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Top quark physics
● Top quark decays 

before it hadronises
○ Only opportunity to 

look at partons 
without hadronisation

● The top is very massive 
(mtop≈ 173 GeV)
○ Important for Higgs 

mass corrections, 
hierarchy problem, 
electroweak 
symmetry breaking
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Top quark physics
● Single top 

measurements give 
unique test of the SM
○ CKM Vtb matrix 

element, PDFs, etc.
● Single top final states 

can be powerful probe 
for BSM physics 
○ anomalous Wtb 

coupling, FCNC, W’ 
search
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Single top phenomenology
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Production diagrams classified (at LO) as t-
channel, Wt channel, or s-channel
● t-channel

○ largest production cross-section
○ 1 b-jet, 1 forward light jet, 1 isolated 

lepton, ET
miss

● Wt channel
○ similar final state to top pair
○ 1 b-jet, 2 isolated leptons, ET

miss

● s-channel
○ small cross-section, challenging at LHC
○ 2 b-jets, 1 isolated lepton, ET

miss

σ=87.76±3.44 pb

σ=22.37±1.52 pb

σ=5.61±0.22 pb

http://inspirehep.net/record/892742
http://inspirehep.net/record/892742
http://inspirehep.net/record/892742
http://inspirehep.net/record/856220
http://inspirehep.net/record/856220
http://inspirehep.net/record/843998
http://inspirehep.net/record/843998


Outline
● Cross-sections

○ t-channel inclusive and differential cross-sections
○ Wt observation/XS
○ s-channel search

● Wtb vertex properties
○ Anomalous couplings
○ W boson helicity
○ Top polarization

● Searches
○ Flavor-changing neutral currents
○ W’->tb
○ Monotop
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Inclusive measurements of the cross-
section of single top quark production in 
the t-channel at 8 TeV 

JHEP 06 (2014) 090
ATLAS-CONF-2014-007
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http://cds.cern.ch/record/1690567
http://cds.cern.ch/record/1690567
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/


t-channel 
inclusive
Exactly 2 jets, 1 b-
tagged, 1 untagged, 
with |η|<4.5
ATLAS: Likelihood fit 
to neural network 
(NN) discriminant
CMS: Likelihood fits to 
|ηj| distribution
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JHEP 06 (2014) 090

ATLAS-CONF-2014-007

http://cds.cern.ch/record/1690567
http://cds.cern.ch/record/1690567
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/


Main uncertainties: Jet 
energy scale (JES), signal 
model
ATLAS: Full and fiducial 
cross-sections
σt-ch  = 82.6 ± 1.2 (stat) ± 

12.0 (syst.) pb
σt-ch, fid= 3.37 ± 0.05 (stat) 

± 0.48 (syst) pb

t-channel inclusive -
results
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JHEP 06 (2014) 090

ATLAS-CONF-2014-007

http://cds.cern.ch/record/1690567
http://cds.cern.ch/record/1690567
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/


t-channel inclusive -
results
CMS: Full, top, anti-top 
cross-sections, and ratio
σt-ch  = 83.6 ± 2.3 (stat) ± 7.4 

(syst) pb
Top, anti-top fitted 
separately:

σt-ch(t) = 53.8 ± 4.6 pb
 σt-ch(anti-t) = 27.6 ± 3.9 pb

Rt-ch= 1.95 ± 0.10 (stat) ± 
0.19 (syst)

9
JHEP 06 (2014) 090

ATLAS-CONF-2014-007

Same trends seen in ATLAS 7 TeV results

http://cds.cern.ch/record/1690567
http://cds.cern.ch/record/1690567
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/


Differential measurements of the cross-
section of single top quark production in 
the t-channel at 7 and 8 TeV 

Phys. Rev. D. 90, 112006 (2014)
CMS PAS TOP-14-004
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pT

|y|

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004


t-channel differential
Distributions of pT(t) and |y(t)| unfolded to 
compare with parton-level predictions
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Reconstruction level Parton level

Phys. Rev. D. 90, 112006 (2014)

CMS PAS TOP-14-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004


t-channel differential:
pT(top)
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Results generally agree well with MC and NLO QCD predictions
ET

miss, JES, signal model among dominant systematics Phys. Rev. D. 90, 112006 (2014)

CMS PAS TOP-14-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004


t-channel differential:
|y(top)|
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Results generally agree well with MC and NLO QCD predictions
ET

miss, JES, signal model among dominant systematics Phys. Rev. D. 90, 112006 (2014)

CMS PAS TOP-14-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-21/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14004


Inclusive measurements of the cross-
section of single top quark production in 
the Wt channel at 8 TeV 

PRL 112 (2014) 231802
ATLAS-CONF-2013-100
CMS PAS TOP-14-009/ATLAS-CONF-2014-052
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http://cds.cern.ch/record/1642585
http://cds.cern.ch/record/1642585
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-052/
http://cds.cern.ch/record/1951378


Wt inclusive:
procedure
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Opposite-sign lepton pair, 1 
b-tagged jet
Rejecting top pair is the 
main challenge
CMS: Fit to BDT in signal 
(1j1b) and 2 control regions 
(2j1b, 2j2b)
ATLAS: Fit to BDT for 1-jet, 
2-jet events

PRL 112 (2014) 231802

ATLAS-CONF-2013-100

CMS PAS TOP-14-009/ATLAS-CONF-2014-052

http://cds.cern.ch/record/1642585
http://cds.cern.ch/record/1642585
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-052/
http://cds.cern.ch/record/1951378


Wt inclusive:
results
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Main uncertainties: signal 
and top pair background 
model, jet energy scale
Discovery of Wt signal at 6.1
σ (combined) significance
Extraction of |Vtb|:
CMS: 1.030 ± 0.127
ATLAS: 1.10 ± 0.12
combined: 1.06 ± 0.11
Compatible with |Vtb| 
measured in t-channel

PRL 112 (2014) 231802

ATLAS-CONF-2013-100

CMS PAS TOP-14-009/ATLAS-CONF-2014-052

http://cds.cern.ch/record/1642585
http://cds.cern.ch/record/1642585
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
http://cds.cern.ch/record/1951378
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-052/
http://cds.cern.ch/record/1951378


Searches for single top quark production in 
the s-channel at 8 TeV 

CMS PAS TOP-13-009
Phys.Lett. B740 (2015) 118
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/


s-channel 
searches
Select events with 
large ET

miss, 1 lepton, 
exactly 2 b-tagged jets
Fit to BDT output
CMS: include 3-jet 2-
tag region to 
constrain 
backgrounds
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CMS PAS TOP-13-009

Phys.Lett. B740 (2015) 118

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/


Main systematics: ET
miss scale, JES (ATLAS) MC stat., (CMS) 

signal model
ATLAS:

σs-ch = 5.0 ± 1.7 (stat) ± 4.0 (syst.) pb
1.3σ obs. 1.4σ exp. significance; 14.6 pb upper limit (95% CL)

CMS:
σs-ch = 6.2 ± 8.0 (stat+syst) pb

0.7σ obs. 0.9σ exp. significance; 11.5 pb upper limit (95% CL)
Appx. NNLO+NNLL (Kidonakis, Phys.Rev.D 83(2011) 091503):

σs-ch = 5.61 ± 0.22 pb
Results in good agreement with SM predictions

s-channel searches:
results
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CMS PAS TOP-13-009

Phys.Lett. B740 (2015) 118

http://arxiv.org/abs/1103.2792
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13009
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-03/
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Anomalous Wtb couplings

This is a general 
effective Lagrangian 
for the Wtb vertex
There are several 
analyses probing the 
vector (VL, VR) and 
tensor (gR, gL) 
couplings

In the SM, VL=Vtb≈1, 
the other couplings 
are anomalous (any 
nonzero coupling is 
evidence for new 
physics)
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Search for anomalous Wtb couplings in t-
channel single top events at 7 TeV

ATLAS-CONF-2013-032
CMS PAS TOP-14-007
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007


Anomalous Wtb couplings
ATLAS:
Measurement of AN

FB, fwd-
bkwd asymmetry in normal 
direction

AN
FB= 0.64 P Im(gR)

Decay angle cos θN 
distribution unfolded to 
parton level
Im(gR)∊[-0.20,0.30] (95% 
CL), assuming P=0.9

23
ATLAS-CONF-2013-032

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/


Anomalous Wtb couplings
CMS: Series of Bayesian 
NN extracts signal (above) 
2D constraints on (|VL|,|VR|) 
(below, left) and (|VL|,|gL|) 
(below, right)

CMS PAS TOP-14-0071
24

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007


Measurement of the W boson helicity in 
events with a single reconstructed top 
quark at 8 TeV

JHEP 01 (2015) 053 
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θℓ
*

b
W

ℓ

νℓ
in W rest 
frame

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020


W boson 
helicity
Polarization sensitive to 
non-SM tWb coupling
Measurement typically 
performed in top pair 
events
t-channel events: 1 lepton, 
2 jets (|η|<4.7), 1 b-tagged 
jet
Reconstruct top (from mW 
constraint) to compute cos 
θℓ*

26JHEP 01 (2015) 053 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020


W helicity
results
Extract F0 FL FR from 
fit to cos θℓ*
Helicity fractions in 
good agreement with 
SM
Set exclusion limits 
on Wtb anomalous 
couplings gL and gR, 
assuming VL=1, VR=0

27JHEP 01 (2015) 053 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsPaperTOP12020


Measurement of top quark polarization in t-
channel single top production at 8 TeV

CMS PAS TOP-13-001

28

θℓ
*

j’

ℓ in top rest 
frame

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001


Top quark
polarization
BDT selects t-channel 
events
Events unfolded to parton-
level distribution of cos θℓ*
Asymmetry Aℓ of leptons 
measured to determine 
polarization

29CMS PAS TOP-13-001

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001


Top quark
polarization
Measured asymmetry (from BLUE 
combination):

Al=0.41±0.17

Assuming 100% spin analyzing power of 
charged lepton (αℓ=1):

Pt=0.82±0.34
30CMS PAS TOP-13-001

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13001


Search for single top quark production via 
flavor-changing neutral current (FCNC) in 
strong interactions at 7 and 8 TeV

ATLAS-CONF-2013-063
CMS PAS TOP-14-007
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007


Flavor-changing neutral 
currents tcg and tug
FCNC in top decays 
predicted in several BSM 
theories (new exotic 
quarks, new scalars, SUSY, 
technicolor)
Multivariate classifier 
separates FCNC in decay 
vertex (CMS) or production 
vertex (ATLAS) from SM t-
channel events

32

ATLAS-CONF-2013-063

CMS PAS TOP-14-007

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007


Limits on
FCNC
Limits set on coupling 
parameters κugt and 
κcgt

33

95% CL

ATLAS-CONF-2013-063

CMS PAS TOP-14-007

Additional results in tZ 
and tγ in backup

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-063/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007
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Summary of FCNC measurements



Searches for W' to tb decays in the lepton + 
jets final state at 8 TeV

Physics Letters B 743 (2015) 235-255
JHEP 05 (2014) 108
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010


Searches for 
W’ to tb
Select 2 or more jet, 1 
or 2-tag(CMS)/2 or 3-
jet, 2-tag (ATLAS) 
lepton+jets events

Fit to mtb distribution 
(CMS)/BDT output 
(ATLAS)

36
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JHEP 05 (2014) 108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010


W’ to tb 
limits
Limits set on M(W’R) 
(shown) and M(W’L) at  
≅ 2 TeV
Limits also set in aL,aR

 
coupling plane (CMS) 
and as a function of M
(W’), g’/g (ATLAS)
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Physics Letters B 743 (2015) 235-255

JHEP 05 (2014) 108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010


W’ to tb 
limits
Limits also set in aL,aR

 
coupling plane (CMS) 
and as a function of M
(W’), g’/g (ATLAS)

Boosted all-hadronic 
results improve 
sensitivity at high 
mass (in backup)

38
Physics Letters B 743 (2015) 235-255

JHEP 05 (2014) 108

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-19/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12010


Searches for invisible particles produced in 
association with single top quarks 
(monotop) at 8 TeV

Eur. Phys. J. C (2015) 75:79
hep-ex:1410.1149 (submitted to PRL)
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022


Monotop searches
ATLAS: Leptonic top decay
Cut and count, mT(ℓ,ET

miss) 
and |Δφ(ℓ,b)| cuts optimized 
to resonant production and 
non-resonant production 
models

CMS: Hadronic top decay
Likelihood fit with 0, 1-tag 
events to extract signal and 
QCD background, 
investigate scalar and 
vector DM models
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Eur. Phys. J. C (2015) 75:79

hep-ex:1410.1149 (submitted to PRL)

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022


Monotop limits

41

Eur. Phys. J. C (2015) 75:79

hep-ex:1410.1149 (submitted to PRL)

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022


Summary
ATLAS and CMS have delivered impressive 
results in single top final states with run-1 data

Cross-section measurements, properties 
measurements, BSM searches confirm best 
SM calculations and predictions

Eagerly awaiting run-2 LHC data
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Backup slides
43

“And the good Master said: Even now, my Son,
The city draweth near whose name is Dis,
With the grave citizens, with the great throng.”



ATLAS t-channel fiducial region definition
44

Back to Slide 8: t-channel inclusive - results



ATLAS t-channel inclusive neural net ranking
45

Back to Slide 7: t-channel inclusive



ATLAS t-channel differential neural net ranking
46



CMS t-channel differential neural net ranking
47



CMS Wt BDT variables
48

return to Slide 15: 
Wt inclusive: 
procedure



ATLAS Wt BDT variables
49

return to Slide 15: Wt inclusive: procedure



CMS s-channel BDT
50

Back to Slide 18: s-channel searches



ATLAS s-channel BDT
51

Back to Slide 18: s-channel searches



ATLAS FCNC neural net ranking
52

back to: Slide 32: Flavor-changing neutral currents tcg and tug



W’ resonances in boosted fully-hadronic 
events

submitted to EPJ C
CMS PAS B2G-12-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-14/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12009
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12009


W’ hadronic 
resonances

54



Monotop 
limits
Resonant (top right), non-
resonant (right)
Scalar DM (below left), 
vector DM (below right)
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Eur. Phys. J. C (2015) 75:79

hep-ex:1410.1149 (submitted to PRL)

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-11/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12022
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Search for anomalous single top quark 
production in association with a photon

CMS PAS TOP-14-003

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14003
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Search for flavor changing neutral currents 
in tZ events in proton-proton collisions at 7 
TeV

CMS PAS TOP-12-021

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12021
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12021


Anomalous Wtb couplings
ATLAS:
Measurement of AN

FB, fwd-
bkwd asymmetry in normal 
direction:
N = st x q
with st: spectator quark 
momentum,
q: W momentum
Decay angle cos θN 
distribution unfolded to 
parton level
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ATLAS-CONF-2013-032

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-032/


Generators
t-chan: ACER (ATLAS) POWHEG+PYTHIA(CMS)
t-chan diff.: POWHEG+PYTHIA
Wt chan: POWHEG+PYTHIA
s-chan: POWHEG+PYTHIA
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