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Looking back to 2010
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Looking back to 2010






2012● > 50 preliminary results
● > 5 publications
● Significant contributions from        
  german institutes (analysis, 
  performance and organization)
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New 2011 ttbar cross-section results

Cross-section:
● Total cross-section prediction

several recent theory updates: NLO QCD+resum.

● Single lepton channels (e/μ+jets)
ATLAS-CONF-2011-023, ATLAS-CONF-2011-035
ATLAS-CONF-2011-121, PAS TOP-10-002,
PAS TOP-10-003, Eur. Phys. J. C71 (2011) 1721, 
arXiv:1108.3773, CMS PAS TOP-11-003. 

● Dilepton channels (ee, μμ, eμ)
ATLAS-CONF-2011-034, arXiv:1108.3699,
ATLAS-CONF-2011-100, CMS PAS TOP-10-005,
JHEP 07 (2011) 049, CMS PAS TOP-11-005

● Dilepton channels (μ+τ)
ATLAS-CONF-2011-119, CMS PAS TOP-11-006 

● All hadronic channel
ATLAS-CONF-2011-066, ATLAS-CONF-2011-140,
CMS PAS TOP-11-007

● Combinations
ATLAS-CONF-2011-040, ATLAS-CONF-2011-108,
CMS PAS TOP-11-001, CMS PAS TOP-11-024

● Jet multiplicity
ATLAS-CONF-2011-142

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

● Top pair + additional photons
ATLAS-CONF-2011-153, [Melnikov, Scharf, Schulze]

● Top pair + X
X=jet [Scharf], X=jet+parton shower [Alioli, Moch, Uwer], 
off-shell [Bevilaqua et al., Denner et al.], X=jj [Bevilacqua et al.], 
X=b bbar [Bredenstein et al.]

Top parallel session

● Kirika Uchida on ttbar cross-section in 
the dilepton channel (ATLAS)

● Eike Schlieckau on ttbar cross-section in 
the all-hadronic channel (CMS)

● Clemens Lange on ttbar cross-section in 
the l+jets channel (ATLAS)

● Christian Schwinn on NNLL threshold 
resummation for ttbar cross-section 
(theory)

● Jan Kieseler on ttbar/Z cross-section 
ratio in ee- and mumu-channels (CMS)
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New 2011 ttbar cross-section results

Cross-section:
● Total cross-section prediction

several recent theory updates: NLO QCD+resum.

● Single lepton channels (e/μ+jets)
ATLAS-CONF-2011-023, ATLAS-CONF-2011-035
ATLAS-CONF-2011-121, PAS TOP-10-002,
PAS TOP-10-003, Eur. Phys. J. C71 (2011) 1721, 
arXiv:1108.3773, CMS PAS TOP-11-003.

● Dilepton channels (ee, μμ, eμ)
ATLAS-CONF-2011-034, arXiv:1108.3699,
ATLAS-CONF-2011-100, CMS PAS TOP-10-005,
JHEP 07 (2011) 049, CMS PAS TOP-11-005

● Dilepton channels (μ+τ)
ATLAS-CONF-2011-119, CMS PAS TOP-11-006 

● All hadronic channel
ATLAS-CONF-2011-066, ATLAS-CONF-2011-140,
CMS PAS TOP-11-007

● Combinations
ATLAS-CONF-2011-040, ATLAS-CONF-2011-108,
CMS PAS TOP-11-001, CMS PAS TOP-11-024.

● Jet multiplicity
ATLAS-CONF-2011-142

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Good agreement between the 
observation and predictions

Highlights
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New 2011 ttbar cross-section results

Cross-section:
● Total cross-section prediction

several recent theory updates: NLO QCD+resum.

● Single lepton channels (e/μ+jets)
ATLAS-CONF-2011-023, ATLAS-CONF-2011-035
ATLAS-CONF-2011-121, PAS TOP-10-002,
PAS TOP-10-003, Eur. Phys. J. C71 (2011) 1721, 
arXiv:1108.3773, CMS PAS TOP-11-003.
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ATLAS-CONF-2011-034, arXiv:1108.3699,
ATLAS-CONF-2011-100, CMS PAS TOP-10-005,
JHEP 07 (2011) 049, CMS PAS TOP-11-005

● Dilepton channels (μ+τ)
ATLAS-CONF-2011-119, CMS PAS TOP-11-006 

● All hadronic channel
ATLAS-CONF-2011-066, ATLAS-CONF-2011-140,
CMS PAS TOP-11-007

● Combinations
ATLAS-CONF-2011-040, ATLAS-CONF-2011-108,
CMS PAS TOP-11-001, CMS PAS TOP-11-024.

● Jet multiplicity
ATLAS-CONF-2011-142

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

Precision measurement of cross-
section. Combination ongoing.
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New 2011 ttbar cross-section results

Cross-section:
● Total cross-section prediction

several recent theory updates: NLO QCD+resum.

● Single lepton channels (e/μ+jets)
ATLAS-CONF-2011-023, ATLAS-CONF-2011-035
ATLAS-CONF-2011-121, PAS TOP-10-002,
PAS TOP-10-003, Eur. Phys. J. C71 (2011) 1721, 
arXiv:1108.3773, CMS PAS TOP-11-003.

● Dilepton channels (ee, μμ, eμ)
ATLAS-CONF-2011-034, arXiv:1108.3699,
ATLAS-CONF-2011-100, CMS PAS TOP-10-005,
JHEP 07 (2011) 049, CMS PAS TOP-11-005

● Dilepton channels (μ+τ)
ATLAS-CONF-2011-119, CMS PAS TOP-11-006 

● All hadronic channel
ATLAS-CONF-2011-066, ATLAS-CONF-2011-140,
CMS PAS TOP-11-007

● Combinations
ATLAS-CONF-2011-040, ATLAS-CONF-2011-108,
CMS PAS TOP-11-001, CMS PAS TOP-11-024.

● Jet multiplicity
ATLAS-CONF-2011-142

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

Test EM coupling of top quarks.
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New 2011 top properties results

Top properties:
● Top charge

ATLAS-CONF-2011-141

● W boson polarisation
ATLAS-CONF-2011-037, ATLAS-CONF-2011-122

● Spin correlation
ATLAS-CONF-2011-117

● Charge asymmetry
ATLAS-CONF-2011-106, CMS PAS TOP-10-010,
CMS PAS TOP-11-014, many theory papers

● Top mass in l+jets
ATLAS-CONF-2011-033, ATLAS-CONF-2011-120
CMS PAS TOP-10-009

● Top mass in dilepton
CMS PAS TOP-10-006, JHEP 07 (2011) 049

● Top mass from cross-section
ATLAS-CONF-2011-054, CMS PAS TOP-11-008

● Top/Antitop mass difference
CMS PAS TOP-11-019

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Top parallel session

● Giorgio Cortiana on top mass in the l+jets 
channel (ATLAS)

● Markus Seidel on top mass in the l+jets 
channel (CMS)

● Kaven You on top mass in the dilepton 
channel (ATLAS)

● Stefan Berge on NLO MSSM corrections to 
the charge asymmetry (theory)

● Christian Boeser on charge asymmetry (CMS)
● Andreas Scharf on top production and decay 

with a hard jet (theory)
● Wolf Behrenhoff on differential cross-sections 

(CMS)
● Johannes Erdmann on top production with 

additional photons (ATLAS)
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New 2011 top properties results

Top properties:
● Top charge

ATLAS-CONF-2011-141

● W boson polarisation
ATLAS-CONF-2011-037, ATLAS-CONF-2011-122

● Spin correlation
ATLAS-CONF-2011-117

● Charge asymmetry
ATLAS-CONF-2011-106, CMS PAS TOP-10-010,
CMS PAS TOP-11-014, many theory papers

● Top mass in l+jets
ATLAS-CONF-2011-033, ATLAS-CONF-2011-120
CMS PAS TOP-10-009

● Top mass in dilepton
CMS PAS TOP-10-006, JHEP 07 (2011) 049

● Top mass from cross-section
ATLAS-CONF-2011-054, CMS PAS TOP-11-008

● Top/Antitop mass difference
CMS PAS TOP-11-019

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

today

ATLAS lepton+jets 175.9 ± 2.8 (±0.9 ±2.7)
CMS combination 173.4 ± 3.3 (±1.9 ±2.7)

172.5 ± 2.1 (±1.4 ±1.5)

174.9 ± 1.5 (±0.8 ±1.3)

173.6 ± 3.2 (±1.8 ±2.6)

Highlights

LHC is starting to play a role.
Combination ongoing
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New 2011 top properties results

Top properties:
● Top charge

ATLAS-CONF-2011-141

● W boson polarisation
ATLAS-CONF-2011-037, ATLAS-CONF-2011-122

● Spin correlation
ATLAS-CONF-2011-117

● Charge asymmetry
ATLAS-CONF-2011-106, CMS PAS TOP-10-010,
CMS PAS TOP-11-014, many theory papers

● Top mass in l+jets
ATLAS-CONF-2011-033, ATLAS-CONF-2011-120
CMS PAS TOP-10-009

● Top mass in dilepton
CMS PAS TOP-10-006, JHEP 07 (2011) 049

● Top mass from cross-section
ATLAS-CONF-2011-054, CMS PAS TOP-11-008

● Top/Antitop mass difference
CMS PAS TOP-11-019

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

No deviation from the SM in the ttbar 
charge asymmetry observed.
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New 2011 results from searches (with tops) and single top 

Searches:
● ttbar+anomalous MET

ATLAS-CONF-2011-036, arXiv:1109.4725

● FCNC
ATLAS-CONF-2011-061, ATLAS-CONF-2011-154 

● Like-sign top quark pairs
ATLAS-CONF-2011-139, arXiv:1106.2142

● Resonances (l+jets)
ATLAS-CONF-2011-070, ATLAS-CONF-2011-087, 
CMS PAS TOP-10-007, CMS PAS EXO-11-055

● Resonances (dilepton)
ATLAS-CONF-2011-123

● Resonances (boosted)
CMS PAS EXO-11-006

● Fourth generation
CMS PAS EXO-11-050, CMS PAS EXO-11-051,
CMS PAS EXO-11-054

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Single top:
● s-channel cross-section

ATLAS-CONF-2011-027, ATLAS-CONF-2011-118

● t-channel cross-section
ATLAS-CONF-2011-088, ATLAS-CONF-2011-101,
CMS PAS TOP-10-008, Phys. Rev. Lett. 107 (2011) 
091802

● tW-channel cross-section
ATLAS-CONF-2011-104, CMS PAS TOP-11-022

Top parallel session

● Marcello Barisonzi on ttbar resonances 
(ATLAS)

● Thomas Peiffer on Z’ searches (CMS)
● Philipp Kant on increased theoretical precision 

in single top quark production (theory)
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Moving target: comparison with Tevatron (12/2011)

Measurement CDF D0 ATLAS CMS

Top pair 
cross-section

(7.50±0.48) pb 
(all channels)
CONF note 9913

(7.56+0.63

-0.56 
) pb

(dil and l+jets)
PLB 704 (2011) 403

(179.0 ± 11.8) pb 
(l+jets)
ATLAS-CONF-2011-121

(165.8±13.3) pb
(all channels)
CMS-PAS-TOP-11-024

Single top 
cross-section
(s-channel)

(1.8+0.7

-0.5
) pb

PRD 82 (2010) 112005

(0.98±0.63) pb
PLB 705, 313 (2011)

< 26.5 pb (95% 
CL)
ATLAS-CONF-2011-118

-

Single top
cross-section
(t-channel)

(0.8± 0.4) pb
PRD 82 (2010) 112005

(2.90±0.59) pb
PLB 705, 313 (2011)

(90+32

-22
) pb

ATLAS-CONF-2011-101

(83.6±30.0) pb
PRL 107 (2011) 091802

Single top
cross-section
(tW-channel)

- - < 39 pb (95% CL)
ATLAS-CONF-2011-104

(22+9

-7
) pb

CMS-PAS-TOP-11-022

Top mass (172.7±1.09) GeV
(all channels)
CONF note 10444

(175.1±1.5) GeV
(dil and l+jets)
D0 Note 6189

(175.9±2.8) GeV
(l+jets)
ATLAS-CONF-2011-120

(173.4±3.3) GeV
(dil and l+jets)
CMS-PAS-TOP-10-009

LHC more precise comparable precision Tevatron more precise
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ATLAS: top pair cross-section I

Event selection:
● Single lepton trigger
● 1 isolated high-pT lepton:

● E
T
>25 GeV for e, 

● p
T
>20 GeV for μ

● (4) anti-k
T
 (R=0.4) jets with 

p
T
>25 GeV and |η|<2.5

● Large MET: 
● e: MET>35 GeV and

M
T
(W)>25 GeV

● μ: MET>20 GeV and
MET+M

T
(W)>60 GeV

● Event cleaning
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ATLAS: top pair cross-section II

Sample composition:
● QCD estimated from data (MM)
● W+jets shapes from MC, normalization from

data (W+/W- asymmetry)
● Single-top, diboson, Z+jets from MC

→ Successfully defines a baseline selection
    for all other ttbar measurements

A
T
L
A

S
-C

O
N

F
-2

0
1

1
-1

2
1

~40% more in the μ+jets channel (pre-tag)
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ATLAS: top pair cross-section III

Strategy:
● Build a likelihood discriminant from

topological variables
● Fit templates from all processes

● Use profiling
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ATLAS: top pair cross-section IV
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CMS: single top tW-channel I

LO:

NLO:

Cross-section
● NLO tW looks like LO ttbar (+decay)
● Invoke `diagram removal’ or `diagram subtraction’
● Prediction in (approx. NNLO) at 7 TeV: σ = 

● Use profiling
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CMS: single top tW-channel II

Event selection:
● Dilepton channel: both W’s decay into e or μ
● Dilepton trigger

● Require two OS leptons (p
T
>20 GeV for both)

● Require exactly one b-tagged jet with p
T
>30 GeV 

● ee/μμ: p
T

system<60 GeV, eμ: H
T
>160 GeV

Sample composition:
● Main background l+jets top pairs (estimate from CR)
● Z+jets estimated from data
● W+jets, diboson, other single

top estimated from MC
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CMS: single top tW-channel III
C
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CMS: single top tW-channel IV

Fit and results:
● Counting experiment using profiling
● Systematics:

● Significance: 2.7 σ (expected: (1.8±0.9) σ)

● Cross-section:  σ = 22+9
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CMS: single top tW-channel V
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Predictions
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Predictions

Highlights

Towards a total NNLO cross-section:
● Only scale uncertainty
● Uncertainty dominated by PDFs
● Uncertainty of PDF+α

s
 > 2xPDF

  uncertainty
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Predictions

Highlights

Differential distributions
also ttbar+jets in NLO
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Summary

Summary:
● The top quark offers a rich field of studies
● 2011 was a successful year for top quark physics at the LHC

● >50 preliminary results, >5 publications
● Strong participation of german institutes (experiments and theory)
● Start to get comparable precision as Tevatron (not so easy!)
● Most measurements are dominated by systematics
● ATLAS and CMS start talking to each other (also not so easy!)

● Some highlights:
● Cross-section measurements and predictions have similar 

precision, NNLO cross-section seems close
● LHC starts to play a role in the top mass measurements
● Start to test couplings and other properties
● Start to reach (and improve) limits in searches from Tevatron, but 

no deviations found yet
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Outlook

Awaiting another boost in 2012
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New 2011 ttbar cross-section results

Cross-section:
● Total cross-section prediction

several recent theory updates: NLO QCD+resum.

● Single lepton channels (e/μ+jets)
ATLAS-CONF-2011-023, ATLAS-CONF-2011-035
ATLAS-CONF-2011-121, PAS TOP-10-002,
PAS TOP-10-003, Eur. Phys. J. C71 (2011) 1721, 
arXiv:1108.3773, CMS PAS TOP-11-003. 

● Dilepton channels (ee, μμ, eμ)
ATLAS-CONF-2011-034, arXiv:1108.3699,
ATLAS-CONF-2011-100, CMS PAS TOP-10-005,
JHEP 07 (2011) 049, CMS PAS TOP-11-005

● Dilepton channels (μ+τ)
ATLAS-CONF-2011-119, CMS PAS TOP-11-006 

● All hadronic channel
ATLAS-CONF-2011-066, ATLAS-CONF-2011-140,
CMS PAS TOP-11-007

● Combinations
ATLAS-CONF-2011-040, ATLAS-CONF-2011-108,
CMS PAS TOP-11-001, CMS PAS TOP-11-024.

● Jet multiplicity
ATLAS-CONF-2011-142

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

Can already now see taus in top 
events.
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New 2011 top properties results

Top properties:
● Top charge

ATLAS-CONF-2011-141

● W boson polarisation
ATLAS-CONF-2011-037, ATLAS-CONF-2011-122

● Spin correlation
ATLAS-CONF-2011-117

● Charge asymmetry
ATLAS-CONF-2011-106, CMS PAS TOP-10-010,
CMS PAS TOP-11-014, many theory papers

● Top mass in l+jets
ATLAS-CONF-2011-033, ATLAS-CONF-2011-120
CMS PAS TOP-10-009

● Top mass in dilepton
CMS PAS TOP-10-006, JHEP 07 (2011) 049

● Top mass from cross-section
ATLAS-CONF-2011-054, CMS PAS TOP-11-008

● Top/Antitop mass difference
CMS PAS TOP-11-019

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

Chapter of exotic charge is closed.
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New 2011 results from searches (with tops) and single top 

Searches:
● ttbar+anomalous MET

ATLAS-CONF-2011-036, arXiv:1109.4725

● FCNC
ATLAS-CONF-2011-061, ATLAS-CONF-2011-154 

● Like-sign top quark pairs
ATLAS-CONF-2011-139, arXiv:1106.2142

● Resonances (l+jets)
ATLAS-CONF-2011-070, ATLAS-CONF-2011-087, 
CMS PAS TOP-10-007, CMS PAS EXO-11-055

● Resonances (dilepton)
ATLAS-CONF-2011-123

● Resonances (boosted)
CMS PAS EXO-11-006

● Fourth generation
CMS PAS EXO-11-050, CMS PAS EXO-11-051,
CMS PAS EXO-11-054

blue/red/black: ATLAS/CMS/theory    bold face: german contribution

Highlights

Two-sided limit on tW-channel
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Cross-section details I
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