
- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

Christian Schwanenberger
DESY

SFB 676 Lectures
Particles, Strings, and the Early Universe

25 November, 2016

Top Precision and Searches for
New Physics 

1



- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

Objective of Elementary Particle 
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from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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Big Bang in the Lab?
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The Tevatron pp Collider at Fermilab
_
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  The LHC pp Collider at CERN
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  June 3rd, 2015: First Collisions @ 13 TeV

7



- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

The Top Quark

nucleus

8



- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

Search for New Phenomena
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remedies 
shortcomings of SM: 
e.g. dark matter 
candidate

Supersymmetry:
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Physics Groups: DØ Collaboration

EWK

Higgs Top

QCD

NP

B 
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QCD
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➞ top physics collaboration

Top Quark Physics Topics
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➞ top physics collaboration

Top Quark Physics Topics
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EWK

Higgs

QCD

NP

Intro
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Proper
ties

Top Quark Physics Topics

➞ top physics collaboration
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EWK

Higgs Top

QCD

NP
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Introduction

Top Quark Physics Topics
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The Top Quark
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1000s of events

The Top Quark
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LHC:
top quark

factory

10000s of events

LHC:
top quark

factory
Justin
Pilot

The Top Quark

100000s of events
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The Top Quark
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LHC:
top quark

factory

10000s of events

LHC:
top quark

factory
Justin
Pilot

±0.44%

The Top Quark

100000s of events
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LHC:
top quark

factory

10000s of events

LHC:
top quark

factory

±0.44%

The Top Quark

100000s of events
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Cross Sections: 13 TeV/8 TeV

21
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1.2 Cross section ratios: 13 TeV / 8 TeV 

➞ excellent prospects for top physics
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EWK

Higgs Top

QCD

NP

Intro 

Top Quark Physics Topics
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Quantum
chromo-
dynamics
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Top Quark Pair Production

Tevatron 
(~85%)

LHC
 (~87%)

(8 TeV)
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Top Quark Pair Signatures
τ’s

14%

dilepton (e/μ)
6%

e/μ+jets
34%

alljets
46%
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ATLAS Detector
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Dilepton Event
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Dilepton Signature
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Dilepton Signatures
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Dilepton Signatures

29

very
powerful!
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Dilepton Signatures with b-tagging
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very
powerful!

“counting”
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Top Pair Production Cross Section

➞ good agreement with each other
31
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Top pair production cross section

➞ (all) channels measured to look for the unexpected
➞ no new physics

8 TeV7 TeV
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Top pair production at hadron colliders

±3.9%
(eμ)

➞ experiments challenge theory again

±5.7%
(theo)
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Supersymmetry

34

remedies shortcomings of SM: 
e.g. dark matter candidate
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Supersymmetry

35

remedies shortcomings of SM: 
e.g. dark matter candidate

t~

χ0~
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Stop Quark Pair Production

36

σlimit_____
σSUSY

mt >182 GeV~

Eur. Phys. J. C74 3109 (2014)

do we see 
left or 
right?

“stealth” scenario:
- small sneutrino mass

- stop mass close to 
top mass
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±3.9%
(eμ)

➞ experiments challenge theory again

±5.7%
(theo)

eager to put 
points here

Top pair production at hadron colliders
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➞ experiments challenge theory again

boldly go 
where no 
man has 
gone before

Top pair production at hadron colliders
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Top pair production at 13 TeV

➞ agreement with SM prediction

sum of scalar pT of all jets

“top quark peak”
first look at the new world 
energy frontier

39

July 2015
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Top pair production at 13 TeV

➞ agreement with SM prediction

sum of scalar pT of all jets

“top quark peak”
first look at the new world 
energy frontier

40

Nov 2016
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Dilepton Events at 13 TeV

41

very
powerful!
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Dilepton Events at 13 TeV

42

solve equation 
for tt cross 
section and 

fraction of b-
jets found (εb) 

_
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Top pair production at 13 TeV

➞ agreement with SM prediction
43

13 TeV
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Differential Cross Sections

44

important tests of higher order QCD calculations:
requires “unfolding” to particle level 
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• LO QCD+parton shower generators
    Pythia, Herwig, ...

• LO multileg generators matched 
with parton shower
    Alpgen+Pythia, Alpgen+Herwig, ...

• NLO+parton shower generators
    Powheg+Pythia, MC@NLO+Herwig, ...

• NLO+LO multileg generators 
matched with parton showers

• NNLO QCD calculations
    normalisation

45

“Revolution” in Phenomenology
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• LO QCD+parton shower generators
    Pythia, Herwig, ...

• LO multileg generators matched 
with parton shower
    Alpgen+Pythia, Alpgen+Herwig, ...

• NLO+parton shower generators
    Powheg+Pythia, MC@NLO+Herwig, ...

• NLO+LO multileg generators 
matched with parton showers

• NNLO QCD calculations
    normalisation
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...

“Revolution” in Phenomenology
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“Revolution” in Phenomenology
• LO QCD+parton shower generators
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• LO QCD+parton shower generators
    Pythia, Herwig, ...

• LO multileg generators matched 
with parton shower
    Alpgen+Pythia, Alpgen+Herwig, ...

• NLO+parton shower generators
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• NLO+LO multileg generators 
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“Revolution” in Phenomenology
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• LO QCD+parton shower generators
    Pythia, Herwig, ...

• LO multileg generators matched 
with parton shower
    Alpgen+Pythia, Alpgen+Herwig, ...

• NLO+parton shower generators
    Powheg+Pythia, MC@NLO+Herwig, ...

• NLO+LO multileg generators 
matched with parton showers

• NNLO QCD calculations
   

“Revolution” in Phenomenology

tt production in full NNLO:
_
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Differential, unfolded: top pT

7 TeV

8 TeV

2 TeV
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Differential, unfolded: top pT

7 TeV

8 TeV

2 TeV
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13 TeV

NLO+PS
simulations
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Differential, unfolded: top pT

7 TeV

8 TeV

2 TeV
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13 TeV

NNLO
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Differential, unfolded: mtt & tt pT

53

13 TeV

NNLO

__

NLO+PS
simulations
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Differential, unfolded: mtt & tt pT
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13 TeV

NNLO

__

NLO+PS
simulations

 no new
resonances
⇒
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EWK

Higgs Top

QCD

NP

Intro 

Electroweak
Physics

Top Quark Physics Topics
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Single Top Quark Production

⇒ important to measure all channels separately to search for new physics
    BUT: do not separate Wt in higher orders - an unphysical question!

56
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Single Top Quark Selection

57

σt =  2.12±0.16 pb
NLO+NNLL, mt = 172.5 GeV

σs =  1.05±0.06 pb
NLO+NNLL, mt = 172.5 GeV
Kidonakis, PRD 81, 054028 (2010)

muon

missing
ET

b-jet

b-jet

Kidonakis, PRD 83, 091503 (2011)
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Single Top Quark Yields: pretag

58

• best s/b: ~1/200 before b-tagging
 best s/b: ~1/10 after b-tagging
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Single Top Quark Yields: b-tagged

59

• best s/b: ~1/200 before b-tagging
• best s/b: ~1/10 after b-tagging
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Single Top Quark Yields: b-

60

• best s/b: ~1/200 before b-tagging
• best s/b: ~1/10 after b-tagging

• number of jets and 
number of b tags to define 
samples
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Recontructed Top Mass

➞ signal and background look similar
➞ errors larger than signal contribution
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Multivariate Analyses

62
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees
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Boosted Decision Trees

70
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Output Discriminant for s+t 

71

CDF-CONF 10793
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Output Discriminant for s+t channel

72

Phys. Rev. Lett. 113, 261804 (2014)

➞ s+t channel observed by CDF and D0 in 2009
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Output Discriminant t-channel

73

13 TeV
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Output Discriminant t-channel

74

13 TeV
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Single top t-channel cross section

75

➞ agreement with SM predictions!
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s- and Wt-channel  Production

76

➞ observation: 6.3 s.d. ➞ observation: 6.1 s.d.
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Single channel cross sections

➞ observation|Vtb|=0.998±0.041
77

➞ all production modes observed!



- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

Direct measurement of |Vtb|

➞ observation|Vtb|=0.998±0.041
78

±4.1%

➞ no hint for anomalous contribution
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Single Top s- vs. t-channel

79

s-channel cross section [pb]
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 arXiv:1503.05027 [hep-ex]

http://arxiv.org/abs/1503.05027


- Christian Schwanenberger -Top Precision and Searches SFB 676 Lectures

Single Top s- vs. t-channel

80

FCNC
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Single Top s- vs. t-channel

81

⇒ important to study production channels separately

π

FCNC
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Single Top s- vs. t-channel: Run-II

⇒ important to study production channels separately

π

FCNC

82
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ttZ and ttW Production

83

• measure 3rd component of weak isospin
• search for anomalous couplings in ttZ vertex

➞ it is very interesting to measure rare processes never 
explored before since new physics could show up!

-i               (T3 - sin2ϑW Qt)γμsinϑW cosϑW

e

_

_ _
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Search for ttZ and ttW

84

FSRISR

ttW ttZ
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Observation of ttV production

85

ttZ vs. ttW cross sections: anomalous V or A ttZ couplings:

➞ in agreement with the SM prediction
➞ no hint for anomalous contribution
     (ttγ also in agreement with SM prediction)


