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Discovered in 1995 at Fermi lab.
Heaviest (up to now...) fundamental particle with unique properties (well defined by SM)

v’ Large coupling to the Higgs boson

v’ Decays as free quark (before hadronization)

v" New physics might affect its properties

v’ Background to Higgs and new physics searches

An interesting hunting place for new physics ! I 1?‘4;
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ATLAS top

physics program

Top quark has a rich phenomenology :

Top polarization f production cross-section

R

spin correlations

charge asymmetry

W boson polarization

I https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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ttbar (inclusive)

cross section summary

v’ Final state lepton+jets with 4.66 fb! pp collisions, Vs = 7 TeV ; upto 4.66 fb

ATLAS-CONF-2012-131 ATLAS Prelimi 5 viay 2012
v" 2 high p;-lepton (in final state) reiminary B Theor (epprox. NNLO)
JHEP 1205 (2012) 059 Data 2011 CT

v’ Final state with e/mu and a

- stat. uncertainty
— total uncertainty

. Channel & Lumi. o,; *(stat) £(syst) +(lumi)
hadronically decay tau: 1
. Single lepton 0.70 fb’ —— 179+ 4+ 9+ 7 pb
arXiv:1205.2067 [hep-ex] PLB ? , e
Dilepton 0.70 fb’ ———— 173+ 6 *}] "7pb

v" Di-lepton final states:

All hadronic 167+18+78+ 6 pb
Phys. Lett. B707(2012) 459-477 102 0"
v' Combination : Combination = 177+ 3 '+ 7pb

ATLAS-CONF-2012-024

New measurements

For details_ Thag T jetS 1.67 b 200+ 19+42+ 7 pb
See Jake Searcy’s talk on Sat. Oct. 20 Toug * leptoN 20517 EE—— 186+ 13 ifoo £ 7pb
All hagronlc 168+12 _,;+ 6 pb
47p | | | |
50 100 150 200 250 300 350
G [Pb]
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ttbar + jet

cross section

Events selected in lepton (e/p) + jets
channel with additional jet.
ATLAS-CONF-2012-083

A template fit to data based on the
likelihood discriminant constructed
from two input variables (charged-
lepton pseudo-rapidity, Aplanarity) are
used to measure the cross section.

o, =102 = 2(stat.) = 6(ISR/FSR) " (syst.) pk

o, /o, =0.54 £ 0.01(stat)+0.05 (syst) pb

Dominant systematics are JES & MC
generator

Events /0,10

| ATLAS Preliminary

® Data e+4 jets

6000F 7 W-Jets
F W z+Jets [ Single Top

et+jets =0 T

Events /0.10
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n+4 jets

® Data
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—
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Results can be used to test pQCD
calculations of jet activity in ttj and
improves MC simulations.
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Events selected similar to (e/p) + jets | i
channel with additional y ,.u

Discriminate prompt y’s from hadron

fakes (jet fakes y) with a template fit s 'I'l SRR E Representatlve

method (ATLAS-CONF-2011-153) = f Anaseemn éﬁjj_mg Zet of Feynmann
E OO s ] lagrams

Data-driven: Signal, hadron fakes (jet “E| e+jets = s E i

faking a y (0 conversion)), electron “B 1.04 fb? E

fakes (electrons faking a y) ° E

MC-driven: W/Z+jets(+y), VV, QCD +v, Q2 E e 8 10 12 14 s 18

Single-top Predicted tty signal = pﬁ,o — -_ -

_ : on top of different * ,,Imspmby P
Dominant systematics: Photon ID (0.33 background = é:?gm%m:m
pb), ISR/FSR (0.31 pb), PU (0.28 pb), JES 40 . I hacron fakes
(0.28 pb) of| MtHjets

Oy, X B(p;°"(v)> 8 GeV) = 2.0 £ 0.5(stat) + 0.7(syst)+ 0.08(lum) pb
...2.70 compatible with LO x k-factor prediction. .

25 1.04 fb!

% 2 4 6 8 10 12 14 16 18 20
p;cn::'C[GGVI
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Gap fraction

measurement
I Events selected in dilepton channel I | arXiv:1203.5015 I

s ! g
Gap fraction is the ratio between the £ os amas ] -Sm
fiducial cross section and the inclusive " ool Y] <0.8 3 .
top pair cross section, where the -
fiducial cross section is for the events N =
with no additional jets with p;> Q, g ittt g b ]
f(Qp) = 0(Qy) / © 1 —— ]
B e

o o o Q,,. [GeV] Q,,, [GeV]
- MC@NLO too little activity in central 2. 05 fb 1
region -

§ ETTTTTTTTT paasoe: I IRSSpsansosrasse e
'{é E Y e aad ‘g W
- All four generators produce too large o T e s 1= os aras
. e . . 80-97§_ {+‘ fla:?osn E 3 La=zosm’ ]
activity in the forward region ol s o 1821 3 08 |y| < 2.3 wingonypeas -
0.953" N — MC@NLO —i — MC@INLO ]
o.s4§-, e Cunemm PomsEa+PrA - o ata + sta PoweosPrmn
- Results can be used to constrain model osel ;. s < IYI <2 1 I B S
dependent uncertainties in future s Tt - T e
measurements % § b ——
! ] FO'“W

0.97 55680100 120 140 160 180 200 220 240 50 100 150 200 250 300 350 400

Q,,, [GeV] Q,,. [Gev]
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Top mass

measurement

I Events selected in lepton + jets I I Events selected in di-lepton channel I
Two methods: Low background after selection: define m,
1D analysis : reconstruct Ry,= m,"¢¢/m,re° (transverse mass — a lower bound of the
2D analysis : simultaneous fit to derive m,,, parent mass) as:
and jet energy scale factor(JSF) mra(mi) = min, {max{mr(mins, B mr(mins, B2 |
T BT
ei’}:iﬁl —_— 10;: ;efm;y?fo:'s m (m 1 ﬁ(‘)) = sz + m2 + 2(E\’iSEinViS - vis * (‘))

' R T\ inviss Pp ) = vis invis T =T T T
p+ets (1d) —— 1755+ 1.1+ 26 ; _-v,m--|H..|H‘v,.yu|...‘|,—__
evlots (2d) b—t—t—i 1743+ 0.8+ 2.3 & 1452_ gTLA/St Preliminary Calibrat—ion Of rn_l_2 VS mt

. pfets (2d) —te+—1 1750+ 0.7+ 26 é‘-“ P oimuiation E
approaChlng I+jets —im 1745+ 0.6+ 2.3 | 140§ J-Ldt=4.7fb_1 ; to extract the top mass
Tevatron Most precise (CDF |+jets) et 1730+ 0.7+ 11 135? —g Ave rage Of mT2
e 0 o Tevatron September 2011 e 2% 06x 0. 130—_ 1 1 1 1
sensitivity 762 06 08 o 4.7 il distribution to obtain
160 IéS 1'/]'0 1 '1'5 1é0 1é5 190 1 20 E_ ;inear 111 parameters _: m t
My [GeV] 1155_ Offset = 19.9+ 0.9 GeV _: Dom|na ﬂt Syst: JES’ b_
Dominant syst. = JES, b-JES, I/FSR éis'o“iéd“i%d‘ NTVRTER: JES, generator, PS,
Eur. Phys. J. C(2012) 72:2046 m,, [Gev]| cOlor connection
All hadronic Jets: ATLAS-CONF-2012-082 M,=172.5+1.6(stat) , ¢*3(syst) GeV

ATLAS-CONF-2012-082
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Top charge

asymmetry

Charge asymmetry can appear in ttbar

pair production through gqbar

annihilaton at NLO in QCD:

- Interference b/w ISR and FSR

- Interference b/w the Born and Box
diagrams.

At Tevatron A, : top(antitop) produced
preferentially in the direction of the
incoming proton(antiproton)

-At LHC :No FB asymmetry

Study asymmetry considering that top is
produced more broadly than antitop
Select phase space region in order to
enhance charge asymmetry: i.e. select
high m(ttbar) to reduce gluon fusion
and to enhance new bosons
contributions

q Q
000 IR
S000U0T GUGU000

q Q

——GO0000Y——

>f(m€m<
——0000000 $——
A

AlY| =Y | - [Y{]
Charge of t and
> tbar is determined

C

by charge of lepton
_ NAJY[>0)=N(A[Y] <0)
~ N(A]Y| > 0) + N(A]Y] < 0)
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Top charge

asymmetry

I I dilepton channel 4.7 fbl J

I Lepton + jets channel
0.15¢ :
< ;det=1.o4fb" ATLAS
0.1 —e— unfoided data -
é %4 McanLo 104 fb-l .
0.05; _
of -
-o.osi -
-0.1F .
-0.15: L
<450 > 450
m; [GeV]
A, = -0.008+0.035(stat) +0.032(syst)
M., > 450 GeV

In agreement with SM predictions

Eur. Phys. J. C7 (2012) 2039 |

1. Lepton charge asymmetry:
(one based on the lepton rapidities)

A =0.0230.012(stat) £0.008(syst)

2. Top charge asymmetry:

(based on the reconstructed tf final
state)

Att_=0.05710.024(stat) £0.015(syst)

Both results are in agreement with
SM predictions

ATLAS-CONF-2012-057
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Top spin

correlations

dilepton events:

Difference in azimuthal angle
between the two charged leptons is
used to extract the correlation
between the top and antitop quark
spins [Mahlon, Parke(2010)]

Fit templates of correlated and
uncorrelated samples (+bkg
templates) to data

The degree of correlation is fractional
difference b/w no. of events:

N(D + N — N(D = NAD
N + N(U) + N + ND

The fit result is converted into a value
of A in the helicity and maximal basis

A=

frprrryprrryprgro e T
a4 -1
JLdt=2.1 w' | 2.1fb ATLAS
ee . 0.46+0.12 %%
m e 0.26+0.10 975
eu . @~  0.43+0.05%
combination ~ \--e+ 0.40+0.04 05
ESM
| 1 1 1 | 11 1 [

02 04 06 0.8 1 1.2

Ahelicity
- +0.09
\/ I AheI|C|ty 0.40 -0.08 I

...Results inconsistent with no correlation at 5¢0 I
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Top quark polarization

in ttbar events

Lepton + jets events: | ATLAS-CONF-2012-133 |
Study polar angle of charged lepton

- N,
. o s - Data
in the parent top quark rest frame. >4000F ATLAS Preliminary  _
- 2 - - 1
fits compared to % 3s00f Jua=sen - ap=0
Distribution of the polar angle 6, : data (ineach " 3000l =TTV ap=+1
W(cos 8)) a1 +a; p cos 6, channel)andto o500t
P: degree of polarization along axis the maximal fit 00!
a,: spin analyzing power =1 (tree templates 1500?
level) -+ Z .
— the no polarization E :
Degree of polarization: a; p = 2f-1 . 500} E
- f f itivel larized t expectation G:l..l...l...ll..l...l...11..1.“1...1...:
7( - Trac. of posiuvely polarized top "1 -0.8-0.6-0.4-02 0 0.20.40.6 0.8 1

quarks cos(8))

o1, Neosti>0)~ Ncostr < ) | £=0.470 £0.009(stat)?0023 | _ (syst) |
2 N(cosé > 0)+ N(cosb; < 0)

I in good agreement with SM predictions f = 0.5
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Lepton+jets and dilepton events

Probes Wtb structure; set a limit on
new physics window

SM predicts helicity fraction of W
from top:

F,.=03,F,=0.7,F,=0

-Compare the observed cos 6*
distribution with templates for
different W boson helicity states
obtained from simulation.

-Extracts angular asymmetries from
an unfolded cos 6* spectrum
corrected for background

contributions. | jHEp 1206 (2012) 088

2 S —
ATLAS JLdt-1.04 b Fa | F F
h*
b <+— - > BN NNLO QCD
-1
/W+ Combination 1O4fb
V, ena Oata(qule‘FO)
Fo — 067i007 Iemplale (single leptons) . S
emplate (dileptons) e @ D
FL = 032i004 Asymmetries (single leptons) ~e« - et
Asymmetries (dileptons) - s
I:R =0.01+0.05 Overall combination .- -r —a
Lo ot o b ok )
i 0 0.5 1
In agreement with NNLO QCD W boson helicity fractions
predictions
= 3 | Limits on the W tb
T - ATLAS 68%CL

0.8
0.6/ fl.dt=1.o4fb"
0.4

0.2

vertex anomalous
couplings were
1 | obtained from the

95% CL _:

allowed regions ]

of

0.2
[ TopFit
I

-0.4

combined results on
the W boson helicity

L | .
-0.4 -0.2

fractions
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v

v

v

Top quark physics is one of the key elements of the LHC physics program with
one of the most enjoyable playground in particle physics
Large number of top events enable many interesting new analysis —
performing precision tests of the SM
and probing for new physics (on deviation from the SM)

v" No evidence of new physics so far but...

v' Top quark physics approaching an era of new precision measurements
LHC and ATLAS detector performance are excellent

v" Some Results shown are up to 4.7 fb'! of 2011 data, results with 2012

data at 8 TeV C.0.M (still to come)
ATLAS produced 23 papers on Top physics since 2010
More results yet to come !
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Events /0,10
8
3

ttbar + jet

cross section

Events selected in lepton (e/p) + jets
channel with additional jet.
ATLAS-CONF-2012-083

1. Jets are considered additional if
their AR from a parton originating
from a top decay is > 0.4

event there are >=5 jets

2. An event has additional jets if in the

2000 ATLAS Preliminary
n+4 jets

ATLAS Preliminary
e+4 jets

f L=47fb"

B Muttijet

Dibosons

® Data
L W+Jets
W z+Jets [l Single Top

® Data

Events /0.10
[~
8
(=]

Wilets
M z+Jets [l Single Top

-
=

8000

rﬁﬁ 1 47

6000

4000

2000

0 0.1 02 03 04 05 06 0.7 08 09 1
Likelihood

October 17, 2012

f L=4.71fb"

B Muttijet
Dibosons

Likelihood

A likelihood discriminant function with
two discriminating variables is used to
extract the signal

measure the number of inclusive ttbar
events in each jet multiplicity bin, N*
and N . Finally, calculate the x-sec
using: NI =

Loweps + Loyjers

1]
NS

Lopeps + Lo'njsls

Iom =102 = 2(stat.) = 6(ISRIFSR) “(syst.) pb

Dominant systematics are JES & MC
generator

Results can be used to test pQCD
calculations of jet activity in ttj and
improves MC simulations.
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Top mass

combination

I ATLAS — CMS Top mass combination: I

0.7-1.1fb?
Preliminary LHC o,; combination, \'s = 7 TeV - September 2012 Dom | nant syst.
L, =07f"-1.11f" )

A:I'L:\ib di-lepton (ee, e, pw) HATHOR trl1eory prediction 173+ 6 +- 12 = DeteCtOF MOdelllng
leretin o 179+ 4= 11 - Signal Modelling
ATLAS, all jet - . .

mtomt o 167 = 18= 78 - Luminosity
ATLAS combined —o— 177+ 3 * 18

CMS, di-lepton (ee, ey, up) : - JES

Sy e —i— 170 4= 18

CMS, bt o ——— 149+ 24+ 28 - b-JES

oM, jets ——i 164+ 3= 14

ovs, alljets o—— 136+ 20 = 41

CMS combined —— 165.8 + 2.2 +13.2

LHC combined l-i'.-i 173.3+2.3+9.8

) ) for mt=1l72.5 GeV . = (stat.) = (syst.)
50 100 150 200 250 300 350
Ox [pb]
ATLAS-CONF-2012-134 CMS-PAS-TOP-12-003
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c (nb)

Cross Sections

proton - (anti)proton cross sections

109 Ellll T T T T 7T llll 'l T T T 7T E ll! : T T l; 109

10° E ' 4 10°

. E o’tol : ' 3 ,
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106 é_ . i s _é 106

10° E 4 10°
F o ]

10 a 4 10*
10° E 4 10°
E jot E
102 ;_ o}e((ET >\,S/20) _; 102
10' £ o ST 110
2 o ; ]
10° | . z : 4 10°
F om(ETJ >100 GeV) 3
10" | ; < 10"
10° F / 4 10?
10° | o, 4 10°
F jot ' ]
0t | CalE >V -
10" [Owams(My=120 GeV)” 7 i
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10' raal 1 1 Lol 1 1 (Ll T 5 1} 10'
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