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Introduction to top quark physics

: Decay
Production Rate
*Pair Production cross section ~Rare decays, FCNC
»Single (EWK) production, [Vl
*FCNC, anomalous couplings “W helicity jet /
»Differential cross sections

New Physics in production
»Resonant production?
»HQ production?

Physics Highlights
>>Test of SM (production,

decay, coupling....etc) Properties

> Top quark does not »Tob Mmass

hadronize: momentum and »Top charge

spin transferred to decay -

products »Spin correlation

> Search for processes with »Charge Asymmetry N/
similar signature (t', Z'...) &

> Measuring the top quark é
mass allows the prediction of C

the SM Higgs boson mass.
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Total Integrated Luminosity [fb ]

N
o

21

»F Resonant tt, ...................
3F Resonant tb, .....oovenen...

Outline of this talk

Production Rate
ot (dilepton channel)

Collision data delivered and recorded vs. time
for the 20I I 7TeV running perlod

SRR ] ow (single lepton channel)........
7= ATLAS Onlme Lum|n03|ty \s = 7TeV 201

= [ LG Delivered ] ot (hadronic channel)..............
65_ [ ] ATLAS Recorded E Dn (T+jetgme: 8~
5 Total Delivered: 5.61 5" g Ottt ( H+T) ................................

E Total Recorded: 5.25 b’ E Ott (ttY) .....................................
45_ 7,11,15,17,20 E Or combined.........ccceeeeeeiennnnne,
3 - Differential o, jet veto.............
o E 2 | Differential Ot, Nists. -....ooe.....
15_ _E n O't, t-channel, Ithl .........................

E E m R=O't,/0'tbar, t-CRANME] - e alias = a s a e n e nas e
O_ IIIIIIIIIIIIIIIIIIIIIII - m At -channel- - (R . . . (S e iy « o « o ol

21/02 25/04 27/06 29/08 31/10 ’
Date in 2011 O-t, S-CNANNE =« ol o o wfalelalalafite o o a o e 00 0 a%ive el ofelale

Deca Gt FONC X B(W=IV) v
Helicity of W bosons................ Properties

FCNC in decay (t—=2Zq)............ Mtop (PreCISION)....ceveeeevvrenen...
Nl v st eein oo ction Miop (additional methods).......
tt+ETmiss, ' ............... = | Qtop ........................................

BER

tt charge asymmetry.
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Correlation of t-tbar spins......
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roduction of top in hadronic collisions

e

qq annihilation via strong
interaction (~15% at the LHC) NOTE: Production through virual
Pair: < . ”’
E— gg fusion AN
(dominant, ~85% at LHC) M A
- | —

Single (EWK production): —

1 I L I LI I | P [P | I L I LS I | PRt [P | I LI

250-_8'ngle—top NLO cross-section vs E_ | e

q g,‘@‘a*& t : :

! QWI /PE | mem t—channel 3
W 200 T

- Vi \ % o §

t h NP — | == W+t channe i

b Vi ! b=y, W 2 .

'S | === S-Channel .

(t-channel) (s-channel) (Wt-channel) =150 o

O n .

heoretical Predictions S T ;

I B -

pp@7 TeV, approx NNLO, (m=172.5 GeV/c?) 100~ 5
o = 167115 pboy 0y =64.6 27 pb @ © | g
T— OWwWt — 157:|: 1.1 pb (2) 50~ 5

os =4.64+0.2 pb @ F F

(1) Computed with: Aliev et. al., HATHOR, arXiv:1007:1327 (2011) , R I v
(2) Kidonakis, PRD 83, 091503 (11); PRD 82, 054018 (10), PRD 81, 054028 (10) E._(TeV)
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Decay of top quarks and event classification

Decay:

tt event classification:

3". .
2nd W decays to

B-j et

Backgrounds to top pair events:

jets

~1:2 typical S:B

|—- (w- -tag)

30 %

Branching 5%

Ratio
(\
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IVinl~1, and Mi>Mw+Mp = t—= Wb (~100%)

1st W decays to:
T U e

jets

all-jets

lepton+jets

T

u

lepton+jets

dilepton

e

Backgrounds topology

>No neutrinos or less Etmiss
>No (or less) b-jets
>|_eptons could be fakes (less
isolated)

>|ess central
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Pair production with 2 leptons+jets

Signature: 2 isolated e/ +Etmisstjets

TYYT{TTTT“HY“TTT{TTYT{TTTT‘TYYT{TTTT‘YYTT{HTT
. ATLAS non-b-tag All channels
(Lat=o0701 P :

1200»f e Ll -
C 0 Z/y *+jets ]
+ Fake leptons-

10001 B other EW |
i Uncertainty |

800

600~

400

2001 =

3 =4
Number of jets

Jet count: untagged

Events

800

200

600

400

| ATLAS b-tag
- det:O.?Ofb'1

2

All channels
e Data
(i
0 z/y *+jets

Fake leptons-|

I Other EW

Uncertainty |

0 1 2
Number of b-tagged jets

3 =4

o = 176 £ 5(stat) 17 (syst) & 8(lum) pb

Overall precision: ~9%
Limited by systematic uncertainties

[arXiv:1202.4892 (2012), JHEP1205 (2012) 059 ]

Mjet count: b-tagged

4 results post March 2012

Cross checks: subsamples

0

ATLAS ------- Theory (approx. NNLO)
det =070 " m, = 172.5 GeV
ce e e 186217 3 %9
m et 167 =12 1> *8
eu ., . 177+« 715 +8
eTL — 16123 *22 *8
uTL e 168x24 *30 *9
ee w/ b-tagging ,_,_‘_,_1 184 + 15 fgg fg
uw w/ b-tagging P 175+ 11 *17 *8
eu w/ b-tagging R 192+ 7 *17 =8
Combination Hps—i 176 5*]f =8
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 é 1 1 1 | 1 1 1 Ii(|St|a.t)|i(|S¥S¥)i-l(|lljrr|]i)
50 100 150 200 250 300
o.lpb]
6 /26

Lucio Cerrito (OMUL) - Top Physics with ATLAS -




Pair production with lepton+jets

Signature: 1 isolated e/ +Etmisstjets.

Method: multivariate discriminant based on: ni,priead jet, Apl.,Ht3p

I
0.76° Multivariate Dlscrlmlnant output muItlsampIe
2400 7 -
ATLAS Prellmlnary -+ Data 2011 \/E 7TeV
2000 fl— dt=0.70 b~ W tt B QCD Multijet
» 0 W+Jets [ Other EW

u + Jets e + Jets

3 Jets
: 4 Jets

4 Jets =5 Jets =5 Jets

-

>

____-. | [ e |

1.5

1.0 oottt sy ittt bty #ﬁ“***m*ﬁ*ﬁt}}H;W##ﬂ

0.5¢ . . . . .

0 20 40 60 80 100
Likelihood Discriminant

Ratio Data/Fit

o.; = 179 + 4(stat) = 9(syst) £ 7(lum) pb
Overall precision: ~7%
Limited by systematic uncertainties

Table of Systematic Uncertainties

Uncertainty up (%) down (%)
Statistical 2.2 -2.2
Detector simulation

Jets 1.8 -2.4
Muon 2.3 -2.3
Electron 1.5 -1.7
E%"SS 1.1 -0.9
Signal model

Generator™ 3.0 -3.0
Hadronization® 0. =0.5
ISR/FSR 1.7 -1.3
PDF* 1.0 -1.0
Background model

QCD shape* 0.4 -0.4
W shape® 0.5 -0.5
Monte Carlo statistics* 1.8 -1.8
Systematic 5.0 -5.0
Stat. & Syst. 54 -5.4
Luminosity 3.7 -3.7
Total 6.6 -6.6
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Pair production with hadronic events

All-hadronic channel

Signature: Multijets (2b)
Method: Fit to m; distribution

5 fb! top candldates invariant mass

Hadronic t+jets

Signature: Multijets (2b)
Method: Fit to Niack distribution

| 2 fb number of tracks for T- jets new
> 250+| | T | T T | T T 171 | T T T T | T T ] " _ l : l : l I l : l l : l _|
S 0 1 |2 200 =
o ATLAS Preliminary 1 | & jgof. _+_ _+_ ATLAS Preliminary
B 2001 . o det=1.67fb'1 Vs =7TeV ]
o K - '+- —¢— Data 2011 E
> _ Ldt=4.71b 140E |--- ata =
w .t - - —— Fit [All] ]
150 ] 120 (| T, - Fit [, _, & Electron] —
B —o— Data . 100 —+— ----- Fit [Combinatorics]—:
ﬁ [ ti signal i sob | i i e L Fit [Multijets] E
100_ . — - R .
- * Multijet background 60Ep] | i =
i ] a0F; =
500 [ * . I E
B ¢ ] :f:”?‘ """"""""" —o-
£ N :

| i | |
q 00 200 300 400 500 600 700 Nirack
m, [GeV] o7 = 200 £+ 19(stat) £ 42(syst) &+ 8(lum) pb

0.7 = 168 + 12(stat) + 59(syst) £+ 7(lum) pb

[ATLAS-CONF-2012-031]
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Additional top pair production

Pair production with (e,J)+T1+jets
Signature: (e,M)+T+ETmiss+ets (1b)

Method: MV T identification from
tracking and calorimeters

2 fb! OS excess: Number of jets

ft+Photon

Signature: 1 isolated e/p+ETmiss+
4 jets(=1b)+y
Method: Fit to track isolation of y

Expected: o (pry > 8GeV) x BR(LJ,DIL) =
2.140.4 pb

I fb ' Track |soIat|on ofy candldate

(D — —
§ - ATLAS -¢- Data ]
L 1_ - ]
@ 500: Dtt%l-l-ﬂchad ]
o 400 7% B ¢ bkg B
O 2 other EW -
3001 uncertainty -

- -

100 det_2.05fb E

3 4 5 6 7 8 9 =10
Jet Multiplicity

o.; = 186 &+ 13(stat) = 20(syst) & 7(lum) ph

[arXiv: 1205.2067 (2012)]
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C | I I I T T I T T I I I I ]
a 70— —]
~ = f Ldt=1.041b" utjets 3
Ny 60 —e— data E
- ATLAS Preliminary 3 tty .

- 2 non-tt bkg ]

50% B bkg tly E

- — electron fakes ]

408 @ hadron fakes

30 -
205 =

okl =

0 2 4 6 8 10 12 14 16 18 20
cone20
ps% [GeV]

01ty (P14 > 8GeV) X BR(LJ, DIL) =
2.0 + 0.5(stat) + 0.7(syst) £ 0.1(lum) pb

[ATLAS-CONF-2011-153 (2011)]
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Combination of g measurements

Main Owx measurements and Combination of channels

0, [pb]

H 15 May 2012

ATLAS Preliminary Ieory (aporon. NRLO)
form, =172.5 GeV
Data 2011 —— stat. uncertainty new
— total uncertainty
Channel & Lumi. o,z x(stat) =(syst) =(lumi)
Single lepton 0.70 fb™ — 179+ 4+ 9=+ 7pb
Dilepton 0.70 fb7 et 173+ 6 711 *Spb
All hadronic ¢ 167+ 18 =78 = 6 pb
1.02 fb™
Combination -m—- @ 3¢ @
New measurements :
T + jEtS 1.67 fb” . 200+ 19=+42+ 7 pb
T+ lepton 20507 | e 186+13=20+ 7 pb
All hadronic : 16812 %+ 6pb
il | ] | |
o0 100 150 200 250 300

o, [pb]

[ATLAS-CONF-2012-024]

350

O« vs v/s from ATLAS and Tevatron

B T T T T
| —NLO QCD (pp) V¥ Single-lepton 179 + 12 pb

L |:|Approx. NNLO (pp) A Dilepton 173 *1147 pb

--NLO QCD (pp) O All-hadronic 167 = 81 pb
102 ={JApprox. NNLO (pF) ® Combined 177 %! pb
- mcoF

- ¢ DO 200— T
i 180F Hr
10 o =
S 160k / :
B ‘,»'v 40/ i i
- 6.8 7 75
1 1 1 1 1 1 I 1 1 1 I 1 I 1 1
14 2 3 4 5 6 7
Vs [TeV]

» Precision of ~6%, 1/2 Theory
uncertainty.

» Agreement between channels

within uncertainties.
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Differential {f measurements

Gap fraction in dileptonic events

gap \ &0/
. b-jets Nﬂbar
leptons
additional jet
® ®
-21 -15 -0.8 0 0.8 1.5 2.1 n
2 fb! fz2p vs. Qo shown with ISR tunes [T50
% ‘l_—' L e T L L - d
(o)) - ]
(- | ]
0.9F —
- ATLAS ]
08:— det=2.05fb" E
N veto region: lyl < 2.1 1
0.7F —
=== AcerMC nominal ]
e Data + stat. 4 =<
0.6F ] — Increased ISR ] S
Syst. + stat. 4 O
' — Decreased ISR 1N
0.5F -1 W
. =
S 11 4 0
a 18
- 1 4 N
> 1
3 e 13
= 0.9¢ E X
1 @©
0 8 o by ey by by by =
' 50 100 150 200 250 300
Q, [GeV]
Lucio Cerrito (OMUL)

Observed jet multiplicity in ft events

Signature: 1 isolated e/p+ETmiss+jets(b)

Method: Jet multiplicity for
Etjets>25,40,60 GeV

0.7 fb'! Reconstructed jet (60 GeV) multiplicity

|
ATLAS Preliminary f Ldt= 0.70 b

e u+tjets
S W

I |||||||
7
Z
¢/

| IIIIII|

Injet|<2.5

Y7

pjTet>60 GeV

—4— Data 2011
=== MC@NLO :
MC@NLO+(AcerMC ISR up) -
MC@NLO+(AcerMC ISR down)

102

— i

o) ] TN VI N

Data/MC@NLO
oo

Reconstructed Jet Multiplicity

[ATLAS-CONF-2011-142]
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Electroweak top production: t-channel

Signature: 1 isolated e/l +Etmiss+ 2 or 3J(==1 b-tag)

. . . . _— d d
Method: Likelihood fit on NN discriminant * ’
W W+
I W+ t W~
I fb Invarlant mass of Ivb system new
t
% ATLAS det—1O4fb1 :
0] 200 - —_ b b b b
- 2 jets 1 b-tag \s =7 TeV -
o B ® Data 7 -1 g i
~ - B S topahamel 4.7 fb>' Ratio of top to anti-top m
; 1 50 N B ¢, other top ~ ATLAS Preliminary  [Ldt=47 fo"' {s=7 TeV
e B - W-+heavy flavour 5
QCJ C [ Walight ets ATLAS result :
> 1 OO N [[] Z+jets, Diboson ] ABKMO9 ——
LLl : B Muttijets NNPDE 2.1 . .
- MSTW2008 P ——
50 = GJRO8 —
C CT10 (+ DO W asym.) ——i
CT10 P

- 12713 14 15 1.6 1.7 18 1.9 2 21 22
OO 100 200 300 400 500 R

i (Eb) [GeV] oy = 53.2 4 10.8 pb
o = (stat)T7g(syst) p or = 29.5+ 7.5 pb
Observed significance: 7.2 ¢ — F0.2¢
V| > 0.75 @95%C.L. | fiy = 1.81 205

Lucio Cerrito (OMUL) - Top Physics with ATLAS - 12/26




Electroweak production: Wt-channel

Signature: 2 isolated e/ +Etmiss+ 1J

Method: BDT output fit. H f
S
g (S
gl’@

2 fb' Njess distribution after selectlon new

_'(L)ZOOO_ I I I I I I ]
§ i ATLAS ?IEatSauncertainty ]
p Wt 1
LI - [ Ldt=2.051b O
L S Ay S,
= ee +jets
] B3 Z(er)ets. 1 ow: = 16.8 £ 2.9(stat) + 4.9(syst) pb
_ B Fake dileptons |
1000 — Observed significance: ~3.3 0
i 1 Vil = 1.03%519
_ il 1
500~ .
i | B kasase cance TUU OB
0

o
-
N
w
N
O3
v

(o)}

N.

jets
[arXiv:1205.5764 (2012)]
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Single top production: searches

Single top E)roduction: s-channel Single top production: FCNC
' | qg—t—=Wb (2—1)
Signature: 1 isolated e/ +Etmiss+1b

Method: Fit to NN distribution

d b 200 2 fb! OUtPUt OfN
. . N~ L L L L BN L A B IR ]
Signature: 1 isolated e/l +ETmiss+ 20 | 3 L ATLAS [Lamsoswiisrmo
[72] — ]
0 7 fb' Ivb, invariant mass c . ® data -
N > FCNC (0=3.9pb) 1
e [ ATLAS Prel|m|nary 070 @ 7 TeV ] w500 M i B
S [ 2 jets 2-tag ATLASdata = Sngee top .
D 60 —— Dbttt 400 Wijets E
2 [ S single-top t-channel ] 300 ////// = WBb. Wog, Wo .
[ B B top pairs . multijet —
% i F a*::;;\tryeftlsavour - // 2 uncejrtainty -
C 40__ - D|bosonl : 200 _:
8 | P Zsjets i b-tagged 3
| - Multijets 100 L _:
20 = ' ]
6 065 07 075 08 085 09 095 1
- NN output
ke 200 400 600 | < B(F = Wh) < 3.9 pb G95% C.L.

mtop, b-jet1 [GeV/C] 4= :
Oi—son, < 26.5 pb @95% C.L| Stringent limits on t—ug and t—cg, and

[ATLAS-CONF-2011-118 (2011)] COUPling constants [arXiv 1203.0529 (2012)]
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top quark mass: single lepton events

Mass in |+jets with template method (1D and 2D)

Signature: 1 isolated e/l +Etmiss+ =4J (=1b-tag).
Likelihood fit to event topology to improve purity

Table of uncertainties

Measured value of m.p

Data statistics
Jet energy scale factor
Method calibration

Signal MC generator
Hadronisation

Pileup

Underlying event

Colour reconnection

ISR and FSR (signal only)

Proton PDF

W +jets background normalisation
W +jets background shape

QCD multijet background normalisation
QCD multijet background shape

1d 2d
174.35 | 174.53
0.91 0.61
na 0.43
< 0.05 0.07
0.74 0.33
0.43 0.15
< 0.05 | <€0.05
0.08 0.59
0.6 0.55
&L42 | 101D
0.1o 0.10
0.18 0.37
0.15 0.12
< 0.05 0.20

Jet energy scale

b-jet energy scale

b-tagging efficiency and mistag rate
Jet energy resolution

Jet reconstruction efficiency 0.10

Missing transverse momentum < 0.05 0.13
Total systematic uncertainty 2.50 2.31
Total uncertainty 2.66 2.39

[arXiv:1203.5755v1 (2012)]

-
8 0.16 :_ ATLAS Simulation m,, = 160 GeV :
e m,,, =170 GeV :
qC, 014 C_m,,=180GeV -
a Cm,, =190 GeV ]
L e) - __
3 0.12 ]
N N ]
® 01 -
£ C ]
S oo8- e +jets =
zZ v - N
0.06F- .
0.04— —:
0.02 - -
P
- [ ETETEEEN R I L1 I
=35 2

- Combination and final result

ATLAS

e+jets (1d)

u+jets (1d)

e+jets (2d)

u+jets (2d)

I+jets

———+

_ —
_ —

—t——

_— — @51 O.6t®

(Date: February 23, 2012)

1729+ 1.5+ 25

1765+ 1.1+ 2.6

1743+ 0.8« 2.3

175.0+ 0.7+ 2.6

Most precise (CDF l+jets) - - 173.0x 0.7+« 1.1
Tevatron September 2011 oA 173.2+ 0.6+ 0.8
(stat) (syst)
I I I I
160 165 170 175 180 185 190
My, [GeV]
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top quark mass: other

Mass in all-hadronic top decays: fit to mjpp

Signature: Multijets (6, =2b-tag).
Top mass from Ot

Likelihood fit to improve signal purity
Tri-jet invariant mass - O VS. M
% : T T | T T T | T 1_|_.|_|._|_|' | T T T | T T T | T T T | T T T | T T T —'_|_|_|T 3 500-“T - ‘:“
G o5l ATLAS Preliminary * \s=7TeV2011Data 4 | @ . F3%\%  ATLAS Preliminary, f L=35pb"
L0 I T — — (F=] .
N - f Ldt = 2.04 b [ Jttm=1725GevV 7 | = 2005 e o(op X IieterX
c\n 200 - - Background ] - —— Measured dependence of ¢
q:) = - 350 —— NNLO approx. Kidonakis
= B 7] - ..~ —— NNLO approx. Langenfeld et al.
Ll 150 :_ _: 300 E “i::\ —— NLO+NNLL Ahrens et al.
B ] 250;—"
100~ - 2000 e
: 1] e
50:_ L 100/
0: 50/
120 140 160 180 200 220 240 260 280 300 <40 160 180 200
m,, [GeV] Top quark mass [GeV]
pole _ +7.8
m; = 174.9 + 2.1 (stat.) + 3.8 (syst.) GeV My, = (166.47773) GeV.
[ATLAS-CONF-2012-130] [ATLAS-CONF-2011-054]
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Top quark electric charge
(-1/3)

-
VG )

(-1/3)

Method: jet charge and

Signature: Lepton+jets events

WH WL (—4/3) semileptonic B— X decays
Standard ) |
Model Exotic-Charge 0.7 fb- Probablllty for obs charge
-1 =F =
Top Quark Top Quark £ 10 = ATLASl | | | | | g
See [D. Chang et al., PRD59 (1999) 091503] for details o C Preli Ldt=0.70 fb"-
& g2l eliminary ]
0.7 fb! Observed charge combination = = s
£ 2001 I I I I = % " SMtop quark] |o Exotic quark
& [ ATLAS u+jets e pata o 10°¢ 5 =
Lﬁ 180__ Preliminar _:Exotic e - > =
160, ’ Etst le top - - - B -
- -1 ingle top — =
: f Ldt=0.70fb Wejcts (5’0} 10 > =
1405 W Z+jets = © .
B Diboson B é) ]
- Y W QCD (DD) - 5L |
120 - % uncer(tain)ty_: 10 = 3
- s s . 6| _
80 107E
: --------------- : — | L1 1 | | | 1 1 | L 1 | 1 L | | - | Ll | | | Ll -]
60:— - 1 0.8 -06 -04 -02 0 02 04 06 08 1
r _ ft
40: Qigm
20F | . _
o — -4/3e excluded with >50
-2 -1 0 1 2
QSOft
[ATLAS-CONF-2011-141 (2011)] comb
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Spin correlations in top production

Signature: dilepton events

Method: leptonic angular opening, o«
converted into A in the helicity and ¢

maximal bases.
N(

M)+ N - N(1) -

N1

- N(M

SM expectation

M +NUH)+NA)+ NI

Ahell(?lty = 0.31 Amammal =0.44
Measurement:

Afeliciey, = 0.40 £ 0.04(stat) T g7 (syst

AL E4AS — (0,57 £+ 0.06(stat) T (Syst

c 900
L 800
7001
600
500
400
300

200---

100
0

0 0.5 1

2 fb! Lepton angular correlations

— o data
- L1tt (SM)

_..tt (uncorrelated)
- . single top

- W Z/y *+jels

ATLAS =
Ldt =

I\J
—h
—
CT

|

diboson .
B fake leptons

@~

N
&)
w

>
=2

Observed significance (correlation of spins): 5.10
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Charge Asymmetry in top pairs

Small excess of centrally produced Signature: Lepton+jets || fb
anti-top quarks, Ac=0.006+0.002 mcenio) and dilepton events 4.7 fb'
N(Aly| > 0) — N(Aly| < 0) Method: Unfolding for Ac
Ac = N(Aly| > 0) + N(AJy| < 0)’ I fb | New Physics Scenarlos
Alyl = [yel — el :
-1 0.1
00.15| fb™ Ac vs system mass :
< f Ldt=1.04 15" ATLAS
0.1 —e— unfolded data - <oo-05
- 7/, McenLo - i
0.05(- . ;
B ] O_
OF : . -
- : -0.05 MUz 0 .
-0.05= ® = I T R I o e o s
- 8 0 0.1 02 03 04 05 06 07
- ] A
0.1 4 FB
: | A% = —0.018 4 0.028(stat) + 0.023(syst) [I + jets]
015——— o A¢ = 0.057 £ 0.024(stat) + 0.015(syst) [dilep.]

m; [GeV] AL, = 0.029 & 0.018(stat) & 0.014(syst) [Comb.]

[arXiv:1203.4211 (2012)]
[ATLAS-CONF-2012-057]

Lucio Cerrito (OMUL) - Top Physics with ATLAS - 19/26




Helicity of W bosons in top decays

Two methods: cos6™ Template fit and Asymmetries from cos6”
Signature: Single lepton and dileptons channels

Likelihood fit for event topology

| fb-! Measured W helicity fractions

ATLAS f Ldt=1.0410" F. | F
B NNLO QCD

Combination
o4+ Data (F_/F /F)
Template (single leptons) e A
Template (dileptons) HO+H|
Asymmetries (single leptons) e - —
Asymmetries (dileptons) HOH A
Overall combination - T
TR R S R E R S L L

[arXiv:1205.2484(2012]

0

W boson helicity fractions

0.5

1

Re(g

0.8F

0.6

04

0.2F

-0.2

04—, |

| fb'!' Anomalous couplings
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fl_dt=1.o4fb"

\ \
68% CL

95% CL

allowed regions _|

- TopFit

Vi=1,V=0 ]

0.4

Fi, = 0.32 £ 0.02 (stat.) = 0.03 (syst.),
Fr = 0.01 £0.01 (stat.) = 0.04 (syst.).
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Anomalies in tt production and decays

FCNC in top pair decays

Expected O(10-4

W, C

(j7 €+7 v

2 fb! FCNC in ttbar m
| R N N RN R ]

s I
0] - ATLAS e data
ﬁ 12 - ---- fi-> WbZq signal_|
2 det=2.1 ' Elawz 1
2 ol | |tism
Y hap Zejets
L dibosons R
8 L bkg. uncertaintyi
ol % b
| _
4 é ]
f W ,
2r 4 | 77 :
I & ! ]
0 L Lep #8757 || \%ﬁ-fy:%’wgu‘.‘; 1]

80 85 90 95 100 105
m, [GeV]

[arXiv:1206.0257(2012]

BR({{ — Zq) < 0.73% @95%(C.L.

u, ¢ u, ¢

v 9
Signature: 3 isolated leptons+2j+Etmiss

Events/30 GeV

Large Missing Energy in top pairs

Signature: Lepton+jets events w.
large Etmiss

Hypotheses: TT—ttAoAo

| fb! large ME~ in tt events

[ | T T T | | | T T | T T T T | T T T T _]
90 —
- ATLAS ) Data,\s=7 TeV (b) ]

- -1 —
80E [L dt=1.04 b W+ jets .
70 . —]
= l - tt -
60 —_ - > - Other Backgrounds =
= -
50 Z‘“ Ll ,/2%/22_ 7/ Background Uncertainty =
oV YAl m

40 - / 7 m(T)=360 GeV, m(A )=100 GeV
£ m(T)=440 GeV, m(A )=100 GeV

100 150 200 250 300 350 40
ET'® [GeV]

o X BR(TT — ttAgAp) < 1.1 ph
@QI5%C.L. for mp = 420 GeV,my, = 10 GeV
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Search for resonant top production

Resonant top pair production

Signature: Lepton+jets and dilepton

events

analysis #1: mass reco.(L+J) and total
tranverse energy (DIL).
analysis #2: dedicated “fat-jet” search

(boosted top, L+J)

102§—|—|—|—

ATLAS

Events / GeV

10

1E

t=2. - \s=7Te
Ldt=2.05 fb" \s=7TeV

2 fb! top pair invariant mass Bit3)/

data 3

tt ]
W-ets_ |
Single top E
Multijet E
Z+jets
Diboson—H
Uncertainties T
Z' (800 GeV) |

:pOomm0U- -

10" =

10'2; ':

-3 : 1 1 I 1 1 1 1 I 1
10 500 1000

myz, Mgk < 500 GeV/c?

my:r > 1.2 T@V/C‘
Mok > 1.5 TeV/c2

b

9 (1300 GeV)

1500 2000 2500 3000

| NN

[arXiv:1205.5371 (2012)] I

tt mass [GeV]

leptophobic topcolor, narrow

KK guon, broad

Resonant tb production
Signature: tb = Ivbb

Method: Iv-W reconstruction and
double b-tag

| fb' tb (W’) invariant mass

2] LI DAL T T ™
c ATLAS o Data

g) 2 jets 2-tag e -

2 , _

w10 Jrat=toat’ il e

__Elui \@ =7 TeV - Single top ]

: B Vutiets .

----- Wi (m=1TeV) x 10

/) JES Uncertainty

10}

l & é I/J(A I N | N I N

500 1000 1500 2000 é500
‘ m,, [GeV]
myy:, > 1.13 TGV/C W’ boson, Right-handed

[arXiv:1205.1016 (2012)]
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Total Integrated Luminosity [fb ]

N
o

Summary of ATLAS top physics

Collision data delivered and recorded vs. time
for the 20I I 7TeV running perlod

7f— ATLAS Onllne Lum|n03|ty \'s = 7TeV 201 | —f
- [ LHC Delivered ]
65_ [ ] ATLAS Recorded =
5 Total Delivered: 5.61 6" 3
- Total Recorded: 5.25 fb' ]
4:_ 7,11,15,17,20 S
3t B
2 =
1= E
A e .
21/02 25/04 27/06 29/08 31/10
Date in 2011
Decay
Helicity of W bosons................ ~+10%
FCNC in decay (t—Zq)............ <0.73%

New Physics in production

t+ Efits, . v m1>0.42 TeV
Resonant tt, .......c........... mz>1.2 TeV
Resonanttb, .................. mw>1.1 TeV

EEEBREAR

EB

BER

Production Rate

o (dilepton channel)................

ow (single lepton channel)........
ow (hadronic channel)..............

On (THetsme........... 0 v/ a8
(e,

Differential ou, jet veto.............
Differential ott, Njets...vueeeevnnn....
Ot, t-channel, |th| .........................
R=0t/Otbar, t-channel.««.cveevneenrennnnn.
Bil\t-channel-- 28 - - - S et . . - - i

O't, (e (ETELE0E o o o 00 0 0o R I o C oy
Ot, Fcnc X BIW—=IV).....oeee.
Properties

Mtop (PreCISIoN).......ccvvvvvrune...
Miop (additional methods).......

Correlation of t-tbar spins......
tt charge asymmetry..............

Lucio Cerrito (OMUL) - Top Physics with ATLAS -

+9%

+7%
+36%
+27%
+15%
+41%
+6%

obs.
up to 5
&/.20
+12%
=3 80
<26 pb
<3.9 pb

+1.4%
obs.

not 4/3e
~5.10
+2.3%

23/26




Summary of ATLAS top physics

Decay

Helicity of W bosons................ ~+10%
FCNC in decay (t—Zq)............ <0.73%
New Physics in production
tt+ETmiss, ........................ mT>O.42 TeV
Resonant tt, ................... mz>1.2 TeV
Resonanttb, ........ccc....... mw>1.1 TeV

For more information visit:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

NP -

Production Rate

ot (dilepton channel)................ +9%
ot (single lepton channel)........ +7%
ow (hadronic channel).............. +36%
On (THetg. ........... 10 5 +27%
On (e, HEme. S 8 5 . +15%
O (Hhy ) NE o5 8 5. <. ... +41%
Ott cOMbINed........coveeeeeeeene. +6%
Differential oy, jet veto............. obs.
Differential Ot, Njets..+veeeeeriuvvee. up to 5
Ot t-channel, [Vibleieviiuiieiiiiiiannens /(.20
R=0t/Otbar, t-channel..«.cveevneenrennnnn. +12%
OEINt-channel. - A8 . . . /3ty - - « « i ~3.30
O R TV I R <26 pb
Ot FcNC X BIW= V)., <3.9 pb
Properties

Miop (precision).............oum... +1.4%
Miop (additional methods)....... obs.
Qiop- ... 86=.1 ... ... not 4/3e
Correlation of t-tbar spins...... ~5.10
tt charge asymmetry.............. +2.3%
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Additional Info
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The ATLAS detector

»2 T magnetic field for ID
» Inner detectors |n|<2.5
»e/TT separation 44m

» o(pT)/ pT =0.038% pT®1.5% [GeV/c]"’ PSS —
» ely: o(E)E = 10% / VE®1% ‘
»Muon, resolution <10% up to ~1 TeV

25m

Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker



Helicity of W bosons in top decay

» Positive W helicity f+ suppressed by chiral

nelieih _ 0.8
factors ~ M, / M, Z §0_6:
» Relative fraction of f, to f. is: Co
M?/2M; M
b i
woeve foa M 2M g7

:pin=1/2 (V-A) 1+ Mt /2MW
w 0

Lepton angular decay

— |eft-handed
= longitudinal
===+ right-handed
- sum (SM)

o
.
.
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.
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.
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.
.
.
*
.
R
.
.®
.
.
.
.
.®

.
.
.
.®
.
"""
.
se®
e

05 1

cos 0

Longitudinal fraction Left-Handed fraction Right-Handed fraction

f,

+1

l—l/Z

Ill/Z

d
B

+1 ('0
A/

<

cos 6* is the angle between
the d-type fermion in the W
rest frame and the W flight-
direction in the top rest frame
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