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Top-Quark Pair Production
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qq̄-annihilation or gg-fusion

gg → t t̄ dominates at the LHC

↪→ ratio gg/qq̄ changes with
centre-of-mass energy

Why do we make these precision measurements?

need to test pertubative QCD prediction

enhanced cross-section possible in new production mechanisms

many BSM searches have similar final states

↪→ has to be well understood to increase discovery potential
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How can we identify Top-Quark pairs?
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Top-Quark Decay:

BR(t → Wb) ≈ 1

final state defined by W decay

W decays to lνl or qq̄′

Ô b-tagging crucial!

dilepton:

signature: two jets, l+, l−,νl, ν̄l

pro: clean signal

con: kinematically underconstrained

all hadronic:

signature: six jets

pro: largest branching ratio

con: large multijet background

lepton+jets:

signature: four jets, l, νl

pro: good signal/background ratio

con: dominated by jet/modelling unc
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Top-quark pair production at the Tevatron
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Ô Combination: limited by statistics, signal modelling and luminosity

↪→ relative uncertainty of 5.4 % (used up to 8.8 fb-1) Phys. Rev. D 89, 072001

↪→ already close to unc. on theoretical cross-section prediction of 4 %

=1.96 TeVs cross section (pb) at t t→ pp

CDF dilepton
­18.8 fb 0.83± 7.09 

 0.67± 0.49 ±         

CDF ANN lepton+jets
­14.6 fb 0.56± 7.82 

 0.41± 0.38 ±         

CDF SVX lepton+jets
­14.6 fb 0.71± 7.32 

 0.61± 0.36 ±         

CDF all­jets
­12.9 fb 1.28± 7.21 

 1.18± 0.50 ±         

CDF combined  0.50± 7.63 
 0.39± 0.31 ±         

DØ dilepton
­15.4 fb 0.85± 7.36 

DØ lepton+jets
­15.3 fb 0.74± 7.90 

DØ combined  0.59± 7.56 
 0.56± 0.20 ±         

Tevatron combined

 = 172.5 GeVtm

 0.41± 7.60 
 0.36± 0.20 ±         

=1.96 TeVs cross section (pb) at t t→ pp
6 7 8 9

Tevatron Run II

Updated D0 result: Sub. to PRD

Ô updated to full 9.7 fb-1 data set

Ô profile LH fit to extract σ

Ô σ = 7.26± 0.13 (stat) +0.57
−0.50 (syst) pb

Ô total uncertainty dominated by
systematics

http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T13C/T13C.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T16A/T16A.pdf
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NEW: Top-quark pair production @ 5 TeV CMS-PAS-TOP-16-015
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Ô analysis performed in eµ-channel, using 26 pb-1 of data

Ô σ = 82± 20(stat.)± 5(syst.)± 10(lumi.) pb

Ô 28% relative uncertainty

http://cds.cern.ch/record/2161499?ln=en
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Top-quark production at the LHC
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How are top quarks produced?

↪→ top-quark pairs: strong interaction

↪→ single top production: weak interaction Talk from Kirill

8 TeV, NNLO+NNLL

σ = 253+13
−15 pb

↪→ 5.9% unc.

13 TeV, NNLO+NNLL

σ = 832+40
−46 pb

↪→ 5.5% unc.

factor 3.3

Top quark is heaviest particle: mass close to EWSB scale

↪→ large production rate allows for precision measurements

↪→ crucial to test at highest energies

↪→ increasing importance of boosted regime

https://indico.cern.ch/event/442390/timetable/
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NEW: Dilepton eµ channel @ ATLAS, 13 TeV 1606.02699v1
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e and µ with oppos. charge (OS)

same-sign (SS) region for fake
lepton estimate

events with one/two b-tagged jets
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Stat. Uncert.

N1 = Lσt t̄εeµ2εb(1− Cbεb) + Nbkg
1

N2 = Lσt t̄εeµ2ε2b + Nbkg
2

↪→ εeµ=̂ preselection efficiency

↪→ εb=̂ eff. for b-jet to be tagged
and fall into acceptance

↪→ Cb=̂ tagging correlation coeff.

Final result:
818 ± 8 (stat) ± 27 (syst)

±19 (lumi)± 12 (beam) pb

↪→ 4.4 % uncertainty

↪→ systematics dominated by modelling
uncertainties

http://arxiv.org/pdf/1606.02699v1.pdf
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Dilepton eµ channel @ CMS, 13 TeV CMS-PAS-TOP-16-005
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exactly one e and µ with OS

SS region for fake lepton estimate

at least one b-tagged jet
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Final result:
793± 8 (stat.)± 38 (sys)± 21 (lumi) pb

↪→ 5.6 % uncertainty

↪→ dominated by hadronisation, JES
and lepton eff. uncertainties

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-005/index.html
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Inclusive measurements @ 8 and 13 TeV
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 [pb]
tt

σ
100 150 200 250 300 350 400

ATLAS+CMS Preliminary  = 8 TeV   s summary, 
tt

σ WGtopLHC May 2016

NNLO+NNLL  PRL 110 (2013) 252004
0.001±) = 0.118

Z
(Msα = 172.5 GeV, topm

scale uncertainty
 uncertaintySα ⊕ PDF ⊕scale 

ABM12
) = 0.113

Z
(Msα

   PRD 89 (2015) 054028

CT14   PRD 93 (2016) 033006

MMHT14   EPJ C75 (2015) 5

NNPDF3.0   JHEP 04 (2015) 040

total  stat

 (lumi)± (syst) ± (stat) ± 
tt

σ

Effect of LHC beam
energy uncertainty: 4.2 pb 
(not included in the figure)

ATLAS, lepton+jets
PRD 91 (2015) 112013, -1 = 20.3 fbintL

 8 pb±  23−
 22+ 1 ±260 

CMS, lepton+jets
arXiv:1602.09024, -1 = 19.6 fbintL

 6.0 pb± 13.7 ± 3.8 ±228.5 

hτCMS, lepton+
PLB 739 (2014) 23, -1 = 19.6 fbintL

 7 pb± 24 ± 3 ±257 

µATLAS, dilepton e
EPJ C74 (2014) 3109, -1 = 20.3 fbintL

 7.5 pb± 5.5 ± 1.7 ±242.4 

)µ, eµµCMS, dilepton (ee, 
JHEP 02 (2014) 024, -1 = 5.3 fbintL

 6.2 pb± 11.3 ± 2.1 ±239.0 

 (Sep 2014)µLHC combined e
ATLAS-CONF-2014-053, CMS-PAS TOP-14-016, 

-1 = 5.3 - 20.3 fbintL

 6.2 pb± 5.7 ± 1.4 ±241.5 

µCMS, dilepton e
arXiv:1603.02303, -1 = 19.7 fbintL

 6.4 pb±  5.5−
 6.3+ 1.4 ±244.9 

CMS, all jets
EPJ C76 (2016) 128, -1 = 18.4 fbint     L  7.2 pb± 37.8 ± 6.1 ±275.6 
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energy uncertainty: 12 pb 
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 *µATLAS, dilepton e
ATLAS-CONF-2016-005

-1 = 3.2 fbintL

 45 pb± 27 ± 7 ±803 

 *µµATLAS, dilepton ee/
ATLAS-CONF-2015-049

-1 = 85 pbintL

 74 pb± 79 ± 57 ±749 

ATLAS, l+jets *
ATLAS-CONF-2015-049

-1 = 85 pbintL

 88 pb± 103 ± 13 ±817 

µCMS, dilepton e
PRL 116 (2016) 052002

, 50 ns-1 = 43 pbintL

 36 pb± 53 ± 58 ±746 

 *µCMS, dilepton e
CMS-PAS-TOP-16-005

, 25 ns-1 = 2.2 fbintL

 21 pb± 38 ±  8 ±793 

CMS, l+jets *
CMS-PAS TOP-15-005

-1 = 42 pbintL

 100 pb± 84 ± 27 ±836 

ABM12
) = 0.113

Z
(Msα

   PRD 89 (2015) 054028

CT14   PRD 93 (2016) 033006

MMHT14   EPJ C75 (2015) 5

NNPDF3.0   JHEP 04 (2015) 040

Ô 8 TeV: combined LHC eµ result: 3.5% precision
Ô 13 TeV: most precise result from ATLAS eµ channel: 4.4%
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Differential cross-section measurements

want to test predictions in different parts of phase space

unfold to parton-level and stable particle level

allows to compare results from different experiments

make fiducial measurements

↪→ allows to test different models

↪→ helps to constrain systematic uncertainties

Distributions unfolded to:
Ô parton level: top after radiation, but before decay

Ô particle level: stable leptons and jets clustered from stable particles

13/ 53 – Top quark production at hadron colliders – Andrea Knue
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Pseudo-top algorithm
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second b−tagged jet

t̄

twountagged jets

take b−tagged jet

l

t

ET
miss

+

useW massconstraint

t (lep)

closest to lepton

t (had )

want to fully reconstruct t t̄ event from final state objects

run same algorithm on particle and detector level

Ô Unfolding to particle level: generator independent studies possible
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Differential cross-section @ ATLAS, 8 TeV arXiv:1511.04716

15/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô unfolded to parton and stable particle level with Powheg+Pythia6

Ô lepton+jets channel, event reconstructed with pseudo-top alg.

Ô transverse top quark momentum softer in data than in MC
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Differential cross-section @ CMS, 8 TeV Eur. Phys. J. C 75 (2015) 542

Reconstruction lepton+jets channel

Ô use kinematic fitting algorithm with up to 5 jets

Ô veto b-tagged jets in position of light quarks and vice versa

↪→ allows to reduce number of permutations in the fit

Ô cut on χ2 probability to keep mainly well reconstructed events

Reconstruction dilepton channel

Ô use algebraic reconstruction method

Ô smear energies and directions of leptons and jets 100 times

↪→ allows to recover events without neutrino solution

Ô calculate weight per solution and sum over all 100 cases

↪→ take solution with maximum sum of weights

Ô weight is based on expected mlb mass spectrum
16/ 53 – Top quark production at hadron colliders – Andrea Knue

http://arxiv.org/abs/1505.04480
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Differential cross-section @ CMS, 8 TeV Eur. Phys. J. C 75 (2015) 542

17/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô unfolded to parton and stable particle level with Madgraph5+Pythia6

Ô top quark pT softer in data than in MC, data more central

Ô larger deviation at higher momentum

Ô see deviation in all three channels (middle) Eur. Phys. J. C 76 (2016) 128
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Comparison with NNLO predictions @ 8 TeV

18/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô compare now unfolded ATLAS and CMS data with NNLO predictions

Ô mt t̄ and top pT distributions (unf. to parton level):

↪→ NNLO prediction harder than CMS data, good agreement for ATLAS

Ô large differences between generators predictions CMS-TOP-15-011
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NEW: Diff. measurements, dilepton @ ATLAS, 7 & 8 TeV

19/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô unfolded to parton level, ≥ 2 jets and ≥ 1 b-tag

Ô improved t t̄-pT modelling with hdamp = mtop

↪→ large descrepancy for NLO+NNLL calculation (also visible in 7 TeV)

Ô better agreement for rapidity when moving to NNPDF or HERAPDF
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NEW: Jet production in eµbb̄ events @ ATLAS, 8 TeV

20/ 53 – Top quark production at hadron colliders – Andrea Knue

 > 25 GeV
T

 pextra jetsN

0 1 2 3 4 5

F
ra

ct
io

n 
of

 e
ve

nt
s

0

0.1

0.2

0.3

0.4

0.5

0.6

Data 2012
∞Powheg+PY6 hdamp=

t
Powheg+PY6 hdamp=m

t
Powheg+PY8 hdamp=m
MC@NLO+HW

∞Powheg+HW hdamp=
Total uncertainty

ATLASPreliminary
-1=8 TeV, 20.3 fbs

t| < 4.5, tη|

 > 25 GeV
T

 pextra jetsN
0 1 2 3 4 5

M
C

/D
at

a

0.5

1

1.5

2
∞Powheg+PY6 hdamp=

t
Powheg+PY6 hdamp=m

t
Powheg+PY8 hdamp=m MC@NLO+HW

∞Powheg+HW hdamp=

 > 25 GeV
T

 pextra jetsN
0 1 2 3 4 5

M
C

/D
at

a

0.5

1

1.5

2 Alpgen+HW Alpgen+PY Madgraph+PY

 > 25 GeV
T

 pextra jetsN
0 1 2 3 4 5

M
C

/D
at

a

1

2

3
AcerMC+PY6 RadHi AcerMC+PY6 RadLo
Alpgen+PY6 RadHi Alpgen+PY6 RadLo

 down2Madgraph+PY6 q  up2Madgraph+PY6 q

≥

Ô additional jet multiplicity
↪→ largest difference for MC@NLO

Ô count events which do not have jets
above threshold Q0 (gap fraction)
↪→ best agreement for Powheg+Pythia8
(hdamp = mtop)

NLO+PS

Multileg

LO and RadHi/Low

 [GeV]
0

Q

50100150200250300
pa

rt
ga

p
f

0.5

0.6

0.7

0.8

0.9

1

Graph

-1=8 TeV, 20.3 fbs
ATLAS Preliminary

veto region: |y| < 2.1

2012 Data

∞Powheg+PY6 hdamp=

 t
Powheg+PY6 hdamp=m

 t
Powheg+PY8 hdamp=m

MC@NLO+HW

∞Powheg+HW hdamp=

Total uncertainty

Graph

50 100 150 200 250 300

M
C

/D
at

a

0.95

1

1.05

h_ratio050∞Powheg+PY6 hdamp= MC@NLO+HW

 t
Powheg+PY6 hdamp=m

 t
Powheg+PY8 hdamp=m

∞Powheg+HW  hdamp=

h_ratio050

50 100 150 200 250 300

M
C

/D
at

a

0.95

1

1.05 h_ratio440

Alpgen+HW Alpgen+PY MadGraph+PY

h_ratio440

 [GeV]0Q
50 100 150 200 250 300

M
C

/D
at

a

0.9

0.95

1

1.05

1.1 h_ratio209
AcerMC+PY RadHi Alpgen+PY RadHi

 down2MadGraph+PY q

AcerMC+PY RadLo Alpgen+PY RadLo
 up2MadGraph+PY q

h_ratio209

Ô jet gap fraction helps to better understand radiation systematic
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Differential measurements, dilepton @ CMS, 8 TeV arXiv:1510.03072

21/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô unfolded to parton and stable particle level with Madgraph5+Pythia6

Ô best modelling with Powheg/Madgraph5+Pythia6 setup

Ô MC@NLO+Herwig6 has a lower jet multiplicity and largest deviation
for jet gap fraction

http://arxiv.org/abs/1510.03072
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Measurements with new 13 TeV data @ ATLAS ATLAS-CONF-2015-065

22/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô exactly two high pT leptons and two b-tagged jets

Ô measure jet multiplicity for different jet pT thresholds

Ô distributions were unfolded to particle level

Ô distributions in agreement with data within uncertainties

Ô uncertainties expected to improve in the future
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Differential distributions (l+jets) @ CMS, 13 TeV CMS PAS TOP-16-008

23/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô use now NLO+PS setups as baseline: Powheg+Pythia8/Herwig++

Ô data momentum distributions are softer than expected
Ô data shows less jets than the MC generators
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Differential distributions (dilepton) @ CMS, 13 TeV CMS PAS TOP-16-011

24/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô performed in fiducial and full phase space

Ô data shows less jets than the MC generators

Ô larger variations between NLO+PS setups for pT(t t̄)

Ô top pT in data softer than in NLO+PS MC

↪→ but data in good agreement with NNLO predictions
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Differential measurements in boosted regime

26/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô at large transverse top momentum: decay products strongly collimated

Ô top can be identified as one large-radius jet

Ô allows to reduce combinatorial background

Ô especially important for BSM searches
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Boosted differential cross-sections @ ATLAS Phys. Rev. D 93, 032009 (2016)

27/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô pT >300 GeV, trimmed large-R (1.0) jets

Ô mjet > 100 GeV, use substructure to
identify top candidates

Ô take hardest top-tagged jet as hadronic
top quark candidate

Ô uncertainty 13-29%, dominated by
large-R JES

Ô parton-level result: relies more on MC

↪→ larger systematic uncertainties

Ô same trend as in resolved analysis
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Boosted differential cross-sections @ CMS arXiv:1605.00116

28/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô pT >400 GeV, trimmed large-R (0.8) jets

Ô 140 < mjet < 250 GeV, use subjet info
to identify top candidates

Ô take hardest top-tagged jet as hadronic
top quark candidate

Ô Powheg+Pythia6: σ about 14% higher

↪→ still within uncertianties

Ô large overestimation from Madgraph+Pythia

Ô same trends as in resolved analysis

http://arxiv.org/abs/1605.00116
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NEW: 13 TeV analysis in all-hadronic final state CMS-PAS-TOP-16-013

29/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô study resolved+boosted topology

Ô resolved: use kinematic fit for
reconstruction

Ô inclusive cross-section:

↪→ 834± 25(stat.)+118
−104(syst.)± 23(lumi.) pb
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Measurement of t t̄ + W/Z with ATLAS @ 13 TeV ATLAS-CONF-2016-003

31/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô processes have been first observed
at ATLAS and CMS @ 8 TeV

Ô extract σ using binned profile LH fit

Ô include various signal and control
regions

Results:
Ô σt t̄Z = 0.9 ± 0.3 (stat.) ± 0.1 (syst.) pb

Ô σt t̄W = 1.4 ± 0.7 (stat.) ± 0.3 (syst.) pb

Ô measurement statistically limited
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Measurement of t t̄ + Z with CMS @ 13 TeV CMS-PAS-TOP-16-009

32/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô processes have been first observed
at ATLAS and CMS @ 8 TeV

Ô extract σ using binned profile LH fit

Ô include 3 and 4 lepton final states

Results:
Ô σt t̄Z = 1.1 ± 0.4 (stat.) ± 0.2 (syst.) pb

Ô significance 3.6 standard deviation

Ô measurement statistically limited
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Top observation @ LHCb experiment Phys. Rev. Lett. 115 (2015)

33/ 53 – Top quark production at hadron colliders – Andrea Knue

Why measure top at LHCb?

Ô production via gg-fusion:

↪→ smaller than for ATLAS & CMS

Ô gluon PDF: higher x accessible

Ô look at differential distributions

How can we measure it?
Ô have 75% pair and 25% single top

Ô measure both processes together

↪→ µ+ b final state

Ô main background: di-jet and Wb

https://arxiv.org/abs/1506.00903
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Top production @ LHCb Phys. Rev. Lett. 115 (2015)

34/ 53 – Top quark production at hadron colliders – Andrea Knue

Event selection:
Ô µ: 2 ≤ η ≤ 4.5 and pT > 25 GeV

Ô j: 2.2 ≤ η ≤ 4.2, pT : 50–100 GeV

Ô pT(µ+ j) > 20 GeV

Ô BDT based b-tagging

Ô profile LH fit to pT(µ+ j) spectrum

Ô measure cross-section and charge
asymmetry

Summary:

Ô top observation with 5.4σ at LHCb

Ô in good agreement with prediction

Ô first observation in forward region!

https://arxiv.org/abs/1506.00903
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Summary

top-quark pair production at the LHC

↪→ many high precision measurements (incl. cross-sections)

↪→ also important statistically limited measurements and
searches like t t̄ + bb̄ (backup), t t̄ + V , t t̄H (backup)

quick turnaround of analyses with full 13 TeV data

see similar trends in top pT and rapidity as in 7 and 8 TeV data

need to better understand t t̄ modelling of data

↪→ allows to constrain systematic uncertainties

this year: will get more data than ever before

↪→ will allow us to test boosted regions and to look at
double-differential distributions

36/ 53 – Top quark production at hadron colliders – Andrea Knue
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Plenty of more data in 2016: challenge best theory predictions!

37/ 53 – Top quark production at hadron colliders – Andrea Knue
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Search for t t̄ + H production Combination note

38/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô ATLAS+CMS combination @ 8 TeV

Ô expected production rate:

↪→ 0.129 pb @ 8 TeV (NLO)

Ô signal strength: µt t̄H = 2.3+0.7
−0.6

arXiv:1604.03812

First 13 TeV results @95 % C.L.:

Ô CMS multilepton channel:
CMS-PAS-HIG-15-008

↪→ σ < 3.3 (2.6) σSM obs. (exp.)
JHEP 09 (2014) 087

https://cds.cern.ch/record/2052552/files/ATLAS-CONF-2015-044.pdf
http://arxiv.org/abs/1604.03812
https://cds.cern.ch/record/2141078/files/HIG-15-008-pas.pdf
http://arxiv.org/abs/1408.1682
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Ratio of t t̄/Z cross-sections ATLAS-CONF-2015-049

39/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô new cross-section measurements:

↪→ 9% uncertainty from luminosity

↪→ would cancel out in ratio to other xsec

Rt t̄/Z =
σt t̄

0.5(σZ→ee + σZ→µµ)

Z
totσ / 

tt
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(NNLO QCD, inner uncert.: PDF only)

Theoretical calculations:

FEWZ for σZ+jets

↪→ Comp. Ph. Comm. 182 2388

Top++ for σt t̄

↪→ Comp. Ph. Comm. 185 2930

Final result:
Rt t̄/Z = 0.445± 0.027 (stat)± 0.028 (syst)

↪→ 8.8 % uncertainty

↪→ systematics dominated by modelling
uncertainties

http://cds.cern.ch/record/2052605/files/ATLAS-CONF-2015-049.pdf
http://arxiv.org/abs/1011.3540
http://arxiv.org/abs/1112.5675
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t t̄bb̄ production in ATLAS @ 8 TeV Eur. Phys. J. C (2016) 76:11

Ô large uncertainties on NLO predictions
Ô need experimental measurements to better understand process!

Fiducial t t̄ + b cross-section
Ô eµ & lepton+jets channel

Ô two (one) leptons, ≥ 3 (5) jets, ≥ 3 b-tagged jets

Ô use b-tagging discriminant to extract t t̄+b/c/l

Fiducial t t̄ + bb̄ cross-section
Ô dilepton channel: cut- and fit-based, ≥ 4 b-tagged jets

Ô use b-tagging discr. to extract t t̄ + bb̄, t t̄ + bX , t t̄ + cX , t t̄ + lX

σ(t t̄ + bb̄)/σ(t t̄ + jj) ratio in dilepton channel

Ô allows to cancel some uncertainties

40/ 53 – Top quark production at hadron colliders – Andrea Knue

http://arxiv.org/abs/1508.06868
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Results for fiducial cross-sections Eur. Phys. J. C (2016) 76:11

QCD only measurements (subtract t t̄H and t t̄V )

measurement at 8 TeV still limited by statistics

uncertainty on t t̄ + b: 25% (lepton+jets) and 32% (dilepton)

uncertainty on t t̄ + bb̄: 35% (cut-based) and 36% (fit-based)

most generators: good agreement with data
↪→ extreme option with highest rate of g → bb̄: strongly disfavoured

41/ 53 – Top quark production at hadron colliders – Andrea Knue

http://arxiv.org/abs/1508.06868
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Measurement of t t̄ + bb̄ at CMS @ 8 TeV Phys. Lett. B 746 (2015) 132

42/ 53 – Top quark production at hadron colliders – Andrea Knue

Summary inclusive:
Ô LH fit using b-tagging discriminant

Ô main unc: b-tagging, JES/JER, scale

Ô statistical uncertainties still large

Ô agrees within 1.6σ with prediction

CMS-TOP-12-041 Ô underestimate total t t̄bb̄ cross-section by factor of 2

http://www.sciencedirect.com/science/article/pii/S0370269315003263
http://arxiv.org/pdf/1510.03072v1.pdf
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NEW: 13 TeV analysis in all-hadronic final state CMS-PAS-TOP-16-013

43/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô resolved: use kinematic fit, cut on
probability and reconstructed top mass

Ô QCD: taken from CR, extrapolated to
SR, small impact on boosted

Ô build Fisher-discr. from τ32 and τ31

Ô cut on softdrop mass of leading jet
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https://cds.cern.ch/record/2161138?ln=en
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NEW: 13 TeV analysis in all-hadronic final state CMS-PAS-TOP-16-013

Uncertainties on inclusive measurements:

44/ 53 – Top quark production at hadron colliders – Andrea Knue

https://cds.cern.ch/record/2161138?ln=en
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Substructure variables

Subjettiness: measure for compatibility of jet with the assumption that
it has i subjets:

τi =
1∑

k pT ,k R

∑
k

pT ,k min(∆R1k , ...,∆Rik ) (1)

Ô R is distance parameter of current jet
Ô ∆R is distance betwen subjet and other constituents
Ô For top-quarks: i=3, for QCD: less subjets: take ratio τ32

CMS:
Ô at least three subjets, min. invariant mass of each subjet-pair > 50
GeV, total invariant mass between 140 and 250 GeV, pT > 400 GeV

ATLAS:
Ô m > 100 GeV,

√
d12 > 40 GeV, pT > 300 GeV

Ô
√

d12 = min(pT ,1,pT ,2)∆R12 (large for jets with two hard subjets)

45/ 53 – Top quark production at hadron colliders – Andrea Knue
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t t̄ + V measurements at 8 TeV

46/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô ATLAS: 2,3 and 4 lepton FS

Ô results statistically limited

Ô in signal enriched regions: use NN

Ô at 13 TeV: cross-section increased by factor of 4

Result CMS: Link Paper

t t̄Z t t̄W t t̄Z
Channel Exp. Obs. Exp. Obs.
OS (2l) – – 1.8 2.1
SS (2l) 3.4 4.9 – –
3 l 1.0 1.0 4.6 5.1
4 l – – 2.7 3.4
Combined 3.5 4.8 5.7 6.4

Result ATLAS:

https://arxiv.org/pdf/1510.01131.pdf
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Reconstruction dilepton channel

problem: dilepton final state kinematically underconstrained

we know: momenta of leptons and b-quarks and the top mass

neutrino weighting: sample neutrino η and compute weight

with assumed neutrino η: get in total 4 solutions

for each solution calculate weight:

wν
i = exp(

−(px − pνx − pν̄x )2

2σ2 )exp(
−(py − pνy − pν̄y )2

2σ2 ) (2)

47/ 53 – Top quark production at hadron colliders – Andrea Knue
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NEW: Diff. measurements, dilepton @ ATLAS, 7 & 8 TeV

48/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô unfolded to parton level, ≥ 2 jets and ≥ 1 b-tag

Ô improved t t̄-pT modelling with hdamp = mtop

↪→ large descrepancy for NLO+NNLL calculation (also visible in 7 TeV)

Ô better agreement for rapidity when moving to NNPDF or HERAPDF
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Jet gap fraction measurement

Definition:
Fraction of events without additional jet activity in a certain rapidity or
mass region above a defined pT threshold.

For leading additional jet:

fgap(Q0) =
n(Q0)

Nt t̄
(3)

For scalar sum pT of all additional jets:

fgap(Qsum) =
n(Qsum)

Nt t̄
(4)

49/ 53 – Top quark production at hadron colliders – Andrea Knue



Introduction Inclusive Differential–Resolved Differential–Boosted t t̄ + X measurements Summary Backup

Jet gap fraction

50/ 53 – Top quark production at hadron colliders – Andrea Knue
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Boosted differential: uncertainties Phys. Rev. D 93, 032009 (2016)

51/ 53 – Top quark production at hadron colliders – Andrea Knue
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Ô parton level measurement relies more on MC information

↪→ larger uncertainties than for particle level result

http://arxiv.org/abs/1510.03818
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Boosted differential cross-sections @ CMS arXiv:1605.00116

52/ 53 – Top quark production at hadron colliders – Andrea Knue

http://arxiv.org/abs/1605.00116
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LHCb measurement: more details

53/ 53 – Top quark production at hadron colliders – Andrea Knue

Ô higher fraction of qq̄ and qg scattering

↪→ larger charge asymmetries, sensitive
to BSM physics

Ô estimate W+jets from fit to pT ,µ/pT ,jµ
ratio in data

Ô GEC: global event cuts to reduce
influence of high-occupancy events in
trigger (90% eff. of cuts)

Ô σ(7TeV, 1fb-1) = 239± 53(stat)± 33(syst)± 24(theory) fb

Ô σ(8TeV, 2fb-1) = 289± 43(stat)± 40(syst)± 29(theory) fb


	Introduction
	Inclusive
	Differential–Resolved
	Differential–Boosted
	t+X measurements
	Summary
	Backup

