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Why top quarks?

* The top quark is the most massive known particle. e —
> Largest coupling to Higgs boson sition
> Sensitive to many BSM physics s

e parton shower
evolution

e colo nglets

e Sensitive to different QCD parameters:
> a, proton PDFs, color reconnection...

e colourless clusters

* Akey to new physics:
> Crucial in many BSM searches
> Allows us to test EFT interpretations

* Multiple final states. Key to understand
b-tagging

> Used to calibrate the detector
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Top quark and precision

Precision era for top quark measurements EealE s me
* Probe SM calculations with high precision B R B -
- Beyond NLO calculations / 6y
* Check the agreement with different S E |
generators B —
Precision beyond theory K p[TV]
 Detect very rare processes High top
Associated production (see also talk from Mark)
Four tops (see talk from Nuno) Details in
Exclusive production (see talk from Nuno) - parallel sessions
* Explore corners of the kinematic phase region

space /

Boosted regime

Multi-differential measurements
* New physics through top quarks e
EFT interpretations - [ < \
FCNC searches (see talk from Nuno) S - E s B
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https://indico.cern.ch/event/1109611/timetable/?view=standard#538-top-properties-and-tests-i
https://indico.cern.ch/event/1109611/timetable/?view=standard#539-rare-production-and-decay
https://indico.cern.ch/event/1109611/timetable/?view=standard#539-rare-production-and-decay
https://indico.cern.ch/event/1109611/timetable/?view=standard#539-rare-production-and-decay

Top quark at the LHC

Huge amount of data: ~138 fb! in the Run 2 at 13 TeV.
Top quarks in a wide range of vs: from 5.02 TeV to 13 TeV.

Production at the LHC: e

q
. + 5
Pair production Single top t w vV, q

Main production process, Probing EWK top

huge cross section. quark production.
Sensitive to QCD. b

‘ay20?1 | | | ' . ' ‘ . CMS Prellmlnarv

7 TeV CMS measurement (L < 5.0 fb™) :

it S Small cross section,
Tﬁmozregszr;s%m limits at 7, 8 and 13 TeV bUt preCISlon IS

‘ reached.

[pb]

;Associated

‘OF—J—

z

Production Cross Section, ¢

2T g t 4 Tae Tap ! ItW toon | tly 1Zq|nZ tylnw nnInH tHl

tion
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Most precise tt inclusive cross section at 13 TeV

For the first time, a combination of boosted
+ resolved topologies is used — provides
constraints to systematic uncertainties.

2t 1t1l BHRL BHBL
2 tight b jets 1 tight b jet boosted t, boosted t,
1 loose b jet resolved {, boosted t,
resolved resolved
reconstruction reconstruction
Boosted

background subtraction
using template fit of HNN

/

separate for e and |l channels
separate for 3 years of data

CMS

Phys. Rev D 104 (2021) 092013
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e[u + jets Combination fit of cross sections
. 137 o' (13 TeV)
ﬁ. L CMS e/u+jets ¥ Data
_.a 280 - Parton level Top++ (NNLO+NNLL QCD) . . .
i o0 MATRIX (NNLO QCD) Most precise measurement in the e/u+jets:
260 [~
240:_[ } I l { [ I SRR I { o. =791 % 1 (stat) * 21 (syst) £ 14 (lumi) pb
220 [ I { I "
- _ 39
200 F O, e = 797 .51 (scale) = 39 (PDF) pb
180 _AIA_IAIAI I;I:I_ I_ IAIl:I:I SIAI:I:IAIA;IA;IAI_‘SI: . .
TTIIUEESSERE T E 559 S Total relative uncertainty of 3.2%
efssre s Dominant systematic: JES (1.38%)
Q E a -
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

tt cross section at 5 TeV in the ep final state  iHEP 04 (2022) 144

Special energy — sensitive to high-x gluon in proton PDFs! sgzeas%
C/;?/ ,’76/7
el final state, 302pb* of low-pu data at 5.02 TeV in pp collisions. °°ho',~,,f;"%/,
* eu pair, at least 2 jets. No b-tagging requirement sy
e Cut-and-count method to extract the cross section
* Result combined with a previous measurement in I+jets final state
o, = 63.0 X 4.1 (stat) £ 3.0 (syst+lumi) pb
G, = 68.2+ 4.8 (PDF+a) + 2.2 (scale) pb > 30% improvement in precision

wrt previous CMS measurement

-1
302 pb™' (5.02 TeV) 302 pb_(5.02 TeV)
I I
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s25 . e - el > 2jets tw Wz
B0 RRCXHIERKK eu, > 2 jets tW . e % B , B Nonprompt Bw
g O]
@ . Nonprompt . A% . 8 % Stat @ syst
§1oo 3. Stat @ syst 1 2
LU — c
= (0]
>
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= N W o
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https://link.springer.com/article/10.1007/JHEP04(2022)144
https://arxiv.org/abs/1711.03143

tt cross section at 5 TeV in I+jets + dileptons  arasconezooz0s ¥ ATLAS

Very precise result even with a small amount of events (257 pb).

 Relaxed selection

* Optimized analysis using multivariate techniques
* Combination of different final states (dilepton, e/u + jets)

EXPERIMENT

- . dilepton oot e/l + jets
rossds_ecthn rom c/ateg]]c_orlels with 1 or 2 b- BDT in different regions depending
tagged jets in ee+pp/ep final states. on number of jets and b-tagged jets
§2] - T .I. I I - = L . T W L o S LV R P [ v T 8 0 o B
S 800 ATLAS Preliminary ey = = oso. ATLAS Preliminary e Data 2017 Jtt
i = s =5.02TeV, 257 pb" Pre-Fit 3 2 {s=5.02TeV,257 pb" W Single top [l W+jets _
700~ e Data 2017 = 2 [ Other bkg. Il Mis-ID lepton |
c00E ¢ i 4 " 2000 H3itb 7/ Uncertainty g
- B Wit = Post-Fit
500 E mm Z+jets -
1 Diboson =
400 Bl Mis-ID lepton =
300 =
200 E
100 T T——— =
. | v — | =
® 15F -
o Bl it & E
= e ATy gl il il % ////lé/W- - /WW%//@%WW#
g 0.5 . : : i § .05 | | . . . . . . . 3
0 1 2 23 1 -08 06 -04 02 D 02 04 0B 08 |1
Number of b-jets BDT output
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-031/

tt cross section at 5 TeV in I+jets + dileptons  arasconezoz0s  FATLAS

EXPERIMENT

Measured cross section with a total uncertainty of about 3.9%.

0. = 67.5+ 0.9 (stat) £ 2.3 (syst) £ 1.1(lumi) pb

In agreement with NNLO+NNLL SM

cross section from TOP++ of: < I Q? = 10000 GeV? ATLAS
e -9ATLASpdf21 Preliminary g
— X i
O\no = 68.2 4.8 (PDF+a ) + 2.2 (scale) pb § 1,05 < +5.02 TeV
Measured uncertainty below NNLO ‘8
predictions! g,; I Y.
< | SARRRKKS
' T TITIITIII KLU
VAVAVAYAYAYAYAYAYA Y4
k -4 _;;;93_9:_9‘;:1\ _ :’:"’:0
. —
QCD fit performed to show the — 0.95\
result is sensitive to high-x_in :
prOton PDF. I 1 1 IIIIII| 1 1 IIIIII|

107 1072 107
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https://www.sciencedirect.com/science/article/pii/S0010465514002264?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-031/

Summary of inclusive cross sections

Inclusive tt cross section [pb]

—
o
w

—
o
N

10
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ATLAS

EXPERIMENT

+ OPbP0Oe< H<«0EHOHEOOE

Preliminary

Tevatron combined 1.96 TeV (L < 8.8 fb )
ATLAS dilepton* 5.02 TeV (L = 257 pb )
CMS combined e}, |+]ets* 5. 02 TeV (L = 27.4-304 pb’ )
ATLAS ep 7 TeV (L = 4. 6 o)

CMSep7TeV (L=5fb")

ATLAS ep8TeV (L=20.2 fb b
CMSeu8TeV(L=19.7f")

LHC combined e 8 TeV (L = 5.3-20.3 fo™) LHCtop WG
ATLAS ep 13 TeV (L = 36.1 fb b
CMS ep 13 TeV (L=35.91")
CMS t+e/ 13 TeV (L=35.91b )
ATLAS I+jets 13 TeV (L = 139 fb b
CMS l+jets 13 TeV (L= 137 fb™)
CMS all-jets* 13 TeV (L = 2.53 fb )

_» Not updated

ATLAS+CMS Preliminary
LHCIiop WG  September 2021~

900F -

800F

=
-
|
| IIIIII|

700F .

e NNLO+NNLL (pp)
B L NNLO+NNLL (pp) [ R
B Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 (s[Tev] |
= NNPDF3.0,m,_ = 172.5 GeV, ay(M,) = 0.118 = 0.001 -
[ | | ] | | | | I | | | | | l | | | | I L]
2 4 6 8 10 12 14
(s [TeV]
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Differential cross section in the dilepton channel

Exploiting full Run 2 data to explore
top kinematics with high precision.

tt differential cross section is
measured in the dilepton final state
as a function of different kinematic
observables.

Additional jets

Comparisons with beyond NLO
calculations, including NNLOPS
for the first time.

Le
. SCp,
diff 6/-68 90

i, ;9//

CMS-PAS-TOP-20-006

CMS Preliminary 138 fb™! (13 TeV)

.,.Fl T T T T T T T | T T T
= 10 = dilepton, parton level & Dt cok? E
O C Coapiny 5 O POWsPYT, 3%=21 -
-E. -_oﬂlmq. ; % aN'LO, y3=47 _
= - o W MATAL (NNLO), %2=3 —

:|— —— # STRIPPER [NNLO}, 42=15
g 1 = + MMNLOPS (NNLOPS), ;@=6
ﬁ E O¢.{}=t+ Total unc. E
- Stat unc. —

. O gk

1“ 1 :_/ N ] — - —
: 2 4 @& 7 i 4..:

1 Il 1 I 1 1 1
os - ' i

Olm 1.2 o b
T
(] L o o 4
o 1 Oy © i ek ok 1 - I 24
¢ ﬁ i e T T +
08 =
0 200 400
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https://cds.cern.ch/record/2804974
https://arxiv.org/abs/1908.06987

tt+jets differential cross section

CMS-PAS-TOP-20-006

« New distributions — ratios such as pT(t)/m(ti)
shown for the first time

* Factor ~2 improvement on uncertainties w.r.t.

previous results

e Up to 3D differential cross sections

dilepton, particle level

138 b (13 TeV)

CMS Preliminary
i T LR

é LI T S L o L T O S A O P G 01 0 i
; 0 3§00<m(ﬁ') 1400 <m(th 400<m(th | 500<ml) |300<m(th) [400<m(h) |500<mqth) | 300<m(th | 400<mth ] 500 <mith)
E <400 GeV | <500 GeV <500 GeV |<1500GeV | <400 GeV | <500 GeV |<1500 GeV | <400 GeV | <500 GeV |<1500 GeV
B N =0 Nt =0 Ne=t [ Ne=t|  Ne=2| Na=2| Ne=2[ Nes2| Ne>2| Ng>2
T
0
\ — —
Foz g [N,(0,1,2,3+), m(tt), [y(tD)]
f‘f & b
0.1% | o
% o, %
Y 5
@ L
oo O
: psp | (0] P o
D815
ol= I-
1= « On
a (] Dn o

12 12 12 12 12 12 12 12 12 12 12 13

ly(th)

® Data, dof=47

o POW+PYT, y2=156
O FXFX+PYT, x?=699
4 POW+HER, 52167

Total unc.

Stat unc.

* Data best described by beyond-NLO calculations
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https://cds.cern.ch/record/2804974

ATLAS

EXPERIMENT

Submitted to JHEP
arxiv:2202.12134

Boosted differential tt cross section in the |+jets channel

Boosted regime, 1D and 2D differential cross

sections are measured.

Y . - Leptonic b-jet

p I.\ E\- (AR matched)

A s, .
sy WL
g T,

A=
~

v

Leptonic top reconstructed -
using pseudo-top algorithm

Re-clustered jets ——» N
for top reconstruction R
N
s b g

Hadroniec Top « N__~

19 May 2022

90 o,/.”
€/,

b
Oog 16571‘/;9 /
: Q

* Hadronic (boosted) top,
p, > 355 GeV

Leptonic top quark reconstructed
from lepton, MET and associated
b-tagged jet

* Cross sections for multiple
observables related to
kinematics of the top quarks
and tt system
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https://arxiv.org/abs/2202.12134
https://arxiv.org/abs/2202.12134

Boosted differential tt cross section in the I+jets channel

e i e T T
ATLAS ¢ Data

Fiducial phase-space

Stat. unc.

th
do,/dp" [pbiGeV]
>

T T T T
— PWG+PY8

(5= 13TeV. 139fp" - PWGPYS (NNLO W) — PWG+H7
Boocid : —— MCatNLO+PY8 —— Sherpa

===+ Sherpa (NLO norm.
=== PWG+PY8 ISR_Up

-=-- PWG+PY8 hy,, =3x m,
== PWG+PY8 ISR_Down
Stat.+Syst. unc.

>|T|'| IIII|'|T|'| IIIIIITI] IIIlII

L |;IL|B IIIILI.I.IJ IIIIILI.I] IIIIILIJ] IIIIILI.I.| \III—

Prediction
Data

Prediction
Data

2000

the MC simulations

- EFT interpretations for C_© and C ¢
WCs using the p,*" distribution

19 May 2022

th
Py [GeV]

i
¢/ dm’ [pb/GeV]

d

Prediction
Data

Data

Prediction

0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001

0.0005

Theory predictions tested at high top p..

mt" distribution used to reduce JES unc.
Top p, softer than predictions

Perfect agreement is not reached with any of

E ATLAS * Data — PWG.PYe 3
E {s=13TeV,139fp! - PWG:PYB(NNLOmw) — PWG+H7 =
== Boosted ‘ —— MCatNLO+PY8 =

=== Sherpa (NLO norm.) Lo
---- PWG+PY8 ISR_Up
Stat. unc.

Fiducial phase-space

Stat.+SyMyunc

I J1I|IITI]IIIIIITIIIIIIWIIII TTT

ATLAS

EXPERIMENT

Submitted to JHEP
arxiv:2202.12134

NNLO reweighting

improves the
agreement!
= 500 —— 1000 — .1I5(I]0I 2606 256(}‘ &3_000
mt [GeV]

r‘\i_\ I.UD [ |A.,I_LAIS T ‘ T T T T | éM T T ‘ ]
: R 1
< - Vs- 13TeV, 139 fb-! ]
> 0.75F Opserved limits, A2 O Global Mode —|
,9 N BN 99.7% region |
~ 050 . & 95.5% region —|
S - s 68.4% region |
O pasF 3
0.00F E
-0.25 —
050 =
-0.75[- B

S T L L

-1.00 15

-1.0 -0.5
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https://arxiv.org/abs/2202.12134
https://arxiv.org/abs/2202.12134

Boosted differential tt cross section in the all had channel ATLAS

EXPERIMENT

Boosted regime, all hadronic Submitted to JHEP
P, > 500 GeV p, > 350 GeV arXiv:2205.02817

.'f ko .

‘—‘I"

<

t e ——
+_ A j\f\l{\j q
N -
st
_I\\ /
= oo T T T T ATLAS —— PWG+PY8  aaaa- MG5_aMC@NLO+Py8
% 102 e ATLAS e Data — \s=13 Tev, 139fbr === PWG+H7.1.3 - = = PWG+Py8 (more IFSR)
= = Vs=13TeV, 139 fb" K’A‘gg‘fmg @NLO+Py8 3 Boosted allhadronic f ~ *'* '+ PWG+Py8 (less IFSR) [ Stat. & Sys. Unc.
-g :Q_,_ — E%OStECIi a"&hadlroni? i --:- -_- PWGIH7 1 3 i . o Flldumal partlcltle level 1 Stat. Unc. . . .
© [ Fiducial parton leve ---- PWG+Py8 (more IFSR) | & i - i
e g0 I PG PYa (loos IFSR) < 8 13 O<p[Tevi<01 1 0.1<p;[Tev]<0.2
g Stat. @ Sys. Unc. = =
— Stat. Unc. : 3
- 1 &
TE- =
B S — ]

Prediction

mT [Tev] mT [Tev]
0.35 < pf [TeVv] <1

Data

Pred. / Data

p$ [TeV]
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https://arxiv.org/abs/2205.02817
https://arxiv.org/abs/2205.02817

Boosted differential tt cross section in the all had channel ATLAS

EXPERIMENT

Fiducial cross section ~20% below nominal prediction, Submitted to JHEP

but compatible within the uncertainties. arxiv:2205.02817
LR AR R Comparison to different generators.
ATLAS B Stat. Unc. . ) .
{5 =13 TeV, 139 " St Dot Syt Ure. NNLO reweighting improves the agreement
oosted all-hadranic dal. @ Uel. & Mod. Syst. unc. R . .
P narto v POWHEG-Pythias of POWHEG+Pythia8 prediction.

----- Data

All predictions normalized to NNLO+NNLL
(M. Czakon and A. Mitov, Comp. Phys. Com. 185 (2014) 2930)

EFT operators are constrained using
—  POWHEG:Pythias / the differential measurements.

Ragmg=1.5m, . NNPDF 3.0 NLO, At4

Mominal (Stat. Unc.) ATLAS, \/_ = 13 TeV, L = 139 fb_l
POWHEG+Pythiag8 (NNLO rew.) 8 B 0
Alemative IFSR (Stat. Unc.) CS - -
t ]
| ] POWHEG+Pythia8 (less IFSR) .
Nayg=1.5M, . 1L.=2 u_=2, NNPDF .0 NLO, A14vacDo 8 I
Cq I
POWHEG+Pythiag8 (more IFSR)
Ny =3.0M, . 1_=0.5 U_=0.5, NNPDF 2.0 NLO, A14vzcUp C g8 *
Qd |
Altemative ME/PS (Stat. Unc.)
POWHEG- Hermig? 8,1 m 95% CL (lin.+quad.) —______
+ u . _
Pyme=1.5m, . NNPDF .0 NLO, HTUE Emm 68% CL (|m'+quad')
CL8 - 95% CL (lin.) - I
3 MG5_aMC@NLO+Pythiag Q4 | wmm 68% CL (lin.) L
NNPDF 2.0 NLO, A14 ’
- I
C3, 8 |
|IlJ|| II|I||lJIl|IJIl|I|Il Qq
0.2 0.3 04 0.5 0.6 0.7 0.8 -25 -2.0 -15 -1.0 -0.5 0.0 0.5 1.0
ofd x B (tf-> hadrons) [pb] C(TeV/A)?
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https://arxiv.org/abs/2205.02817
https://arxiv.org/abs/2205.02817

ttW cross section measurement =~ CMS-PAS-TOP-21-011

* Precise measurement of the ttW process:
understanding W association production in detail

* Test the newest NLO predictions

. . _, —_
same-sign dilepton category 94~ trilepton category t
138 fb" (13 TeV) 1

@ AL D D A R 138 (13 TeV
8 SOO_CMS ¢ Data -tiw ] E L L L L L N L LB L B Y B \(l T lel .)
o ~ Preliminary I Others [ttH 7] o CcMS ¢ Data . W
- B e iz [ Diboson 7 —~ - imi 5 n
i) - Postfit -Co:versions [l Charge misID ] "E B Preliminary =g;|;;rs =t[t)|i-lboson |
% 600 _— I Nonprompt & Total unc. __ g POStfit I Conversions [l Nonprompt
Lﬁ - i w 40— 2 Total unc.

] 0
8 1.4E E
L 12F s - N : .
- 1 E*’x‘\/—/-v-ﬁw—;-\«‘\ . Yo "Mw. L SR P ) e it e ~E
S 0.8F T — : = o E . ]
© 0 6 = S B ) E -;G 1 I 8 g N”%\"-/—r‘-/—ﬁ--'I-r‘-/—/—v‘-/—r‘-/\/-JMA/-M’-/-/f%/f—//,ﬂf.i-%‘-ﬁ//&ZJyﬁ\Nixyi
0 ) S - . ; . . . - . I % ]
0 01 02 03 04 05 06 07 08 09 1 N ! ! :
Event NN discriminant 0 50 100 150 200 250 300 350 400
ms, [GeV]
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https://cds.cern.ch/record/2804479

ttW cross section and ttW*/ttW-

50% improvement on the uncertainty w.r.t.
the previous CMS (2016) result
> Improved lepton uncertainties, control of

background events

Measurement above NLO predictions

138 b (13 TeV)

CMS-PAS-TOP-21-011

* First steps towards a precise
measurement of the W*/\W-
asymmetry in ttW production

* The results are compatible
within 2 sigma with predictions

T | [ | LI | [ | L | [ | L | [ | |
B ) . 4
- CMS " Measurement << EPJCE0(2020)0428 | _, g 138 1o (13 TeV)
- reliminary 1 £ F CMS
i — Stat. unc. —— JHEP 11 (2021) 29 | ﬁ 7E Pref;mmary JHEP 08
i 1 ™ F (2019) 039
| Total unc. ] [}
B . 1 5F
B Nominal + Stat. + Syst. | -
— — - 95% CL
| ee %Z - I 845 + 117 = 111 i S R N AN
Y, é? — . 996 :61:68 | af-
| uu /? —.— 868 : 63 : 64 B of-
| Dilepton / —— 905 : 42 = 51 i T WY e
| Trilepton // 649 + 104 + 96 | G:' il S
B . 1 0.8 1 1.2 2.4
| Combined —— 868 40 = 51 i
/ O Taw
| | L1 1 | 1 1 1 | L1 1 | L1 1 | L1 1 | L 1 1 | L1 1 | |
200 400 600 800 1000 1200 1400 1600
o [fb]
ttW [ -
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https://cds.cern.ch/record/2804479

 Result:

- [7] Total unc.

30000 [ = tW slg. * 10

tW cross section in lepton+jets  swep 11 2021) 111 Rssy * W
p’.Od ciefed
"°’io,,
* Top quark + W: EWK sector of top quark g t g |
production
* First observation of tW in I+jets channel . b
CMS 36 fb™ (13 TeV) W- b W-
o -ttt e p ettt
E ?ncoog—;ﬂ:‘“ U channel, 3j _
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tW cross section in the dilepton final state cws-pas-ToP-21-010
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tW cross section in the dilepton final state

Normalized differential cross sections are also measured.
* Comparison to predictions with multiple generators
* Overall agreement within the uncertainties (10-50%)
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Summary

Run 2 has provided a huge amount of data to explore top quark production in
phase space corners and inclusively with unprecedented precision:

Boosted and resolved topologies
Multidifferential cross sections
Comparison to beyond NLO predictions

Associated production cross section measurements with improved uncertainties

New precision measurement at a center-of-mass energy of 5.02 TeV

In general, agreement with the SM, favoring higher-order predictions
Experimental precision beyond theory in inclusive cross sections!

Wide top physics program by ATLAS and CMS - stay tuned!

More top quark physics results:
http://cms-results.web.cern.ch/cms-results/

http://atlasresults.web.cern.ch/atlasresults/
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CMS Experiment at the LHC, CERN
Data recorded: 2016-Aug-17 08:01:23.065024 GMT
Run/ Event/LS: 27%969 /229126383 / 184

Thanks for
your attention!!



Io-AvAmuuu—m--mnf—Imm’.m N/ ICTFE/ #ﬂl’



C e Submitted to JHEP
Boosted cross section in I+jets RSB ATLAS

EXPERIMENT

 Invariant mass of the top-tagged hadronic jet.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-031/

tt cross section at 5 TeV in I+jets + dileptons  anasconezozos  ¥ATLAS

EXPERIMENT

Category doi (%] ..
Dilepton Single lepton Combination Uncertainties

tt generatorT 1.2 1.0 0.8
tt parton-shower /hadronisation*'! 0.3 0.9 0.7
tt hgamp and scale variations' 1.0 1.1 0.8
tt parton-distribution functions' 0.2 0.2 0.2
Single-top background 1.1 0.8 0.6
W/ Z+jets background* 0.8 2.4 1.8
Diboson background 0.3 0.1 < 0.1
Misidentified leptons* 0.7 0.3 0.3
Electron identification/isolation 0.8 1.2 0.8
Electron energy scale /resolution 0.1 0.1 < 0.1
Muon identification/isolation 0.6 0.2 0.3
Muon momentum scale /resolution 0.1 0.1 0.1
Lepton-trigger efficiency 0.2 0.9 0.7
Jet-energy scale/resolution 0.1 1.1 0.8
Vs = 5.02TeV JES correction 0.1 0.6 0.5
Jet-vertex tagging < 0.1 0.2 0.2
Flavour tagging 0.1 1.1 0.8
ET™° 0.1 0.4 0.3
Simulation statistical uncertainty* 0.2 0.6 0.5
Data statistical uncertainty* 6.8 1.3 1.3
Total systematic uncertainty 3.1 4.2 3.7
Integrated luminosity 1.8 1.6 1.6
Beam energy 0.3 0.3 0.3
Total uncertainty 7.5 4.5 3.9
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ttW cross section measurement

Uncertainties

CMS-PAS-TOP-21-011

Yields

Process et T (E0F0t | 0E0F¢~ | Postfit/Prefit
ttW 677 £ 21 355 £12 1119 19 655 1.49
Nonprompt 2486 = 598" | 28642570 32575 | 298 £ 71 0.91
Charge misID 521 £ 110 | 523 £ 111 S s 0.91
ttH 167 4= 34 169 & 34 56 212 | ST 1D 1.85
ttZ/v* g0 26 58820 (145 = 13 147 - C 1.10
Diboson 382 + 88 285 £ 65 47 £9 38+8 1.07
Others 178 £ 34 126 + 27 43 £8 Y . i 1.20
Conversions 177 = 54 1921 59 23+7 24 +7 1.01
Total backgrounds | 4246 + 621 | 3993 + 591 | 639 £ 80 | 597 £ 76 1.03
Total prediction | 4922 4 623 | 4348 +- 591 | 758 =81 | 663 £ 76 1.05

Data 5143 4486 834 744
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Uncertainty type Relative value (%)
Experimental
Integrated luminosity 1.9
Charge misidentification 1.6
bjet identification 1.6
Nonprompt lepton background 1.3
Trigger efficiencies 1.2
Pileup 1.0
Trigger prefiring 0.7
Jet energy scale 0.6
Jet energy resolution 0.4
Lepton efficiencies 0.4
Normalizations
ttH 2.6
VVV 1.2
ttvv 1.2
Conversions 0.7
tty 0.6
77 0.6
Others 0.5
ttZ 0.3
WZ 0.2
tZq 0.2
tHq 0.2
Modelling
ttW scale 1.8
ttW colour reconnection 1.0
ISR/FSR for ttW 0.8
tty scale 0.4
VVV scale 0.3
ttH scale 0.2
Conversions 0.2
Statistical uncertainty 1.8
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ttW cross section measurement CMS-PAS-TOP-21-011
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tW differential
cross section

CMS-PAS-TOP-21-010
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