


Three Genera tions
of Matter (Fermions)

Top quark physics =
:dl s b .
| e |
0 Top quark basics: = i ———- :
0 Mass: 173.34 £ 0.27 £ 0.71 GeV (arXiv:1403.4427, Tevatron-LHC combination)

0 Decays: charged current weak decaysint - Wb

0 Why study top quark physics?
¢ Yukawa coupling with the Higgs ~1->Important role in the EWSB

0 Life-time shorter than hadronization time

—>Unique possibility to study a ‘bare’ quark
0 Precise tests of the Standard Model and verification of pQCD
0 Privileged window to search for new physics

0 Cross section measurements needed to improve top quark MC modelling, expecially
when used as a background for BSM processes
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Top quark cross section
measurements

e tt:inclusive and differential

» Single top inclusive
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Top quark pair production and decays

_ g t 9vsooor—— ¢
Production mechanisms at LHC %W ] :
g f gy T
0 Gluon-gluon fusion (~85% @ 7 TeV) g .
¢ Quark-antiquark annihilation a> < ;
Decays Top pair final states
ot - Wb(~100%)
"alljets” 44%
I*, q
* ~!
f W " v, q Hets 15%
b
W — lVl ~33% L + jets 15%
W = qq ~66% "dileptons” " uLepton + jets”
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Top quark pair inclusive cross
section: summary

o(tt) @+/s = 8 TeV

o(tt) @+/s =7 TeV

ATLAS+CMS Preliminary o summary, \s = 7 TeV. TOPLHCWG Sep 2014

i
"""" NNLO+NNLL (Top++ 2.0), PDF4LHC, m . 172.5 GeV - stat. uncertainty
= == total uncertainty

o +(stat} =(syst) ={lumi)

scale uncertainty

scale ® PDF & ag uncertainty

ATLAS, l+jets 3 179+4+9=7pb L,=0.71b"
ATLAS, dilepton {*) r"' 17361 “pb Ly=0.71b"
ATLAS, all jets (*) | = 1 167+ 18=78=6pb L,=1.01b"
ATLAS combined =i 177=3"2=7 pb La=0.7-1.0 10"
CMS, l+jets (%) —isi=gy 1643127 pb Ly =0.8:1.1 b
CMS, dilepton (%) e 170+ 4+ 16+ 8 pb L=t 1"
CMS, 1,5 (*) = - =l 149+ 24+ 26+ O pb L=t
CMS, all jets (%) — - — 136+ 20+ 40+ 8 pb L=111b"
CMS combined —— 166+ 2+ 11+ 8 pb L,=0.8-1.1ib"
LHC combined (Sep 2012) Lo | 173+ 2= 8=6pb L,=0.7-1.1 1"
ATLAS, I+ets, b—=Xuv == 165+ 2+ 17=3pb Ly=4.71b'
ATLAS, dilepton e p, b-tag »H 1829+ 3.1+ 4.2 36pb L =6’ I
ATLAS, dilepton e, NJ“-EQ"“ e 181.222.8%77+33pb L5’
ATLAS, 1,4+ —_i = 186+ 13+ 20= 7pb L=t
ATLAS, 1, Hets |_§ - ] 194+ 18z 46 pb L,=1.71b"
ATLAS, al jsts . 1685122 7pb L7t
CMS, l+jets ——i 158+ 2+ 10=4pb L,=2.223 Ib*
CMS, dilepton Fed 161.9225' . +36pb 1,23’
CMS, 1,4+ | 143+ 14=22=3pb L=2.21b"
CMS, 7, gHets L 152+ 12=32=3pb L2381
CMS, all jets ——— 139+ 10+ 26+ 3 pb L,=35fb"

Effect of LHC beam energy uncertainty: 3.3 pb
{not included in the figure)

(*) Superseded by resuits shown below the ling

50 100 150 200 250 300 350
o [pb]

it

ATLAS+CMS Preliminary G; summary, \s

______ NNLO+NNLL (Top++ 2.0), PDF4LHC
my, =172.5 GeV
scale uncertainty
scale ® PDF & ag uncertainty

ATLAS, lepton+jets =
arXiv:1504.04251, |, =203 fo”

int =

CMS prel., lepton+jets |y ¢ 1 —
CMS-PAS TOP-12-006, L;,=2.8 fb”!

CMS, lepton-+1,
PLB 739 (2014) 23, L, ,=19.6 fb”

s bint

=8TeV TOPLHCWG May 2015
—_— stat. uncertainty
- =— — total uncertainty

Gy *(stat) £(syst) £(lumi)

| 260+ 1 2+ 8pb

29

— 228+ 977 + 10 pb

e— 257+3+£24+7pb

JHEP 02 (2014) 024, L,,=5.3 fo'

LHC combined ey (Sep 2014) [P
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-053,

ATLAS, dilepton e =t 2424+ 17+55+75pb
EPJ C74 (2014) 3109, |,,=20.3 6"
CMS, dilepton (ee, up, e1) gy 239.0+ 21+ 11.3+6.2pb

241.5+:1.4+5.71 6.2 pb

L,=5.3-20.3 fb”
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
I\I\ll\ll‘\l\\ll\ll‘ll\l‘ll\l
100 150 200 250 300 350
6, [Pb]

400

Good agreeement of
all measurements
with SM predictions

Experimental
uncertainties
already comparable
with theoretical
ones

Dilepton eu
measurement is the
most precise
measurement to
date

https://atlas.web.cern.ch/Atlas/GROUPS /PHYSICS /CombinedSummaryPlots/TOP/
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tt inclusive cross section ey Chann ]

EPJC 74 (2014) 3109 g — PR o T
Vs =7TeV, L = 4.6fb1 o e EE\’:::"BW E
Vs=8TeV, L =203fb1 - o oD pton
Simultaneous fit of the tt production cross section (total - Pouhegy E
and fiducial) and the b-jet reconstruction and tagging = oo | 7 AlpgenHW — —
efficiency in 1 and 2 b-tag samples - 3
0 Correlation between the b-tag probabilities of the 2 jets soooé _f
taken in account | —
0 Significant reduction of major systematics E T | | | E
0 Dominating systs: beam energy, integrate lumi, t¢ modelling g 0;7 I—j
0 Fiducial phase space: 1e and 1u (p7 > 25GeV, || < 2.5) ° ! 2 % N
g O as ] Total cross section [pb]
& v e uen 07" 7TeV:o,; =182.9 1+ 7.1 (£3.9%)
250f 4 ShlEr ee 8 TeV: 0,; = 242.4 + 10 (+4.3%)
B eu b-tag, 20.3 fb™

NNLO+NNLL predictions
(M. Czakon and A. Mitov, Comp. Phys. Comm. 182 2930 (2014))

7TeV: offt = 177.3 +9.0%48 (£5.1%125%
8 TeV: it = 252.9 pb + 11.755¢ (£4.6%7%509)

200

150
NNLO+NNLL . . .
m = 172.5 GeV Fiducial cross section [pb]
100 . . _} . PDF @ ocs u;c;ertamtles foIIOW|n98PDF4LHC 7 TeV: O'tf = 2 615 i 0 082 (i3 8%)

Vs [TeV] 8 TeV: 0, = 3.448 pb £ 0.14 (£4.1%)
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tt inclusive cross section eu channel

EPJC 74 (2014) 3109

Strong dependence of NNLO o on m; Constraints on stop pair production
0 Also a{***® shows (weak) dependence on m; 0 R-parity conserving SUSY extension of SM
. . : g ~0 — 0
0 Extraction of top pole mass via the with t; = t¥7 (BR =100%)
maximization of a Baysian likelihood function 0 Fit oy, ¢, to the aff'®® — of* difference
2 350;\\ ATLAS - ey 0 95% CL exclusion of stop with
§ a0 L I me <mg, <177 GeV
N o NImIE
O 250;;' # < : ; \m. I ] { =. L B T T T T T T
S| R SO SR c - ATLAS 1
ZOON & £ 4 ) E
A i SV < " \s=7TeV,461 -
C —_—. " ] o C Ve -1 ]
o ‘% = 3.5 \s=8TeV,203fb -
C — — C N i
TR TR T T T e g g = Expected limit £1 650 =
m " (GeV] o - Observed limit £16y,.0, - ]
L B B B C2.5;~ ~0 ~0 {
ATLAS Top quark pole mass from cross-section S C t1—> t x1, m(%1 )=1 GeV ’_,"‘:,"' .
compared to direct measurement ‘- - R —
£ 2r =
DO approx NNLO: MSTW08, 1.96 TeV 2009 * 169.1_:'? : o 7
DO approx NNLO: MSTWOS, 1.96 TeV 2011 * 167577 O 1.5 —
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 e 7877° 0\0 r 7
(ATLAS NNLO+NNLL: PDFALHC, 7 TeV 2014 171.4 + 2_; g 1 i— B —:
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 2.6 C ]
\ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9"%° y 0 5 :— | | | | | —
ID\rlectIlectlmstlruc:fiunlLHIC+Tevalﬂmll12[?14| o vaf - 173;3T0I_a 170 180 190 200 210 220 230
[ 140 150 160 170 180 | 190 Romano - TOI) produ( m- [GeV]
mf“" [GeV] t,




Top quark pairs differential cross section
measurements in ATLAS

Total o, measurements show very good agreement with the SM

 New physics phenomena can still affect the shape of o,

Top reconstruction strategies

‘Resolved’ topology

0 Optimized for low-p; (< 300 GeV) top quarks

0 Top-quark decay products are well separated
and can be recostructed individually

0 Top-antitop kinematic evaluated from the
reconstructed decay products

‘Boosted’ topology

0 Optimized for high-p; (> 300 GeV) top quarks

0 Top quark decay products are not isolated

¢ Hadronically decaying top quark is
reconstructed in a single large radius jet

EPS-HEP 2015

Marino Romano - Top production at ATLAS 8




tt normahzed differential cross section

Phys. Rev. D 90, 072004
Vs=7TeV, L =461

: : : : : 1d
0 Top-antitop relative differential cross section (; d—;) where X = Mg, pree, |Vee| and prg

0 Relative measurement more precise than the absolute - cancellation of correlated systematics

0 Events selected in the lepton(e/u)+jets channel
0 Parton t and t reconstructed via a kinematic likelihood fit

0 Final parton level measurement extracted via unfolding procedure and extrapolated to the total phase space
0 Electron and muon channel combination via the Asymmetric Iterative BLUE (AIB)

0 Main uncertainty (top py): tt modelling, JES, b-tag

Reco spectrum Resolution & efficiency corrections Parton level measurement
- p— : : : : — = R AmAsan e A A
& 10 = ATLAS utets 7 > E ™ Data E
sl ; _ ‘ [} L ]
o 0F \S=7TeVILdt=4.B ' &'ﬁaﬁiem) 3 o o ATLAS Simuiation  vs=7TeV eslets B e oo o - ® ALPGEN-HERWIG
S g2k BT (dilepton) E s | mis | oees | mees | oo e - S, [ ATLAS Simuiion ALPGEN+HERWIG - o8 - B MC@NLOHERWIG
] Wl sngletop 7 = 350 _ _ ) 5 ve— 7 TeV o e 3 10° ® POWHEG:HERWIG
100 [0 Weets . a 09% 04% 07% 21% 16.9% 6.2% g6l —— el - E Y POWHEGPYTHIA E
= E B 250 i = . * 1
10 W Mutiet o ] 08% 1.0% 25% 12.5%- 4% 214% 5 L ueY ]
i [] Other E = 200 . i | i
L . s 1%  46% 13.5% - 133% 45% 12% Lo _:__._*—'*:.:
107E E »| 5 1s0 Al 3 L ATLAS -
5 ] o 1.6% 19‘9%-15.4% 75%  47%  25% e 3 E a E
10°e 100 s [ | r Ldt=461fb :
E 34 4%, - 221% 9.9% 53% 20% 22% ] L _ ]
10—3%_ 50 1| 3 I 1§=7TeV ° - . v ]
E 498% 151% 7% 35% 20% 1.4% 10% o . . . ) . ) ) ) | | | |
T P Y Y B B
c s © a0 o0 130 200 20 330 800 070 20 0 40 SO G0 700 800 . 15¢ . S =
o corelation: 0.85 Parton-level p [GeV] Py GV %E 1 "— '— —————— [——
% Thimer 4/4_//&/////////////////// OS5 vt v L
&’ 0.5 0 100 200 300 400 500 600 700 800
% 0 100 200 300 400 500 600 700 800 p; [GeV]
z Hadronic top P, [GeV]
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tt differential cross section

JHEP 06 (2015) 100
Js=7TeV, L =4.6fb1

: : : : d
0 Top-antitop differential cross section (d—;‘() where X = m¢g, pree, [Veel, Pre and |ye|

0 Fiducial measurement: limited to the actual «visible» phase space

0 Pseudo top () observables built from stable final state objects

0 Cut-based analysis in the I(e/u)+jets channel

0 Main uncertainties: b-tag, JES and IFSR

1. .
G 1 d o3 L ATLAS {s=7Tev.46f' ] '-E F ' | ATLAS 1s-7Tev. 460" alg 10 E ATLAS (s-7Tev. 461"
* General trend 2=lg - i © syt 1 "= T e eystame 186 e
. —102 '." ‘T:Gi"tpl:”'""“. 2|t 10 ;L;GiNiP';'THIA“- — i “' ;L;G(Zn‘il:ﬁﬂmm
Of data belng z :zf = E=2 — — ALPGEN+PYTHIA {0, UP) ] “-O “i M —— ALPGEN+PYTHIA (r, UP} 12 =:_-f B ¥ = ALPGEN+PYTHIA (iz, UP)
[s) ‘é’ = e ALPGEN+PYTHIA (v, DOWN) | O 2 C .= reeenes ALPGEN+PYTHIA (o, DOWN) | O D_"'] 0 2 = o *+= ALPGEN+PYTHIA (u, DOWN) 7
SOfter ln © o° r - s ALPGEN HERWIG © r *: =1 ALPGEN+HERWIG 1© E =5 =umims ALPGEN+HERWIG E
[ oaad 7 r = 7] C — ]
above 200 0% . 1= E i T ]
pT,t 2 — 3 E =] € =
GeV i i C ] 10° =
* Same 104 e ___3 107 E i :
- P I T TP E  T T I P I T Trr T IreT| oy W
: : C - E E —_—
behavior is . . . F , | | , . 107
o 1.8
observed by g 16 | | 1 g e ‘ ‘ N I
the parton 3 13 1 S 14 e S
] . s
p , g A i - 3
level analysis g 03 i 8 s ———
L 0.6 | 1 1 | & 08;_ 3 &
’ 500 1000 1500 2000 250 L O_Eb 0'5 “1 ] ‘5 2' 5 w 500
m(t) [GeV] '
i ly (i)l p,(t) [GeV]
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tt differential cross section:

b d ATLAS-CONF-2014-057
OOSte tOpS Vs =8TeV, L =203
0 First measurement dia for high-p; (boosted) top quarks |

Tt

0 Semi-leptonic (e/u) channel with p;(t;,4) > 300 GeV
0 Boosted hadronic top defined as a single large-R jet

¢ Fiducial (particle pseudo tops) and total (parton tops) phase space measurements

% 10 ;l! Data % 102 Data . o .
8 Pa o ALPGEN- HERWIG 8 F o ALPGEN s HEAWIG Main uncertainties:
g T - ¥ MC@NLO + HERWIG £ oL = O MC@NLO + HERWIG ;
T E T & PONHEG s HERWIG D S 5 PONHES + HERWIG large-R jet energy scale
RS r ma' ¥  POWHEG + PYTHIA RS F o ¥ ¥ POWHEG + PYTHIA .
= | . z ik i * Extrapolation to
g 107 = g F —a
i=] = i=] L
" ATLAS Preliminary . . 10"-ATLAS Preliminary § . parton level affected
1oz 203 fo', 1s =8 TeV A E 20317 1s=8TeV = .
O ' @ et ' by an increased
© E e o L] © E
n 1.5 v v a5 v o v . .
L R, S 2 N L I signal modelling
= o050 = os5F :
e e Systematlcs
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
Particle top-jet candidate P, [GeV] top quark P, [GeV]

0 Measured o in general lower than predictions
0 Discrepancy tends to increase at high pr

0 In agreement with the behavior observed in resolved analyses
EPS-HEP 2015 Marino Romano - Top production at ATLAS 11




Single top quark cross section

q q
q t 1
W Cross section summary @ Run I
W
. 5 : https://atlas.web.cern.ch/Atlas/GROUPS /PHYSICS /CombinedSummaryPlots/TOP/
b

I | I | T | I | T I I I | I [ I
~ATLAS Preliminary October 2014

- single top-quark production t-channel

L1111

107 Wt

| IIllIIl

NLO+NNLL at m, = 172.5 GeV
" MSTW2008 NNLO PDF i

10 / T stat. uncertainty
:// s-channe

Measurements at 7 and 8 TeV:
* Cross section for t and Wt
channels
* |V;p| extraction
 Differential cross sections in
the t channel

|

% t-channel 4.59 fb" arxiv-1406.7844
% t-channel 20.3 fb™' ATLAS-CONF-2014-007
Wt 2.05 fbo' pLs 716 (2012) 142

T Wt 20.3 fbo' ATLAS-CONF-2013-100
- ¥ s-channel 95% C.L. limit 0.7 flo”' ATLAS-CONF-2011-118

single top-quark cross-section o [pb]

| lIlIlII

* Upper limit for the s channel -4 s-channel 95% CL. limit 20.3 ftlf‘ anxv 14100847 1
» Top/antitop t-channel ratio (R;) 5 6 7 8 9 10 11 12 13 14
R, =2t \s [TeV]
Ot
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Single top t-channel cross section

ATLAS-CONF-2014-007

_ -1
¢ A multivariate Neural Network (NN) discriminant Vs ><1c§ TeV, L = 20.3 fb
trained with the 14 most-sensitive variables 0 00 s eratminey | Lot 208107 15c8 Tov ]
, - SR ata
0 Contributions from signal and background % 300F é?_cthannel _:
evaluated via MC (data driven for Multijet bkginthey § [ Dl e eramet
Channel) Lﬁ 200' |:|Z+j¢a.js, diboson ]
Il Multijet
. %% t-ch.gen@-inter. ]
0 Lepton + 2 jets channel, 1 b-tag 100f %
0 O_chan €Xtracted via a maximume-likelihood |
fit of the NN output in the data I T i
%n“_ 0.2 E
0 F1duc1a‘(amotal phase space measurements ° O 02 oA e 0 et
fiducial a | 0
Gt—chan (\/E =8 TeV) =3.4 £0.48 pb (i14 /0) 7 arLas Prellmlnary det 203fb"\s sTev
Main uncertainties: JES and signal modelling TR Dan H
gtotal (Vs =8TeV) =82.6 + 12.1pb (+15%) || fomoeonornes q
(extrapolated via MG5_aMC@NLO) IS N
Additional uncertainty: PDF AcerMC+Pyihiad ji=172.5 GoV k—w—rd |
+3 +3.9% AcerMC+Pythia6 u=60 GeV |I—.|.——I|
Ot~chan(V/s = 8 TeV) = 87.8235 pb (Z330) T T
N. Kidonakis, Phys. Rev. D 83 (2011) 091503 o [pb]
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Slngle top/antitop t-chan ratio

Phys. Rev. D. 90, 112006 (2014)
O¢ Vs=7TeV, L =461

0 Very sensitive to the ratio of the PDF of the valence quark in the
high x regime
0 Smaller uncertainties because of error cancelations
0 Sensitive to new physics effects

0 Same analysis technique used in the ;. ,, measurement at 8 TeV

L] L] L] L I L] L] L] L I L] L] LI | l L] L] L L] I L] L] L] L] I L] L L] L] I L] L] L] L] I L L]
ATLAS [ Ldt=45910" \s=7 TeV
Measurement result —t + — J .

[stat. ® sys. [stat. ; The measurement is in

; reement with the prediction

ABMA1 (5 flav,) : agreeme t with the pred ctf) S
CT10 ., 5 from different PDF sets and is
CT10 (+ DOW asym.)  +—ed dominated by statistical and
GJR08 (VF) . B systematic (MC statistics and
HERAPDF 1.5 ——i il
MSTW2008 (68% CL) ot PDF) uncertainties
NNPDF 2.3 ——i :
s el Y M

1E§S-HE]3'§015 1.7 1.8 Rfc%‘ino R02mano -2Tlp prozdgﬁ_i,tion at ATLAS 14
t




Single top Wt-channel cross section

ATLAS-CONF-2013-100
0 Hard to separate from tf, interference at NLO J5=8TeV, L =203 fb1

o Event selected requiring 1e, 1u, 1/2jet, 1b-tag, EX*sS
0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power
0 BDT trained using Wt as signal and tt as background
0 BDT discriminants built separately for 1 and 2 jet samples
0 Most discriminating variable: p;”° (lep1, lep2, ET¥SS, jet1)

0 Maximum likelihood fit to the BDT output to extract the signal cross section

S B S R A R A AR AR R AR I Y/ 4 s=8TeV)=27.2 +5.8pb (+21%
S - ATLAS Preliminary -e- Data - background . Wt(\/_ ) - p (_ )
2 - , EBw E (observed 4. 20, expected 4.00)
o) 300 " \s =8TeV, JLdT =20.31b 7, Background uncertainty -
2 Joof S et 1-4ag e 1 Main systematics: b-tagging, JES, generator
- 1 uncertainties
N Z /] _
100— A : -
N 1 o (/s =8TeV) =224+ 1.5 pb(£6.7%)
0, rrr.
- 7 . N. Kidonakis, Phys. Rev. D 82 (2010) 054018
-100(— 7 -
NN 7/ R R e
-05 04 -03 -02 01 O 01 02 03 04 05
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Single top s-channel search

Phys. Lett. B740 (2015) 118

0 Low rate in pp collissions
PP Vs =8TeV, L =203

(was dominant at Tevatron)
EmlSS

0 Event selected requiring 11, 2b-tag,

0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power

0 Most discriminating variable: |A¢(t, b)|
¢ Maximum likelihood fit to the BDT output to extract the signal cross section

P Te7e ] ML LA N I B B I

S ATLAS —4— Data-background || pon(v/S = 8 TeV) = 5.0 + 4.3 pb (£86%)
% 300f \s-8Tev,203f7 L o9mal ] (1. 30, expected 1.40)
i it Upper limit: 14.6 pb @ 95%CL
o | Main uncertainties: EX**S and jet energy scale,
100; data & MC statistics
Of olh ., (/s =8TeV) =5.61+ 0.22 pb (+3.9%)
_1005_ N. Kidonakis, Phys. Rev. D 81 (2010) 054028

-1 08 06 04 -02 0 0.2 04— 06 08 1
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Event Kinematic Distributions in Top-Quark
Enriched Samples

Placeholder for pub note
Vs=13TeV, L =6/7pb~1

Run: 266919
Event: 19982211

4 Data COlleCted by the ATLAS : . y, 3 5 Zn-cgﬁ ?2-3"-”1222"2&? 2015-06-04 00:21:24
detector on the 13th and 14th of BN
June 2015 at+/s = 13 TeV

0 Monte Carlo predictions have
been scaled to match the
normalisation of the data

0 Single lepton (e/u) and dilepton
(ee/uu/eu) channel

EXPERIMENT
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Event Kinematic Distributions in Top-Quark
Enriched Samples

> [T T ‘ LI ‘ T T 7 ‘ T T T T T 7 ‘ L ‘ T ‘ ] ‘g 257 T | T T T T ‘ T T T T | Ii
& 40_ ATLAS Internal el + >4 jets, >2 btags | 5 ¢ Aj[}gi Vlntserr;)al ]
B (s= eV, 4
0 L Vs=13TeV,7pb" e Data ] w - ‘ P =
2 - . . 20— * Data 20157]
o 30- W + jets _ : E ‘tu’tVt i
§ - = éi;;:jstop . 15:_ | I Z+ets _:
N i - dib ]
Y oaon B Non-prompt " T = akee
i i B fake u ]
100 + - -
O: + . 0 I | 1
50 100 150 200 250 300 350 400 0 4 S
My, [GeV]
> 71 L '
8 ~ ATLAS Internal ee/un One TaglIncl. -
L Vs=13TeV,6pb" e Data ]
Y e Q40 =k . QCJ
Within the limited > B l o 7 jets i 0%
. . = L diboson _
statistics, the shape g a0 - fakes - A3
of the kinematic W | ]
5 . . 20— —
distributions appear - i ;
well modeled 10 N
- M 1 | Placeholder for pub note
EPS-HEP 2015 50 100 | ‘150‘ | 200 250 18
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Summary

0 Top quark measurements have provided stringent tests of SM

0 Top quark pair production
0 Inclusive cross-section measured with 4% accuracy
0 Top quark pole mass and stop exclusion from inclusive cross section measurements
0 Differential cross sections: resolved and boosted topologies, parton and particle level
0 SM predictions in general good agreement with data
0 Single top production
0 Wt-channel rediscovered, s-channel limits set
0 t-channel dataset large enough to investigate single top properties
0 In general, SM has held up remarkably well
0 Stay tuned for new results with data in Run Il at 13 TeV
0 Higher statistics will improve all analyses

0 Higher energy means greater reach for searches

EPS-HEP 2015 Marino Romano - Top production at ATLAS
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Backup
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Cross section measurements

Ott-

* can put constraints on SM parameters

 current statistics allow the study of differential spectra
O

» Sensintive to electroweak physics involving Wtb vertex
« Sensitive to the pdf of the valence quarks

21




Common object definitions

0 Details can vary among the different analyses
0 Jets:
0 Reconstructed from topological clusters using the anti-kt algorithm (R = 0.4)
0 pr> 25 GeV, |n| <2.5
0 B-tagging via a Neural network based algorithm (MV1) with average efficiency
of 70% and light jet rejection factor ~140
0 Electrons:
0 EM cluster with track matched
0 Isolation in tracker and calorimeter
0 Et>25GeV, [n|<1.37 or 1.52 < |n| <2.47
0 Muons:
0 Tracks in inner detector and muon spectrometer
0 Isolation in tracker and calorimeter
0 pt > 200GeV, |n| <2.5
0 Missing transverse energy

0 Vector sum of energy deposits in calorimeters, with corrections based on the
associated reconstructed object

EPS-HEP 2015 Marino Romano - Top production at ATLAS 22




Top quark pairs differential cross section
measurements in ATLAS

Definition of the object “top-quark”

4 7 >

<«

‘Parton-level’ top: ‘Particle level’ top ((;r pseudo-top):
0 the top quark approximately after final 2 Obsc?rvabl(? constructed from stable
state radiation and before decay. particles directly related to the top

Hadronic pseudo-top

_—
Leptonic pseudo-top Leptonic parton top

Hadronic parton top
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Reconstruction of the tt system
via kinematic likelihood fit

0 The tt system reconstruction is performed trough a kinematic fit
using a maximum likelihood approach

L =B (ﬁn,l- '“Zp12|;--nu-.rn-) -B (ﬂ ﬁ[,|mn-., l"n-) . 5\ ?r# y
- B (ﬁp,j . ﬁpg._ Ep_q|:rn.«._ Fg) -B (f'.{ f',,, Ep_1|mg.l"f) .
¢ W) W (B ™15y) - W (Bipl By ) - %fﬁ ot \
g b

1
) l_[ W (ﬁjr:i.f|ﬁp.‘) - P (b tag | quark),
i=1

0 The likelihood assesses the compatibility of the event with a
typical ttbar pair

0 The algorithm is fed with the 4 or 5 reconstructed highest-pt jets
(and their b-tag info), the lepton and the E7***
miss

0 The output is the permutation of the four jets, lepton and E
that maximizes the likelihood
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From the detector-level spectra
to the cross section measurement

The ‘detector-level’ spectra are linked to the ‘parton level’cross section
o; via
J

Ni = Z MUE]O'],BL + Bi
J

Where

0 N; is the number of observed data events in the bin j.
0 L is the luminosity

0 B; is the number of background events in the bin i.

0 B is the branching ratio

0 M;; is the ‘migration matrix’

0 €; is the efficiency of the selection
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tt normalized differential cross section

Phys. Rev. D 90, 072004
Electron and muon channel Vs=7TeV, L =461
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Results: comparison with NLO calculations

NLO prediction based on MCFM

with different PDF sets

Uncertainty: scale (fixed) and PDF

* A small discrepancy between
data and all predictions is
observed in p7 ; at higher pr

* Overall better agreement with

HERAPDF1.5

* Poor constraining power for pr ¢

(LO observable)
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Results: comparison with approximate NNLO
calculations
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NLO+NNLL prediction for pr, (N. Kidonakis, Phys. Rev. D82 (2010) 114030), for m,z (V. Ahrens et
al.,, JHEP 1016 (2010) 097) and for pr ¢ (Hua Xing Zhu et al., Phys. Rev. Lett. 110 (2013) 082001)
with the MSTW2008NNLO PDF

Theory uncertainty from the fixed scale variations and, only for pr ., from the alternate dynamic

scale u = /m? +p%,

* Asinthe NLO calculation, the p7, spectrum in data seems softer
* Opposite trend appears for pr (¢ spectrum

The m;z spectrum is not well described by the NLO+NNLL prediction
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“Particle level” object definitions
and selection

0 Details can vary among the different analyses

0 Leptons and jets are defined using particles with a mean lifetime 7 > 3 x 10~ 11s

0 Promptleptons (e/mu/nu) not generated by the decay of a hadron as well as leptons
coming from the decay of a tau

0 The electron and muon four-momenta are calculated after the addition of any photon four-
momenta, not originating from hadron decay that are found AR < 0.1 with respect to the
lepton direction (“dressed” leptons)

0 Jets:

0 Reconstructed from all stable particles except for the selected electrons, muons and
neutrinos, using the anti-kt algorithm (R = 0.4)

0 ‘b-tagging’:
0 The presence of one or more b-hadrons with pT > 5 GeV associated to a jet defines it as
a b-jet.
0 Missing transverse energy
0 Vector sum the neutrinos four-momenta

0 Events are “selected” at particle level by applying, to the particle level objects, the
same requirements applied to the “reco level” objects

EPS-HEP 2015 Marino Romano - Top production at ATLAS 29




Pseudo-Top reconstruction

R 1) Reconstruct neutrino 4-momentum applying W mass constraint

\ 2) Reconstruct W from lepton and neutrino

lept
“pron 3) Select two highest p; b-jets

4) Reconstruct leptonic top from W and closest b-jet

b
P
* t 5) Reconstruct W from two hardest light jets
\ w light
quark
6) Reconstruct hadronic top from W and other b jet
b
light
quark

The pseudo-tops reconstruction is identical at reco and particle level with the exclusion of the neutrino that at
particle level is taken from truth




tt + jets differential cross section

JHEP 01(2015)020
Vs =7TeV, [ Ldt = 4.6fb™1
0 Particle level measurement of 49 (with different cuts on pr j¢¢) and diatf
jets T.jet

¢ Limited by systematic uncertainties: background modelling (for n.;s < 4) and jet
energy scale (njgrs=4)
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Jet multiplicity in top-anti-
top final states

0 Useful to constrain models of initial and final state
radiation (ISR/FSR)

0 Provides a test of perturbative QCD

0 Single-lepton channel
0 Four jet p7 thresholds: (25, 40, 60, and 80 GeV)

0 Results are corrected for all detector effects through
unfolding

0 Reconstructed level - particle level

0 Measurement is limited by systematic uncertainties,
0 background modelling (at lower jet multiplicities)
0 jet energy scale (at higher jet multiplicities)
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Jet multiplicity in top-anti-
tor final states
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Single top t-channel differential cross

S ection Phys. Rev. D. 90, 112006 (2014)
Vs=7TeV, [ Ldt = 4.6 b1
0 Events selected in a high purity (Oyy > 0.8) region
0 Allows the measurement of differential distributions
0 Differential cross section as a function of p(t/t) and |y(t/t)|
0 Reconstructed spectra corrected to parton level via unfolding procedures

0 General good agreement with NLO predictions
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Vi, extraction

A direct determination of V;; can be extracted

from the cross-sections measurements (t-

and Wt-channel)

Two general assumptions

1. W -t - b interaction is left-handed

2. top quark production and decay through
|Vts| and |Vtd| are negligible

|Vtb| is extracted by the ratio
exp
Vipf1? =

Ot
Where, for the SM, f =1

th
Ogt

EPS-HEP 2015

ATLAS+CMS Preliminary TOPLHCWG

c . .
V | = [Omeas. from single top quark production
] Oipeo.
Gypeo: NLO+NNLL MSTW2008nnl0
PRDA83 (2011) 091503, PRD82 (2010) 054018

Ao, :scale @ PDF

theo”
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theoretical uncertainty
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Run: 266919
proton-proton collisions at Event: 19982211
13 TeV centre-of-mass energy 2015-06-04 00:21:24
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E-vent Kinematic Distributions in
Top-Quark Enriched Samples

Placeholder for pub note

Vs =13TeV, [ Ldt = 6/7 pb™?!
0 Data collected by the ATLAS detector on the 13th and 14th of June 2015 at+/s = 13 TeV

0 Monte Carlo predictions have been scaled to match the normalisation of the data

0 Single lepton (e/u) and dilepton (ee/uu/eu) channel

0 Within the limited statistics, the shape of the kinematic distributions appear well modeled
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