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The top quark g v
ADiscovered in 1995 by CDF and DO at the Tevatron
’ /w/‘.\ qepc
I —

A Pair production through strong interaction Decay

+
1 T 3 + Top Pair Branching Fractions
c[ >@W A “alljets” 46%

TtHjets 15%

ASingle top quark production through ewk interaction

A First observed in 2009 by CDF and DO et o+ets 15%

n+jets 15%
"dileptons™ "lepton+jets”
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Top quark mass

Alnput to global ewk fit
A Affects other observables at loop level
Ad p®& v Pt t'PA 6a contributes 5 MeV to uncertainty
A Dominant contribution to rad corrections of mH

AVacuum stability
A Quartic Higgs boson coupling at Planck scale depends on &
A Top mass may drive the Higgs potential negative at high scales

AMany techniques for measurement

M,, [GeV]

A Compare measured top mass estimators to MC for events with ;
different final states (l+jets, dilepton, single top, Ufl ) el

A Compare measured cross section to calculations :
AHighlight some recent results and summarize status
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CMS-PAS-TOP-17-008

Top mass with all jets final states b 3 Gl oo
’ 3 tt correct Multijet E
AEvent selection 9 %}) g 3 Muwo  powe
A26jetswithry tm' Aéndss ¢& W g g 2 :
A2 2 jets must be tagged as b-jets + W 9
A0 BN TU'TAG B‘q o
L 2
\ ‘) 8 055 it0 116 i85
AKinematic fit mise® [GeV]
A Inputs: 4-momenta of the leading six jets and their resolutions o CMSpreiminay 3591 (13 Tev)
AConstraints: E o0 Mo
a(0x) a(da)h a3 a(QQ a YB' A6 g 1200 f
A 12 possible parton-jet assignments Z so0
A Fit improves mass resolution from 14 GeV to 8 GeV f
AUse only the permutation with the smallest ... and f(...) 1@ o s
A 10,799 candidate events, 75% purity g T i
A Increases correct permutations from 6% to 51% e 100200 300 G 3;30
mit [Ge

9/12/2018 Ulrich Heintz - Physics in Collision - Bogota


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-008/index.html

CMS-PAS-TOP-17-008

Top mass with all jets final states

AUse ideogram method for mass extraction
A Determine probability density functionsof @  and a for 7 values of @ and 5 values of the
jet energy scale JSF from MC based on NLO ME (POWHEG) and PS (PYTHIA 8)
A Compute joint likelihood of data sample as a function of & and JSF

AResults
A 1D fit fixes jet energy scale JSF to external calibration
A& PXG O T X OGO 1 wi'OA @ominated by uncertainty in JSF)
A 2D fit leaves JSF unconstrained
Ad  px& T ¢ @0 0YOT® yi wi' oA Exploits & to constrain the JSF)
A Hybrid fit imposes an external constraint on JSF (best precision)
A Largest systematic is flavor dependence of jet energy scale
A Systematics include wider range of color reconnection models

AResult
G px&T T ODO YO @i wi'0A6
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-008/index.html

JHEPQO9 (2017) 118

A@AS Top mass with all jets final states

EXPERIMENT

Frprrrryprrrr o o 1T

] % 30005_ ATLAS E:’Mm:m _
AEvent selection g e mn
A26 jets, 25 with ) ori' A @nd|s| ¢®, others with i cuU A6 N m{ *ig‘:t:fi‘;:';?:i:'"’:
A2 2 of the leading 6 jets must be tagged as b-jets 1500,
Ah (p T,[ A 6 1000é
500:
515
AEvent reconstruction Ppremm————
‘_% ™~ 60 70 80 90 100 110
A For all possible jet permutations a goodness of fit is computed for the A A A e
hypothesis o O e é.‘i‘::i:, )
a(Qw) a(Qw)h a(QQ) a(QQ a £ s
A Retain only the permutation with the smallest ... andif... p p o00; “
A Obtain distributions for multijet background from data control samples 0ok
200/
_51.5 ; ;
§ 1*3\};%0\'0 :o'i"“.:‘%: TORCIRC gt ‘*1"?; ity §‘+‘
%0'5 140 160 180 200 220 240 260 280 300

my; [GeV]
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https://doi.org/10.1007/JHEP09(2017)118

JHEPQO9 (2017) 118

A@AS Top mass with all jets final states

S a0 1]
ATop mass extraction g7 Jorme it
AUse’Y; @ ja asan estimator for the top mass ::Z SR
A Parametrize probability density functions for 'Y'; as a function of top "
quark mass o
A Perform template fit to data with & and background fraction as free ’
parameters ”] St
§0'5+1.6 8 2 R RT: 3,02, 3%
AResults i = I -
AG px®C T@ U 0 Gopapl GitoAe 3 N 1 £ =
A Dominant systematic uncertainties Zost T A\ T _
A Hadronization model @& T A 6 . | v pT S
AlJetenergy scale  T@ Tt A6 T -
3190 200

Rg/e = my/my
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https://doi.org/10.1007/JHEP09(2017)118

TOP-17-007 submitted to EPJC

a Top mass with lepton+jets final states oS R (e

. [ tt wrong mm Wijets

mm Z+jets

. 2501 [t unmatched 1 QCD multijet |
AEvent selection ool ~iDiboson

Alisolated* withny ¢ ¢ A8s| c8orewithny ot AGs|l <&
A24 jetswithny o1 Aéndss ¢8

A 2 of the leading 4 jets must be tagged as b-jets

A 669,109 tt candidate events

0.5 K T P T
0 50 100 150 200 250 300
b mix° [GeV]
x10° CMS 35.9 fo! (13 TeV)
_I T _T T T T I T T T L T T T T ]
140~ itt correct -Slnglet _
e O [ tt wrong = %\_"_*:‘l:t’tss
120 [Jttunmatched  — QCD multijet
« Data ] Diboson ]
100 >

Data/MC Permutations / 5 GeV

L et i ey .
100 200 300 400
e [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-007/index.html

TOP-17-007 submitted to EPJC

Top mass with lepton+jets final states JioCMs _ a99!3Tey

o . G a0 Etwong S e
AEvent selection © 120+ Data ~Biboson ™

_ s s € 100F :
Alisolated* withny ¢ ¢ A8s| c8orewithny ot AGs|l <& S a ;
A24 jetswithny o1 Aéndss ¢8 2 60 3

o 40f ]

A 2 of the leading 4 jets must be tagged as b-jets © o ;

/669,109 tt candidate events = o -+

AKinematic fit 8 0% 56 700 150 200 250 500

Alnputs: 4-momenta of the lepton and of the four leading jets, missing 1| ¢ cuis ot s

and their resolutions 2 %07 mltcomect | mmSindlet
. ’ \ <2 4 T~ 7, 57 \ 14 T\ 14 O© 70:_ -t! unmat hed =¥i+‘leettss . _;
AConstraints: d (@ ¢ & QQd (@) a(@Qa yB' A6 © 0 o oame
A Two possible parton-jet assignments and two solutions for ) é jg y
: L T Ur 7 E
AUse only permutations with i(...) T& S %0 ‘ f
A 161,496 candidate events $ fg
A Reduces background from 7.6% to 4.3% in simulation Q | 5k
g 19
S 0500 o 300 400
= mit [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-007/index.html

TOP-17-007 submitted to EPJC

Top mass with lepton+jets final states

‘ _ ; — CMS  gsemidsTev)  _ CMS 3sem(1aTev)
AUse ideogram method for mass extraction § 5 amearomams |8 Puesrouim ]

A 0.8F i ::%:Eg :g g'::DD ci’r:‘spired ; f— i ﬁgw:Eg ﬁg ggg?:spired —f

A Determine probability density functions of @  and a for 7 %\E; - POWHEG PA guon move = Z-_ ? POWHEGPogluonmave
values of & and 5 values of the jet energy scale JSF from MC R ;
based on NLO ME (POWHEG) and PS (PYTHIA 8) L = U _

A Compute joint likelihood of data sample as a function of & and

JSF _2§_ E

AResults e T

A Without external constraint on JSF ' R, T,

A a p X& m T[SI @ 0 _00 0 Y OT[EX C Ll OA 6 CMS 35.9 fb™ (13 TeV) CMS 359 fb™ (13 TeV)

A Exploits & to constrain the JSF SR RN 1 BT

: : : O 4L o o [Fara MoTa O, 7 e Po [FaFal M2T4 i

A With external knOWIEdge included as a prior for JSF & 4: %ggjlggémr%w]ggsc S 3 npnga’:génnﬁm}égsc ]

AGd  px& U WU OO0 YO oi'0A6 Voo J{ v ]

A Largest systematic is flavor dependence of jet energy scale 23 :$ r 4 | 23 T , E
it ¥ oy

A Systematics include wider range of color reconnection models

ACross checks | T

A Differential measurements of & as a function of cdlkinematics ¢ y = o

A No biases are observed e e e

s ¢ [GeV] a
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-007/index.html

Phys. Rev. D 96 (2017) 032002

A Top mass with dilepton final states

ADilepton final states 602 &’ @ ' whave two unobservable neutrinos
ANot enough information to reconstruct the top quark mass

AUse proxies for the top mass as estimators j ’)a.a_h e N
AD ,0 ,0 withn() reconstructed using 0 w D
A Estimate b-jet energy scale simultaneously with & +
W v
- %
AEvent selection ej ¥
AQQQ, t withn p Xu)' A6 b
A22 b-tagged jets withf) o1t A@ndss ¢®
AN T TIOQ for Q'Q t events

A 41,640 candidate events expected to be 95% od 5% 6, 1% others
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http://dx.doi.org/10.1103/PhysRevD.96.032002

Phys. Rev. D 96 (2017) 032002

o Jaon) O (el (A B ) O usingh ()fromd  minimization
oA deTmleTed o 1eTRIETeY) gt 197'(ETeY
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http://dx.doi.org/10.1103/PhysRevD.96.032002

a Top mass with dilepton final states

AExtract & fromafittov ando
A 1D fit fixes b-jet energy scale JSF to external calibration
A Dominated by uncertainty in JSF
A 2D fit leaves JSF unconstrained

A Exploits different dependence of 0 and 0  on the b-jet scale
A Increases other systematic effects

A Hybrid fit combines the 1D and 2D results (best precision)
a 0 (p UL)a

AResult
a PX&C MU OXE (I O)ANw
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Phys. Rev. D 96 (2017) 032002
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http://dx.doi.org/10.1103/PhysRevD.96.032002

AEvent selection

A1l isolated © with )

AT) vt A6
Ad vt A6
A2 jets with n

1 b-tagged

¢ ¢ Agsl

T 1t A gs|

a Top mass from single top quark events

v d
c8

b + \

A Further enhance single top component to 73% ot sample

AMass extraction

A Parametrize components of &
A Calibrate against MC
A Fit data spectrum

AResult

spectrum with Crystal ball functions

Ad px@u T K OXE | wi'oA6

EPJC 77 (2017) 354
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http://dx.doi.org/10.1140/epjc/s10052-017-4912-8

Eur. Phys. J. C 77 (2017) 804

A@AS Pole mass from differential oodlcross section

EXPERIMENT

AMeasure differential cross sections for o Q* ’ Tanat
8TeV

s . atas
AAs afunctionofn a,n Q@ ,a @ ,n n,0 © = 10°F fousTev, 20" -

3 N ata ]
A Corrected for efficiency and resolution effects gk — Powheg+PY6 |

B i -+ MC@NLO+HW |

-g 3 - Alpgen+HW

= 10

AFit to normalized differential distributions of leptons
A Provides a measurement of the top mass

A Complementary to measuring @ from complete
reconstruction

A Less sensitive to QCD model and closer to the pole mass

MC / data

0 50 100 150 200 250 300
Dilepton pj" [GeV]
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https://doi.org/10.1140/epjc/s10052-017-5349-9

Eur. Phys. J. C 77 (2017) 804

A@AS Pole mass from differential oodlcross section

EXPERIMENT

ATop mass measurements from fits to differential distributions in 8 observables with
MCFM Nucl. Phys. Proc. Suppl. 2051 206, 10 (2010)

|
ATLAS
Is =8 TeV, 20.2 fb"

[GeV]

- [ | |
- | MCFM NLO fixed-order, p=m /2
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t
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|IIII|IIII
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https://doi.org/10.1016/j.nuclphysbps.2010.08.011
https://doi.org/10.1140/epjc/s10052-017-5349-9

@ a Summary of top mass measurements

Some newer
measurements
not included yet

(*) Superseded by results
shown below the line

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758
[6] ATLAS-CONF-2013-102

[7] arXiv:1403.4427
[8] Eur.Phys.J.C75 (2015) 330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055
[11] Phys.Lett.B761 (2016) 350
[12] arXiv:1702.07546

ATLAS+CMS Preliminary Myp SUMMary, fs =7-13 TeV September 2017
LHCtopWG
"""" World Comb. Mar 2014, [7] I ; i |
e stat total stat

total uncertainty My, + total (stat + syst) {s Ref.
ATLAS, l+jets (*) 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) 173.09 = 1.63 (0.64 = 1.50) 7 TeV [2]
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) 7 TeV (3]
CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7 TeV [4]
CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) LHctopwe 173.29 =+ 0.95 (0.35 = 0.88) 7TeV [6]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, l+jets 172.33 = 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets 175.1+1.8(1.4+1.2) 7TeV [9]
ATLAS, single top 172.2 + 2.1 (0.7 = 2.0) 8TeV [10]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) 8TeV [11]
ATLAS, all jets 173.72 £ 1.15 (0.55 = 1.01) 8TeV [12]
ATLAS, l+jets 172.08 = 0.91 (0.38 + 0.82) 8 TeV [13]
ATLAS comb. (ﬁ?:ts”;;) 172.51 = 0.50 (0.27 = 0.42) 748 TeV [13]
CMS, l+jets T 172.35 + 0.51 (0.16 = 0.48) 8TeV [14]
CMS, dilepton 172.82 + 1.23 (0.19 + 1.22) 8 TeV [14]
CMS, all jets 172.32 + 0.64 (0.25 = 0.59) 8TeV [14]
CMS, single top 172.95 = 1.22 (0.77 = 0.95) 8 TeV [15]
CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [14]
CMS, l+jets 172.25 + 0.63 (0.08 = 0.62) 13 TeV [16]

[13] ATLAS-CONF-2017-071

[14] Phys.Rev.D93 (2016) 072004
[15] EPJC 77 (2017) 354

[16] CMS-PAS-TOP-17-007

Top-guark pole mass measurements March 2018
DO o(tt), 1.96 TeV 5.20
PLB 703 (2011) 422 —_— 167.50 75 4 70 GeV

MSTWO08 approx. NNLO

DO o(tt), 1.96 TeV
D0 Note 6453-CONF (2015)
MSTWO08 NNLO

DO ott), 1.96 TeV
PRD 94, 092004 (2016)
MSTW08 NNLO

ATLAS o(tt), 748 TeV
EPJC 74 (2014) 3109

ATLAS tt+j shape, 7 TeV
JHEP 10 (2015) 121

CMS oftt), 7+8 TeV
JHEP 08 (2016) 020
NNPDF3.0

CMS oftt) 13 TeV
JHEP 09 (2017) 051
CT14

CMS tt+j shape, 8 TeV
TOP-13-006 (2016)

World combination
ATLAS, CDF, CMS, DO

arXiv:1403.4427, standard measurements
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Outline
Top quark mass

Top quark width
Single top quark production and w

o0lO production and w

Summary
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Top width
AThe SM prediction for the top width at NNLO is
A3 p® ¢ '¢ A PRL 110(2013)042001)
ADeviations would indicate BSM decay modes or couplings of the top quark

AThis is substantially below the experimental resolution making a direct
measurement challenging

(9 )
(% )
Az ¢ rmé ' A @O0PRDS5 (2012) 091104)
Az p& @ T 0XwE (i w) 6A ECMS Phys. Lett.B 736 (2014) 33)

ADirect measurements
A3 @& P A6 wu b #CDF PRL 111 (2013), 202001)
Atd® 3 ¢®' A6 wu ¥ ,(CMS PAS-TOP-16-019)

Alndirect measurements based on and single top o-channel cross section
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http://arxiv.org/abs/1210.2808
http://dx.doi.org/10.1103/PhysRevD.85.091104
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http://dx.doi.org/10.1103/PhysRevLett.111.202001
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-019/index.html

A@AS Top width measurement

EXPERIMENT

AEvent selection
Aleor* withn
AT) ¢t A6
AT a o A6
A2 4 jets including 21 b-tagged jet
A Event must be consistent with tt hypothesis
A Use best permutation for the width measurement

¢cJ Aénd|s|] ¢®

AODbservables sensitive to top width
Ad andYY (0@

[ [
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Eur. Phys. J. C 78 (2018) 129
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https://doi.org/10.1140/epjc/s10052-018-5595-5

Eur. Phys. J. C 78 (2018) 129

A@AS Top width measurement

ATemplate fit for top width
A odproduction is modeled with POWHEG v1
AGenerate pdfsof @ and YY (@ Jdor different values
of 3 by reweighting simulated events according to a oo
relativistic Breit-Wigner curve
ATop width Is extracted using a binned likelihood fit to
templatesof & andYY (w0)Q £
ARGSU“I for (’] p X&l A 6 ::5.1_ATLAS 6e 8TeV 202" _
3 px e @G OXG (i &) A6 _5
05 ; gﬁ;ad ratic Flt |

o I, [GeV]
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https://doi.org/10.1140/epjc/s10052-018-5595-5

Outline

Single top quark production and ¢4
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Single top quark production

ASingle top quarks can only be produced by electroweak processes
A Probe electroweak coupling - w
A Polarized top quark production
A Constrain proton structure +—

W 0 "0 G
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Single top quark production
ACross sections @ 13 TeV pp collisions

At-channel v d s-channel 3 A
Y 5o
b + ’ "
AAssociated production
v d
W
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b +

b +
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t-channel production

AEvent signature
ATop decay 6°0 w@° &
A Light quark jet recoils against top quark

A Flavor of initial light quark defines top quark charge
A Ratio A proton structure pdfs

AMeasured at 7, 8 ,13 TeV (and TeVatron)
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A@AS t-channel cross section @ 8 TeV SUr Phys. J. © 77 (2047) 532

EXPERIMENT

AEVesnneél ecti on

> [ ATLAS 15=8 TV, 20.2 fiy" |
‘ g 4000_ barrel et SR % Data 1
Alsolated * >25GeV, |-| c®ore>25GeV, |-| ¢8& X - ; Mt wetb.g
\ o 3000r I Wejets
Ar] oT A 6 o T 2 VV+iets
11 2000F B vuttijet

A2jetswithnn o1t A6-] 18, including 1 b-tagged jet
ASignal discrimination

% Uncertainty

AANN using 7 variables (6 ,h sa ,4 ,Dhodsa ,AidH 5B | . . :
A Cut on ANN discriminant enriches sample in t-channel production ETSS [GeV]
process | = | = 2 oo e
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a i B (1, WL th
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https://doi.org/10.1140/epjc/s10052-017-5061-9

at-channel Cross section @ 13 TeV

AEvesnel ect |
Alsolated © > 26 GeV, ||
AT) oAb
A2jetswithnn 1 11 A,6-] 1&, including 1 b-tagged jet
A2j1b i signal; 3j1b and 3j2b - ddproduction; 2j0b T multijet production

ABDT for signal discrimination
A Measurements from fit to BDT discriminant

O n

¢& and mT>50 GeV or e > 36 GeV, |-| |-

Alight quarkjetssa ,a ,YYdw, Al ©, é
Process ut u- et e
Top quark pair production | 81172 £ 13480 81572 + 13517 64839 £ 10331 65205 £+ 10185
tW 8755 £ 1799 8762 = 1843 6837 £ 1406 6885 + 1387
W/ Z+jets 38199 + 12334 33373 £ 10568 23907 £ 8064 21494 + 6811
QCD 6732 £+ 3241 6713 £ 3235 11282 £ 5430 10605 £ 5109
Single top quark f-channel | 23628 £ 2918 14574 + 1883 15103 £+ 1840 9395 £+ 1188
Total expected 158486 £ 18870 | 144994 = 17658 | 121969 £ 14374 | 113584 £ 13400
Observed 166446 151440 124857 116206

Events / 10 GeV

Data / Fit

Events/0.14
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F
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-011/index.html

ATLAS Vs=8 TeV, 20.2 fo”
= Measurement result '
[ stat. @ syst. unc. [ | stat. unc.
t- C h an n e I C rOSS S e Ctl O n Predicted fiducial cross-section with CT10:
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A@AS Differential t-channel cross sections

EXPERIMENT

ARequire ANN discriminant > 0.8 to enhance the signal fraction in the sample
ADifferential cross sections unfolded to parton level and particle level

r‘ k L] L] L] L I L] L L L ] I L L} L L E 3 L] L) L L] I L L 1 ] L] I L L L | L I 1 L] L L) I L) -
> 1F ATLAS /s=8 TeV, 202 b 3 S | ATLAS /s=8 TeV, 20.2fb" ]
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O (— [ ]
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M e P '
I_l’-\ : ©
s (:'T_ [
o 102
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JHEP 09 (2016) 027

L s-channel @ 7 and 8 TeV e
/s 5 1200 Tm V(\:Ihannel
AEvent selection S i

200 I OMultijet

Alsolated * 1 ¢mgo AG-| cpor d @ 00 Moo

isolatedenn o1 A6 & mof L
A2jetswithn Tt 1 AG-| 18 TosTos ae ez g 0z 0
A Events Samp|es U + 2 soopE Electron, 19.7 b (8 Tev), 2-|J'els1—lalg_; o
. L. 9,5 8000 - CMS = s channel
A2 b'JetS I S|gnal; 5 7000 —gamhanne'
A1 b-jeti t-channel and W+jets: sooof EL-.
4000 E =5 BW+jets
A3 jets i odproduction oo E| o
. . . . . 2000;— —; Syst. unc.
ASignal extraction: BDT discriminator

02 04 06

A, X® Uy pb, muon channel, 7TeV o

Electron, 19.7 b (8 TeV), 3-jets 2-tags
T T T T T T

A P& X&pb, combined, 8TeV Saos | o o
. . - ‘% 2000 & o 3 Wt channel
ASignal significance: i@ a

| WZ+jets

1 @W+jets

- W@Diboson
1 [OMultijet
_1[[Syst. unc.
71 NJRate syst.

Alikelihood ratio test A 2.5 s (expected 1.1 s)

1000

500 -

o . 0 02 04
e BDT Discriminant
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A@AS S_channel @ 8 TeV Phys. Lett. B756 (2016) 228

1500

EXPERIMENT

AEvent selection

Alsolated* 1 o1 AG-| ¢®or d b
isolatedenn o1 AG-| ¢®

AT) ouU A6
A2jetswithn trmomn A6 18 v 4

both tagged as bos . . . . . .
ASignal extraction: ME method LWWWWW%M%WM%W

A,, TEﬂJ T[EﬂJ(l O),Q@(l Q)) rIO(:) ‘[qu gr](:) 0.0002 00018 0058  0.102 0.187 1

T T T
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i i . Wt

Signal region o i
[ W+jets |
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B Multi-jet
7777 Post-fit uncertainty |
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0
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. . /ﬁ// / |
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https://dx.doi.org/10.1016/j.physletb.2016.03.017

tW production g % o t
ASame final state as odlproduction minus one b-quark

A Interferes with ddproduction at NLO A Cannot be defined in isolation n *

ATwo prescriptions for dealing with this
A Diagram removal T remove doubly resonant NLO diagrams from tW signal

A Diagram subtraction i modify tW cross section with gauge invariant L / q’\,‘qﬂ W

subtraction term

A Observed at 7 and 8 TeV by CMS PRL 112 (2014) 231802 and
ATLAS JHEP 01 (2016) 064 b "
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http://dx.doi.org/10.1103/PhysRevLett.112.231802
http://dx.doi.org/10.1007/JHEP01(2016)064

10° 35.9fb (13 TeV)

% [ CMS ¢ Data tW (1 = 0.88)
- TOP_17_018 U>J1oj_ & + 1i1b I Non-w/z Bt _
o tW production @ 13 TeV submited to JHEP T ML, e
L — Prefit Data/MC
AEvent selection
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A ” (p @ paJ i C‘) d) C‘Ip8 i (b i C‘) Cfﬁ) (‘X é (’X ﬁm g _g?gﬁtﬂgi;g'/mc uncertainty
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5 6
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http://www.arxiv.org/abs/1506.04072
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-018/index.html

A@AS tW prOdUC’[ion @ 13 TeV Eur. Phys. J C 78 (2018) 186_

EXPERIMENT

AEvent selection
ATwo opposite charge leptons >27/20 GeV and |-| ¢&

AVeto same flavor pairs with 81<mll<101 GeV or mll<40 GeV
ApTmiss>20-5- GeV, depending on lepton flavors

_ B 1 5E . Total syst. unc. 7 I 3
AOne b-tagged jet >25 GeV and |-| ¢& I < ///é
ACut on BDT discriminator> 0.3 to enhance signal fraction T e
S arias T

:ggggg 1\!jE1b=13TeV, 36.1 fb! =§Z_¥:ets

1.5__|||||||| T rrrJrrr

T T T | T T T
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https://doi.org/10.1140/epjc/s10052-018-5649-8

@ tW production @ 13 TeV

AFiducial differential cross section normalized to total fiducial xsection
Atwo leptons and one b-jet to suppress odicontributions
Aas functionof O W, & /bw,d Jbw,OJby d Jblbl, d /b/bw
A Unfolded to stable particle level

- LA A L B LA DL DL LN B LR L B
> 0.008 a71aS - - T T ) — ‘ ; ; .
T | ¢ Data | > : B i
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A@AS (‘ﬂl_and t\W interference arXiv:1806.04667 submitted to PRL

EXPERIMENT

Alnterference contribution depends on a

Ause @ as proxy = UL
. ) ) - o ) - 8 102 “"‘ wh &l Data, stat. uncertainty .
4 4 4 ~ = Full uncertainty =
ACX | E(]i A(ﬂ o )H A(ﬂ ge! )) = - ox * Powheg+Pythia8 I'vivbb
é - Wi & Powheg+Pythia8 ti+tw (DR)
, , , blE i 4 Powheg+Pythia8 ti+tW (DS)
AFor doubly-resonant events at LO a J a o O|EF10 ™ 4 MGS_aMC-Pythias oW (OR2)
o %
A Cross section above is sensitive to interference e B T
. 107 ixy —
AEvent selection e B E
; - ATLAS o ]
AQQ, Q" ", ¢ sl fs-18Tev, 361 10" N
- g pp — Tbb+X E
A2 b-tagged jets > 25 GeV, [-| ¢&® e L
. . , . « 2r ; :
A Dominant background at high a is OOFHF 8 : A L
% 1__ﬂﬂ#““ﬁﬁ ‘? ..... I R — ’, } ................ _}.__
3 - A ]
ACompare data to S | | R
LMy Ay & : L 0 100 200 300 400
AfullNLO N P &’ &’ pawprocess including interference MmN [GeV]

(Powheg+box+res) A models data well over full range
A DS underpredicts and DR over predicts at high &
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https://arxiv.org/abs/1806.04667

tZq production

ARare process (, ) Tt AEAt NLO)

ASensitive to
AWWZ coupling
AtZ couplings

ASM background to tH

U d v d v d
W Y, e,NM
W pA w 2 W, e,V

b + b Fob .

q . 9/12/2018 Ulrich Heintz - Physics in Collision - Bogota



A@AS (Zq production @ 13 TeV Phys. Lett. 8780 (2018) 557

EXPERIMENT

AEvent selection
A 3 leptons with p_T>28,25,15 GeV consistent with ®©° a &
Al b-tagged jet p_T>30 GeV, 1 other jet p_T>30 GeV

ASignal extraction uses fit to BNN discriminant
A, o@mmp x@rtoYop 1t w) AA
A Significance of 4.2 s (expected 5.4 s)

Expected
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https://doi.org/10.1016/j.physletb.2018.03.023

S e 9/12/2018

AEvent selection
A3leptonswithy ¢U A6
A consistent with ©° & &
A2or3Jetswithny ot A G-

A2/3j1b i signal; 22j22b - 03 2 1job i WZ+jets

ASignal extraction with fit using

ABDT discriminator in 1b and 2b samples

Ad in Ob sample
AResult

A,0an) pgo( 0woi wiflo

A Significance 3.7 s (expected 3.1 s)

ASM prediction (MADGRAPHS5 aMC@NLO)
A6 08 i ooae®n Qb

tZq production @ 13 TeV

1R

PLB 779 (2018) 358

35.9fb" (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-020/index.html

a (0 prOdUCtion TOP-17-016 submitted to PRL

ASensitive to top charge and electric/magnetic dipole moments

AEvent selection + ILL
Alisolated* withn"Y ¢ ¢ Aénd|-| <¢8& b i -
A1 isolated photon with 1 ¢ U Aénd|-| p8 1separatedbyYY 1@ from other objects
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A Significance = 4.4 s (expected 3.0 s)
/\SM prediction ) )
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-016/index.html
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IMENT

ASingle top-quark cross section
measurements converted to values for

@ ,assuming ¥ sl W O S

AVery good agreement with SM to 5%
precision
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