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Selected cross section results

Motivation for measuring o

e Top is the heaviest quark, all observables are of interest
e o.; provides a test of the Standard Model
o Differential o, probes BSM physics

Talk outline
@ Differential cross section in {+jets at /s = 7 TeV

o ph, m, P & v

e Comparison to different generators, theories and PDF sets
@® Production cross section in ey at /s = 8 TeV

e Highest precision ATLAS 8 TeV result
©® Production cross section in {+jets at /s = 8 TeV

® Summary of all ATLAS top pair cross section results
and global comparisons
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ATLAS-CONF-2013-099
Differential cross-sections in (+jets at /s = 7 TeV

o Different kinematic variables provide stringent test of SM
e Unfolded data compared to MC, NLO QCD and PDF sets

e ph - Transverse momentum of a single top quark
e Higher order corrections and NP signals in high pr tail
e my - Mass of tt system
e Possible deviation from SM due to exotic resonances — tt
° pfrE - Transverse momentum of tt system
e Sensitive to extra radiation, it is identically null at leading order
e y;; - Rapidity of tt system
e |mportant constraint to PDFs, especially at high-x

Event selection

Trigger Single lepton

Exactly one isolated lepton | Muons: pp > 25GeV, |n| < 2.5
Electrons: pr > 25 GeV

In] < 2.47, excluding 1.37 < |n| < 1.52

Anti-k: (R = 0.4) jets > 4 jets with pr > 25GeV, |n| < 2.5
b-tagging > 1 b-tagged jet at €, = 70% working point
Emiss Emiss 5 30 GeV

my my > 35GeV

Kinematic fitter log £L > —50
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QMUL g [ ATLASPreliminary etjets 3 e Kinematic likelihood fitter fully
g 000 v [Lat=aot E reconstructs the tf system
ifferential o, ¢ % E Z g i
e e g 4000 e & ] o Relates reconstructed objects to
= C 1 (I+ets b A g _
Ventoaep | 5 00 Mg aien E leading-order representation of tt
Vs PDF set 2 r +ets | . .
§ 200" i 1 e Event likelihood L > —50
m £ [Dother 7
Qltepton 747 1000 7 o Data unfolded via regularized SVD
Result G | method
£+jets o ¢ § 1.9 Z . .
St % 1%/4 27 .{/; E e e+jets and p+jets channels
o R [T a—T; combined with BLUE method
JE= TTeV 5 log(Likelihood)
L Dominant systematic uncertainties
Global o7
e Dominant systematics are MC generator, ISR/FSR, jet energy
scale, b-tagging efficiency and lepton reconstruction
e Systematics vary bin-by-bin for each unfolded distribution:
SATLAS o e.g. JES~ 2% at low pff, JES~ 7% at high pif
5 EXPERIMENT e e.g. MC generator varies from 3 — 7%, depending on bin
N Queen Mary
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S e Largest deviation from data observed for Alpgen
WATLAS ! t
L EXPERIMENT in py for large values of pt,

SI.;@“EW e Measured p¥. is softer than any prediction above 200 GeV
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QuuL Unfolded data Vs QCD predictions
it o e Unfolded data compared to NLO+NNLL and NLO QCD
Vs MC . .
Vs NLO+NNLL e NLO-+NNLL uncertainties:
Vs NLO QCD . . . .
Vs PDF set e Factorization and renormalization scale p = m; = 172.5 GeV
e Uncertainty from scale variation 1. from m;/2 to 2m,
Dilepton o
Selection e Uncertainty from alternative dynamic scale = 1/ m? + p!r2
Result
CHiets o7 e NLO QCD (MCFM) uncertainties:
Selection .
B e PDF evaluated at 68% CL using CT10 error-PDF set
D T g 3 g e
V5 =8TeV 2. f 1 2ol ]
élt\af ‘nm 2 J - ATLAS Preliminary B :‘f ATLAS Preliminary 3
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Unfolded data Vs NLO QCD
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e NLO QCD based on MCFM with CT10 PDF
e Unfolded data is softer than theory for large p% and mg;
e pit is sensitive to parton showering, not included in prediction



Top quark pair
production cross

e Unfolded data Vs PDF set

John Morris

QMUL @ 1Bp @ 1B e
& 1.7- ATLAS Preliminary Data S 1.75 ATLAS Preliminary Data 3
= o CT10nio = . o CTionlo H
2 1.6 I Ldt=4.61" 1 MSTW2008n! 2 1.60 J. Ldt=4.6M" 1 MSTW2008nio-
: ' 245 A NNPDF23 - 245 A NNPDF23 =
Differential o4z = Vs =7TeV © HERAPDF 1.5 = Vs =7TeV © HERAPDF 15
Vs MC 1.4 | 1.4 :
Vs NLO+NNLL 1.3 1 1.3 ]
Vs NLO QCD 1.2] ﬁ’“ El 1.2 N {A 3
Vs PDF set 11 % 5 TIE o o | =
| T - e ] |
Dilepton o 0.9 E 0.9 |
Seleeitn 0.8 TN I NI NI I IR W 0.8 1l FETTE I alaaasl | FTTTIIT.)
Result 0 50 100 150 200 250 350 800 250 450 550 700 960 2700
P! [GeV] m [GeV]
Otiets o RS @ 1By 3
Gelleaitn S ATLAS Preliminary Data ] & 1.75 ATLAS Preliminary Data E|
= o CT10nio < L F : o CTionio E]
Result g, _[ Ldt=461f" O MSTW2008ni0 2 1.6 J-Ldl =461 O MSTW2008nlo.
@ - A NNPDF23 2 45 — /} NNPDF 2.3 -
= Vs =7TeV © HERAPDF 1.5 = L Vs=7Tev © HERAPDF 1.5
Vs = T7TeV 1.4 3
V5 =8TeV 1.5 1.3 i
m E =y
< &g AL 1.} 24l 1T, ) 3
| | i g |
( ] 9 ¢ ]
0.5k b b b b b b L 0.8F il b b3
0 40 170 340 1000 25 -1.0 -05 00 05 1.0 25
py [GeV] Ve

4 different PDF sets evaluated using MCFM
e Tension between data and all PDFs observed for for large pk
o HERAPDF1.5 provides best description of m;z and y,z
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ATLAS-CONF-2013-097

tt production cross section in ey at /s = 8 TeV

e Most precise ATLAS tt cross section measurement

e Count number of opposite-sign ey events with:

. bk,
1 b—taggedjet : Ny = Loweeu2ep (1 — Cpep) + N
. bk,
2 b—taggedjets : No = Logee,Coen + Ny €
L : Integrated luminosity of sample
€ep : Event selection efficiency
€p : Jet reconstruction & b-tagging efficiency
Co . Tagging correlation Cp = €pp /€2 = 1.007 % 0.002
Nﬁkf : Observed background events

e Solve equations for €5 and o
o Benefit from reduction in systematic uncertainties
o Measurement uses £ = 20.3fb ™! of /s = 8 TeV data
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Dominant systematic uncertainties

Dffitieiiis @y Uncertainty Neep /ey  AGC/Cy | Aoi/og  Aog | Aep/es
o (%) (%) (%) (pb) (%)
Vs NLO QCD Data statistics - _ 0.72 1.7 0.57
Vs PDF set tt modelling 0.91 -0.61 1.52 3.6 0.61

ISR/FSR -0.76 0.26 1.23 2.9 0.37
Dilepton o1 PDF 1.08 - 1.09 2.6 0.06
Selection Single-top Wt cross section - - 0.70 1.7 0.24
Result Electron ID/isolation 1.28 0.00 1.42 3.4 0.05
Ctjets opr Muon 1D /isolation 0.50 0.00 0.52 1.2 0.01
Selection " Jet energy scale 0.46 0.07 0.49 1.2 0.11
Result Jet energy resolution -0.44 0.04 0.59 1.4 0.08

Total systematic 2.29 0.69 3.12 7.4 1.02
V5 = 7TeV Integrated luminosity - - 3.11 7.4 0.11
V5 = 8TeV LHC beam energy - - 1.70 4.0 0.00
élt“‘f 7t Total Uncertainty 2.29 0.69 477 113 1.17

obal o7

e Only showing systematics with Aoz > 1.0pb

Measured cross section

SWATLAS ,
LM 0y = 237.7 £ 1.7(stat) & 7.4(syst) £ 7.4(lumi) £ 4.0(beam energy)
QueeVay
Slide 11 of 18
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Differential o ¢

vuonme  tt production cross section in /+jets at /s = 8 TeV

Vs NLO QCD

Vs PDF set
Trigger Single lepton

ST Exactly one isolated lepton Muons: pr > 40 GeV, |77| <25

i Electrons: pr > 40 GeV

Result In] < 2.47, excluding 1.37 < |n| < 1.52
Anti-k: (R = 0.4) jets > 3 jets with pp > 25GeV, || < 2.5

Psiei:;l:r:‘i b-tagging > 1 b-tagged jet at ¢, = 70% working point

Result e+jets ERISS > 30 GeV, my > 35GeV
ptjets EISS > 20 GeV, ERS + mYY > 60 GeV

VE=TTeV

VE = 8TeV _

Ales o7 e Uses a likelihood to discriminate between tt and background

obal o7

e Based on transformed aplanarity and lepton pseudo-rapidity

o Measurement uses £ = 5.8fb™" of \/s = 8 TeV data
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Dominant systematics and result

Dominant systematic uncertainties

Source e+ > 3jets u+ > 3 jets  combined
Jet/MET reconstruction, calibration 6.7,-6.3 5.4-4.6 5.9,-5.2
Lepton trigger, ID and reconstruction 24,27 4.7,-4.2 2.7,-2.8
Background normalization and composition 1.9,-2.2 1.6,-1.5 1.8,-1.9
b-tagging efficiency 1.7,-1.3 19-1.1 1.8,-1.2
MC modelling of the signal +12 +11 +13

Total +14 +13 +13

Measured cross section

o = 241 £ 2(stat) + 31(syst) + 9(lumi)
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V/s = 7 TeV cross section summary

NNLOYNNLL (0p++ 2.0), POFALHC m, = 172.5 GeV
B scale uncertainty
scale 7 PDF 0 a uncertainty

ATLAS, I+jets
ATLAS, dilepton

ATLAS+CMS Preliminary 0z summary, Vs=7TeV TOPLHCWG

— stat uncerainty
ncertainty

a2(san) £(5y30 £(lum)

1795429+ 7pb

173263 "Spb

ATLAS, alljets (%)
ATLAS combined
CMS, I+ets ()
CMs, dilepton ()
CMS, Ty (%)
CMSs, alljets (*)
CMS combined
LHC combined (Sep 2012)

167418478+ 6 pb
1774355 7pb

164312+ 7pb
170441648 pb
149424+ 26+ 9pb
136+20+40+ 8 pb
166+ 221128 pb

1om

L

1w

[

710w

sos11m?

sos11m?

CMs, alljets

(%) Superseded by resuts shown below the fine

139410426+ 3pb

173+ 2+ 826pb 711m?
ATLAS, jets, b- Xy 165£2£17£3pb L4700
ATLAS, T, 4t 186+1342027pb =21
ATLAS, T, +jets 194£18£46pb L7
ATLAS, alljets 168+12'Hx7pb  La
CMS, I+jets 158+2£1054pb 122230
CMs, dilepton 162:2+5%4pb

CMS, Ty 143:14522:3pb 1220
CMS, Ty Hets 152£1243223pb 1300

50 100 150 200
o, [pb]

250 300

e Summary of LHC /s = 7 TeV tt cross sections

350
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/5 = 8TeV
N - —  stat. uncertainty
Dilepton oLE —— total uncertainty
Selection ; H(stat) £(syst) £(lumi) £(E__ )
Result
£+jets o
Selection Single lepton 5.8 fo' 241£2+31+9pb
Result
Summary
V5 =7TeV
V5 =8TeV Dilepton (ep) 20.3 fb” 238+2+7+7+4pb
Atlas o3
Global o4z
Conclusions
|

| | | | |
100 150 200 250 300 350 400

o, [pb]
SATLAS
S EXPERIMENT _ )
W Queen Vary e Summary of ATLAS /s = 8 TeV tt cross sections
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Inclusive tt cross section [pb]

300

250

200

150

100

ATLAS tt cross section

summary

ATLAS Preliminary
| M tdilepton L =0.7 fo*
| M i lepton+jets L = 0.7 fb*
|_® ti dilepton L = 20.3 fb*

L ® filepton+jets L = 5.8 fb*

B E=— NNLO+NNLL (pp)
- Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

mg, = 172.5 GeV, PDFO uls uncertainties according to PlDF4LHC 1
P L L L L L L h L L

7 7.5 8

e ATLAS tt cross sections Vs /s

o Prediction in agreement with observed data

\'s [TeV]
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Global tt cross section summary

Fe

102

=
o
I
o
*
.

-o

Inclusive tt cross section [pb]

10

|~ * Preliminary

e 2 ATLAS+CMS Prelim
TOPLHCWG

CMS dilepton L = 2.3 fb™
ATLAS lepton+jets* L = 0.7 fo™
CMS lepton+jets L = 2.3 fb™
TOPLHCWG combination* L = 1.1 fb™*
ATLAS dilepton* L = 20.3 fo™*
CMS dilepton L = 5.3 fb™
ATLAS lepton+jets* L = 5.8 o™
CMS lepton+jets* L = 2.8 fb*

NNLO+NNLL (pp)

in

ary

Feb 2014

250F

200

150

e Global tt cross sections Vs /s

NNLO+NNLL (pp) 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 n
M, = 172.5 GeV, PDF [ a4 uncertainties according to PDFALHC
P B S i A A
2 3 4 5 6 7 8 9

e Prediction in agreement with observed data

\'s [TeV]
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Conclusions

Summary of ATLAS tt cross section measurements

o Differential cross sections at /s = 7 TeV

e Unfolded data compared to MC, NLO QCD and PDF sets
e Predictions agree with data in a wide kinematic region
e Data is softer than any prediction for large p%
e Inclusive cross sections at /s = 8 TeV
e Di-lepton ey measurement using 1 and 2 b-tagged
events gives highest precision
o (+jets measurement in broad agreement

e Theoretical prediction accurately describes data from multiple
experiments across large /s range
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