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Introduction

> production of single top quarks at 13 TeV my = 172.5
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» why is it interesting?
— probe CKM matrix element V;y,
— probe alternative production mechanism (e.g. heavy bosons, FCNC)
— probe electroweak coupling structure (e.g. anomalous couplings, polarization)
— probe PDFs (e.g. charge ratio)




Outline

» measurement of ...

. inclusive t-channel single top quark production at 13 TeV
(CMS-PAS-TOP-16-003)

— event selection
— QCD estimation
— signal extraction using MVA
— statistical evaluation
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. differential t-channel single top quark production at 13 TeV
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CMS-PAS-TOP-16-003

Inclusive cross section
measurement at 13 TeV




Event selection

— certified data [ L = 2.3 fb™'
(all subdetectors operational
& nominal mag. field of 4T)

— isolated muon trigger

— 1 well isolated muon pt > 22 GeV, |n| < 2.1

— veto additional loosely isolated leptons
* muons pr > 10 GeV, |n| < 2.5
* electrons pr > 20 GeV, |n| < 2.5

— AK4 jets pp > 40 GeV, |n| < 4.7 ) define signal & control regions
— 2 jets & 0 b-tags: W+jets
— b-tagging using MVA discriminant " — 2 jets & 1 b-tag: signal

* e, = 45%, €fare = 0.1% — 3 jets & 1, 2 b-tags: ¢t

— reject multijet events from QCD
mr(W) > 50 GeV




Signal extraction

» 2 staged binned maximum likelihood fits
— QCD estimated with 2 component ML fit to m (W) distribution
— data-driven QCD template using data events with antiisolated muons

inclusive separately by charge
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— signal & W+jet, tt background estimated using neural network discriminant
— 11 input variables (ordered by decreasing importance): .
In(5")], reconstructed top quark mass, dijet mass, mt(W), > pr.

top quark polarization angle cos 8*, leading jet mass, AR(j', b),
(W)

pr(s’), m(j’),




Signal extraction (2)

— simultaneously fit NN discriminant in signal region and both ¢t control regions
— reduces correlation between estimated W+jets vs. ¢t background yields

— inclusive (scaled to fit result)
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— separately by charge (scaled to fit result)
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Statistical evaluation

> experimental uncertainties
— constrained in the ML fit by introducing additional nuisance parameters
— each nuisance parameter corresponds to a systematic uncertainty controlling
yield & shape of fit templates
> theoretical uncertainties
— individual fits using shifted templates per uncertainty

> result

’ uncertainty source ] Aot _ch, i1/ U?’l’ih.,m ] At —cht/ U?Egh.,r I Acy_ch i/ U;)Ef:h.,f ‘
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% | — _ o
 [experimental uncertainty| ____-62/+62%. ____|___ 67/+67%.__|__100/+100% _ experimental uncertainties

Signal modeling 7o IO ] R small compared to impact
tt modelin: 3% 9% .6% . . .
W-ets mo%el-mg 2.1/+1.7% 1.6/+1.1% 2.8/+2.3% of theoretical uncertainties

Q7 scale ckannel TS /470% | /450% 61/469%
Q? scale tf 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% largest single uncertainty
Q2 scale W+jets -2.7/43.0% -25/+4.2% -5/4+2.4% . .
PDF uncertainty -3.0/+2.6% -3.1/+3.2% 3.7 /+4.2% from signal modeling
top pr modeling +0.1% +0.1% +0.2% (aMC@NLO € Powheg)
total theory uncertainties -12.1/+12.6 -13.8/+13.6 -13.5/+13.4%

\ lumm051ty [ :}:2.70/0 [ :t2.7(yo I :}:2.70/0

\ total uncertainty [ -14.5/+14.8% [ -16.3/+16.1% | -18.6/+18.6% ‘

\ total uncertainty [ -14.5/+14.8% [ -16.3/+16.1% | -18.6/+18.6% ‘




Result
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» measured cross sections

o(t) = 141 £ 5% (stat.) = 7% (exp.) = 14% (theo.) = 3% (lumi.) pb

o(t) = 81+ 8% (stat.) +10% (exp.) = 13% (theo.) £ 3% (lumi.) pb

o(t+t) =228 +4% (stat.) + 6% (exp.) £ 12% (theo.) + 3% (lumi.) pb
— 298 + 15% pb [aSM = 21749 pb}

> CKM matrix element V¢, assuming [Vib| > [Vial, [Vis]
fry Vip| = 1.02 4 0.07 (exp.) £ 0.02 (theo.)




CMS-PAS-TOP-16-004

Differential cross section
as function of pr’ & |ytoP]
at 13 TeV




Analysis strategy

» event selection
— (nearly) identical to inclusive cross section
measurement

> top quark reconstruction
solve p.-component using W boson mass

constraint
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Ana |yS|S St rategy (2) CMS-PAS-TOP-16-004

> goal: estimate signal yield in bins of top quark pr & rapidity ¥y = 3 In 5*5;

— perform multiple ML fits to m1(W) & Boosted Decision Tree discrlmlnant per bin
— use fit results to unfold to parton level

> train BDT to separate signal from W+jets, t¢ & QCD background
— 5 input variables (uncorrelated to top quark pr, |y|)
In(47)], reconstructed top quark mass, m1(W), AR(b, ;') |An(b, 1)
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— data well modeled by simulation
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Signal extraction

» perform only one ML fit to estimate signal & background composition in data
— data-driven QCD template from data events with antiisolated muons
— construct extended likelihood using m (W) & BDT distribution
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— tt control regions fitted simultaneously to reduce correlations
(QCD vyield independent per region)




Unfolding

» TUnfold package
unfolding as minimization

X* = (G- AZ)"V, (7 — AZ) HR1 + R,
penalty terms

25T pT p = . . . .
R =770 L7 LT —> suppresses oscillations (regularization)

Ry = >\< d yi—e f) — matches selection efficiency

urit
> setup P Aij
— regularization strength set to minimal global correlation P = Z;eco' Aij
— choice of binning
. . . . o stability

* require high purity & stability (>50%) A

* less curvature of expectation (minimizes regularization bias) S; = denfj "
— input: signal MC scaled to fit results (no selection on BDT discriminant) ¢ ”V

> parton level top quark definition
— on-shell top quark after QCD & QED radiation including intrinsic kT of initial partons

— technical: “last copy of particle instance” or Pythia8 status 62




Unfolding (2)

» 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




Result

» measured normalized differential cross sections
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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

> largest uncertainties

— data statistics (10% — 25%), Q scale (10% — 15%), top quark mass (10% — 20%),

jet energy corrections (10% — 15%)




Conclusion

» measurement of... 8 E Single top-quark production ! 3
o ]
. . . _Inclusive cross sections } |
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* signal extraction - ! s
i inti 1= 5
* systematic uncertainties = NLO+NNLL, PRD 82, 054018 (2010) 3
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Backup




Systematic uncertainties

uncertainty source ACy_ch p48/ 07 ch i1 Acy_h i/ 07 ch | Ao i/ o} ch F
JES +4.9% j:5.6“/n +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%

L lepton reconstruction/ trigger +2.5% +2.0% +2.9%
uncertainty source Aoy_ch p41/ 07 ch $4E Aci_ch.t/ G’t oh. y Aoy _h 7/ Uffﬁh_j
uncertainty of the fit (stat. + prof. unc.) i6.8% +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 -0.2/40.1% -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%
Wijets modeling -2.1/+1.7% -1.6/4+1.1% -2.8/+2.3%
Q? scale t-channel -5.7/+7.0% -7.1/+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%
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%
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