanty (scale @ PDF)

Campted Frederx, Matons, Tramontano, JHEP 10 (2000) 042

NLO+NNLL
theory uncertanty (scale @ POF)

Kdonaka, aXn: 1100 2T90vY Pepph)

PR

L
2

4 6 8 10
\'s [TeV]
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Single Top Perspectives at the Tevatron

for m; = 172.5 GeV: Oth Tigh oW

pp @ 1.96 TeV \1.04£0.04 ) 226=0.12 0.28 £ 0.06
PRD 74, 114012 (2006)

pp @ 7 TeV 46+0.3 64.6752 15.7 + 1.4
PRDS1, 054028 (2010 PRDS3, 091503 (2011) PRDS2, 054018 (2010)

s-channel
- challenging at LHC

- legacy measurement of the Tevatron

latest DO measurement
(5.4 fb-1, arXiv:1105.2788):

expected sensitivity close to 30

7

DQ Runll

6" @ 5.4b" observed — 30 line
B 5.4 fb" expected —q0mh

- —— a priori projection
""" \'lumi projection

ok @0 :—__::—

s-channel significance [SD]
F=N

z [
- & ) 2.3fb" observed
- - 2.3 fb" expected
0 i e W p\/
0 2 4 6 8 10 12

Luminosity [fb ]

with 10 fb!, should get evidence
maybe observation when combination with CDF ?
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Top Quark Mass

the top quark is the only natural quark:
- coupling to the Higgs boson close to 1: ['Yukawa —
special role in the electroweak symmetry breaking ?

together with My, predict the Higgs boson mass

how to measure the top mass ? “
- template method: 200 |
* compare an observable in data with MC generated with
different masses
- ideogram method: ol
* event likelihood computed as a convolution of a Gaussian resolition
function with a Breit-Wigner (signal) or _
- matrix element method: Qogo To0T To05 T905 7907 1905 500150085005 0
* build an event probability based on the LO tt matrix element e
using the full kinematics of the event

160 |-

120 [

Top Mass (GeV/c%)

- for channel with at least one W decaying hadronically, can calibrate ’rhe JZT

energy scale (JES) constraining M;; to Mw P RN DO, L=53 fb "'

-
-—

- need to calibrate the method to correct for any potential biases ° 2

10-

mass extraction from the 11 cross section
- using the experimental and theoretical cross sections vs mass
(well defined renormalization scheme): method first used at DO (..

— Measured dependence of o

to extract both the pole mass and the MS mass (PLB 703, 422 (2011)) 4 — Approximate nnLO

NLO+NNLL

8

T 150 16'(: }70 180 130 17
Frédéric Déliot, Special Session DO Collaboration Week, 30-SEP-2011 op quark pole mass (GeV)



Top Quark Mass Measurements

o discovery:
- lepton+jets: +30 GeV (50 pb)

e first DO Run IT measurement:
- lepton+jets: +4.5 GeV (0.37 fb)

e |atest DO measurements:
- lepton+jets (3.6 fbl):

mt = 174.94 + 149 Gey ~ PRD 84,032004 (2011)

_ 0 _1 . m 1.06:' i bl ol ('."f""f"':
dilepton (5.4 fb™): & 10s:DG, 2617
mt=174.0 + 3.1 GeV 1.04F e i 3

3_,3 ‘D0 5.4fb" PRL 107, :Zzu .

F | 082004 55 "

| 1.01F ]

'.r«,l (2011) T 2sd ]

_ [ 1F 3sd -

0.5! () k) 4§ 29 e BRoive . 1

- [ ) 099 r

i la E'A [ EFaE | e | A.Al;A;E

o \ 09870 172 174 176 178 180 18
i60 170 180 190

' L. m, (GeV) m, GeV

see Zhenyu's W&C seminar yesterday for all the details

e new Tevatron combination (arXiv:1107.5255):
- uncertainty below 1 GeV for the first time
- all channels give consistent results
- still working on decreasing the systematic
uncertainties

Mass of the Top Quark

July 2011

CDF-I dileptorr

DO-I dilepton
CDF-II dilepton
DO@-II dilepton
CDF-I lepton+jets
DO-| lepton+jets
CDF-Il lepton+jets
DO-II lepton+jets
CDF-I alljets

CDF-II alljets *

_._

(* preliminary)
167.4 +11.4 (=103 = 4.9)
168.4 +12.8 (+12.3 = 3.6)
170.3 + 3.7 (=2.0=3.1)
174.0 £ 3.1 (= 1.8+ 25)

176.1+ 7.3 (£5.1£5.3)

180.1+ 5.3 (£3.6=3.9)

173.0+ 1.2 (£0.7=1.1)

1749+ 1.5 (£08=1.2)

CDF-Il track

CDF-Il MET+Jets *

L
186.0 +11.5(x10.0= 5.7)

1725+ 2.0 (1.4=14)

166.9 + 9.4 (=9.0=28)

172.3+ 2.6 (+1.8=1.8)

Tevatron combination *  ** 1732+ 0.9 (062 08)
arXiv:1107.5255 (x stat = syst)
v*/dof = 8.3/11 (68.5%)
| | | |
150 160 170 180 190 200

Myp (GEV/C?)
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Top Quark Mass Measurements

e discovery:
- lepton+jets: +30 GeV (50 pb™)

e first DO Run IT measurement:
- lepton+jets: +4.5 GeV (0.37 fb!)

e |atest DO measurements:
- lepton+jets (3.6 fbl):

mt = 174.94 + 1.49 GeV ~ PRD 84,032004 (2011)

_ . -1\. wn 1.06:”":‘ il | "'('."I""'I"':
dilepton (5.4 fb™): & 0s:DD, 26 o' :
mt =174.0 + 3.1 GeV 1.04F - -+ - - k

“f |Dosam’ PRL 107, il
¥ | 1.02F ¥ e
-4 1 082004 b0 1]
/\ (2011) s 254

| [ 1 3sd

05 [ | < . . . . . . v
[ 0.99F :

l I L Bt B PN LA LA
: JE\ 0970 172 17a 176 178 180 182

i60 170 180 190
‘ m, (GeV) m, GeV

see Zhenyu's W&C seminar yesterday for all the details

 new Tevatron combination (arXiv:1107.5255):
- uncertainty below 1 GeV for the first time
- all channels give consistent results
- still working on decreasing the systematic
uncertainties

Mass of the Top Quark

(* preliminary)
167.4 £11.4 (1031 4.9)
168.4 £+12.8(+12.3+ 3.6)
1706+ 3.8 (£ 2.2+ 3.1)
1740+ 3.1 (+1.8125)

176.1+ 7.4 (£51+£53)

180.1+ 5.3 (£+3.9+3.6)
1730+ 1.2 (+t06+1.1)

1749+ 15 (t08%1.2)

August 2011

CDF-I dileptor-
D@-I dilepton e
CDF-II dilepton |
D@-Il dilepton B
CDF-l lepton+jets -
D@-| lepton+tjets o
CDF-Il lepton+jets
D@-Il lepton+jets u
CDF-l alljets
CDF-l alljets * T
CDF-Il track =

— e

CDF-Il MET+Jets *

&
186.0 £11.5(+100£ 5.7)

1725+ 2.1 (£ 14215)
166.9+ 9.5 (+90129)

172.3+ 2.6 (+18218)

Tevatron combination *

173.2+ 09 (£t 06+ 0.8)

(= stat sys!)

y“/dof = 8.3/11 (68.5%)

Atlas leptontjets * 1750+ 2.8 (+09+27)
CMS lepton+jets/dilepton * 1734+ 3.3 (£19+27)
| | | |
150 160 170 180 190 200
My, (GeV/c?)
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Perspectives for Tevatron Top Mass Measurements

e this is all about systematics
- iJES scales with luminosity
- largest one: Signal modeling (ISR/FSR, color reconnection, hadronization, higher order effects)
* remove double counting as much as possible
* constraints from data

6
arXiv:1107.5255 Tevatron combined values (GeV/¢?) “7: - TOp Quark Mass Uncertalnty
M, 173.18 % I+jets D@ measurement
(i'l[':S 0.39 ) 9 3 A Combined D@ measurement
”'”'jﬁ .09 & [ 4 Tevatron combination
bJES 0.10 'g e Projected future uncertainty range
cJES 0.05 £ 4N\
CIES 0.21 ) S \,
~— c = \
rJES 0.12 o \\
Lepton py .10 g 3
(Signal 0.51 ) g -
Detector Modeling .10 X E
—
UN/MI ().00 s 2h
( Background from MC (.23 (]
Background from Data 0.12 g' i
Method 0.09 s |
MHI (.08 3 Run 1
- : p— (o] L
dystematics (.76 - B
Statistics .56 0 ? e S :
Total (.94 10 1 10

Integrated Luminosity (fb™)

e Tevatron final results

- single experiment: 0.9 - 1.0 GeV
- DO-CDF combination: 0.7-0.8 GeV

challenging precision for LHC
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Perspectives for Tevatron Top Mass Measurements

e this is all about systematics
- iJES scales with luminosity
- largest one: Signal modeling (ISR/FSR, color reconnection, hadronization, higher order effects)
* remove double counting as much as possible
* constraints from data

6
arXiv:1107.5255 Tevatron combined values (GeV /) N I Top Quark Mass Uncertainty
M, 173.18 % h I+jets D@ measurement
JES 0.39 ) S-’_’, S 4 Combined D@ measurement
”'”':‘S 0.09 & [ Tevatron combination
bJES 0.15 = | A . .
CJES 0.05 g 4_ A\\ Projected future uncertainty range
(dJES 0.21 ) S
TIES 0.12 S 0
Lepton py 0.10 3 3
(Signal 0.51 ) g -
Detector Modeling 0.10 x |
UN/MI 0.00 § 2
( Background from MC .23 (] E
Background from Data 0.12 g' -
Method 0.09 : 1— cose --"------'\;-2--"
MHI 0.08 L Run 1 A M <1GeVic
Systematics 0.76 e 10 fb"
St&ltiﬁti('& ”’,‘) 0 A I 1 L L L) l I i 1 I - I
Total 0.94 <5 10-1 1 10

Integrated Luminosity (fb™)

e Tevatron final results

- single experiment: 0.9 - 1.0 GeV
- DO-CDF combination: 0.7-0.8 GeV

challenging precision for LHC
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Searches in the Top Sector

e only a few examples

D@, 5.3 fb™
arXiv:1104 4522
Mt' > 285 GeV

—h
TTTT]

Cross section [pb]

—
=
=

- —— 95% C.L. observec
[ 8= 95% C.L. expected

AAAAA

1 o- 1 M i 1 |
200 300 400 500
t’ mass [GeV]

Events/25GeV

—

" Theoretically inaccessible
— Expected 95% CL limit

E)Excluded 95% CL region
80 90 100 110 120 130 140 150 160
M. [GeV]
1—
= e, ZE
- | excluded at 95% C.L.
0.8 T m, = 175 GeV,0 . = 6.90 pb
- 8z = Vicz = By z =Ky, = 0
0508 D@, L = 4.1 fb”
g PLB 701, 313 (2011)
. e O L3 B(T_>ZQ) < 3 2%
e S | v, TV
o / ............................
-l 1 1 l L1 1 //
% 01 02 0.5

No sign of new physics so far

IKtuyl
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Top Pair Spin Correlations
in the SM, the spin of the top and of the antitop are produced correlated

- correlation preserved in the decay products

- very sensitive observable to search for new physics

t

p
q —>=,/<—=, q
- =y
t 351

measurement method:

pp @ 1.96 TeV

pp @ 7 TeV

99

85 %

15 %

15 %

85 %

KKL\ P

t

e

t

- latest measurements use a hew method based on matrix element: measure f, fraction of events

with spin correlation using a femplate fit of R

dilepton channel

using ME without spin corr. &«

Feneas = 0.7470-%7 (stat+syst)

PRL 107, 032001 (2011)

€ 100 —— Data
z |— tt SM spin corr.
804 tt no spin corr. (f=0

(N measured tt
60 B Background

04 045 05

DO, L=5.4 fb"

055 06

Crneas = 0.66 % 0.23 (
first evidence for tt spin correlation (3.1 0)
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ljets channel: fieas = 1.1

Pin(H = ¢)

R =

-Psgn(H = U) -t Rs'gn(H = C)\

using ME with spin corr.
= 40.42

5" aa(stat + syst)

£ 140
120

100

0

0.4 0.
stat+syst)

d —— D_ata
— tt SM spin corr.
: B tt no spin corr.
measured tt

Ot

her

< P W4jets
{ - Multijet

45

DO, L=5.3 fb™




Perspectives for Spin Correlation Measurements

e complementary measurement at the LHC
- mainly gg-> t+
- ATLAS dilepton: A=0.34"911; (helicity basis, Asu=0.32)

- also ~ 3 0 sensitivity AD = |Dn-D|
s [+= |-

(in the lab frame)
e at the Tevatron, still statistically limited
- using the full dataset should at least improve the error by /2
- possible analysis improvement
(c-tagging in the lepton+jets channel)

B
S50 * data Dilepton channel
W O ATLAS Preliminary
Lottt (A=0)
40 I single top [ _0.70 fb"
100| DY+jets ] Ldt=0.70fb
. diboson :
» fake leptons I o o
ﬁ §[pe
200 A
. l """ "
100
Oﬁ 3

Spin Correlation Strength Uncertainty

DO dilepton template
DO dilepton ME

DO lepton+jets ME
DO combination/projection |

- combination with CDF >10p
= I
= ’ £ S
1 &9
tt spin correlations C g .
C A
CDF, 2.8fb" = X - > Run | {s=1.8TeV
(dilepton template) ' S
o A
D@, 5.4fb" ) 0.50:0.45 =
(dilepton template) 1
DO, 5.4fb™ F1 0.57:0.33 -
(dilepton ME)
CDF, 5.3fb" F—0.72:0.69
(I+jets template)
D@, 5.3fb" e 0.89:0.33
(I+jets ME)
D@ combination, 5.4fb™ L 0.66:0.23
(dilepton + I+jets ME) W.Bernreuther ot. al |
Nucl. Phys. B 690, 81 1 0-1

S TR I I RS R 4
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Top-Antitop Charge Asymmetry

e At NLO, QCD predicts an asymmetry for 1 produced via qq initial state
- the top quark is predicted to be emitted preferably in the direction of the incoming quark
- the exchange of new particles like Z' or axigluon could modify it

—>— (60000003

positive asymmetry

Tevatron A top
anti-top

>

n
forward-backward asymmetry

N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)

Ay =y — yz

1t t

LHC

A

> - q Q \
000 000>
' A G00U000 + QT GUTTHGT
—=—=2 0000000 ¢ q Q

negative asymmetry

top t

anti-top 'I / /t

q | q q N

| \

P M reference frame

n

Lab reference frame

central-forward asymmetry
N(A|Y| > 0) = N(A|Y]| < 0)

smaller at LHC since

€= NQ|Y[> 0) + N(AJY| < 0)
AlY| = Y| = |Yi

low qq fraction
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Tevatron Top Charge Asymme‘rry Results

e CDF measurements
IjeTs, PRD83, 112003 (2011)

Az ljets ljets (M,; > 450 GeV)  dilepton
unfolded data 0.158 £ 0.074 0.475+£0.114 0.42+0.16
SM prediction (MCFM) 0.058 + 0.009 0.088 + 0.013 0.06 £ 0.01

e DO ljets measurement
- unfold the reconstructed distribution to correct for acceptance
and detector effects
Ars (%)
Reconstruction level Production level
Data 9.24+3.7 19.6 £ 6.5 N 2 4
MC@NLO 2.4+0.7 5.0+0.1 Y
. N(qyi >0) — N(qy <0)
App =
Nawy > 0) + Nawyr <0) AL (%)
Reconstruction level Production level
Data 1424+ 3.8 15.2+4.0 N 3 0
MCQNLO 0.8+0.6 2.1+0.1
g’“ b 00,54 1" W :i:nc?mo %"” 7% 00,54 10" W 1 PYTHIAISR oft |
“ : A (.) E :u':.”' w .: : (b) Mwl:'::' ; *
W 77/ z + Data N e Deta
- o
4% 400
0 300
20 200
100 100

3.4 o difference

0 0 20 N0 4 S0 60 N =N 100

Reconstructed tf transverse momentum [GeV]

0 10 20 30 40 S50 60 70 8 9
Reconstructed tf transverse momentum [GeV]

A, of the Top Quark
) Foaranios aon Juty 2011

COF L) —_— 0.158 2 0074 1100722 0017)
(830"

COF DIL* —_——
04 3,158

COF combinec* —— (02012 0067 12000220008

el
0.4 0.2 0 0.2 04 06 0.8

Ay

Forward-Backward Top Asymmetry, %

100

Reconstruction Level
mg < 450 GeV
——
DO, 54fb™ 7.8+48
i
CDF, 5.3fb" 2.2+44.3
mg> 450 GeV
—
. S
CDF, 5.31b"’ 26.6+6.2
S Frixone 1 B.R. Webbs
} 06 O
1 1 [ 1 l 1
-10 0 10 20 30

Statistically limited measurements, need better understanding of the predictions
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Top Charge Asymmetry Perspectives

e LHC results

Ac

- different observables
- not yet sensitive to a potentiel Tevatron excess

T T TTTTTY
I 1 I I

1800F y e
g " ATLAS Prelminary it +24 jets (b tag)
w1200:_ L=0701" ’,d,".:c
i Wejets
| B 2ejots MC
- Diboson MC
1000 I Single top MC

-

aad o ool

CMS Preliminary
0.15-1.09 o' at\s = 7 TeV

I+jets
0.1

o (bg subtr.)

A
o
o
(4]

-0.05
0.1

-0.15

!

N(A > 0) — N(A < 0)

tt (MadGraph)

— data
0\9 !

-0'300 300 400 500 600 700 800 900 100011001200

e Tevatron perspectives
- DO dilepton result with 5.4 fb! soon in review :

/2 improvement

- combination with CDF: another /2

- we have to conclude on the effect with the full dataset:

is it really new physics ?

M; _[GeVic]

" N(A>0)+ N(A<0)

- Atlas: AY = |y¢| — |yg]

- CMS:

A" = ‘7715‘ - ’77:?’
AY = (yr — yr)(yr + vi)

Top-Antitop Charge Asymmetry %

Production Level
et
Atlas, 0.7fb" -2.441.642.3
(I+jets) Y A, =0.6%
P
CMS, 1.09fb™ -1.6+3.07)7
I+jets;
(I+jets; ) A, =1.3%

Curren’rl;ono deviation from the préodicfions

see Tim's t

Events

alk yesterday for all the details
120 T T T T T T T
X D@ L=54f0" _
100 —
80

60

TIYI[]IY

40

20

0

-2 -1 0 1
Positive lepton 1
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PDG'10 on the TOP QUC(I"k J Phys. 637, 075021 (2010)

t-Quark Mass in pp Collisions
OUR EVALUATION of 1720 + 09 + 1.3 GeV (TEVEWWOG 10) is an average of wop
mass measurements from Tevatron Run-1 (1992 1996) and Rue-11 (2001 - present) that
were published at the time of preparing this Review. This average was provided by the
Tevatron Electroweak Working Group (TEVEWWG). It takes correlated uncertainties
properly into account and has a \? of 5.8 for 10 degrees of freedom,

For earlier search limits see PDG 56, Physical Review DS4 1 (1996). We no longer
include a compilation of indirect top mass determinations from Standard Model Elec-
troweak fits in the Listings (our last compiation can be found in the Listings of the
2007 partial update). For 3 discussion of current results see the reviews “The Top
Quark™ and " Electroweak Model and Coastraints on New Physics.”

VALUE (GeV) DOCUMENT ID TECN COMMENT

17204 09% 1.3 OUR EVALUATION Ses comments i the header abows.

17274+ 18+ 12 LAALTONEN 095 CDF ¢+ &y + 4 jets{b-tag)
1711+ 37+ 21 ZAALTONEN 09 CDF 6 jets, vix btag

17012+ 27+ 29 JAALTONEN 090 CDF  dikepton

1747+ 44+ 20 4 Anazov 00 DO dikepton + btag (¥WT+MWT)
1715+ 18+ 11 5 ABAZOV 0BAHDO  { + Ep + 4 jets

10077135+ 86 6 ABULENCIA 07 CDF  lepton + Jets

1801+ 36+ 39 78 agazov 046 DO lepton + jets
17614 514 53 IAFFOLDER 01 CDF  lepton + jets

1674103+ 48 1011 apgp 998 CDF  dikepton
168441234 36 8 ABBOTT 980 DO dikpton
186 +10 + 57 100248¢ otk CDF 6 or more jets

e o o We do not use the Slowing data for averages, fits, limits, €1C. ¢ o o

180521204 36 I3 AALTONEN  09ax CDF 7 4 gy + jets (soft 5 btag)
1719+ 1.7+ 11 L AALTONEN 08U COF £ 4 fets, 27+ Jets

1685t 344 31 15 AALTONEN  0%x CDF  £4 4 Ey (vo weighting)

1691 33 16 ABAZOV 094G D0 cross sects, theory + exp
st 32 ITABAZOV ~ 09% DO cross sects, theory + e
wort §$3+ 35 WB19AATONEN 06 CODF  @epton, 5,, constrained

1771+ 494 47 02N AALTONEN 07 CDF 6 jets with > 1 &wix
12341982100 22 AALTONEN 076 COF > & jets (0 tag)
1740+ 224 48 23 AALTONEN COF > 6 jets, vix btag
17068+ 224 14 2535 AALTONEN COF  lepton + jets (b-tag)
137+ 44 31 226 45a70v DO leptos ¢ jets

17624 924 39 2T ABAZOV D0 cHeptos (MWT)

1795+ 7.4+ 56 2T apazov D0 cdepton (AWT)
1645+ 394 30 2520 ARULENCIA COF  cHeptos

imost 41t 12 29 asazov DO leptos + jets (B-tag)

o
-
o

1752t 294 32 3031 aBuLENCIA COF  lepton + jets

st 31s 1z 1930 apuLencia COF  lepton + jets

on

o

0w

0w

ot

06y

0e0

oo
1652+ 61+ 34 2932 ABULENCIA ©06c CDF  dlepton
1700+ 60+ 41 19T ABULENCIA 06w CDF  ciepton
1735137+ 7.7 3439 apazov 05 DO Gor more jets
1761+ 66 36 AFFOLDER 01 COF  ceptos, lepton 4 jets, al-jets
17214 524 49 37 aBBOTT 9c DO Glepton, lepton «jets
1760+ 65 1138 apg e COF  Gleptos, leptom 4 jets, al-jets
17334 564 55  8.39ampoTT %er DO leptos + jets
1759+ 48+ 535 1040 q5f e COF  leptom + fets
161 <17 410 10 agg %6r CDF  dlepton
1721+ 52+ 49 A1 AT SCE RVUL cleptos and lkepton+ jets
1736+ 80 42 BHAT iR RVUE clepton, loptos 1 jets, al-jets
1733+ 506+ 62 8 AmacH 97E DO leptom 4 Jets
199 4 im ABACHI 95 DO leptos + jets
176 = 8 £10 ABE 5F COF  leptom + O-jet
i =10 13 ABE e

t BRANCHING RATIOS
(W) /T(Walg=bsd) ra/hy
nmos SOUmENT e _ IEN SoeaseT
0w 1] OUR AVERAGE
ogy’gz L Apazov OB DO (o b jets with 0,12 Bty
10N 40N 2
R FRb- 5314 ACOSTA e CoF
* o o Wr do sot une the Sollowing dats Tor average, Sty ity #ic. o o @
10337 SABAZOV s DO
owM:g:; farroloce e cor

¥ Poesalt 5 haned on 0.9 07 of dana, The 98% L bower Downd R 5 0.79 gives (V|
009 (9% CL),

FACOSTA U85 resut is from Whe anatyshs of bpnos + Jens and OF lepton + Jets Snal states
of 01 Canciclate svenns winh ~ 162 pb Y of dina an s~ 1.9 eV, The fint o is
statintical and the woand syvtenatic. it ghoe K 5 080, or [V > 078 2t 18% QL.
JABAZOV OCw smslt b frorm the anabyin of 28 . Ze o+ > 3 fets with 230 b1 of
wn\v-;nmvw.nmu»oum'v” S0.78 1 9% CL. Saperseded by

ARATON 08w,

SAFTOLDEN 01¢ measares the Sop-quark decay with caths M IV D) T(1V g), whers
OBad, 2 o b guek, by sming the aumber of cvnats with naltipe Diags. The fint
error i matistical and the wrcond nywtematic. A sarmerical integration of the D libood
fanction gives R 000 (0 50) a0 90% (95%) CL. By assurming Miree geaeation ssitaring,
[Vepl- o’ g}gu-vn, > OTR(0T%) st SO (99%) CL s sbasond, The et

b based on 0900~ ! of data - 18 Tev.

T (€ay amything) /T you rar
e aoiaeNT o TEON
0.004 4 0.04 ! anc %Wx COF
Vi meam ¢ oy decky mode, not The sem. Assawes lepton universility and Wedecay
acoepeance
M7y 0)/Tooem Fat
e aoiaenr o Tecs [T 24

* ¢ o Wr do nct une the ol § data for e, T, ity eic. o o @

LABULENCIA Ot CDF 17 4 ot
2 anc W COF  Ir o4 ets

T ADULENCIA O 10abend 00 11—« ( (o ) (7o, )05 events in 19 gt ! of pp cobisions at
W L9G Te. 2 events are found where L 00 4 O 17 sigeal and 1 29 £ 0 29 Badl
ovents are expocted, ghing & 9% CL wpper Downd for the partial with catie £t
@) S Tgglt — req) < 82

TABL ¥V searched for 12— (fuy) (10, )05 evests i 109 b ¥ of pp celisions at
VT LB TRV, They chaerved 4 candidate evests where ome oxprcts - L wignal and - 2
bachground sweats, Theee of the foar cbmerend sveats Rawe jrts ertifind 25 O candidates

F{yql@we.c))/Moceu s/
s 30 Sodwear © ”won SowmenT

<0 0004 » L aanon [E T ?— no

<0000 " JOHEKANON 03 ZEUS B2 - te)

o o o W de a0t e the ofowing dita for averages, fes, ity €1 0 0 @

<048 i SABDALLAM B4 DLPH B[4 or 4 o)

ann v SanTas oW Bt — 0

<o M) " % AcHARD 2 L Bt 3¢ >0)
<oz - Santc Wi COF 17 — (WB) (v¢ o yw)

1 AARON 984 oked for singhe 109 production via FONC i ¢ 5 collisions at HORA with
are po VL Yne wooer bousd of the Cress secthon glees the Lousd on the FONC coupling
g /N < 13 TEV T wah CoMESO0RGs 10 The reselt fr = LTS GeV.

2 CHEMANOY 03 basbed e Singte 1op prodection via FONC in the raction et 5 . o
(o Ty b 1300 po- b of data st (T-300 518 CeV. MO evidence R 1o (rO0w-
Hon and i decay inns DIV was loend. The resalt is sltained for m, < LTS GeV when
DAc)=D Tt whwe g vor copah Bosssonthe eficthe r o t o I
couphings are ouad in their Fig. 4. The comworsion 1o the comtasin Bated & from pévate
comeamication, €. Gally, Laveary 2004,

JABOALLAM 04 lecked for shaghe 1ep productien via FONC i the reacthe ¢ ¥ e~ —
TeorTuinsal go 1 of dota a8 /o= 109 208 GeV. NO deviation from the $M s faund,
which beads to the Downd on B2 . @) where ¢ 8 2 o o0 a C Quath, far m

175 Gev owies BN« ZqI=0 s assamed. Ylt(mmmnmlmloonoi‘m
Private commusication, O. Yinhcherko, Aped 2000 The basrch or the offective 09
and) g congringn are gven i thelt Fig. 7 anc) Tatve &, Sor = 170180 GaV, where
rest comervative Dosmds are fosrd Ly ¢ % e chral coupbngs te i the
egative iterierence Letwees The virtead 5 and 7 sachangs amplineces

CAKTAS 84 boaked tor ngie 100 production via FONC i e = colisions a1 HERA with
1103 00 b, 200 00e0 S events in mhe ¢ or 4 Channels. Dy assuming Tat They are Oue
10 Sativsical Suctuamion, the wpper bosnd on 1he Py complng v, < 027 (WA Q)
i obtained. The comversion 10 the partial wiomh liesit, whes By ¢) - B Ze) - B2
w O, s from peivane commanication, €. Pesez, May 2008,

S ACHARD 821 boobed for siaghe 2op geaducton via FONC in mie reaction ¢* ¢ — 1¢
o w834 00— b of Guta #t ae LIS-209 GeV. o Ceviatien froe the SV s e,
which beads 10 3 Bownd o8 the tap guark decay tranching fraction B gl wier g3 0
o ¢ Quark, The Bownd awseres BN )0 and is fr mp o 175 GeV; Bownds for v, LTD
GeV 3ot 180 Ga and BLZ Q) # 0 3w ghven i Fig. 5 and Talie 7

SABE WG ke for 12 everts wherr ome ¢ Gecays ot G4 while the other decays inte
OW. The geoted beund b bx Ty gL TIW D).
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w b weah peatral carrent, Alowsd by bgher-orer slectroweal n--vrm

e s OOCLMERT O necy cosmeyr

<003 L TAALTONEN  08s0CDF ¢ — Zefqg = o ¢)
<01%) " ZABDALLAM 08¢ DLPH ¢' e — remte
<0137 " 5 ACHann 0 L2 eleT e temty
<014 13 ncisTen 0¢ ALLP e . fomte
017 " SADDICNDE  01F OPAL ¢’ e o fowte

o o o Wedo ot gte The RNOWg Jata for Jesrages, T, Amis, #9C. s o o

<0083 " CAALTONIN 0% COF £ — Zo(ge<)

<our " 7 parare 00 ALLF e'e o fCwtw
N " S ang e COF  ¢T — (W8 (Zcw Zw)

Tiesent s tused o0 1.9 0 of dats at 196 Tev. 17 — WBZg o 202 ¢ procrwes
Nawe beee locked for a2 & O 4 jet events with and withost Dtag. Ne sgasd wads
the bound Dt Zq) < 0007 (0.0€1) e my = 175 (170) GeV.
’muonmwummmmwum-umme e —
fcxtlensi auan\.-lwmmmmuvmmwnm
WA leads 19 the bousd o0 BIF = JgL where 005 2 o or 3 ¢ Qurdk, S >
175 GV wien It — 2 @)=0 s assaned, 1ucmmmmnm~u£m
pevate commenication, O, Yashchmio, Apel 2005, The bousds on the efecthe £ ¢
W03 19 2 coupiags are Pven b Dhelr FIg. T and Tabie & for g = 170-180 Gev, where
oMt comsereative Dousds e found By choosing the (vl cu;lup A 1he
mmmn—mwm#mlmamm-h
FACHARD 021 tooted far singhe top production vis PONC b the rmactbn e ' e~ t¢
o o im 636 pb ¥ of dits s s 1092200 GeV. Ma deviation from the SM b found,
WAKA Ieads 10 2 Bound On 1he 200 Quark decay beanchisg action BT gL whee g
@ qeark, The Bownd awenes D5 Q)0 and s B oy o ITS GV Bosech B
n, 170 GV and 180 GaV 2o B0 ¢) #0 are ghoen i Fig. 5 and Tabie T Tabie & glom
ity on £ ¢ e e fow forrd contact interactions.
‘m‘(lmw&wcwmtmwﬂ'h(.m'nunno e - e
of T bn 216 po~ 1 of dita ar G- 206 200 GeV. M Oeviation from the SM b fousd,
WA Beads 10 3 Dowed on e banching fracton B2 gl where g s v o ¢ quwh. The
Bownd s B[ @)=0 and & Sr v, = 174 GeV, Bosncs on the sfective (o )
yoand b (oo o T cosglings are gieen s thels Fg 2,
S ABBIENDI 017 oled o snghe top production vis TCNC in the reaction ¢ ' ¢~ . 2
on e im GO0 P of dats 3t Jne 1E0-20% GaV. Mo deviation from the SM it found,
whkh leads B0 bounds O the Dranching fractions D(Z¢) and D gL wiere ¢ 5 2 ¢
O qearh. The s is obtained e, o LT GV, The sgonr bound Becames 9 7%
(200%) Sor = 105 (179) GeV. Bawrsds on the eflective 8- (¢ o whe 300 1~ (c o
@) £ couplings are ghven Ia thelr Fig. 4.
ORawd on pF data of 1,52 -1, AALTONEN 09 compannd (T -« WOW S -« 100jjb
AT o ZeWD o (1c))0 decay chamn, and abmeace of the Limter Sgnal ghves the
Beersd. The resalt i for 200% loagitedimally polarized 2 Besor and the theorrtical ¢
PROORCTION Crons SeCTon The reselts Kr difereet 2 pelaiuathons and thane withou! The
CRNS WRCTON abamption are given i their Tabke X104
TRARATE 005 basbed for singhe bop predaction via FONC in the reaction ¢ ¢~ Tom
Tuim 211 of data i Com. energies Betwees 189 and 200 GV, No deviation fan
the SA s faurnd, which beads 10 2 Doarsd om the branching Maction, The bound sssames
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Summary of theTevatron Top Quark Measurements

Property Measurement SM Prediction Luminosity (fb—')
(" o, (for M, = 1725 GeV) CDF: 7.5 + 0.31(stat) = 0.34(syst) = 0.15(theory) pb  7.460as pb up to 4.6
DO: 7.5670%% (stat + syst + lumi) pb 5.6
Othq (for M; = 172.5 GeV) CDF: 0.8 £ 0.4 pb (M; = 175 GeV) 2.26 +0.12 pb 3.2
DO0: 2.90 +0.59 pb 5.4
o, (for M, = 172.5 GeV) CDF: 1.8707 pb (M, = 175 GeV) 1.04 £ 0.04 pb 3.2
DO: 0.68753% pb 5.4
Charge asymmetry CDF: 0.158 +0.074 0.06 5.3
DO0: 0.196 + 0.065 5.4
spin correlation CDF: 0.72 £ 0.64(stat) = 0.26(syst) 0.777+0 03s 5.3
DO: 0.66 + 0.23(stat + sys) 5.4
\ M; Tev: 173.2 £ 0.9 GeV - up to 5.8
T4 CDF: 0.18 £ 0.08 pb 0.17+£0.03 pb 6.0
| Vin| CDF: |Vip| = 0.91 £ 0.11(stat + sys) £0.07(theory) 1 3.2
DO: |Vi| = 1.0210:19 5.4
R =B(t - Wb)/B(t - Wgq) | CDF: > 0.61 @ 95% CL 1 0.2
DO0: 0.90 +0.04 5.4
o(gg — tt)/o(pp — tf) CDF: 0.070:53 0.18 1
M; — M; CDF: —3.3 £+ 1.4(stat) + 1.0(syst) GeV 0 5.6
DO: 0.8 £ 1.8(stat) = 0.5(syst) GeV 3.6
W helicity fraction Tev: fo = 0.732 +0.063(stat) + 0.052(syst) 0.7 up to 5.4
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DO0: 4/3 excluded @ 92% CL 0.37
Is CDF: < 7.6 GeV @ 95% CL 1.26 GeV 4.3
DO: 1.9970%0 GeV up to 2.3

Both the searches and the precise measurements of its properties tell us
that currently the top quark is the Standard Model particle (asymmetry?)
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Summary

e almost all what we know today about the top quark comes from the Tevatron
- measurements in all possible final states
- precise measurements of numerous top properties
- pioneer searches and analysis techniques

e LHC is already producing very precise top

measurements
- much larger top cross sections
- higher reach for searches

10 fb! of pp colliding data from Tevatron

will remain unique
- 1.96 TeV, mainly qg->tt
- focus on complementary measurements to LHC
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Back-up
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Top Pair Cross Sections at 7 TeV

e LHC is also measuring the tt cross section:

- |jets: most precise channel, measurements with or without b-tagging
- measurements several different channels
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