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Single top production

three production channels :
- t-channel

- tW channel

- s-channel

Production via charged current interaction
— direct probe to tWb coupling
- measurement of |V,

— study of top quark polarization
sensitive to quark PDF

sensitive to new physics :

- anomalous couplings (FCNC)
- 4th generation

- charged Higgs (H) interaction

t-channel

s-channel

Q>A%®/ |

tW-channel




t-channel

> Highest cross section

Most recent CMS results :

Differential cross section @ 13 TeV (Top-16-004)
Inclusive cross section @ 13 TeV

Fiducial cross section @ 8 TeV

(Top-16-003)
(Top-15-007)
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t-channel cross-section @ 13TeV
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top antitop cross-section ratio @ 13 TeV

* Repeating the same analysis, separately for positive and negative muons
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& top antitop cross-section ratio @ 13 TeV
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Q“@ t-channel differential cross-section @ 13TeV

\2.2 fb-1 of 2015 data is enough to start differential measurements vs. p; and rapidity

BDT discriminator : ., ,CMS Preliminary 2.3fb" (13 TeV)
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™ t-channel fiducial cross-section @ 8TeV
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s-channel
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Summary

« CMS has measured the electroweak production of the Top
guark in different production modes at 7,8 and 13 TeV

a FE ' ' ' ' ] | | [ | | e
% - Single top-quark production =
| Inclusive cross sections } |
102 | = tW (pp or PP)_
- s-channel (pp) i
10 & —
= s-channel (pp) 3
' |
1 =
- NLO+NNLL, PRD 82, 054018 (2010) 3
u NLO+NNLL, PRD 83, 091503 (2011) A CMS, PRL 110, 022003 (2013) -
1 i v  Tevatron, arXiv:1503.05027 [hep-ex] ™ CMS, PRL 112, 231802 (2014) i
10 §_ 4 CMS, JHEP 12,035 (2012) NLO+NNLL, PRD 81, 054028 (2010E
E B CMS, JHEP 06, 090 (2014) ¥ Tevatron, PRL 112, 231803 (2014) E
B * CMS, TOP-16-003 (prel.) " CMS, arXiv:1603.02555 [hep-ex]
) | | | | | I | | | | | |

0" "3 4 5 6 7 8 9 10 11 12 13 14

Vs [TeV]

» Stay tuned for more precise measurements from analyzing
2016 data set.
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t-channel systematics

uncertainty source

AG_ch 147/ 08

obs
At —cht/ 0"

obs
Aor_ch i/ 0"

t—ch., t+F
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 -6.2/46.2% -6.7/+6.7% -10.0/+10.0%
Signal modeling +7.9% £+10.1% £8.2%
tt modeling +4.3% £3.9% +4.6%
W+jets modeling 2.1/+1.7% -1.6/+1.1% -2.8/+2.3%
Q? scale t-channel -5.7/47.0% -7.1/4+5.1% -6.1/4+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%
Q2 scale W+jets -2.7/43.0% 2.5/+4.2% -5/+4+2.4%
PDF uncertainty -3.0/+2.6% -3.1/+3.2% -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% ‘ 1+2.7% | +2.7%
| total uncertainty | -14.5/+14.8% | -16.3/+16.1% | -18.6/+18.6%
uncertainty source ACy_ch p45/ ‘Tffﬁh.,t n Aoy_ch t/ oﬂ’gh_’f A _ch i/ Jff’ih_j
JES +4.9% +5.6% +3.7%
JER +0.7% +0.2% +1.5%
b-tagging efficiency +2.3% £2.1% +1.6%
mis-tagging efficiency +0.8% +1.2% +0.4%
lepton reconstruction/ trigger +2.5% £2.0% +2.9%
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Differential measurement input
variables to BDT

CMS Preliminary 2.3fb7 (13 TeV) CMS Preliminary 2.3fb7 (13 TeV)
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Fiducial : More Comparisons

19.7 tb' (8 TeV)

] aMC@NLO 4FS prediction, (scale ® pdf)
[ ] POWHEG 4FS prediction, (scale @ pdf)
[ ] POWHEG 5FS prediction, (scale @ pdf)

aMC@NLO 4FS
3.38 £ 0.25 (exp.) + 0.10 (scale @ pdf) pb

POWHEG 4FS
3.64 + 0.27 (exp.) £ 0.10 (scale @ pdf) pb

POWHEG 5FS
3.45 £ 0.25 (exp.) £ 0.10 (scale @ pdf) pb

CMS

Preliminary

fid.
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tW channel systematics

Systematic uncertainty Ao (pb) Ac/c  Notes

ME/PS matching thresholds 3.3 14%  Matching threshold 2x and 1/2x nominal 20 GeV value in tt simulation
Renormalization /factorization scale 29 12%  Scale value 2x and 1/2x nominal value of m? + ¥ p% in tt and tW simulation
Top-quark mass 22 9%  myvaried in tW and tt simulation by 2 GeV

Fit statistical 19 8%  Remaining uncertainty in fit when all other systematic uncertainties are removed
Jet energy scale 0.9 4%  Jet energy scale varied up/down

Luminosity 0.7 3% 2.6 % uncertainty in the measured luminosity

Z+jets data/simulation scale factor 0.6 3%  Varying scale factors used for correcting Z+jets Ef[“i“ simulation

tW DR/ DS scheme 0.5 2% Difference between DR and DS scheme used for defining tW signal

tt cross section 0.4 2%  Uncertainty in the cross section of tt production

Lepton identification 0.4 2%  Uncertainty in scale factors for lepton efficiencies between data/simulation
PDF 0.4 2%  From choice of PDF

Jet energy resolution 0.2 1%  Energy resolution for jets varied up/down

b-tagging data/simulation scale factor 0.2 < 1% Variations in scale factors

tt spin correlations 0.1 < 1% Difference between tt simulation with /without spin correlations

Pileup 0.1 < 1% Varying effect of pileup

Top-quark pr reweighting 0.1 < 1% Uncertainty due to differences in top quark pr between data and tt simulation
ET"* modeling 0.1 < 1% Uncertainty in amount of unclustered E}"**

Lepton energy scale 0.1 < 1% Uncertainty in energy of leptons

Total 55 24%
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s-channel systematics

Source Uncertainty (%)

u,7TeV. u,8TeV e, 8TeV pu+e, 8TeV 7+8TeV
Statistical 34 15 14 10 11
tt, single top quark rate 29 15 14 12 14
W /Z+ets, 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 Fr 5 8 2 6 5
UR, U scales 54 34 31 30 28
Matching thresholds 43 11 12 7 17
PDF 12 8 7 7 9
Top quark pt reweighting 3 5 7 6 6
Total uncertainty 115 64 54 55 47
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