


discovery of the top quark

* in 1995 DO and CDF observed and excess of
events consistent with pp — tt — W bW b
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and...
* 14 years later in 2009:

* Observed EWK
production process:
single top quark

q t

W*

Q|
o
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D3 Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™ Analysis

Run 223473 Evt 27278544 Sun Jul 23 19:21:41 2006

ET scale: 28 GeV

b Jet

b Jet

Neutrino



Tevatron

/ * Run Il Integrated Luminosity 19 April 2002 - 22 May 2011
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top at LHC!
* First collisions at sqrt(s

7/ TeV in March 2010

)

il
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LHC

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)

N | o1 ! ! ! T ! ! ! T !
. — Delivered 47.03 pb™' : : ;
r — Recorded 43.17 pb~
- T
40 R -
30

Data collected In 2010 .
ol 36pb1 of analyzable Ium|n03|ty

10

29/0% 12/05 25/06 — 08/08

21/09 04/11
Date
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outline

 strong production * mass
— Cross section » couplings

* new physics? | . » single top quark
— 1t resonances

— process which mimic top (t")




top anti-top production

 strong interaction
- top-antitop pairs
(0 = 7.6x£0.6 pb) @Tevatron a t
predominantly from quark 3888
anti-quark annihilation (85%) 5 -

(0 = 164.6215.7 pb) @ LHC
predominantly from gluon
fusion (87%)

Meenakshi Narain - Blois 2011 8



standard model top decay

« t>Wb with B=100% b
— W->qq with B=67 %
— Wy with B=11% t—<\ ¢ q
« final state signatures for W+\<
top-antitop pairs vV aq
all jets
t-had+jets 46%
10%

dileptons

lepton+jets t-had+e/p 6%
34%

Meenakshi Narain - Blois 2011 4% 9



top production:

* Top pair production cross section

* Forward-backward charge asymmetry
» Electroweak production (single top)

* New particles produce or mimic top

* Boosted top production

Meenakshi Narain - Blois 2011
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why measure the ttbar cross section?

* cross section analysis

— top production follows QCD prediction:

 consistency between channels
« decay branching fractions

— Is top produced by heavy particles
— are there non-standard decays?

B(t>H'b) = 0.6

dileptons lepton+jets

Meenakshi Narain - Blois 2011 11



ttbar dilepton candidates:

» Select events with two High pT
leptons, Missing Energy and jets, ,
including b-tagged jets

v! b jet
Candidates CDF Run II Preliminary (48 fv') & b NS PI . ' ® Dota |
- reliminary T slonal
- ~&- DATA WO 350 pb" at ye=7TeV =2,, oo
120 (Entries : 137) 80 - Eventswithes/ppfop [z etc
- 77/, Syst. Uncert. < = single top
[ - 70 vV
100 » [Jti(c=74pb) ; E @ orediction
- ///,I/ ‘: - Diboson 60 :— 7] Bekg. uncertainty
3 8o —o— [_IDY +HF -
£ I | BEDY +LF S0t
w 60— B Fakes 405
N | 2
40 — _/,.l;_ 30
20 o 20
- — 10F
)] 1 2 3 4 5 6 7 8 9 10 0

Number of jets - 0 1 2 3 =4
Number of jets

Meenakshi Narain - Blois 2011 12



ttbar dilepton candidates:

* Properties of the selected dilepton events:

Number of events
(e}]
o

18-  ATLAS channe. ° o
Preliminary « data
: [ ttvar
j LaSp B single-top
I DY+fets
diboson
Bl fake leptons
uncertainty -

0 200 400 600 800 1000 1200
Meenakshi Narain - Blois 2011 H, [GeV]

= — - = P ary |
80 DQ pr(1a||m|nary E Z bckg: 42.1 § s ?g" - ATLAS Preliminary
4_3 fb- Dibosons: 11.9 W - .. coun ng 3
L I [[] Fake bckg: 14.9 gza L=35pb i
B i i: 265.0 I bkg
* Data: 331

3 0 1+ 2 3 0 1+ 2 3

Number of b-lagged jets
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ttbar lepton+jets candidates:

» Select events with one high pT
lepton, Missing Et and jets
(including b-tagged).

b jet

\/' b jet
CDF Run Il Preliminary 2.7 fb™ |
2 F ] DG, L=5.3 fb "
et 2 9 D % B55Y =0
3 & F F F F FFF i —=— Data
300— - - - N iONIONION N
E T 2 9 8 9 pan 2007 B
250 S S 3 5 35 3533 150, I Other
100 B Multijets
150 1
100 : 50-
50 - i bt . L S : 7\ e .
h =q . 50 100 150 200 250 300 350 400 450 500
L'!&zzi—gg-!!_'l'i.'-!,. o —.5 —g--.-Jl-f i) = i l vl
% 10 20 30 40 5 60 70 80 90 M; (GeV)
| x2/ ndf = 88.37 /94 |
14
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ttbar lepton+jets candidates:

\s=7 TeV

CMS Preliminary [ L=36 pb’",

16 ¢ .
- S S

1“3 =
- k g

12— > >
- @ 49
- - -

- -
a:j

6_ -

4

2

00 50 50
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5 Jets 2 Tags Muons

—
' a
4 Jets 2 Tags Muons

L =

50
Secondary vertex mass (Ge

Ratio Data, = “l=—+—

240 E" ATLAS Preliminary +Data E
Ldt= -1 O tt H QCD I
200 4 JLdt=35pb O W+Jets B Other 3
160 £ W+ Jets e+ Jets 5
El 3 Jets . 4 Jets | >5 Jets | 3Jets 1 4 Jets | 25 Jets IE
120 : | | _E

0 20 40 60 80 100
Likelihood Discriminant

Binned Likelihood Fits to the secondary vertex mass or another
discriminant are performed to extract signal yields, b-tagging

efficiency, constrain heavy flavor fraction and jet energy scale.

15

€660 1S9} SY 61670 189}, X



ttbar cross section
N —

events bkg

EoAel,

oltt)=

CMS Preliminary

® CMS combined (36 pb™)
B ATLAS combined (35 pb™)
O CDF
O DO

Approx. NNLO QCD (pp)

Top Pair Production Cross Section [pb]

10 :_ o I scale unc.
~ +§j .............. NLO QCD (pp)
I Y TR Approx. NNLO QCD (pp)
| ," | scale unc.
," Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
-/ MSTW 2008 NNLO PDF
llll 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
1 2 3 4 5 6 7 8

\'s [TeV]
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color charge asymmetry Agg

* Tevatron: at LO, completely symmetric

* At higher orders, interference terms influence
t and t-bar production asymmetrically, e.g.:
4-6% expected at NLO in the parton frame

 New Physics could enhance the asymmetry.

\ "
\»’ ] oi:‘a'o/o - ;ert 5T ’u‘( q ? [
N .

—— (000000 ¥—— b
Y A \ 0000001 ’<
<« 0000000 o< _
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color charge asymmetry Agg

Ay =yt —y; Y

>

P / t;b Afb =
tt rest frame

t

e Dzero:
A,=8 4% (20)

Raw result (not unfolded)

 mc@nlo
prediction: 1 = 2%

Meenakshi Narain - Blois 2011

N Ay>0 _ N Ay<0 Tevatron ta?w':i-top
NAy>0 + NAy<0
>

n

D@ Run Il Preliminary
L=43fb"

Events
I

T T T 7

forward




color charge asymmetry Agg

. | |
CDF A as a function of M,
gsoo: —e— Datateco  A=0.057+0.028
) o .
u>J700:— ——{f Signal A =0.075+0.036 g0.6 4 data
[| =+ {fParton  A=0.158+0.072 & NLO ti + bka
6003— fiPythia A =-0.011+0.002 e E_
- 04—
500 —— I A _\,
N 03[
400 :'_—_': Reco level "
- Parton leyel F +
300 - B
_ 0.1
200 | 0;. ..... F ....... } ...........................................................
100'_* ' _01_|_ ||||| Lo b boav s b b oo bo s b b
! 350 400 450 500 550 600 650 700 750 800
Mg (GeV/c?)
R 2 1 0 1 2 3
Ay =y, -V,

Aq,=15 = 5 % (20) Ap=48 = 11 % (>30)
mc@nlo prediction: 6 = 1% 88+ 1.3%

(Parton Level: corrected for reconstruction)



Arg

* Dilepton Events:

Yiop-Yibar iN Lab (€-1)  cDF 1l Preliminary
30 T—— S

§f|.dt=5.1fb"g

Ap=42+16%  w L

Events

S S

(2.50)

(Parton Level: corrected for reconstruction) 0 - -1 0

* mc@nlo prediction: 6 £ 1%

« Some tension between SM prediction and Tevatron data
 Higher order SM prediction at a *?
« Soft QCD effects?

 About 2x the data is available for a closer look!

Meenakshi Narain - Blois 2011 20



color charge asymmetry -

LHC

* [Initial state is symmetric

* charge asymmetry visible in \nt\—

LHC

/TN

A

top
anti-top

n

« Expected asymmetry A small =1.3%
« /' or an axigluon could enhance the asymmetry

UMD Freliminary

)]

g -36,80"‘ arNs =7 TeVv
e+jots, u+jets
AZ°=0.018+0.034

100G Pratfnay T

cdam § -
Bt o L [3spbatys=7TeV —LOMsddush
, 3 =
[Osingle top| = =
Wz+jets S 3 0.4
= °
= .
= 0.2
PRRETERSN N SRR R |
O -2 0

2 m‘|9h1(|(gen2eratedf

A. = 0.060 *0.134 (stat) * 0.026 (syst)

» First such measurement, & expect L = 1 fb™! to start to
compete with Tevatron

* mHnf

21



single top production

electroweak process ¢ 7
q t
w+ w
b t
q o9 b
Tevatron: o,=1.12 pb 0, = 2.34 pb ow = 0.30 pb
LHC(7TeV): o, =4 pb 0, = 66 pb Ow = 15 pb

* Direct Access to the W-t-b coupling (sy,)
- Measure V,, of the CKM directly
- CKM Unitarity
* sand t channels are sensitive to different types of new physics
- s-channel sensitive to new resonances: W’, top pions, H*, SUSY, etc.
- t-channel sensitive to FCNC, 4t generation, anomalous couplings
- itis important to measure the rates independently
* Polarized top quarks

* Backgrounds to Higgs
Meenakshi Narain - Blois 2011
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single top production
Tevatron analyses:

W+

proton

antiproton b antiproton

bgst channels S/B = 1/20 | 500 o) Zrets @ dodm
Signal < background uncertainty Multijets Il tf—{+jets Il

150

Event Yield
S
o
e

100

w
(=]
o

50

200
multivariate analysis
techniques used to 00
enhance the signal

86

Candidate Events

00 02 04 06 038 1

Bayesian Neural Networks Output
25
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single top production
 Tevatron Results until 2009:

] _ Single Top Quark Cross Section December 2009
50 Observation with

|
DG e/u+jets 23" 3.94 2988 b
|
. . P +2.0
uncertalnty Of 22% F’D/e%mra/)flt)fjftciml)mafif.r8 " i 34 -1.8 pb
(with 18% statistical CDF o/ji+jets 321 | Hed 2.17 2555 pb
|
and 13% systematics) |cor e 21 | o1 50 28 pb
| .
|
ISV.atP" Combination ! 2.76 :8:2-? pb
2liminar |
Il B.W. Harris et al., PRD 66, 05405_4 (2002)
N. Kidonakis, PRD 74, 114012 (2006) Miop = 170 GeV
| | | |

0 | 2
o (pp — th+X, tqb+X) [pb]
« combined s+t channel cross section
measurements.

Meenakshi Narain - Blois 2011 24



t-channel cross section measurement

* new analysis by Dzero

a) Prelim.D@ 5.4 fb"

e Data

M t-channel
s-channel

 W+jets

M tt
Multijets

-\(
=
=

Yield

1000

500

% 02 04 06 08 1
Ranked BNNcomb discriminant

(b) | Prelim.D@ 54 fb"

Yield

20

10

fo2 094 096 098 1
Ranked BNNcomb discriminant
Meenakshi Narain - Blois 2011

t-channel cross seciton [pb]

—_

DO 5.4fb""

[168% C.L.
Il 90% C.L.
BN 95% C.L.

Prelim.

® Measured Peak
m sm”
% Four generation @
[1] PRD 74: 114012, 2006 O Top-fl?‘\]/or
[2] EPJ C49: 791, 2007 m
[3] PRD 63: 014018, 2001 S&NC 151
[4] PRL 99: 191802, 2007 A =097 [5]
[5] PRL 102: 092002,2000 ¥ 5=0.44
1 1 L 1 L 1 1 L 1 L 1

%

1 2 3 4 5
s-channel cross section [pb]

0=29%06pb
0.=0.98 £ 0.6 pb
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t-channel single top production: LHC

Events

|dentify variables representing the characteristics of single top
Extract signal yields by fits to 2D spectra cos8” vs n (jet) or
multivariate techniques: Likelihood ratios, Boosted Decision Trees

CMS Preliminary, 36 pb™,\/s = 7 TeV q q
LA BN B B LA BLRLEL BN B BLELLE BLL
30 -
25 - w
20F £
E 5 b t
155 -
10 g b
CMS Preliminary, 36 pb' Ns =7 Tk
5 Q E UL BN I LA IR I ILLEL B I * data
CICJ 451 = It channel
(e e e e e e e : > 40E- 3 s channel
-1 -0.8-06-0.4-02 0 02 04 06 08 1 W —— 1 B
cos 6, 35 -
- {3
30 + - mws
25 —| mW+light jets
1 lZ+jets
20 =1
3 CD
15 Eb
10 =
5 -

0 05 1 156 2 25 3 35 4 45
i
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t-channel single top production: LHC

 Identify variables representing the characteristics of single top
« Extract signal yields by fits to 2D spectra cosf* vs n (jet) or
* multivariate techniques: Likelihood ratios, Boosted Decision Trees

q q
}2100 Crprrrrprrrrprrr o r g
S [ ATLAS Preliminary @\s=7TeV -
o | : ] W
BBO_JL=35pb' - L o4F T3
. 1 S <7 ATLAS Preliminary @\ s=7TeV 3 7
8 [ Muon, 2jets 3 2 4 : b /"
g 60 i 5 20 | L=35pb
Z L g 18i' g —
i £ 16 b
40} Z 14 - R
' 12 € 45 ATLAS Preliminary @\s=7TeV -
10 , , i
20 I % ;: * I L=35pb’ + charge, tag
: Bk
[ €3
0 =

100 200 300 400 500 600
Reconstructed Top mass [GeV] i

-

o e Ty

Lepton flavour and charge

: : . 0 010203040506070809 1
Meenakshi Narain - Blois 2011 Likelihood filter : t-channel vs. W+jets



single top production:

 t-channel cross section measurement

ATLAS: o= 53+%7 ,, (stat) *3® . (syst) pb
CMS: 0.=83.6 +29.8 (stat+sys) = 3.3(lumi) pb

t-channel single top quark production
N I L R R N R N RN R R R R R
i B CMS Preliminary, 35.9 pb™
¥ Do
10°F e coF
- —— NLO5f
ATLAS prelim 35 pb-

c/pb

o 2 4 6 8 10

Meenakshi Na \f§ [ TeV



single top production

« associated Wt production:
— lepton+jets & dilepton events

- S
35’_‘ .. — (=] | |
3 - ATLAS Preliminary  Diegton Combined - [ Oiepton Combined ATLAS Preliminary |
§ S0F .[Ld"as‘”' @ 19 o o ILm-aspo'f
@ 0 3 v ]

§ 25} & ~
B be)
5 2 g
é 15} s
" =

: >
= 10-

5,

% 50 100 150 200 250 300 350 400 450 500

H,(All Jets) [GeV] A 0(],-51'“:)

Oy <158 pb @95% C.L.

— First study of this channel

Meenakshi Narain - Blois 2011

g

Number of Events / 0.6

. ATLAS Preliminary  Duegson Gombined q
Im- 35 pb "' @ O

B

e
DZI » 00 Ju )+ Jots
Gll » TH)ej0ts
(] owoson
.Topp\r

0

O L, B R B

Pr =
~N
w
EN
oW
o

AR(,L)
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top production via a resonance?

* technicolor Z', massive gluons?
« Reconstruct mass of ttbar _"

2. +DQ, L=3.6 fb! = Data
giPrelim. [ ]2 (650 GeV)

CDF Il Preliminary 4 .8/fb

M, [GeV]

probability density/20 GeV

M, [GeVic?]
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top production via a resonance?

* technicolor Z’, massive gluons?
« Reconstruct mass of ttbar _"

N T I T Ll T | T T T I T T T I T T T | T 1 T | T T 1 I T T T
§ _ CMS Preliminary —e— Data :
o 120 36pb'at\Ns=7TeV [ Jacp .
Q) - e+u, = 4 jets B Z/v*—IT (+ light jets) ]
Q 100 [ Vbb+X — " R —
. - [ Ve(o)+X . = FATLAS Preliminary 33 pb”' @ 7 TeV c
w — i i q’ = o
= 80 [ W—lv (+ light jets) | e B top 2
[~ Single-To ] L 2 [ WeJets 2
L%J N =tf gerop ] O 10 :E I Z+Jets @
| — 4= - Hll QCD muon Q
60 - Z05TeV (50pb) 1 3 i B QCD cle =
N R Z'075TeV (50 pb) S 10 * ATLASdata o
40 = Z'1TeV (50 pb) g kS
Z'1.25 TeV (RN nhy 7 (&) N
20 = SO0 g
o [ CMS Preliminary ] S
: o ie. = 7036pbTatNs=7TeV 7 0
1400 4 gok —«— Observed (95% CL) |
m. - E ]
t % s0E Expected (95% CL) | ) 500 1000 1500 2000
o f 1 M(4jlv) [GeV/c?](dRmin method)
X 40F + 16 Expected 3
o 305_ - + 26 Expected _E
E f. ]
g 201 -
Q - O 1
> 0-|.‘.|...|...|..‘|.‘..‘..1......‘|:
Meenakshi Narain - Blois 2011 04 06 08 1 1214 16 18 2 31
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signatures which mimic top

e ' search at the tevatron

103!— T T T T
CDF Run 2 (5.6 fb")
Preliminary t Observed
% 102F e
o m ot
3 101k W+jets, EW
1] M Qcb
c
% 100k 1 :’}0 GeV)
101
0 100 200 300 400 500
M [leT-\YA)
- d) 8
B c
_ s 1
10%; %
- @
r »n
»n
10¢ 8
: + S 10
1+ M
100 200 300 400 500
my, [GeV] 102l
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CDF Run 2 (5.6 fb")
Preliminary
t'—Wb, > 4 jets

HT VS. Mreco VS. Njet
11 observed 95% CL 1
range of upper limit
expected 95% CL
upper limits
01k theoretical prediction
Bonciani et al.
200 250 300 350 400 450 50
t’ mass (GeV/c?)
I D@, 5.3 fb™

— theory

— 95% C.L. observe
— 95% C.L. expected

1 ) 1 1 I 1 1 1
200 300

200 500
t’ mass [GeV]

Mass t’ > 358 GeV
(@95% C.L.)

Mass t’ > 285 GeV
(@95% C.L.)
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Top Properties:

 Top Mass
 Mass (tv. tbar)
» Charge of Top Quark

. Top Quark Width

Meenakshi Narain - Blois 2011
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top quark mass measurement

o t
* why is it important? ocm,, >
 most massive elementary partice @ W -t [ W
— dominant contributor to radiative 0
corrections

— how is its mass generated? A B I I
 topcolor? 80'70:

— does it couple to new physics? 8060

« massive G, heavy Z’, H*, ... :

* need to know the mass precisely.

— Different influence in different final :
states? 80.3

— Check consistency across channels.

80.50 |

M,, [GeV]

80.40

SM gaganaannes I
MSSM
both model

80.2
Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7
| [ | TR BTN R

160 165 170 175 180 185
m, [GeV]
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top quark mass measurement

« Challenges and Solutions:
b b jet FOR jeit

q
From theory...

~ toreality.... |,

ISRYETE

q

 Jet energy scale: +2%AJES ~ +2GeVAm,

— in-situ JES by using the constraint from hadronic W mass,
can be done in I+jets and all hadronic channels, not in di-
lepton channel alone.

— look at quantities insensitive to JES, e.g. lepton p.

+ Jet-parton match: njet! Permutations
— b-jet ID helps reducing the number of permutations.
— kinematic fitter to pick up the permutation(s) with best X2

Meenakshi Narain - Blois 2011 35



Tevatron

* Most precise measurements obtained using the
Matrix Element technique

* For lepton+jets use the 2D fit in the Mtop and JES
plane

DO (dilepton events) my,, CDF (lepton+jets events) m,,,
=174.0 £ 1.8 (stat) + 2.4 (sys) GevV  =173.0 £ 0.9(stat+JES) + 0.9(sys) GeV

CDF Run Il Preliminary 5.6 fb”

8. [ l I : I ] —_
EE | DO L =5.4fb" - L s
. . 172 —
} Preliminary B
1r 0.45—
I 02f-
L .of_
05} 02F —A(InL)=-0.5
- wub. —A(nL)=-20
[ - — A(nL)=-45
I ] e e
N | @ m, (GeVic?)
0 160 170 180 190
m, (GeV)
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LHC

* First measurements of the top mass @LHC
 Template Fits
* Lepton+dets R, = My, (t)/M;(W)
* Dilepton: reconstruct most Ilkely mass for the event

CMS:

ATLAS

My, =1735.5 + 4.6(stat) £ 4.6(sys) GeV my,, =169.3 * 4.0(stat) £ 4.9(sys) GeV

Mee:

C ol i
100 125

B (IZMIS lprlelilmknaltr)ll rr
| 36 pb at\/s=7 TeV

| ee/ep/uu events

[m = 175.8 + 4.9 GeV/c’

-2log (LIL__)

\

*J

170 0 1
Top Quark Mass

90 200
(Gevic?) |

250 275 goo

Reconstructed Mass (GeV/c?)

e \s=7 TeVcata
-------- Best Fit background
Best Fit T + background
m,, = 166.7 £ 5.0 GeV

37



Tevatron Summary

Mass of the Top Quark
July 2010 (* preliminary)
CDF-I dilepton ¢ 167.4 £11.4103+4.9)
D@-1 dilepton ¢ 168.4 £12.8(:12.3+ 3.6)

CDF-Il dilepton *

———

DO-II dilepton *

@
CDF-I lepton+jets

[
DO-I lepton+jets

Q=
CDF-Il lepton+jets *

DO-II lepton+jets *

170.6 £ 3.8 = 22x3.1)
174.7 £ 3.8 x29x2.4)

1761+ 7.4 (:51+53)

180.1+ 5.3 3936
173.0 £ 1.2 z07=+1.1)

173.7 £ 1.8 =08+ 1.6)

CDF-I alljets

CDF-Il alljets

CDF-II track

Tevatron combination *

| | | |

1§6.0 +11.5(:10.0+57)
1748 £ 2.5 =1.7:1.9)
175.3 £ 6.9 =62+30)
173.3 1.1 06=009)

(= stat = syst)

2/dof = 6.1/10 (81%)

150 160 170 180
m,, (GeV/c?)

190 200

Am/m<0.6%
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CDF winter'11

my,, =172.7 £ 0.6(stat) £ 0.9(sys) GeV
DO winter “11

My, = 175.2 + 0.6(stat) £ 0.9(sys) GeV

July 2010
1

S
1 —LEP2 and Tevatron (prel.)

80.5 -~ LEP1 and SLD
68% CL

S

()}
S84 |tz

=

=

g03] 4
150 175 " 200
M LGV July 2010
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mass from cross section

Quark masses depend onthe &
renormalization scheme. e
e

Direct measurements use LO

MC with parton shower to

extract the mass from data

— The renormalization scheme is
not well defined.

|s the mass from direct

measurements (ie MC) the

pole mass?

compare with theory and
across channels.
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— Extracted mass agrees with MC/ M, =167.5 = (stat + sys) GeV/c*

pole mass measured average
within ~10

Meenakshi Narain - Blois 2011
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mass from cross section

* Quark masses depend on the
renormalization scheme.

 Direct measurements use LO &
MC with parton shower to
extract the mass from data

— The renormalization scheme is

ATLAS Preliminary,f L=35pb”

== 5(pp — tt+X — l+jets+X)
—— Measured dependence of ¢
A\ —— NNLO approx. Kidonakis
E —— NNLO approx. Langenfeld et al.
NLO+NNLL Ahrens et al.

TT II;I,'lllllllllllllllJ

not well defined. zzz: IR
» Is the mass from direct 1505 R s
measurements (ie MC) the 100C
pole mass? S0l
q40 te0 180 200 _

_ Top quark mass [GeV]
* compare with theory and

across channels.
— Extracted mass agrees with MC/

pole mass measured average
within ~10

Mtop =166.4 jg (stat + sys) GeV/c’

Meenakshi Narain - Blois 2011 40



mass (top) vs mass (anti-top)
 Test of CPT invariance

CDF: Amy, = DO: Amy,
-3.3 + 1.4(stat) 1.0(syst)GeV = 0.8 + 1.8(stat) 0.8(syst)GeV

A m,.., tagged

N CDF Run Il Prelimlnary (5.6 fb™) ; T T e T TS i ¥
gzw —e— Data Q - (a) """ Dg 3 6 fb
g 120 G180 1 etets
8:3 .sig:AMmp=0.OGeV/c2 S b e e ’ \ Prehminary
5 et RN ./ ......
2120 W o = o ’/“’P"’"D“-‘. "‘\, """
£ 100 175 . igTaa ..
80 e=j SalL Ge
o AT EORE g L
v o At g '\D’qg.-q’g o , ..... 5
® b R
950 - -50 0 5 100 150 i & SRONY PN LT el
A My, (GeVieT) i Py s —
20 effect ? 170 175 180
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top quark charge R

180F W w.HF
i |S |t 160;_ 5 B:ii:;TSTop
— t=>W*b (Qtop =2/3 e) 140;_ E B piboson
— Wb (Q, = -4/3 €) 120 oo
« Exotic model £ 100" " Data
— doublet (-1/3e,—4/3e) ? T 80fSM like | XM like
— D. Chang et al., PRD59 (1999) 091503 60 | e
« pair W’s & b’s using kinematic fit 0 . .
- determine charge of b-jet o5 T ~
« plot QW X Qb ™0 -0.5Q w *o.g(b-jet)o.s 1.0
i DO PRL 98, 041801 (2007) CDF Run Il preliminary L=5.6 fb"

— 4/3e excluded at 92% CL

— fraction of exotic quark pairs <
0.80 (90% CL)

e CDF result with 5.6/tb

— p-value for SM: 0.33
— p-value for XM: 1.4x10+4

— exotic model XM excluded with 95% CL

Number of pseudoexperiments

Meenakshi Narain - Blois 2011 42



top decays:
+ W helicity (V-A)
+ FCNC

* Spin correlations
* Color Flow

Meenakshi Narain - Blois 2011
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top quark coupling

if top plays a special role in ewk symmetry breaking its couplings to
W bosons may differ from predictions
— moadifications to top quark interactions, in particular with weak gauge bosons,
could yield the first signs of new physics

« most general CP-conserving W-t-b vertex involves four couplings

Lsz = %Wu_l;y“ (ﬁLPL +ﬁRPR)t_\/§LMaqu_EO-“V (fZI‘PL +f2RPR)t

where, inthe SMfi' = 1, fy = fi' = ' = 0

* probing tWb vertex:

Anomalous couplings in W helicity In top pair decays
single top quark produtction and decay e L
p He
w+ t/‘\i
7 b i

— Both measurements can be combined to fully specify the tbW vertex
Meenakshi Narain - Blois 2011 44



t-W-b coupling via W boson heI|C|ty

« sm predicts V-A coupling at W-t-b VAT 4
— helicity of W boson t < ¢ q
F,= 0.7, F =03, F,.=0.0 W+‘*<
(longitudinal, left-handed, right-handed)

(V+A: F,=0.7, F,=0.3)

 model-independent measurement
based on reconstruction of cosf*
distribution - angle between
down-type fermion and top quarl "
in the W boson rest frame

— distribution of cos 8+ depends on **
the W boson helicity fractions 002

0.01=

0.04

|||||||||||||||||||||||||||||||||||||

1080604020020406081
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W boson helicity — what do the data tell us?
« SM:F,=0.7,F_=03, F,=0.0 .|

. . . C (b)
(longitudinal, left-handed, right-handed) I DO, L=5.41b"
CDF Run Il Preliminary (4.8 b . 8:_
605— ;%An'mes 238) . E ® Best-fit value
C =6.7 -
%0 3 (I gi(:oson ) 0.6 i * SM value
N C1z+HF C ;
2 40¢ ENZ+LF 0.4
w L I Fakes C :
2 30F _ i : = +
fu F=078+020. | o | |Fo=0.87£0.10
W 50 _ = : = +
213E F+__O.12 + 012 o__ E F+ 002 L 005
10— -
:E . [ [ P (W j"|||||||||||||||||||||||||||
%7 08 06 04 02 0 -02 04 06 08 1 0 02 04 06 08 1
cos 6 f
2 80 —4— data
b S - ATLAS Preliminary — pestiit
Lﬁ 705 ----- SM exp.
—— Bkg distr.

uncert. best fit

V-A? /
t - ) { g

¥ Lo Fy=0.65 + 0.15,
_ wpTe F.=-0.36 +0.10

Fr=-0.01£0.07

10—

v e by b by v e b by by
-1 08 -06 -04 -02 O 02 04 06 0.8 1 46
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anomalous t-\W-b couplings
« Left & Right handed Vector and Tensor couplings

L = gy Wab7" (1 P+ FPe)i = 5 =0 Wb o™ (1L P+ 1P

where, inthe SM  ff = 1. f2L = flR_ :_fQR -0

* presence of anomalous couplings changes the production
cross-section, and kinematics and angular distributions

>"0.025
s fan e SM
{FTRL E 0.02- RV
s-channel(“tb”) =~ | _ETT
Too1s
©
=
L 001 CompHEP v4.2
—
0.005

0 s0 1'oo 150 200 250
Lepton P: [GeV]
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anomalous t-\W-b couplings

* Limits on tensor couplings:
* Dzero analysis use single top and top pair events
 ATLAS analysis based on top pair events

:zm 2: @ Measured Peak ::N 2: @ Measured Peak
I 68% CL i 68% CL
1.5[ BooscL 1.50 BoocL
I BosecL [ BosecL
o i ~y  2pTTTTTTTTTT T e -
1: |f2L|2 < 03 1 f RI2 E? 1_52_ ATLAS Preliminary J.L=35 pb'  95%CL —
5 [ |2 | <02 3 W 68% CL E
0-5_ 0'5T 15 N allowed regions  J
L L m 0.5 .
%

AL L e
L C 7
If 05F ]

1

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

17708 06 04 02 0 02 04 06 08 1
Re(g )
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FCNC decays of top quarks

» flavor changing neutral currents
— highly suppressed in sm

« Search for t—Zq

— Dilepton+jets (CDF, 1.9 fb1)
+ B(t—>Zq) < 3.7% @ 95% CL

— Trilepton+ missingET
* Dzero, 4.1 b1
* B(t—>Zq) <3.3%
 ATLAS
. B(t—>Zq) < 17%

» Search for qg—t—>Wb

« oxB(qg—t—>Wb) <17.3
« (all limits at 95% CL)

Events per 30 G

200
79 (GeV)
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conclusion

* top quark physics has come a long way since 1995

« Tevatron has delivered 11 fb™' @ 1.96 TeV

— precision measurements of top quark properties

— top quark mass measured to 0.6%
* uncertainties below 1 GeV

 LHC is catching up quickly @ 7 TeV

— beautiful results with 36 pb™! of data from 2010

— almost 0.5 fb! in hand = competitive results very soon
 top production/properties generally consistent with SM

— some intriguing deviations

» charge Agg
e t' search
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thank you

and many thanks to Tevatron and LHC
collaborations



