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O U tl i N e t-channel (dominant @ LHC)
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» single top cross section measurements
— inclusive t-channel cross section @ 13 TeV W*
— differential t-channel cross section @ 13 TeV
— s-channel cross section @ 7,8 TeV b ¢
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» results on single top couplings W-channel
— single top polarization @ 8 TeV q W

— search for t + /7 production @ 8 TeV 1
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t-channel cross section @ 13 TeV

> event selection .. light & forward jet
— 1 isolated muon q ! q"“.
pr > 22 GeV, |n| < 2.1 ‘
— anti-kt jets (R =0.4)
pr > 40 GeV, |n| < 4.7
— MVA-based b-tagging
€p ~ 45%, € fake ~ 0.1%
— reject multijet events from QCD
mr(W) > 50 GeV

> analysis strategy
fit mo(W)—> QCD yield 2" fit using neural network discriminant = signal yield
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t-channel cross section @ 13 TeV

— experimental uncertainties constrained in-situ (small compared to theo. unc.)
— largest single uncertainty: signal modeling (aMC@NLO € Powheg)
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— 298 + 15% pb [aSM — 21719 pb]

— CKM element v, assuming |[Vip| > [Vial, |[Vis|
fov Vib| = 1.02 £ 0.07 (exp.) £ 0.02 (theo.)
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— CMS-PAS-TOP-16-003

Cross section ratio =) JHEP 06 (2014) 090

— strategy: perform separate fits to discriminant for u*/u~ event
— ratio sensitive to PDF sets
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t-channel differential @ 13 TeV

> estimate signal yield in bins of top quark pr & rapidity ¥ =

— CMS-PAS-TOP-16-004
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— perform multiple fits to m(W) & Boosted Decision Tree dlscrlmlnant
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t-channel differential: Result

> use ML fit results to unfold to parton level
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— data described by theoretical predictions within the relatively large uncertainties

— large rel. uncertainty in first prbin due to low acceptance & high sensitivity to systematic
uncertainties




s-channel @ 7,8 TeV

> signal region q b
— 2 jets (both b-tagged), 1 isolated p/e, Er W
> : b
analysis strategy
— BDTs trained to separated signal t p/e
from overwhelming tt & W+jets q e

— data-driven estimation of QCD
— cross section estimated by performing simultaneous fit
to BDT distribution in signal & control regions (2j1t, 3j2t)
— syst. uncertainties externalized (largest: jet energy calibration, b-tagging, Q scale)

> result: significance per energy
Muon, 19.7 fb™' (8 TeV), 2-jets 2-tags
g 2000 e e 7 TeV: observed 0.90 (expected 0.50)
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Single top: couplings




Single top polarization @ 8 TeV

— SM: top quarks are produced polarized in t-channel along light jet (q’)

production decay — define polarization angle
VA 7 in top quark rest frame
- * _(top) . —(top)
coupling Cos 0% o< Py - Dy

— measure ...
e differential cross section
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* asymmetry
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Single top polarization: Result

» differential cross section
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> asymmetry

Unfolded cos6;;

— using linear fit
Ay (t) = 0.29 £ 0.03 (stat) £ 0.10 (syst) = 0.29 +0.11

A, (t) = 0.21 4 0.05 (stat) & 0.13 (syst) = 0.21 4 0.14
Ayu(t+1t) = 0.26 £0.03 (stat) = 0.10 (syst) = 0.26 +0.11

— largest syst. uncertainties: W+jets modeling, ¢t modeling, jet energy/resolution calibration
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FCNC {vg-vertex @ 8 TeV

> motivation
— highly suppressed in SM: BR ~ O(10~14)
— FCNC couplings from effective dim.-6 operators
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> signal signature: o e o
— 1 b-tagged jet, 1 isolated p, £, isolated ¥ high momentum
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. = 700
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FCNC @ 8 TeV: Results
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— largest uncertainties:
WH+jets background normalization,

1/~ identification, jet calibration

— coupling limits converted to BRs

* BR(t — uy) < 1.3-107*
e BR(t = ¢y) < 1.7-1073

— results also interpreted as limits
on cross section in fiducial region




SMt+7 @8 TeV

SM t+Z production
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SM t —|— Z results — CMS-PAS-TOP-12-039

CMS Preliminary 19 7 fb (8 TeV)
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> analysis strategy
— shape of non prompt lepton events estimated
by inverting lepton isolation
— BDT trained to separate SM tZq from WZ & ttZ
— signal & background yields estimated by
simultaneous fit to transverse W boson mass (CR)
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Conclusion

» new cross section measurements
— inclusive t-channel cross sectios
— differential t-channel cross section
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> new results on single top couplings
— search for ¢ 4 /7 production
— single top polarization
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Observation of tW @ 8 TeV

g

— signal region: 1 b-tagged jet,

2 leptons, Fr

— contamination from ¢¢ still high after
event selection — train Boosted Decision Tree
CMS, Vs =8 TeV, L=12.2 fb", 1j1t
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> result
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> legacy 8 TeV combination with ATLAS

ATLAS+CMS Preliminary
Data 2012, {s =8 TeV, m, = 172.5 GeV

i NLO+NNLL (PRD82 (2010) 054018)
MSTW2008,,,
scale uncertainty
scale @ PDF uncertainty
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May 2016
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arXiv:1510.03752
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PRL 112 (2014) 231802

LHC combined (May 2016)
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be——— 234120x+46+0.7pb
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Effect of LHC beam energy uncertainty:
0.38 pb (not included in the figure)
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t-channel @ 13 TeV: Uncertainty

( .
uncertamty source

_ obs
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JES

JER

b-tagging efficiency
mis-tagging efficiency

lepton reconstruction/trigger

\

+4.9%
+0.7%
+2.3%
+0.8%
+2.5%

+5.6%
+0.2%
+2.1%
+1.2%
+2.0%

+3.7%
+1.5%
+1.6%
+0.4%
+2.9%

uncertainty source
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B
ACt_ch,t/ 0%

_ / ~obs
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uncertainty of the fit (stat. + prof. unc.) +6.8% +7.4% +11.9%
statistical uncertainty +4.0% +4.7% +7.6%
profiled uncertainties +5.5% +5.7% +9.2%
MC statistics +2.8% +3.4% +4.0%
pileup -0.2/+0.1% -0.5/+0.4% -0.1/+0.7%
experimental uncertainty -6.2/+6.2% -6.7/+6.7% -10.0/4+10.0%
Signal modeling +7.9% £10.1% +8.2%

tt modeling +4.3% +3.9% +4.6%
Wjets modeling -2.1/+1.7% -1.6/41.1% -2.8/+2.3%
Q? scale t-channel -5.7/+7.0% -7.1/+5.1% -6.1/+6.9%
Q? scale tt 2.7 /+4.1% -2.5/+4.0% -3.9/+3.4%
Q? scale tW -0.3/+0.5% -0.4/+0.3% -1.1/+0.4%
Q? scale Wjets -2.7/+3.0% -2.5/44.2% -5/42.4%
PDF uncertainty -3.0/42.6% -3.1/43.2% -3.7/+4.2%
top pr modeling +0.1% +0.1% +0.2%
total theory uncertainties -12.1/+12.6 -13.8/+13.6 -13.5/+13.4%
luminosity +2.7% +2.7% +2.7%
total uncertainty -14.5/+14.8% -16.3/+16.1% -18.6/+18.6%




Differential t-channel @ 13 TeV
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» modeling in signal-depleted & signal-enhanced regions using additional BDT selection
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® signal-depleted region
well modeled by
simulation

® data display slightly
harder pT spectrum
than simulation for
signal

® rapidity well described
in both regions
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Top polarization uncertainties

SA,(t) /1072 SAL(E)/10°2 8A,(t+1)/102
Statistical 3.2 4.6 2.6
ML fit uncertainty 0.7 12 0.6
Diboson bkg. fraction <0.1 <0.1 <0.1
Z/y*+ets bkg. fraction <0.1 <0.1 <0.1
s-channel bkg. fraction 0.3 0.2 0.2
tW bkg. fraction 0.1 0.7 0.2
Multijet events shape 0.5 0.7 0.5
Multijet events yield 1.9 12 1.7
b tagging 0.7 12 0.9
Mistagging <0.1 0.1 <0.1
Jet energy resolution 27 1.8 2.0
Jet energy scale 1.3 2.6 1.1
Unclustered Fr 1.1 3.3 1.3
Pileup 0.3 0.2 0.2
Lepton identification <0.1 <01 <0.1
Lepton isolation <0.1 <0.1 <0.1
Muon trigger efficiency <0.1 <0.1 <0.1
Top quark pt reweighting 0.3 0.3 0.3
Wjets W boson pr reweighting 0.1 0.1 0.1
Wets heavy-flavour fraction 47 6.2 5.3
Wijets light-flavour fraction <0.1 <0.1 0.1
Wets cos 0, reweighting 29 3.4 3.1
Unfolding bias 25 42 3.1
Generator model 1.6 3.5 0.3
Top quark mass 1.9 29 1.8
PDF 0.9 1.6 1.2
t-channel renorm. /fact. scales 0.2 0.2 0.2
tt renorm. /fact. scales 2.2 3.4 2.7
tt ME/PS matching 2.2 0.5 1.6
Wets renorm. /fact. scales 3.7 4.6 4.0
Wjets ME/PS matching 3.8 3.0 3.4
Limited MC events 2.1 32 1.8
Total uncertainty 10.5 13.8 10.5




s-channel systematics

Source Uncertainty (%)

i, 7TeV. 1, 8TeV e,8TeV nu-+e 8TeV 7+8TeV
Statistical 34 15 14 10 11
tt, single top quark rate 29 15 14 12 14
W /Z+jets, diboson rate 23 11 13 12 12
Multijet rate 9 3 5 2 2
Lepton efficiency 14 1 2 1 3
Hadronic trigger 5 — — — 1
Luminosity 10 5 6 4 6
JER & JES 66 39 29 34 18
b tagging & mistag 34 15 14 14 16
Pileup 6 11 7 9 7
Unclustered Et 5 8 2 6 5
IR, U Scales 54 34 31 30 28
Matching thresholds 43 11 12 7 17
PDF 12 8 7 7 9
Top quark pr reweighting 3 5 7 6 6
Total uncertainty 115 64 54 55 47

s-ch.

0s = 7.1 = 8.1 (stat + syst) pb, muon channel, 7 TeV; [ SM.7 TeV
0s = 11.7 £ 7.5 (stat + syst) pp, muon channel, 8 TeV;

0s = 16.8 = 9.1 (stat + syst) pb, electron channel, 8 TeV;

0s = 13.4 = 7.3 (stat + syst) pb, combined, 8 TeV. [

:46i02p@
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s-ch.
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FCNC tvq

> fiducial selection

Object Requirement
Single muon pr > 26GeV, || < 2.1
Veto for additional muons pr > 10GeV, || < 2.5
Electron veto pr > 20GeV, |n| < 2.5
Single photon pr > 50GeV, || < 2.5 (1.44 < || < 1.56 excluded)
At least one jet (Np jer < 2) pr > 30GeV, || < 2.5
Missing pr pro > 30GeV
Muon, jets, and photons AR(p,v) and AR(jet,y) > 0.7
Reconstructed top quark mass 130 < 1, < 220GeV
> limits
Fiducial region Channel N, Nam e 0y (fb)
: : tury 0.16 122
Basic selection toy 1794 1805+ 215 019 103
Basic selection and Nyjoe =1 — -/ 275 258449 011 47

tcy 0.14 39
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FCNC tvq uncertainties

Type Source tuy (%) tcy (%)
Integrated luminosity 1.8 +
Rate Background normalization (W + jets) 5.6 3
Background normalization (W+y + jets) 2.5 1.1
Other background normalizations <1 1
Trigger efficiency 2.2 0.4
Pileup effects 7 2.3
Lepton identification and isolation <1 ot
Photon identification and isolation 1.9 4.5
Photon energy scale <1 3.1
Rate+Shape b tagging and mistag efficiency 1.1 4
Jet energy scale 2.9 2.2
Jet energy resolution 2.1 3.4
PDF 3.1 <1
Scale 1 2.4

Top quark mass 2.5 1




t+Z FCNC diagrams
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