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e Single top quark production via Wtb vertex S | BEsesTEmney _i_r
¢ Direct probe of the V,,, CKM matrix element B | i eosen
» Sensitive to PDFs g o PRPP _il.
e Three classical modes: O —

e t-channel (o: 217 pb) R

e tW-channel (o: 71.7 pb) @13 TeV I iﬂ. w

e s-channel (o: 10.32 pb) _m_
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* Associated production: - R

e Probing top quark couplings to EW bosons I ﬁ'
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e Study rare SM processes 7 8
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Discriminator ST, vs. ST, tf, and W+jets

Workhorse of single top production
Many results at 7, 8 & 13 TeV by both
collaborations:
e Fiducial, total, differential o
measurements
e Measurements of R; =0,/0;

More recently: model independent approach
to measure CKM matrix elements
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tW-channel production
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e tW production observed and measured
inclusively and/or differentially at
7,8 & 13 TeV in dilepton channel (DL)

e Most recently also measured in single
lepton (SL) channel at 8 TeV by ATLAS

and observed! at 13 TeV by CMS (today!)

Discriminant
ATLAS+CMS Preliminary September 2021
LHClopWG
i
Run 2, Vs = 13 TeV, m = 172.5 GeV total stat

£ NLO+NNLL (PRD 82 (2010) 054018)

scale ® PDF & o uncertainty

Oy £ (stat.) £ (syst.) = (lumi.)

ATLAS, L =32 i’

e 94110752
JHEP 01 (2018) 063 mE2pe

CMS ey, L =359 fo!

JHEP 10 (2018) 117 631+18+64+21pb

CMS I+jets, L_=36 !
arXiv:2109.01706

————t 89+4+12+3pb

0 50 100 150 200



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-12
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-19-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-06

358 b7 (13 TeV)
A

(1/6,,)dald(m(e", 17, ) (1/GeV)

Pred./Data

Qo100 150 200 250

300 350 400
m(e', i, f) (GeV)

ATLAS+CMS Preliminary
LHG top WG

Data 2012, 5 = 8 TeV, m = 1725 GeV
: NLO+NNLL (PRD 82 (2010) 054018)

September 2021

total stat

scale & PDF & «g uncertainty
Gy * (stat.)  (syst) £ (lumi.)
ATLAS, dilepton, L_=20.31b" az
HEP O (2015)064" e 230135 +1.1pb
. _ .
CMS, dilepton, L= 12.2fb —a 234+19450406pb
PRL 112 (2014) 231802
ATLAS+CMS, dilepton q1e33e
JHEP 05 (2019) 088 —— 231+11+3.3 +0.8pb
ATLAS, l+jets, L, = 20.2 fo”!
ERUC 81 (2021) 720 B WBE1L7L1p0
I TN I I R
0 10 20 30 40 50 60
Sy [PB]

EPJC 81 (2021) |
720 4 Data W Wijets HF

T T
post-fit, 3j1b

[ t'lfV [ Wijets LF
L3 Other

Events x4

= T T T T T T T T T -E T T
> 00081 atLAs ¢ Daa ] o ATLAS
S - 5= 13TeV, 3611 Totaluncortainty | ';',;20000 Vs=8TeV, 20.2fb™"
£ oo — Powheg+Pythias (DR) | %-:;
s 0 ] 715000
el L |
7 oo EPJC 78 (2018)]
R ] 10000
[ 186 1
0.002— — -
[ ] 5000
C 1 1 1 L1 =
Powheg+Pythias (DS) 5
£ 8
B o
= -~
3 i
- ©
d (=]
o AMO@NLOsHarwiges PowhegsHerwigs+
s 1.5%“““‘L e
B e :
0700 200 300 400 500 600 700 800 800 1000
miéeb) (GeV]

e tW production observed and measured
inclusively and/or differentially at
7,8 & 13 TeV in dilepton channel (DL)

e Most recently also measured in single
lepton (SL) channel at 8 TeV by ATLAS

and observed! at 13 TeV by CMS (today!)
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e Selecting single lepton events:
e =le with pr >30GeV & |n| < 1.48 or
=1p with pp > 26 GeV & |n| < 2.1

Selection

e Veto events with addtional leptons with: b

pr > 20(10) GeV fore(y) & |n| < 2.4
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Inclusive measurement
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2j2b: controlling tt background
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Probing top quark p; modelling

Central information of kinematic properties

Probing boost of tW system

Distributions unfolded to particle level
using profile likelihood unfolding

Selection requirements of particle level
objects & fiducial phase space definition
equivalent to 1j1b+0loose jets

Uncertainties in range of 10-50%

Limited by systematic uncertainties

Only small differences between seven!
tested modelling approaches

Little sensitivity to tW/tt interference
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Distributions unfolded to particle level
using profile likelihood unfolding

Selection requirements of particle level
objects & fiducial phase space definition
equivalent to 1j1b+0loose jets

Uncertainties in range of 10-50%

Limited by systematic uncertainties

Only small differences between seven!
tested modelling approaches

Little sensitivity to tW/tt interference
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s-channel production




OATLAS

EXPERIMENT

Only observed at the Tevatron (due to valence antiquarks) i
Smallest cross section of single top production channels 5
Single top production channel with least distinctive features

tt cross section grows steeper with /s compared to s-channel (~3/2)
Swamped by large tt and W+jets background
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-01/

ﬁg EXPERIMENT

Common preselection .

J Process Event yield
e =le/p with pr > 30 GeV v Pre-fit Post-fit
° E’Ir'niss > 35 GeV & mT(W) > 30 GeV s-channel 4200+710 3700+ 1100
. . d h -channel 13000 +2 000 15000+ 2300
o =2 jets with pr > 25 GeV & |n| < 2.5 7 b w7 36802970 42504 1 100
tf 76000+ 12000 70600 + 4200
. . W+ jets 21500 +2900 32200+ 5000
Slqnal ReCHO” Z+jets, VV 2400+ 1400 2900+ 1600
Multijet 2150 + 650 1700 + 540
e =2 central jets with pp > 30 GeV & 21 jet with py > 40 GeV Total | 123000+ 17000 130310 620
e =2 jets passing 77% b-tagging WP Data | 130310
e Veto events with:
o additional jets with 20 GeV < pr <30 GeV or |n| > 2.5 S/B =~3%
o additional leptons with 10 GeV < pt < 30 GeV Decreased with respect to
8 TeV
tt VRs W+Jets VR tt = 55% (64%)
o =3/4 central jets with pp > 25 GeV =2 central jets with py > 30 GeV W+ets = 18% (25%)

e =2 jets passing 77% b-tagging WP =2 jets passing 85% b-tagging WP
=1 jet fails 77% b-tagging WP

Veto events with additional leptons | AT AS-CONE-2022-030



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/

Jet-electron method
e Jets from dijet sample with high EM energy
fraction as electrons passing quality criteria
e b-tagging criteria are dropped

Anti-muon method

o Data with inverted/changed ID requirements

Simultaneous fit to e/u-channel

Events

[ Ys=13TeV, 138 i
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o Fit to EMss distribution in e-channel (w/o EXSS cut)
e Fit to mp (W) distribution in p-channel (w/o m (W) cut)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/

o Build event-by-event likelihood for hypothesis that : o T 3 g w1
final state X is obtained from process Hpyqc i T man B3 At i
Multijet fit LI 1 Multiet fit T E
B Wijets = I Wjsts B
[ dom,, - EE
P(X| Hproc) = d aD THpm(X | @) ' O Unconiny
O-Hproc
: : 4 3
Normalised fully Transfer functions: § A 7 S peeees
differential partonic o Detector resolution Iy Ty ra—y on 1o B
cross section e Reconstruction & b-tagging effs PER)
e Reco ¢==) parton permutations Prlamss b yon 3
700005’ :T“ :R - E ;@"”“" 7
Build MEM discriminant with Bayes theorem o 2o o |
ATLAS-CONF-2022-030 L P ncenainy 3
P(S| X) = 2i P(S)P(X|S:) /
% P(S)P(XTS:) + x; P(B) P(X | B))

8 processes considered (2 S;+ 6 B;)

Data / Pred.

e s-channel with 2/3 final state partons e tt single lepton&dilepton .
e t-channel with 3 final state partons o W+2light/2b/1c+1light partons A



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/

Source Acfo [% . .
| &o/o 7] Signal extraction

tt normalisation +24/ — 17 . o rer e . . .

Jet energy resolution +18§ _19 e Binned profile Ilkel_lhood fit to signal region

Jet energy scale +18//— 13 e Normalization of tt, W+jets & s-channel free floating

Other s-channel modelling sources +18/ — 8 _ +34 _ +0.40

Top-quark processes ISR/FSR +13/-11 ¢ Gr.nea.s.- =82+ 0'6(Stat')—2-8 (SySt')pb (Gpred. - 10'32—0.36pb)

MC statistics +13/ - 11 e Significance: 3.3(3.9)o obs.(exp.) [3.2(3.9)0 obs.(exp.) @8TeV]

Other ¢t shape modelling sources | +12/ — 10

Flavour tagging +12/ —10

W+jets normalisation +11/ -8 / \

Top-quark processes PDFs +10/ -9 - Data_BaCkg round

Wtjets pg /e shape +6/ -5 | ® Dominated by ‘ ‘ ‘ —— 2 ‘ . —

Other processes normalisation +6/ — 5 systematics A iaTev e e el g P S Dme-backaround  ATLAS Prlmren ]

Pﬂeup +5/ — 3 signal region, 1+2j M t-channel B EDOL%Pfsrl-aﬁtbkg_ uncertainty signal regior;, 1+2] ;

Other t-channel modelling sources +5 Post-Fit =:1N ] Post-Fit 3

Luminosity +4/ -3 | @ No single culprit s oboson ] , A

Other tW modelling sources +1/ -2 J P ;ﬁujlt;:t%c ] 100 ; '/¢V //2

Missing transverse energy +1 o neeneny // % Z ;

Multijet shape modelling +1 200 / 7 4=

Other sources <1 100 : ]

Systematic uncertainties | +42/ — 34 . E

Data statistics | +8 % o ol 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/

Assoclated production

ttH/tH production:
Talk by Angela Giraldi (CMS)
Talk by Luisa Carvalho (ATLAS)

ttX/tX production:
Talk by Carlos Vico Villalba (CMS)
Talk by Kenneth Johns (ATLAS)

17-May-2022 19


https://indico.cern.ch/event/1109611/timetable/?view=standard#659-tthth-production-cms
https://indico.cern.ch/event/1109611/timetable/?view=standard#658-tthth-production-atlas
https://indico.cern.ch/event/1109611/timetable/?view=standard#653-ttxtx-x-anything-but-h-pro
https://indico.cern.ch/event/1109611/timetable/?view=standard#654-ttxtx-x-anything-but-h-pro

Top Quark Production Cross Section Measurements

Status: March 2022
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t-channel prod. with a photon (tqy):

e Evidence of 4.40 reported by CMS

with 2016 data using p-channel
e Observed recently by ATLAS with
full Run 2 (today!)

e Associated production observed/searched for (mostly) in

Events

Data/Prediction

t-channel topology

Probe the top quark couplings to EW bosons and study rare SM

processes
tZq observed by both collaborations:

Measured inclusively by ATLAS & |ncIu5|ver+d|fferent|ally by CMS
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-01

y in production (tqy) y in decay (t(->lvby)q)

q q

prod/dec = 4/1

q

ATLAS-CONF-2022-013

e,

e Inclusive t-channel production with Powheg+Pythia8
e Photon radiation modelled by Pythia8
e Selecting events passing radiative decay hypothesis
using particle level information:
py > 20GeV, AR(X,y) > 0.4, |n)| < 2.37(2.5) |A(Mpry — my)| < |A(Mpy, — my)|
or
_ 25
OMC gen = 406t32 fb ‘A(mfu’)' - mw)‘ < ‘A(mf'y - mw)‘

e Modelled by aMC@NLO+Pythia8
e Sensitive to top-photon coupling
o Parton level fiducial cross section:


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

ATLAS-CONF-2022-013 Signal region

=1 central isolated and well identified e/

21 central, isolated & well identified y with pr> 20 GeV
EMiss > 30 GeV

=1 jets passing 70% b-tagging WP

no additional jets passing 85% b-tagging WP

Veto 80 GeV < m,, <100 GeV

Event categorization in signal region by presence of

e,

b . .
forward jets with pr > 25 GeV & |n| > 2.5
As single bin > 1 SR 0fj SR
tqy 2390 + 260 2480 + 320
t(— vby) g 360 + 150 460 + 240
o try (production) 3100 + 400 4800 + 700
; riy (radiative decay) 3800 + 600 9300 + 1400
° Wy+ijets 2500 + 400 9300 + 1300
iy Zy+iets 990 + 310 2800 = 800
o0 e — vy fake photons 5200 +500 10300 + 800 c
h — vy fake photons 1100 + 400 2700 + 800 Data'd rven
Other prompt y T360 £ 350 2600 = 000 : :
| Fake leptons 350+ 170 900 =400 | eStI matlons

-0 - Total 21250+ 150 45720 =240
70% WP Data 21227 45723



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

e Neural networks (NN) trained separately in both SRs ATLAS-CONF-2022-013
e Input features (12 in 0ff SR, 15 in 21fj SR):

» Four-vector components (pr, 1, ¢) of final state objects & psS & combinations of these

e b-tagging properties

e Shapes of input features are well modelled in data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

Uncertainty

tty modelling
Background MC statistics
tf modelling

tqy MC statistics

Ao /o

+5.6%
+3.5%
+3.4%
+3.4%

t (— {vby) g modelling +1.9%
Additional background uncertainties  +1.9%
tgy modelling +1.8%
t (— C{vby) g MC statistics +0.3%
Lepton fakes +2.2%
h — y photon fakes +2.2%
e — vy photon fakes +0.6%
Luminosity +2.2%
Pileup +1.2%
Jets and EM +4.0%
Photons +2.5%
Leptons +0.9%
b-tagging +0.8%
Total systematic uncertainty +10.9%

ATLAS-CONFE-2022-013
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o Binned profile likelihood fit to NN output
o Normalization of tty, Wy+jets, tqy floating

 —

[ Signal clearly visible

Observation of tqy with 9.1o0 (6.70 exp.)
o Extrapolation to parton level fiducial phase space (signal = prod):
Ocqy X B(t > lvb) = 580 + 19(stat.) *&3(syst.) fb Omc gen = 406733 fb
o Useful for comparison to fixed-order calculations & EFT interpretations

o Extrapolation to particle level fiducial phase space (signal = prod+dec):
Otqy X B(t = vb) + 6¢(ivby)g = 287 8(stat.)*3%(syst.) fb OMC gen+PS = 207448 fb


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/

e Measurements of tW production now also established in single lepton channel
e Observation reported by CMS at 13 TeV

e New inclusive & differential measurement of tW production in ep-channel from CMS

e Inclusive cross section measurement reaches precision of 11%
o Differential cross section measurements at particle level with precisions between 10-50%

e The hunt for s-channel production at the LHC continues

o New ATLAS result at 13 TeV agrees well with SM prediction
e Significance: 3.3(3.9)o obs.(exp.)

o ATLAS observed t-channel production in association with a photon

e Parton level fiducial cross section measurement input for comparison with fixed-order
calculations & EFT interpretations

e All results are limited by systematic uncertainties



