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Top pair production at the LHC

- Top quark pairs (tt) are predominantly produced via strong
interaction at the LHC

- Precision tests of QCD
- In a wide range of different scales
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« Tuning of modeling parameters = == i/(“_ :
- Sensitive to new physics 0 EEE TRy |
- particularly if they couple to mass mEs

- Background to many searches ;
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Leading order contributions at the LHC: gg ~O(90%), qq ~O(10%) at 13-14 TeV
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Precision tests of QCD
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Significant higher-order corrections

Gluon fusion as production mode
» probe pQCD

» constrain gluon PDF

Soft radiation in production and decay
» constrain modeling of parton shower
and hadronisation
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New physics and searches

Many new physics involve tt signature
» tt measurements constrain new physics and backgrounds
for searches
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Signatures of tt

Decay modes and BR:
- ~46% all hadronic
- ~30% lepton+jets 3,
- ~4% dilepton* 5 L}
% —
S
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3‘ lepton+jets
e-|Hv W, jet-jet |
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* ~6% if including tT->e/u Wicecay
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Outline

Top quark pair production
- Inclusive and differential cross-sections

Top quark pair production with X
- X = additional jets

- X = weak (W/Z) bosons

Top properties

- Charge asymmetry

- Top mass

Note: Recent results for tt+bb (8TeV) are not covered here due to time concern
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TOP QUARK PAIR PRODUCTION



arXiv:1606.02699

tt inclusive: ep 13 TeV
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tt event in ATLAS @ 13 TeV

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST




Summary of tt cross-sections
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tt differential: dilepton 7 and 8 TeV
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Main features p(tt), m(t), |y(t1)|
- Measure tt observables in dilepton channel
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1/0'ﬁ-do/dp

1 IIIIIH| 1 IIIIIII| 1 IIIIIH| L1l

10° —

- Unfolded to parton-level; useful for tests of
pQCD, MC generators and PDFs

- Dominant uncertainties from top modeling 05
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tt differential: dilepton 7 and 8 TeV
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- pT(t%) not well-described by NLO+NNLL at 7 and 8 TeV
- Sensitive to radiation scale and MC tuning parameters
- Sensitive to MC generators and parton shower models
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tt differential: dllepton 7 and 8 TeV
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My
QCD calculation | x?/NDF  p-value

NLO+NNLL (/s =7 TeV) | 5.0/4 0.29
NLO+NNLL (/s =8 TeV) | 5.9/5 0.32

- m(tt) is well-described at 7 and 8 TeV
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tt differential: dilepton 7 and 8 Te
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- Absolute rapidity shows interesting trends, some tension
between data and NNLO calculation at high rapidity

- Sensitive to different PDF sets (CT10 p-value <0.01)
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ATLAS-CONF-2016-040

tt differential: [+jets 13 TeV

Main features p+(t), |y(t)] p(tt), m(tt), |y(tt)|

- Differential cross-sections in resolved and boosted events using
lepton+jets channel

- Unfolded to stable particle level, in fiducial phase-space
- Similar measurements and strategy also done at 8 TeV
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ATLAS-CONF-2016-040

= T . O = B e e B T
8 1 E ATL AS Prellmlnary Fldumal phase space E = 1.6 —ATLAS Preliminary Fiducial phase-space —_
g E 3 c F i -
3 - s=13TeV,3.21" e Dat . > 4 /5=13Tev,32 fo Data B
o 107 =_Boos’[ed —— PWG+PYB hy,, =m i — = "I Boosted PWG+PY6 hy, . =m, . -
he] = PWG+PY6 hy, . .=2m, radHi E — 1 2—_ -+=:= PWG+PY6 h,, =2m, radHi s
" [ PWG+PY6 hy,..=m radLo 3 ~ - »==== PWG+PY6 h,, =m; radLo —
© - — PWG+PYS8 Pgamp=" — o C —— PWG+PY8 Namp="k m

© 102 e PWG+H++ hy, . =m, — - 11— seens PWGH+H++ o =m, —
o Flew == aMC@NLO+H++ 3 e - === aMC@NLO+H++ -

= F [ Stat. unc. . L 0.8C [ Stat. unc. 7
s B Stat.+Syst. unc. N - B Stat.+Syst. unc. .

107 - - -

§ § 0.6_— -

- ] A E

107 = 04F ]

T R R R 0.2 —

- 107° = - E. [ I [ I

S 2F 8s 1S -

gg 15 gg 1B WRIY t T

o = o = 3

= 0.5E =

5 E g E E

e 2 Glo TS o

I 38 ——

o E a 0.5F E

=60 500 800 7000 1200 1400 % 05 15 2

t.had t,had

pL* [GeV] Iy

- Good agreement between data and predictions in a wide

kinematic region
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ATLAS-CONF-2016-040

tt differential: [+jets 13 TeV
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- Dominant uncertainties: JES and flavor tagging
L] L] L]
- Good agreement between data and predictions in general
L] L] L]
- Results also available in absolute cross-sections
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arXiv:1511.04716

tt differential: top ul
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- Data tends to be softer than NLO predictions at high pT(t); similar
trends observed in both resolved and boosted cases

- Similar trends also observed in previous results
> NNLO calculation seems to bring back agreement to data (8 TeV)
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arXiv:1606.09490

tt+jets: eu 8 TeV

Main features

- Measure additional jets in tt events

- Additional jets = all jets excl. 2 leading
b-tagged jets

- Unfolded to particle level

- Measured observables:
- Jet multiplicity and jet p;
» Unfolded simultaneously
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arXiv:1606.09490

tt+jets: eu 8 TeV
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tt+jets: eu 8 TeV

Gap fraction: :
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ATLAS-CONF-2015-065

tt+jets: dilepton 13 TeV

Main features Additional jet multiplicities

- Measure additional jet multiplicities with dilepton channel

- Dominant uncertainties from JES and tt modeling

- Results: Powheg+Pythiab (ATLAS nominal) may have too little
extra radiation?
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_ Data _3| - Data
107%™ E 107 = E
145‘!‘-‘-,----,-‘-‘!----!-f 1:--!----4-‘--!----!-‘-‘!‘-
AE St E A St
% 1.9E :Stat +Syst % 1.9E :Stat +Syst
Q A o
g 0.8 : 2 o0s8- . .
0.6, ‘ . . i 0.6, ‘ . L 3
0 1 2 3 4 0 1 2 3 4
Number of additional jets Number of additional jets
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ATLAS-CONF-2016-003

g Z
tt+W/Z: 13 TeV
t
Motivation \
- ttZ: probe tZ coupling g
- ttW: background to many searches PoCe e =ZZ E E
0% W Other Fake eptons]

Main features

- Use 2(SS), 3 or 4 leptons gﬁ— :

- Separate fit for ttZ and ttW o -

s /%%;

Data / Pred.

| ?/M//M/%%/ W;%‘//f%’/%&//%%f/

. E
3, 4, 3, 3. 3. 4, 4,
RESUItS g, LZZCRLZeb‘,jLZv%LZeb&Ln ZebLS/:,bLS/:e LD/:,bLD 2
g ATLAS  Prelimi I +0aa | W@
— [} [~ reliminary ata
© G - 0.9 -I_- 0-3 pb i I \s=13Tev,3.210" Wuw mwz
ftz Post-Fit 2z itz

107 = twz - ttH =

* 2aw=1.4%0.8 pb - e
- Still statistically limited «

- NLO prediction (JHEP 07 (2014) 079) -

¢ cttZ = 0.76 pb i 11% pb ] 1.51;—
° thwz 0.57 pb + 11% pb . fé‘ . /%/////fr//////

Data / Pred

Tz, 220 oz, -sg
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Charge asymmetry, top mass



Charge asymmetry

o i - Kihn, Rodrigo, JHEP 1201 (2012) 063
S M QC D h Ig h O rd er p rocesses B:rnr:'eu?hc-:r? gi, Phys. Rev. Lett. D 86 (2012) 034026

introduce charge asymmetry
« Only from quark-induced top production

» Observables at the LHC

- tt charge asymmetry

do/dy

Alyl = |y:| — lysl,
Al — N(Aly| > 0) = N(Aly| < 0) - - :
€ N(Alyl > 0) + N(Aly| < 0)’ y

- Leptonic charge asymmetry (dilepton)

Alnl = Ine+| = Ine-|. NLO QCD prediction:
et _ Nl > 0) — N(Aln| < 0) A%.=0.0111 £ 0.0004
C " N(Algl > 0) + N(Alg| < 0)’ Al . =0.0064 + 0.0003
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arXiv:1604.05538

Charge asymmetry: dilepton 8 TeV

- Use dilepton tt events (I=e, n)
- Unfolded to full phase-space parton level and fiducial-region particle level
* Inclusive and differential measurements in m(tt), p(tt) and B,(tt)

Results
- Statistically limited; s T
. . . <,0s. ATLAS
consistent with QCD NLO predictions - i
- Vs=8TeV, 20.3fb
0.02 | Inclusive - Parton level
ATLAS —e— ATLAS data i
1 O POWHEG-hvg+PYTHIA6 L
Vs=8TeV, 20.3 fb’ O Bernreuther & Si. PRD 86, 034026. 0.01—
Inclusive He— 0.008 + 0.006 C
0500 GeV e 0.009 + 0.012 U
* 500-2000 GeV —FHe——  0.009 +0.019 -
. 0-06 He— 0.010 + 0.010 -0.01—
B! -
0.6-1.0 —8 0.004 +0.013 - e ATLAS data A Bemreuther & Si. PRD 86, 034026.
y . _ R + heavy octet, LEFT
T 30-1000 GeV H—e—  0.015 +0.018 C AT'-AS|2° || heawyoctet, AXIAL |
S N N S I R -0.02 -001 0 001 002 003 004 005 0.06
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 tt

AL, in the full phase space Ac

Ki Lie (U. of lllinois) Top pair production and properties in ATLAS, QCD@LHC 2016



Phys. Lett. B (2016) 756

Charge asymmetry: boosted 8 TeV

- Boosted tt |+jets events with m(tt) > 750 GeV and -2 < |Ay| <2
- Unfolded to parton level
- Inclusive and differential measurements in high m(tt)

Results
0-2 T T % : \ 'I. .I T T NI
* Inclusive: A.=(4.2+3.2)% I @ 3, ]
consistent with SM: A. = (1.60+0.04)% I % N2 ]
—~ 0151 N .
o 0.3 i | % - %\ i
< 3 ﬁléll_tg ATLAS 8TeV,20.31b" — i W' % i
0.2 — K) 0.1 __ : % __
S I ]
0.1 % LA A
! { £ o0.05
O_ J: o | <o
0.1+ = ol SM ;/ﬁb’fi’% \\‘ ATLAS 8TeV,20 10"
£ e ) Tevatron: PRD87/092002; PRD84/112005
1 ; . Models: PR[l) 84/115013;JH|EP1109/097
_0.2 ‘ | 1 1 1 g | 1 1 1 1 1 1 1 | 1 | 1
>0.75 0.75-09 09-1.3 >1.3 0 0.1 0'3 0.3 0.4 0.5
m, interval [TeV] AFB (pp, 1.96 TeV)
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arXiv:1606.02179

Top mass: dilepton 8 TeV

- Use dilepton tt events (I=e, n)

- Template method with lepton-b-jet pair mass (m,,)
- Dominant uncertainties: JES, hadronisation, I/FSR

Results

© My, =172.99 + 0.84 GeV

- Combination with previous ATLAS measurements:
My, = 172.84 £ 0.70 GeV

107 L L
e Data

LA

—
4, m,,,=172.5 GeV

>
(O]
(OD 108 B388 Uncertainty I single top
- [ NP/fake leptons Z+jets
7 10° WW/W2z/2z
2 ATLAS
s 15=8 TeV, 20.2 fo
10°
102
10 =
16
E B2 N e et 122 10 2s £,
g 0.8

Ki Lie (U. of lllinois)

200 250 300 350 400

Prip [GeV]

Events/ 2 GeV

Data/MC

600

500

400

300

200

100

————
e Data
@382} Uncertainty
] Wrong / no match
[ NP/fake leptons
WW/Wz/zZ

TTT N‘I TTT III I\I TTT III TTT |II II| TTT

+\fs=8 Tev, 20217 3

L S L
C—t, m,,=172.5 GeV
[ Correct match
I Single top

Z+jets

ATLAS

(222229

?°e
120 140 160
Mg [GeV]
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ATLAS-CONF-2016-064

Top mass: all-hadronic 8 TeV

Use >= 6 jets with >= 2 b-jets tt events

Templates fit to ratio of 3-jet and di-jet mass (R;),)
QCD multi-jet background modeled with data
Dominant uncertainties from hadronisation and JES
Results

= [ ] — [ ]
°m 173.80 £ 1.15 GeV
top
g _|||||||||||||||l||||\Illll\llllllllll| g kllllllllllllllllll"Illl‘llll‘llll“lllﬁ
=] | ATLAS Ppreliminary —$— Data fs=8Tev 1 o i ATLAS Preliminary —4— Data Vs =8TeV
g 1000¢ det=20.2 o L] swe corecy 7 1000~ det=20.2 o' —— Signal Fit -
= L . [ i wc gncorrecy 3 F —— Background Fit
Lﬁ L [ i vc (Non-Matched) = —— Total Fit
800__ |:| QCD Multi-jet (Data-Driven) | Lﬁ 8001 N
Stat.® Syst. Uncertainty mit = 173.80 £0.55 GeV -
600 L Fixgs = 0.584 £0.012
- 6001 2indf = 72.3/48 = 1.51
400
C 400
200 i
200
c1.5
S : 3 i
'§ N \)v\\.wh\ ﬁ\%hA*‘\M‘QQi.A ¢ |||l||||1|||||||||l\||||\||||\||||\\|||
E 1++‘ AL LA R A B A 76 18 2 22 2.4 26 28 3 32 3.4
=056 78 2 22 24 26 28 3_32 34 Ry, = m./m.
e a2 = My/my /]|
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Top mass summary

mi -1 -1
ATLAS Preliminary m,__summary - Aug. 2016, L =4.61b"-20.3 fb
op int
' m,, E tot. (stat.+JSF *bJSF +syst.)
all jets Evr- Phys: J.C75 (2015) 158 |- 5 C— 1751 + 1.8 (14 +12)
L,=46m" .
single top* CONF-2014-055 L S . 1 1722 £ 21 (o7 +20 )
L =203 1
1
— l+jets Eur- Phys. J. C75 (2015) 330 b el =y 1723 + 1.3 (02 +02+07 +10)
L, =471" 1
1
— dilepton Evr- Phys. J. C75 (2015) 330 e 1738 + 1.4 (05 +13 )
L, =47f" :
— dilepton i’”‘“;?":fﬁ?”g _ - 173.0 + 0.8 (o4 +07 )
int = €Y 1
1
iots* CONF-2016-064 [ W —
all jets L 202" ; 1738 + 1.2 (o6 +10 )
1
\
1
N Eur. Phys. J. C74 (2014) 3109 25
o(tt) dilepton L. 46203 " L - | 1729 =+ 5.
o(tt+1-et) JHEP 10 (2015) 121 o n . 1737 + 23
Ly, =46 b X & AR
1
T ATLAS Comb. + 16
1 = stat. uncertainty
1 .
ATLAS Comb. June 2016 (arxiv:1606.02179) : ~—— stat. ® JSF ® bJSF uncertainty NEW
172.84 £ 0.70 . —— total uncertainty
X *Preliminary, —Input to comb.
T
I I : I I

165 170 175 180 185
Miop [GeV]
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Summary

I T T | | T I T T T I T T T | T T T

B Tevatron comblned 1 96 TeV L<88 fb L 7]
v CMS ep* 5.02 TeV (L = 26 b() ) ATLAS+CMS Preliminary Aug 2016
ATLASep7TeV (L= 46fb b) N
CMS ew 7 TeV (L= 5167 LHCIopWG

ATLAS ep 8 TeV (L = 20.3 fb b)
CMSen8TeV (L=19.7 b7

LHC combined ep 8 TeV (L 5 3-20.3 fo)
ATLAS ep 13 TeV (L =32 b )
CMS ep* 13 TeV (L=2.21fb")
ATLAS ee/pp* 13 TeV (L = 85 pb )
O ATLAS I+jets 13 TeV (L =85 pb )
A CMS l+jets* 13 TeV (L=2.3fb)
O CMS alljets* 13 TeV (L = 2.53 fb™

* Preliminary

108

0 ENN KN NJ

900

2
10 800t

Inclusive tt cross section [pb]

700F .
= NNLO+NNLL (pp) r 1

——— NNLO+NNLL (pp) E T T S
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 s (Tev]

NNPDF3.0, m, = 172.5 GeV, a,(M,) = 0.118 £ 0.001

2 4 6 8 10 12 14
Vs [TeV]

10

- ATLAS has a rich and robust program of measurements in top quark pair
production and properties at 7, 8 and 13 TeV

- These results are probing a wide range of phase-spaces in top quark pair
production and test QCD at higher-order levels

- New ATLAS data will continue to refine our understanding of the SM and
beyond.
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* Will be updated with final Runl Lumi

RUN 2 VS RUN 1 Courtesy by A. Lister

13 TeV 7 TeV 8 TeV

Uncertainty (inclusive o;z) | Aoyi/osi (%] /3

Data statistics | 0.9 Uncertainty (inclusive o) Aoyi/o; Aoi/ow

- (%) (%)
tt NLO modelling 0.8
tt hadronisation 2.8 Data statistics 1.69 0.71
Initial- and final-state ra.diation 0.4 T 1.43 129
¢t heavy-flavour production = Parton distribution functions ~ 1.04 113
Parton distribution functions 0.5 QCD scale choice 0.30 0.30
Sylgle—top m_o'delhng 0.3 Single-top modelling 0.34 0.42
S}ngle—top/ ¢ 1nterferenc<.e 0.6 Single-top/tt interference 0.22 0.15
Sl'ngle-top wi C.rOSS-SECtIOIl 0.5 Single-top Wt cross-section 0.72 0.69
D %boson modelhng' 0.1 Diboson modelling 0.12 0.13
D 1b'oson cross—sect'lons 0.0 Diboson cross-sections 0.03 0.03
Z—Hets extrapolation ) 0.2 Z+jets extrapolation 0.05 0.02
Electron energy scale/resolution 0.2 Electron energy scale/resolution  0.22 0.51
Electron identification 0.3 Electron identification 0.13 0.41

Electron isolation 0.4 Muon momentum scale/resolutio;  0.14 0.02
Muon momentum scale/resolution 0.0 Muon identification 0.30 0.42

Muon identiﬁc&tion 0.4 Lepton isolation 0.74 0.37

Muon isolation 0.3 Lepton trigger 0.19 0.16
Lepton trigger 0.2 Jet energy scale 0.27 0.52
Jet energy scale 0.3 Jet energy resolution 0.30 0.51
Jet energy resolution 0.2 Jet reconstruction/vertex fractior  0.06 0.03
b-tagging 0.3 b-tagging 0.41 0.40
Misidentified leptons 0.6 Misidentified leptons 0.41 0.34

Analysis systematics 3.3 Analysis systematics (o,;) 2.27 2.26

Integrated luminosity 2.3 Integrated luminosity 1.98 3.10*
LHC beam energy 1.5 LHC beam energy 1.79 1.72

Total uncertainty 4.4 Total uncertainty (o) 3.89 4.27




arXiv:1607.07281
tt differential cross-sections: dilepton 7+8 TeV

“@” reconstruction:

Eor = E(t1) + E(£2) + E(j1) + E(j2) + EPS

Px Px(€1) + px(€2) + px(J1) + px(J2) + E;cniss
py(£1) + py(£2) + py(J1) + py(j2) + E;niss
p: = p(t1) +p.(€2) +p,(j1) + p:(J2)

S
I
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arXiv:1607.07281

tt differential cross-sections: dilepton 7+8 TeV

Sensitivity to different PDF sets:

My Pr.tt |ytt'|
PDF X?/NDF  p-value | x*/NDF p-value | x*/NDF p-value
CT10 NLO 2.0/5 0.85 0.4/6 1.00 29.8 /4 <0.01
MSTW2008nlo 2.1/5 0.83 0.6/6 1.00 11.6/4 0.02
NNPDF23nlo 2.3/5 0.81 0.4/6 1.00 3.2/4 0.53
HERAPDF15NLO 2.4/5 0.79 2.3/6 0.89 5.6/4 0.23
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arXiv:1607.07281

tt differential: dilepton vs |+jets 7 TeV
p+(tt) m(tt) |y(tt)|

S 2 4_— T ‘ T T T | T T T | T T T | T T T —_ g 2_I T | T T T T T T T T | T T T T | T T T T | T ] S [ T T T T | T T T T T T T T ‘ T T T T | T T T T ]
S o of ATLAS 1s=7TeV,46f" 1 & [ ATLAS 1s=7TeV,46f" | & 1.3 ATLAS 1s=7TeV,46f"
g E Dilepton (stat.+syst) —— PWG+PY6h, =m, E i—’ 1.8+ Dilepton (stat.+syst) —— PWG+PY6h, =m, — i—) = Dilepton (stat.+syst.) — PWG+PY6h, =m, |
< oL I Dilepton (stat) MC@NLO+HW AUET2—| © [ W Diepton (stat) MC@NLO+HW AUET2 | © Lo T MC@NLO+HW AUET2 |
- C : S PWG+PY6h, = 1 — B _ T e PWG+PY6h, =0 | + " - Dilepton (stat) PWG+PY6 h,, =
~ 1 8 — ¢ l+jetsprooo@otayorzo0s PWG+HW AUET2 3 ~ 1 6 | ¢ l+jetsprowo oteyorzo0s PWG+HW AUET2 H ~ 1 2 — e PWG+HW AUET2 —
3, - [ — NLO+NNLL PRD 8 (2013 074004 — - ALPGEN+HW AUET2 ;.,: [~ NOsNLLmeros ooy — - ALPGEN+HW AUET2 E i t lejetseromeoomes Al PGEN+HW AUET2 ]
Q_,_"‘I .6 :— —: £ B ] z? L i
° 1.4- 4 214 =N b
~ - - o b - B L J
o) RN ] - 4 L i
o) 1 2:_ [ 'D 1 2__ e e e e ko] L EEEEEESS
' 1P o L ' i
2 = L
~ 0.8 ] = Ml L ]
rs) r 3 8 """ p i i
o 0.6 _ 7 .% 0.8 g 0 9‘ 7
T C . . = 0.9 ]
m 0'4—_ Il 1 Il ‘ 1 1 1 | 1 1 1 | 1 1 Il | 1 Il Il _— m 1 Il | 1 1 Il 1 J 1 1 Il Il | 1 1 1 Il | 1 1 Il 1 | 1 m i 1 1 Il 1 | 1 1 1 Il | 1 1 1 1 ‘ Il 1 1 1 | Il Il 1 1 ]
0 200 400 600 800 1000 500 1000 1500 2000 2500 0 0.5 1 1.5 2 2.5
GeV .
P, ;[GeV] m [GeV] Iy

- Run 1 dilepton and |+jets results show similar behaviors
- Dilepton still statistical limited at 7 TeV; improved at 8 TeV
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arXiv:1607.07281 arXiv:1511.04716

tt differential: dilepton vs |+jets 8 TeV

= 10-15"'1"‘%“"I""I""l""l""l""l"“l""g > LA I L B L BN | T
3 F ATLAS \s=8TeV,202fb" 3 ] " ATLAS Full phase-space
S 102® o Data2012 N o TE\s=8TeV, 20317 , pua E
= e — E ° o —— PWG+PY6 h,,, =m, 3
® Data VS N LO+ N N LL -g' Fooe= NLO+NNLL prp 6 (013) 0raoos ;,= L e NLO+NNLL Pnopae(zma)ouom_
~ S [ stat. unc. B [ Stat. unc.
o 10°% == E ° 10 Stat.+Syst. unc. =
° = —.— Stat. + Syst. unc. 3 & E E
e C J— ] = c .
E 10 — = 4
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arXiv:1607.07281 arXiv:1511.04716

tt differential: dilepton vs |+jets 8 TeV

107
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ATLAS-CONF-2016-040

tt differential: [+jets 13 TeV

Low top pr
Resolved Top

W . Leptonic Top: Imposes W-mass constraint to solve for
neutrino p.. Pairs b-jet closest in AR to lepton.
« Hadronic Top: Pair non-tagged jets closest to W mass +
remaining highest pT b-jet.

High top prt

Boosted Top

- Hadronic Top: Large-R jet with mass close to m(t), trimmed,
and top-tagged using calib. jet mass and N-sub-jettiness

ratio “r32".

Courtesy by J. Howarth

Ki Lie (U. of lllinois) Top pair production and properties in ATLAS, QCD@LHC 2016



ATLAS-CONF-2016-040

tt differential: [+jets 13 TeV

p+(t)

Uncertainties

60|||||||||||1|||||||||||||||||||||||||1|||||||||||

40

- ATLAS Preliminary Fiducial phase-space
[Vs=13TeV,3.21b"
- Resolved

Relative cross-section

L T I T T T I T T T | T T T | T T T I T T T | T
:_A TLAS Preliminary Fiducial phase-space

600 (s=13TeV,321f" Relative cross-section
[ Boosted

80

40
20

20

LI L

Fractional Uncertainty [%]
Fractional Uncertainty [%)]

T T T
[TrrprrryrT

| Stat.+Syst. Unc. [ Stat. Unc. 60 | Stat+Syst.Unc. [T Stat. Unc.
-40 | —— Flavor Tagging o JESIJER TOVL —— Large-Rjet e Lepton, ET'**, Small-R jet
| —— Backgrounds -.--- |FSR, PDF, MC Stat. [ —— Backgrounds -.--- |FSR, PDF, MC Stat.
o Hadlronisaltion Lo IHard Slcanerilng I —80_—----I--- Hadronisation L I-:ard Scattering I
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tt differential: [+jets 13 TeV
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arXiv:1511.04716 ATLAS-CONF-2016-040

tt differential: [+jets 8 TeV vs 13 TeV
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- Nominal Powheg+Pythia6 hdamp=mt describes data well in pT(tt) at both 8
and 13 TeV

- Similar behavior seen in dilepton parton-level results at 7 and 8 TeV
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arXiv:1511.04716 ATLAS-CONF-2016-040
tt differential: [+jets 8 TeV vs 13 TeV
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arXiv:1511.04716 ATLAS-CONF-2016-040

tt differential: [+jets 8 TeV vs 13 TeV
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tt differential: dilepton 7 TeV vs |+jets 8 TeV
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tt differential: top p; 8 TeV vs 13 TeV
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arXiv:1511.04716

ATLAS-CONF-2016-040

Phys. Rev. D93 (2016) 032009

tt differential: top p; 8 TeV vs 13 TeV
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arXiv:1511.04716

tt differential: top p; I+jets 8 TeV
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Resolved: arXiv:1511.04716 Boosted: Phys. Rev. D93 (2016) 032009

tt differential: top p; I+jets 8 TeV
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arXiv:1606.09490

tt+jets: eu 8 TeV

m(epbb)
- Data has higher radiation

o 60 T T R I L I I I 3

in hieh i - ATLAS .
IN NIgN Mass region s [ 15=8 TeV, 20.3 b’ .
§ 50: veto region: |y| < 2.1 ]

ueor e 2012 Data ]

40— — Powheg+PY6 hdamp = |

C ----Powheg+PY6 hdamp=m 7

30— -+--Powheg+PY8 hdamp = m 7

e MC@NLO+HW ]

- - - Powheg+HW hdamp =co

20— [] Stat. uncertainty -

e e

0_851- 1 1 1 1 1 1 1 1 1 'lE
0 100 200 300 400 500 600 700 800 900 1000
mep,bb [GeV]

Ki Lie (U. of lllinois) Top pair production and properties in ATLAS, QCD@LHC 2016



ADDITIONAL RADIATION
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Eur. Phys. J. C76 (2016) 87

Charge asymmetry: |+jets 8 TeV

- Single-lepton (e/) events used
- Unfolded to parton level

- Inclusive and differential measurements as a function of:
Invariant mass m(tt), transverse momentum p+(tt), longitudinal boost B,(tt)

Results

- All results statistically limited
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arXiv:1606.02179

Top mass: dilepton 8 TeV

Selection Pre-selection Final selection
tt signal 34300 £ 2700 9670 &+ 770
Single-top-quark signal 1690 + 110 363 + 23
Fake leptons 240 + 240 31 £+ 31
Z+jets 212 + 83 20.6 + 8.5
WW/WZ|ZZ 57 &+ 21 10.2 £+ 3.8
Signal+background 36600 = 2800 | 10100 = 770
Data 36359 9426

Expected background fraction 0.01 £ 0.01 0.01 £ 0.00
Data / (Signal4+background) 0.99 £ 0.07 0.93 £ 0.07
Matching efficiency [%)] 78.4 + 0.2 953+ 04
Selection purity [%)] 51.6 £ 0.1 69.8 + 0.3
Unmatched events [%] 34.2 £+ 0.1 26.7 &+ 0.1
Wrongly matched events [%] 14.2 + 0.1 34+ 00
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arXiv:1606.02179

Top mass: dilepton 8 TeV

Vs =T TeV /s =8 TeV Correlations Combinations

o> [GeV] | milh [GeV] | milh [GeV] || por | poo | pio || mio [GeV] | mill [GeV] | mil, [GeV]
Results 172.33 173.79 172.99 172.99 173.04 172.84
Statistics 0.75 0.54 0.41 0 0 0 0.48 0.38 0.34
Method 0.11 + 0.10 | 0.09 £+ 0.07 | 0.05 £ 0.07 0 0 0 0.07 0.05 0.05
Signal Monte Carlo generator 0.22 +0.21 | 0.26 &+ 0.16 | 0.09 £+ 0.14 || +1.00 | +1.00 | +1.00 0.24 0.10 0.14
Hadronisation 0.18 £0.12 | 0.53 £0.09 | 0.22 + 0.08 || +1.00 | +1.00 | +1.00 0.34 0.24 0.23
Initial- and final-state QCD radiation 0.32 + 0.06 | 0.47 4+ 0.05 | 0.23 £ 0.05 || —1.00 | —1.00 | +1.00 0.04 0.24 0.08
Underlying event 0.15 £ 0.07 | 0.05 &£ 0.05 | 0.10 + 0.11 || —1.00 | —1.00 | +1.00 0.06 0.10 0.02
Colour reconnection 0.11 +0.07 | 0.14 £ 0.05 | 0.03 £ 0.11 || —1.00 | —1.00 | +1.00 0.01 0.03 0.01
Parton distribution function 0.25 + 0.00 | 0.11 4+ 0.00 | 0.05 £ 0.00 || +0.57 | —0.29 | +0.03 0.17 0.04 0.08
Background normalisation 0.10 £ 0.00 | 0.04 &£ 0.00 | 0.03 & 0.00 || 4+1.00 | 4+0.23 | 40.23 0.07 0.03 0.04
W/Z+jets shape 0.29 4+ 0.00 | 0.00 £ 0.00 0 0 0.16 0.00 0.09
Fake leptons shape 0.05 £ 0.00 | 0.01 £ 0.00 | 0.08 & 0.00 || 40.23 | 40.20 | —0.08 0.03 0.07 0.05
Jet energy scale 0.58 & 0.11 | 0.75 £ 0.08 | 0.54 £+ 0.04 || —0.23 | +0.06 | +0.35 0.41 0.52 0.41
Relative b-to-light-jet energy scale 0.06 + 0.03 | 0.68 4+ 0.02 | 0.30 £ 0.01 || +1.00 | +1.00 | +1.00 0.34 0.32 0.25
Jet energy resolution 0.22 +0.11 | 0.19 £ 0.04 | 0.09 £+ 0.03 || —1.00 0 0 0.03 0.08 0.08
Jet reconstruction efficiency 0.12 + 0.00 | 0.07 & 0.00 | 0.01 & 0.00 || +1.00 | 4+1.00 | +1.00 0.10 0.01 0.04
Jet vertex fraction 0.01 4+ 0.00 | 0.00 £+ 0.00 | 0.02 £ 0.00 || —1.00 | +1.00 | —1.00 0.00 0.02 0.02
b-tagging 0.50 + 0.00 | 0.07 &+ 0.00 | 0.03 £ 0.02 || —0.77 0 0 0.25 0.03 0.15
Leptons 0.04 +0.00 | 0.13 £ 0.00 | 0.14 £ 0.00 || —0.34 | —0.52 | +0.96 0.05 0.14 0.09
Fipiss 0.15 +0.04 | 0.04 £+ 0.03 | 0.01 £ 0.01 || —0.15 | +0.25 | —0.24 0.08 0.01 0.05
Pile-up 0.02 + 0.01 | 0.01 £ 0.00 | 0.05 £ 0.01 0 0 0 0.01 0.05 0.03
Total systematic uncertainty 1.03 £0.31 | 1.31 £0.23 | 0.74 £ 0.25 0.77 0.74 0.61
Total 1.27 +£0.33 | 1.41 +0.24 | 0.84 + 0.25 || —0.07 0.00 0.51 0.91 0.84 0.70
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ATLAS-CONF-2016-064

Top mass: all-hadronic 8 TeV

Event yields (thousands)

Cut Data tt all-hadronic (MC)
Initial 850450 | 2338 &+ 1
Primary vertex with > 4 tracks - -
No high-pr isolated e/u - -
Jets |n| < 2.5 33476 | 308.7 &+ 0.6
Trigger: 5 jets with pt > 55 GeV/ 16110 | 2414 =+ 0.5
No 2 good jets (ji, ji) in AR(j;, jr) < 0.6 7646 | 1429 <+ 0.4
> 6 jets with pp > 25 GeV 7646 | 1429 <+ 0.4
> 5 jets with pt > 60 GeV/ 3303 514 &+ 0.2
Emiss < 60 GeV 3021 | 46.3 £ 0.2
Ap(b;,bj) > 1.5 1737 30.9 &+ 0.2
X2 <11 645.8 | 223 4+ 0.1
Ny, =2 21.9 6.61 £ 0.08
(Ap(b,IW)) < 2 12.9 4.40 + 0.07
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ATLAS-CONF-2016-064

Top mass: all-hadronic 8 TeV

Uncertainty Amyep [GeV]
Monte Carlo generator 0.18 £ 0.21
Hadronisation modelling 0.64 + 0.15
Parton distribution functions 0.04 + 0.00
Initial /final-state radiation 0.10 + 0.28
Underlying event 0.13 £ 0.16
Colour reconnection 0.12 + 0.16
Bias in template method 0.06
Signal and bkgd parameterisation 0.09
Non all-hadronic tt contribution 0.06
ABCD method wvs. ABCDEF method 0.16
Trigger efficiency 0.08 + 0.01
Lepton/ERss calibration 0.02 + 0.01
Overall flavour tagging 0.10 % 0.00
Jet energy scale (JES) 0.60 + 0.05
b-Jet energy scale (bJES) 0.34 + 0.02
Jet energy resolution 0.10 &+ 0.04
Jet vertex fraction 0.03 + 0.01
Total Systematic 1.01
Total Statistical 0.55
Total 1.15
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Top mass summary
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