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Top quark

@ First observed in 1995 by CDF and D@ (Tevatron); .
[F Abe et al,PRL,74:2626-2631,1995; S. Abachi et al,PRL,74:2632-2637,1995] u C t Y
@ Completes the 3 family structure of SM; ¢ M T I
@ Mass ~ 173.3 1.1 GeV [arXiv:1007.3178]; fRanps b B2
@ Electric charge = 2/3|e|, Spin = 1/2;
@ Fastdecay: 7 ~ 4 x 107 s, T = 1.42 GeV; Y vV B
@ Dominant decay to t — Wb H— T 1
|Vi| > 0.999 = BR(t — Wb) ~ 1 _S“ ff, ? =
@ Production mechanisms at the LHC: :‘L':'..

@ top pair production

?&%M

o(pp — t_ 165 * +11 ¢ Db [Phys Rev. D78 2008) 034003]

o smgle top produchon

Phys. Rev. D83 (2011) 034019
hep-ph/0305252 (2002)
hep-ph/0204244 (2002)
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Why the Top quark @ LHC ?

W helicity

5 |t has a rich phenomenology ['1b coupting, Vi
o t? prOdUCtlon Topmass,wxd{h,spiu,chazgel

® 04
e Mass
o Charge
(]

i oot
o tt resonances production?| | WS
e W polarization rEr—
e Anomalous couplings |2zt
e tt Spin correlations Spin

polarization

@ Single top production

@ cross section —
o FCNC
@ polarization

VA
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ATLAS detector — Current status

@ 45 pb~" of data recorded in 2010;
@ Single lepton triggers ~ 35 pb~";

@ Maximum instantaneous luminosity

exceeded 2 x 107 ¥2cm2s ~';

T T T T T T
ATLAS Online Luminosity Vs=7TeV

[ LHC Delivered
[J ATLAS Recorded

Total Delivered: 48.9 pb’
Total Recorded: 45.0 pb’

Total Integrated Luminosity [pb]

@ Very good data-taking efficiency o
in ATLAS, and very high o
fraction of good quality data; 124
@ 2011 data-taking in progress: 10° ‘ 5

259 pb_1 of data recorded. 24103 21/0419/05 16/06 14/07 11/08.0810906/10 03/11
Day in 2010
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General tt selection

@ Cosmics, pile-up rejection: > 4 tracks from primary vertex
@ Trigger: Single lepton trigger (electron or muon)

@ Leptons: isolated electron or muon, pr > 20 GeV

@ Jets: anti-k;, R=04, || <25

b v b v
w w
w f [N w- t £ W
-7 \\\ ""’K \\\
g “b - b

q" v
semileptonic dileptonic
e 1 lepton e 2 leptons with opposite charge

> 4 jets with pr > 25 GeV and |n| < 2.5
e: £r > 35GeV and my(W) > 25 GeV
u: Er >20GeV, Er + mr(W) > 60 GeV
At least one jet is required to be b-tagged

> 2 jets with pr > 20 GeV, || < 2.5
eelpp: My — Mz| < 10 GeV, ET > 40 GeV
ep: Hr > 130 GeV

No b-tag requirement

@ {1 signal generated with NLO generator MC@NLO v3.41 and using NLO parton
density function (PDF) set CTEQG66.

@ Background model is a combination of data-driven methods (QCD, W/Z+jets)
and MC events (diboson/singletop/" ) depending on each analysis.

@ Signal templates for W helicity studies were generated with PROTOS generator.
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tt semi and dileptonic events

1 top candidates seen in ATLAS:

semileptonic e+jets w/btag dileptonic eu+jets w/2 btag
SATLAS

A EXPERIMENT

4 /‘\'ATLAS

)] 2 EXPERIMENT




Top quark mass

@ 3 complementary methods developed to reduce JES uncertainty on top mass

@ The 1D template analysis to measure the top quark mass is based on the ratio:

measurement.
reco
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(low sensitivity to JES)

ATLAS Preliminary
\s=7TeVSimulation _|

w+jets 2
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Miop = 169.3 + 4.0 + 4.9 GeV

. . Uncertainty [GeV]
Dominant SYStemaUCS Electron channel | Muon channel
Statistical uncertainty 6.7 5.0
ISR and FSR (signal only) 2.2 2.6
Jet energy scale (+10) plus 5% for close by jets 2.3 1.9
b-jet energy scale (+2.5%) 2.5 2.5
Total systematic uncertainty 4.8 5.0
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Top quark mass

@ The 2-dimensional JSF template analysis complements and cross-checks the
top quark mass measurement:

m,op =166.1 £ 4. 6(stat) +4. 4(sys) GeV

> T w
30
8 ATLAS Prellmlnary 2 ATLAS Prehmmary
o
T 25 35pb’ 115 35pb’
2 " 20 7 TeV data
2
1.05|
£ E
0.95[— -1
o | \ \ .
150 155 160 165 170 175
e (GeV] m,, [GeV]

@ Summary of top quark mass measurements with different methods:

ATLAS Preliminary - Winter 2011, L =35pb’

default (1d TMIT, R, e+jets —_—— 173.8+6.7+4.8
default (10 TMT, R ), psjets  +———@——s—s 166.7+5.0+5.0
default (1d TMIT, R ), comb —_—— 169.3+4.0+4.9
2d TMT, e+jets —_—— 168.3+6.2+4.3
2d TMT, p+jets —_— 1635£6.7£4.6
2d TMT, comb ——— 166.1+4.6+4.4
1d TMT, KLF, e+jets —————— 179.0+43+75
1d TMT, KLF, u+jets —_—— 1720+35+75
10 TMT, KLF, comb —_—— 1748+27+75
Tevatron July 2010 - 1733+06+09

= (stat) = (syst)

| | |

1 1 | |
140 150 160 170 180 190 200
Mygp [GeV]

8/20



Top quark mass

@ Top quark mass from the tf cross section measurement.

@ Top quark mass is unambiguously defined as the pole mass and x-sec inferred
from higher-order perturbative corrections.

= 500 Top quark mass from cross-section
E E imi _ .
& 450 ATLAS Preliminary,J. L=35pb” ATLAS Preliminary, L, =35 pb
= F P A— 78
© 400 —— (o X > l+jetssX) ATLAS, approx NNLO (Langenfeld, Moch, Uwer) 166.4 73
E — Measured dependence of ¢ — 2o
3506 — NNLO approx. Kidonakis ATLAS, approx NNLO (Kidonakis) 166.27
- —— NNLO approx. Langenfeld et al.
—_—————————
3002 NLO+NNLL Ahrens et al. ATLAS, NLO+NNLO (Ahrens et al) 162.2 707
. —————
250: .. DO, approx NNLO (Moch, Uwer) 169.1 ;529
e —_——
200; S il DO, approx NNLO (Kidonakis, Vogt) 168.2 757
150 —_— 455
E DO, NLO+NLL (Cacciari et al.) 167.575;
100 -~
E Tevatron direct measurements (July 2010) 173.3 7 “
50—
R Y S S S S ER | | | |
140 160 180 200 150 160 170 180 190
Top quark mass [GeV] My, [GeV]
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W helicity

] testing a SM prediction \ [Phys. Rev. D 45 (1992) 124]

Right-Handed fraction
Fr

Longitudinal fraction Left-Handed fraction
F

Fu
0 I | an e I “
mzo (5)
(b)
l | +12 l +1

F. =0.301 (LO) Fr=0.00041 (LO)

SM:  Fo = 0.698 (LO)

4
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Pl el
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W helicity

@ Templates method:

3 ATLAS Preliminary £ 5[ aTLAS Preiiminary - daa
E  o2f Simulation 1 g — best it
S [y Shexp.
—— Bkg distr.
200 = T e
NN I B s S
10 e + jets + """
" E ——— 4]
65 06 04 02 0 02 04 05 08 T R f [ etjets [ p+jets [ combined
cos 6" 08 06 04 02 002 0408 s TEMPLATES METHOD
Fo | 0.60+0.20 | 056 +0.18 | 0.59+0.12
FL | 040020 | 0442018 | 0.41£0.12
@ Correction function method: Fr | Fiedto0 Fixed 100 Fixed 00
CORRECTION FUNCTION METHOD
Apg | 030+0.13 | -029=0.10 | -0.29 = 0.08
_ S _ ‘ ‘ Ay | 050012 | 0.500.09 | 0.50 % 0.07
g 1§ 1 1 | A | -085+0.09 | -0.87 +0.05 | -0.86 +0.04
5 12 5 12 ] Fo | 0.64+027 | 0.66+0.19 | 0.65+0.15
- e § e 1 | FL | 036£017 | 036+0.12 | 036+0.10
8 — 8 Fr | 0.00+0.13 | -0.02 +0.08 | -0.01 +0.07
0.8 | 0.8 R —
0.6 - 0.6 -
04 04 Measurements dominated
[ ATLAS Preliminary . ATLAS Preliminary ) | H
02 Simulation e+ jets 2 Simulation n + jets by stat. uncertalnty.
-1 -d.B -0.6 -0.4 -(;.2 6 0.‘2 0.‘4 0‘.6 08 1 -1 -(;.B -(;.S -0‘.4 -0‘.2 (‘) 0.‘2 0.‘4 015 08 1
cos 6* cos 6*

Main systematics:
ISR/FSR; Bkg. model; JES.
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W helicity

General Witb vertex

97 . _ g ;i
- ViPL + VaPR) t W; b
L \/»b’}’ (LL+ HR)t f M

(QLPL +9rPR)t W

=" W helicity fractions (Fo, F. e Fr) depend on the anomalous couplings:

Y Y Y e Y B T B K Y Y B Y Y Y R e P
coupling. coupling coupling

5> Allowed regions for Wib anomalous couplings, obtained w/ Ay and A_ (TopFit):

T

=
T 15[ ATLASPreliminary J- L=35pb" 95%CL 3
Re(VR) € [ 044 048] ¢ E meswoL S
- allowed regions.
05F 3

Re(gr) € [-0.24,021] o, 40 :

I 3

15F TopFit Vit V0

Re(gR) S [—049’015] 508 08 04 02002 04 06 08

Re(g)
Nucl. Phys. B 840 (2010) 349, 1005.5382 [hep-ph]; Eur. Phys. J. C 50 (2007) 519, hep-ph/0605190
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tt + anomalous E!Mss

@ Search for anomalous missing transverse energy in a final state with a single lepton and
four or more jets.

@ Search for a pair-produced top partner (T) decaying to a top quark and a long-lived neutral
particle (Ag) which escapes undetected:

Alwall, Feng, Kumar et al. (2010)
Berger, Cao (2009)

@ Selection: E?”SS > 80 GeV, my > 120 GeV; dilepton veto: pr > 15 GeV, tracks, loose
electrons. mr = \/Zp’TE?"SSU — cos(¢! — ¢ET"™))

13/20



tt + anomalous E!Mss

@ No disagreement between data and SM expectation:

Events per 20 GeV

Events per 10 GeV

ATLAS Preliminary

E7580 GeV
Data (35 pb)

(Single-Lepton)

T 300, 10 (GeV]

150 200 250 300 350 400

m; [GeV]

ATLAS Preliminary N_24,m >120 GeV.

© Data (35 pb)

80 100 120 140 160 180 200 220 240
E7= [GeV]

Source Yicld

Single-Lepton 17/W | 84 £ 1.6
Dilepton 7 7.6+20
Z+jets 04+0.1
Dibosons 02+ <0.1
Single Top 04+£01
QCD 02+06

Total Background | 172+26

Data 17

Systematics [ Relative Error

Dilepton 17. Single Top, Dibosons, Z+jets

Cross Section 15%
Dilepton Veto 15%
Jet Energy Scale & Resolution 11%
Luminosity 34%
Lepton ID 3%
Monte Carlo Statistics 1%
Total 25% (2.1 events)
Single Lepton Backgrounds
Spread in S(mr) 5%
Normalization 10%
b-Tag Veto 3%
QCD Shape 1%
Total 8% (1.6 events)
QCD
Normalization in Control Regions 100%
Muon Statistics 0.6 events
Total [ 06evens

@ mr > 300 GeV (my, = 10 GeV), mr > 275 GeV (ma, = 50 GeV) exclusion at 95% CL
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FCNC

@ t — gZ analysis (cut-based):

(?g [ o aua ATLAS Preliminary

3 — fis

g 11 bz sgnat J'L: 565" Systematics e ) " )

3 Background  Signal Background Signal

= Jet energy scale 13% 2% 10% 2%
Electron identification 10% 5% 3% 1%
Pile-up 8% 1% 6% 1%
ISR/FSR 34% 3% 47% 3%
Top quark mass 9% 1% 3% 1%
SM 17 generator 10% — 25% —
SM 17 fragmentation 26% — 26% —
Z+jets cross-section 25% — 25% —

M= (1>2) (GeV]

@ Upper limits on the FCNC top quark decay BR at 95% CL:

observed (—lo) expected (+10)
without systematics 16% 8% 11% 15%
with systematics 17% 9% 12% 16%
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FCNC

@ gg — t analysis (neuronal network):

u, ¢
t
g
@ T e

H . * o _ -
g ATLAS preliminary o vom Systematics lo) _median  (+10)
i [ Cross section and QCD multijet uncertainties 9.6 (3.7 197
! sogorp Luminosi 98 138 200

L=35pb ] uminosity

.[ P -;4"’ Jet energy scale 102 148 211
-w;’,”"“mm E! Jet reco. efficiency 95 137 197
resolution 96 139 202
mis-tagging 96 139 195
Electron trigger, eff. and ID 98 139 200
Electron energy scale 99 143 200
P Electron energy resolution 96 141 199
Muon trigger, eff. and ID 93 132 192
Muon momentum resolution and energy scale 9.7 139 19.6
HF fraction 96 142 205
PDF 95 133 194
ISR 1 157 229
FSR 95 133 194
Pile-up 97 139 197
-1-0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1 Wjets shape 95 137 198
NN Output All systematics 20 174 %56

@ Upper limits on the FCNC single top quark production at 95% CL:

expected observed
(=lo)  median  (+10)
only normalization uncertainties | 9.6pb  13.7pb 19.7pb | 15.6 pb
with systematics 120pb 174pb 25.6pb | 17.3pb
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Conclusions

@ Top quark mass measurement compatible with the world average:
Mip = 169.3 £ 4.0(stat) + 4.9(sys) GeV

@ Helicity fractions and angular asymmetries measurements are consistent with
SM values.

Template | Asymmetry
method method
F. 0.41+0.12 0.36+0.10

Fo 0.59x0.12 0.65x0.15
Fr ~ Fixed0  -0.01+0.07

Re (VR) € [-0.44,0.48]
Re(gr) € [-0.24,0.21]

Re(gr) € [-0.49,0.15]

@ No evidence was found of tf events with anomalous E** above those predicted
by the Standard Model. Exclusion limits at 95 % CL were set for mr (as a funtion
of mAO).

@ No evidence was found for FCNC processes. Limits were set at 95 % CL.

@ The era of top quark precision measurements at LHC has started:

@ The increase on statistics predicted for 2011 will improve the measurements.
@ Improved detector understanding and advanced analysis techniques will reduce

systematics.
17/20



BACKUP — ATLAS DETECTOR

A Toroidal LHC Apparatus

LUCID Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
(inside shield)

--------

Toroid Magnets  Solenoid Magnet  SCT tracker Pixel tracker TRT tracker
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BACKUP — Luminosity 2011

— R e e M
a 35~ ATLAS Online Luminosity \s=7TeV -
> a0F- [ LHC Delivered E
“8’ £ [_]ATLAS Recorded ]
g 25 ™ Total Delivered: 27.7 pb =
— I Total Recorded: 25.9 pb™ ]
3 20 E
© = i
i ~ -
2 15 =
2 u ]
£ o 1
5 0 E
= C -
5 -

C | L i IR R R B R

13/03  20/03  27/03  03/04
Day in 2011

0 T R R Ll
27/02  06/03
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BACKUP — Systematics top mass 1D template analysis

Uncertainty [GeV]
Electron channel | Muon channel
Statistical uncertainty 6.7 5.0
Method calibration 0.7 0.5
Signal MC generator(Pownec vs. MC@NLO) 0.7 0.6
Hadronization Powsec (PyTHiA vs. HERwWIG) 1.0 0.5
Pileup 0.6 0.8
ISR and FSR (signal only) 2.2 2.6
Proton PDF 0.6 0.5
W/Z+jets background normalization (+100%) 1.3 1.7
W/Z+jets background shape 0.6 1.0
QCD background normalization (+100%) 0.8 0.7
QCD background shape 0.6 0.5
Jet energy scale (+1¢) plus 5% for close by jets 2.3 1.9
b-jet energy scale (£2.5%) 2.5 2.5
b-tagging efficiency and mistag rate 0.6 0.5
Jet energy resolution 0.6 1.1
Jet reconstruction efficiency (+2%) 0.6 0.5
Total systematic uncertainty 4.8 5.0
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