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Top pair production at the LHC

e (i production dominated by gluon fusion at the LHC (~85% @ 7 & 8 TeV) :

9 vuooo ¢

g voooo ¢

e Results presented in this talk compared to approx. NNLO :

(arXiv:1208.5578)

LHC 7 TeV

LHC 8 TeV

o(tt) [pb]

163*75+ 9

234*10;+ |2

e  Full NNLO+NNLL (including NNLO correction for gg—tt) calculation now available :

arXiv.1303.6254 _

Theory (scales + pdf) s
Theory (scales)
CMS dilepton, 7TeV »—v—
ATLAS and CMS, 7TeV

: ATLAS, 7TeV ——
Collider |otot [pb]| scales [pb] | pdf [pb] - CMS dilepton, 8TeV
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- = +22.7(2.4%) | +16.2(1.7%) ” Migp=172.5 Ge
LHC 14 TeV| 953.6 | 33gi3°6%) | —17.8(1.9%) MSTW2008NNLO(68c))
) 6.5 7 7.5 8 8.5
Vs [TeV]

mercredi 3 avril 2013



Top pairs in lepton+jets

e We identify top pairs mainly through the top decay : t-Wb, BR ~100% in SM
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e ATLAS and CMS have measured tt in all final states (except in thth)

e Inthis talk : cross section measurements in e/u+jets and t,+jets !

3
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Top pair cross section
measurement in th+jets

CMS : arXiv:1301.5755, submitted to EPJC (7 TeV, L=3.9 fb)

ATLAS : EPJC 73 3 (2013) 2328 (7 TeV, L =1.67 fb™)



http://arxiv.org/abs/arXiv:1301.5755
http://arxiv.org/abs/arXiv:1301.5755

Motivation

! i
e Important background to charged Higgs searches — T

-

1 7{

e Cross section in di-lepton final states including a t lepton already measured at the LHC

=
©

CMS : Phys. Rev. D 85 (2012)112007 ¢ Tontmme e
' Q 60 B tt— ur +X
(89 Dothgrt{
o = 143 + 14 (stat.) £ 22 (syst.) = 3 (lumi.) pb == M vsets
;5: 40 [ ]DY+Diboson

- 85 Total uncert.

ATLAS : Phys. Lett. B 717 (2012) 89-108

|a“- — 186 + 13 (stat.) £ 20 (syst.) = 7 (lumi.) pr

200 300 400 500 600
m,,, [GeV/c?]

isolated e/u + th + 1 b-jet
largest background : T, fakes

e Butttot,+jets is the largest contribution including a t in the final state

n>r=>»
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http://www.sciencedirect.com/science/article/pii/S0370269312009793
http://www.sciencedirect.com/science/article/pii/S0370269312009793
http://www.sciencedirect.com/science/article/pii/S0370269312009793
http://www.sciencedirect.com/science/article/pii/S0370269312009793

tt—th+jets — analysis strategy

e Dedicated trigger : 4 jets (ET>40/45 GeV), one identified as T, particle flow used online for <-id

e Final state preselection :
3 jets, ET>45 GeV + 1 jet, ET>20 GeV
1 th, ET>45 GeV (HPS)
dedicated MVAs to separate t, from e/u
lepton veto
MET>20 GeV
at least one b-jet (Jet Probability)

e High fake rate for Ty, neural network approach with 7 variables :

CMS Preliminary, 3.9 fb',Ns=7 TeV
. T T T T
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e  Signal yield extracted using a template fit to the NN output distribution :

Source

Events

Events / 0.1

Signal tt — T, +jets

383 £ 29 (fit)

Multijet 2392 £ 29 (fit) == 120 (syst.)
Other tt 151 + 4 (stat.) == 37 (syst.)
Wjets 62 = 8 (stat.) &= 14 (syst.)
Single top 41 = 1 (stat.) &= 8 (syst.)
Z+jets 21 = 2 (stat.) £ 4 (syst.)

Total backgrounds 2667 = 31 (stat.) == 127 (syst.)
Data 3050

Data/MC

—
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tt—th+jets —-signal extraction

Linc = 3.9 fb"!

S/B "14%

ECMS\s=7 TeV, 396" = " "o Data =
- X stat.+syst. uncertainty
N it +jets
E B single top E
= W/Z + jets =
E I it background =
= o multijet 3
- =‘%"'-o-t ]
E =
et =
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3}}* ........................................................ }}ffiii}{}]_
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DNN

e Important multijet background, modelled from 0-b-tagged sideband, EWK backgrounds from MC
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e Cross section & branching ratio measurements :

N — Npg

o'ti: Atot'B'ILdt

‘ o = 152 £ 12 (stat.) = 32 (syst.) = 3 (lum.) pb
22%

| B = 0.091 = 0.007 (stat.) = 0.020 (syst.) == 0.002 (1um.)|

e Largest uncertainties from :

e jet energy scale

e T, identification and energy scale

e trigger efficiency

Events /10 GeV

Data/MC

50

40

30

tt—th+jets — cross section measurement

Linc = 3.9 fb"!

CMS\s=7TeV,3915' = " "o’ Data
stat.+syst. uncertainty
— B it +ets —
I single top
W/Z + jets

B 1t background
multijet

Ms : invariant mass of the three-jet
system with highest transverse
momentum in enriched signal region,
Dnn>0.5
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Events

tt—th+jets at ATLAS

Nn»r=»

= -
Trigger : at least 4 jets with Et>10 GeV and [n|<3.2, 2 jets identified as b-jets Line = 1.67 b

Final state selection :

5 jets Et> 20 GeV, |n|<2.5

2 jets identified as b-jets

2 jets associated to hadronic W

remaining leading jet (Et>40 GeV) selected as t, candidate
MET significance, SET > 8

lepton veto

Signal extracted using a template fit to the number of tracks associated to the t, candidate

200F
180
160

'

140 [
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40 : ! : '
20fiv
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IR S/B ~“15%
ATLAS

j y th/e template from simulated tt
Ldt=1.671fb \s=7TeV

. gi?t;“’él‘]O“ gluon initiated jet template (QCD multijet)
----- Fit [Tau/Electron] from sideband in data with 3<SET<4
---------- Fit [Quark-jets]

.......... Fit [Gluon-jets]

quark initiated jet template (tt, W+jets, single-top)
from tt control sample with muon

llllllIlllllllllllllIllllllllllllIIIII

e

Th -

Niek =1 Or 3

8 10 12 14 16 18

. |0, = 194 + 18 (stat) + 46 (syst.) pb
Number of signal events using N(tn)/N(e)+N(th) 25%

measured in simulation
9
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Top pair cross section
measurement in e/u+jets

ATLAS : ATLAS-CONF-2011-121 (7 TeV, 0.7 fb™)
ATLAS-CONF-2012-149 (8 TeV, 5.8 fb)

CMS : Phys. Lett. B 720 (2013) 83 (7 TeV, 2.3 fb™)
CMS-PAS-TOP-12-006 (8 TeV, 2.8 fb)

Differential cross—-sections :
ATLAS : EPJC (2013) 73:2261 (7 TeV, 2.05 fb™")
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n>r-»

Motivation

e final state with largest BR

e  verify theoretical cross section calculations

e primary background in many searches for physics Sot:
beyond the standard model “ l‘“}-g“"‘wf
Muon:
. . . o p, = 64.4 GeV/c —
e inclusive measurement : gate to new physics, additional n=0.29 / N\ o v 135.9 Ga W
processes may modify the production rate \‘ n=0.79
Missing E, N e
65.9 GeV ‘ y \\‘ f
U )/‘
- Jet
e Analysis strategy : :f — Py = 51.5 GeV/e
. . . n*o ev/e n=-0.12
one single isolated e or u, 1 to 4 jets usually 1 b-tagged, n=0.81
possibly MET e
v
e  Main backgrounds : W+jets and QCD multijets o 160
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l+jets analysis @ 7 TeV (1/2)

e Eventselection:  gingle lepton trigger
1 isolated e/u with E1/pt>25/20 GeV, |n|<2.5
at least 3 jets with pr>25 GeV
MET>35 GeV, mt(W)>25 GeV (e+jets channel)
MET>25 GeV, mt(W)+MET>60 GeV (u+jets channel)

n>r-»

no b-jet identification to avoid additional systematics

e \W+jets background estimated using W charge asymmetry

e QCD multijet background estimated from matrix method,
real/fake lepton efficiencies measured from Z events/control samples with small MET in data

e Projective likelihood discriminant function constructed using simulated W+jets as background
and 4 variables :

] L]
N -

5’ 2500 TAS fret “i-:ary ' ;l = 2 16000~ TLAS Prelimnary ;", e 3 TLAS Preliminary v . 8- z 800" ATLAS Preliminary ot 621
P Ldt=070f - ] 2 aof. | b®t=070m" = E = 3o | Ldt=070f =i e _F |Ld-crom =
s B ] &  F " urdlets . E 3 pe 4 Jets e s F e 2 5 Jets -
& &= & 12000f- B 3 & - § = .-
- - 00—
10000~ = } OE 4
50:05— —f 300~
eo:of— —f 200~
ao0of~ -
- = 00—
2000~ — =
2 g ,.,:_ : g — 2 o n )
§ § L i T~ — N u IS S S
(__3 c.‘ | % + I “ = B :+—.—- v 1 c}z P| .+.§+ ~ %+ *+ : + ' dedecsscsFeceedefefocees
< T = —t= id = ' v t
08 | . o7 02 03 04 05 05 07 08 03 0 =0 100 i) 200 =0 300 KL% 200
0 -8 x A 3 jet) [GeV)
exp(-4Hr,3p)
n() N modified event aplanarity pt of leading jet
e A'=exp(-8A)
o 23 P eX
T3p =
=P ZNobjccts | |
j=1 1Pz]
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l+jets analysis @ 7 TeV (2/2)
Line = 0.70 fb"!
YT, — | |
° Maximum likelihood fit to the 6 :]C: 3Jets ATLAS Preliminary ;t[f)ata 2011.'\/35[)7&6}:" ,
likelihood discriminants it ‘ JLdt=070%" O W+lets B Other EW

u + Jets 3 Jets e + Jets

4 Jets

e Fitinput:

4 Jets =5 Jets

| |
800 ! !
e  data driven normalization and 400 E ! !
. . I I
shape for QCD multijet = . } 5
g t
e data driven W+jets normalization, S gttt £ it t by
shape from MC % 51 . . . . .
o 0 20 40 60 80 100
: : Likelihood Discriminant
e other backgrounds (Z+jets, single-
- i i Uncertainty up (pb) down (pb) up (%) down (%)
top, di-bosons) from simulation, s - i AR
normalized to o*LL Detector simulation
Jets 3.2 —-473 1.8 -2.4
Muon 4.1 -4.1 2.3 -2.3
: : . Electron 2.7 -3.0 1.5 -1.7
MC modelling, luminosity, muon id Signal model
Generator* 54 -54 3.0 -3.0
Hadronization®’ 0.9 -0.9 0.5 -0.5
ISR/FSR 3.0 -2.3 1.7 -1.3
. PDF*’ 1.8 -1.8 1.0 -1.0
o = 179.0£3.9 (stat)+9.0 (syst)£6.6 (lumi) pb Background model
QCD shape*’ 0.7 -0.7 0.4 -04
W shape”’ 0.9 -0.9 0.5 -0.5
Monte Carlo statistics*’ 3.2 -3.2 1.8 -1.8
Systematic 9.0 -9.0 5.0 -5.0
Stat. & Syst. 9.8 -9.8 54 -54
Luminosity 6.6 -6.6 3.7 -3.7
Total 11.8 -11.8 6.6 -6.6

* : uncertainties evaluated outside the fit
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l+jets analysis @ 8 TeV

e  Similar preselection to 7 TeV analysis :

one single isolated e/u with E1/pt>40 GeV, |n|<2.5

at least 3 jets with pr>25 GeV

MET>30 GeV, mt(W)>30 GeV (e+jets channel)
MET>20 GeV, mt(W)+MET>60 GeV (utjets channel)
at least one b-jet (MV1)

e Similar data driven technique for QCD multijet estimate

e  Signal and W+jets from fit to the likelihood discriminant

A
T
3 L
o x10 A
S [ ATLAS Preliminary J’ Lt S
2 5 ¢ paa e+>3 jets /s =
& [ W-Jets W Vultijet
gl Zrlets [ Single Top Dibosons
3
2

va
1.2
W
0.8
7A

Data / Expectation

e Main systematics : MC modelling, JES

Likelihood constructed
with 2 variables : A’ and n(l)

lo; = 241 + 2 (stat.) + 31 (syst.) + 9 (lumi.) pb‘
3%

e )
. Channel N;; o (pb)

LHC is a top factory : =\ S37ets | 31050£350 239+3
76k of selected tt! ;1 >3ets | 45000£400 2422
[+>3 jets | 76000+500 241+2

x10°
7: ATLAS Preliminary

/0.25

j Ldt = 5.8 fo"

| > H

[ e Data u+23 jets \s=8TeV
=k W+Jets Il Muttijet
Z+Jets [ Single Top Dibosons

Events
o))

a
T

- wh

I CE S - - () ©w H
TTT T T 17T T T 17T T T 17T L T T T

Data / Expectation

o

_ _____ %W%%%% _______ _

3 18 -06 06 1.8 3
muon 1
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l+jets analysis @ 7 TeV & 8 TeV

Event selection :

single lepton and lepton+jets triggers
one single isolated e or u, Ev/pTt > 35 GeV
at least one jet Et > 35 GeV,

one or two b-jets (Simple SV)

MET>20 GeV

Profile likelihood fit to the number of reconstructed jets,
number of b-tagged jets and secondary vertex mass

distributions

Background normalizations and main systematics

(JES,Q? scale, b-tagging) constrained from fit

Lint — 2.3 fb-l

Event selection :

lepton+jets triggers

at least four jets Et > 45,45,35,35 GeV
at least one b-jet (Jet Probability)

Signal extracted by template fit to M(l,b) distribution

Multijet template from anti-isolated lepton side band in

data, other backgrounds from simulation

Main systematics : JES, b-tagging efficiency

Lint - 2.8 fb-l
one single isolated e or u, Ev/pTt > 26/30 GeV

® data .tf .Single Top .W+b-|ets

B wicjets [ JwiLFjets  [llz+iets [ lacp

CMS Vs=7TeV

2.3 fb" of Muon Data

5 Jets 1 Tag

3 Jets 1 Tag
4 Jets 1 Tag

1Jet 1 Tag
2 Jets 1 Tag

Events/0.5 GeV

[ = 1581 £ 2.1 (stat) & 10.2 (syst.) + 3.5 (lum.) pb

(o)
1 7%
CMS Preliminary 28fb" at (s=8 TeV
> 700?—\\\‘\\\\‘\\H‘\\\\‘\\\\‘H\\‘\\\\‘\\\\‘\\\\‘\\\-&—
QJ L
O) C —e— Data
o 600 - ] —
Ay - . tt
"UE) 500; Background B
St [ Back f
> - ]
L 400 Fit yndf =0.19

300
200~

100

OO 50 100 150 200 250 300 350 400 450 500

M,, (GeV)

0 = 228.4 + 9.0 (stat.) 7500 (syst.) = 10.0 (lum.) p
EW;
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Differential cross sections in l+jets

-~ WNrpr=>»

e Enhances sensitivity to new physics, allows to test pQCD, dependence to ME- | do (x,-
parton matching, QCD scales, PDFs, ... 5 dx,.

e Analysis strategy : one isolated e/u, 4 jets, one b-jet, MET
and full kinematic reconstruction

e Differential distributions unfolded for detector effects

e  Kinematic properties (m, pr, y) of tt considered

e Uncertainites :10-20 %, no significant deviations from SM expectations, good

agreement with generators
J 7 Line = 2.05 fb-

E i ] NLO (MCFM) ] = ! [7] NLO (MCFM) ] —8= 1 _J‘Ldt= 205 fb" ] NLO (MCFM) |
= 1k o—— e ALPGEN - = 10 000000 e ALPGEN - C Y e ALPGEN .
8 E 0 e MC@NLO g B e MC@NLO - e L MC@NLO ]
‘é: - e . e - Pttt s : - -
o"'- ‘0 ‘ E” ATLAS _% S: 1 E ATLAS E : o wedhes 1
= ;ILdt_zosfb" ] 2 EJ‘Ldt“205fb"' ]
10 2 r .-.-..-..-.'..'..-.-..'..-.T.:.-..-.-..-.r .:! 101 =f-— ......................... —:i:
] ; ' ] 107 STssTmesees r
-3 1 2D 1 | 1 ]
10 10°
§ . | S S S S = &N 1. 5F— IR S F ...
5 1.21 T T e I S ) JpEmm—— P NE—— - 8 12 -w~I-~ el E
g‘ 08 ............. T .................................................. + ........... — g‘ 0 EE.......... T -‘5 g* i S | A - b vk *' 1 7
2 300 1000 2000 z 710 20 100 200 1000 2 -3 -2 1T 0 1 2 3
= m, [GeV] = P [GeV] = Y.

(Similar measuremenltg at CMS : TOP-12-027 (I+jets), TOP-12-028 (di-lepton))
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Summary

e ATLAS and CMS have measured the top pair cross sections in “all possible” lepton+jets
channels, namely e+jets, u+jets and <, +jets

e French labs are involved in the t, +jets (IPHC-CMS), e/utjets (IRFU-ATLAS) and differential
(CPPM-ATLAS) cross section measurements

e Cross section measurements in very good agreement with approx. NNLO calculations (and
full NNLO+NNLL calculations)

CMS Preliminary, {s=7 TeV

. 20 Dec 2012
7 TeV A TLAS Prellmlnary _______ Theory {approx. NNLO)
for m, = 172.5 GeV ‘ _TTTTIT‘-“I*’TS”F YaITTvzuy ;;pb”* |
j - ---NLO QCD (pp) ingle Lepton (8 TeV) 241= 4
CMS e/u+jets+btag 158+ 2+10=+ 4 > Data 2011,\s = 7 TeV —  gtal. uncertainty , [ B Approx. NNLO (pp) ¥ SIngle Lepton (7 TeV) 179+ 12 pb ]
arXiv:1212.6682 (L=2.2-2.3/ib) (val. = stat. _sysly/ tatal uncertainty i ' A Dilepton 173 "7 pb j
Channel & Lumi. a,; +(stat) +{syst) +{lumi) “"NLOQCD(PP) o Amhadronic 167 = 81pb
T 102 |_—Approx. NNLO (p5) @ Combined 177 ''pb a8 B
CMS dilepton (ee,uy,eu) 162+ 2+ 5= 4 Single lept 0.70 b s 179+ 4 :w> - = COF e =
JHEP 11 (2012) 067 (L=2.3/Ib) (val. « stat. = syst. « lumi.) i - = : 4 D0 - = :
' Dilepton 0.70 —4+78TC .,  ,pb - ]
. All hadronic 167+ 18+ 78+ 6 pb 3 1
CMS all-hadronic 1391026« 3 1.02 b’
arXiv:1302.0508 (L=3.5/fb) (val. « stat. = syst. + lumi.) :‘
Combination ———— 177+ 3%+ 7pb =
CMS dilepton (et,ut) 143 +14 22+ 3 7
Phys. Rev. D 85 (2012) 112007 (val. « stat. = syst. + lumi.) : ’ +
(L=2.2/tb) Single lepton, b — XUy se—t— 165+ 217+ 3pb

4661’
—

CMS t+jets 16221232+ 3 > s + Jots < 1.67 b 194 + 18 £ 46 pb > _
arXiv:1301.5755 (L=3% (val. = stat. = syst. + lumi, t-m + lepton 205 fb' o — 186 +13+20+ 7 pb _ \_s [-rev]
[ Approx. NNLO QCD., Aliev et al, P =182 (2011) 1034 ) +80
Approx. NNLO QCD. Kidonakis, Phys.Rev.D 82 (2010) 114030 All hadronic 168+12 " .+ 6 pb
[ Approx. NNLO QCD. Ahrens et al.. JHEP 1002 (2010) 097 -1 53
1 NLO QCD I 4.7 1b | | | |
I I I I
o 5 00 150 200 250 300 50 100 150 200 250 300 350
ot (pb) o lplt;]
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Additional slides

mercredi 3 avril 2013



Systematics tt—th+jets

Source Rel. uncert. [%]
W /Z/tt backgr. cross section uncert. =3
Top-quark mass =3
Renormalization/factorization scale +2
Parton matching =3
PDF =5
™ trigger efficiency =7
Pileup +5 —1
Th energy correction =7
T, 1dentification +9
Jet energy scale +11
Jet energy resolution +2
Unclustered EF +=7
b-tagging +3
Multijet background reweighting +5
Svst. uncertainty +21
Stat. uncert. from fit and MC samples +8
Stat. uncert. from trigger +0.4
Total stat. uncert. =8

Source of uncertainty

| Relative uncertainty |

ISR/FSR 15%
Event generator 11%
Hadronisation model 6%
PDFs 2%
Pile-up 1%
b-jet tagging efficiency 9%
Jet energy scale 5%
EF'* significance mismodelling 5%
b-jet trigger efficiency 3%
Jet energy resolution 2%
Fit systematic uncertainties | 4% |
Luminosity 4%
Total uncertainty | 24% |

nr»r=->»

mercredi 3 avril 2013



Systematics tt—l+jets

Source Electron Muon Combined

channel channel analysis

: : = Systematic Combined fit
Quantity Uncertainty (%) b (%)
Lepton ID/reconstruction/trigger efficiency 3.0 2.0 3.0 Jet Energy Scale +43 5.0
Et resolution due to unclustered energy 0.9 0.3 0.8 Jet Energy Resolution +#05  -11
Jet energy resolution 0.5 0.5 0.6 - P:ilecup +gz 'gz
e ackground Composition +0. -0.

tttE:-].etts r;;tg) :'mr.)éfact.ts;?les gg lig ;g W + Jets template shape from unweighted 7 TeV | +09  -0.9
Jets _ 0 Uomatching ' ' ' Normalisation of data-driven multijet shape +09 -09
Pileup 0.5 0.2 0.6 b tagging efficiency measurement +8.0 -8.0
Parton distribution function choice 0.3 0.3 0.3 Trigger Efficiency 432 28
QCD multijet SVM distribution 1.4 0.4 0.6 Lepton selection +2.8  -24
Subtotal 5.5 5.1 5.9 Factorization scale (*) 62 -21
Nuisance parameter Uncertainty (%) ME-PS Matching threshold (%) +4.6 31
Jet energy scale 39 3.0 24 PDF uncertainties (*) +1.6 -20
: . . ' ' ' Top Quark Mass (*) +03 -14
b—taggmg efficiency and mistag rate 3.5 2.8 2.1 Total 7 114
W + jets renorm. /fact. scale 1.6 1.5 1.6 Luminosity 44 44

Total systematic uncertainty 7.0 6.2 6.5

* : uncertainties from 7 TeV data
20
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. ADifferential cross sections in l+jets

e Measurements performed in I+jets and di-lepton final states | do (x,-)

o dx,

e normalized differential tt cross section as function of pr, n of leptons and b-jets in
visible phase space, m(l,b)

e as function of t and tt in full phase space

e Prediction at approx NNLO gives Qarticularly good description of pr(t)

, CMS Preliminary, 12.1 fo' at s = 8 TeV

|1__| 10§<|1|()|_| | T T | L | T 1T | L | LI | T T | T |:
> o €/ + Jets Gombined e Data E
3 : — MadGraph 1
— 8F -== MC@NLO -
3L -~ POWHEG ~ ° Line = 12.1 fb"!
o - > A Approx. NNLO -
6 :_ (arXiv:1205.3453) _:
-+ E (TOP-12-027 (I+jets),
- - TOP-12-028 (di-lepton))
41— —
A X :
: AN z
1 T =
0 L 111 | | | L1 11 | L1 11 | L1 11 | Im

0 50 100 150 200 250 300 350 400
p. [GeV]
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