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Why the top quark?

A Discovered at Fermilab in
Ry .\
Gitig 1 K
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* |nthe SM it's the only quark:

it il
1. With a natural mass: $1049
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* Top quark interacts strongly with the Higgs sector -
special role in EWSB?

2. That decays before hadronizing:
Thad ~ 2 X 10_248

Ttop = D X 10”%°s

 Copious production rate at the LHC allows for precise
tests of SM.

Top Quark Properties 2



Why top quark properties?

 Many properties well predicted in SM - huge LHC statistics
allow for precision tests.

 EFT now frequently used to evaluate BSM sensitivity in model-
independent wavy. .
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 Jop quark mass is essential probe of SM consistency:
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https://www.science.org/doi/10.1126/science.abk1781
https://www.science.org/doi/10.1126/science.abk1781

Outline

 Asymmetry measurements
e I+ Z/photon

 Jop quark mass measurements
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Energy asymmetry

 (Observable defined for ttj production, where the energy
asymmetry of the top quarks AE = E, — E7is measured

in bins of the scattering angle of the additional jet, 6}
o°PY(O;|AE > 0) — o°P'(6,|AE < 0)
Gopt(9j|AE > O) + O'Opt(gleE < O)

AE(QJ) =

» QCD asymmetry is closely related to the charge
asymmetry in inclusive tf production.

. Observable probes for possible new physics in tfj events:

Eur. Phys. J. C 82 (2022) 374
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Energy asymmetry

o Select |+jets with high pt hadronic top (pt > 350 GeV):

("~ Jet from leptonic top-decay

N
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Leptonic top reconstructed
from decay products

R=1.0 jet, tagged with DNN N8
top-tagger WS

: q
Hadronic Top « K.~

Eur. Phys. J. C 82 (2022) 374
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Energy asymmetry

 Data is unfolded with Fully Bayesian Unfolding method.
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Eur. Phys. J. C 82 (2022) 374
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Energy asymmetry

 Data is unfolded with Fully Bayesian Unfolding method.

 Then interpreted as limits on EFT four-quark operators.
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Eur. Phys. J. C 82 (2022) 374
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Single top polarisation

* |In SM, (V-A) structure of Wib vertex results in production of
polarised top-quarks in t-channel single-top production:

U > > d
b > > t

* Top quarks are predicted to be polarised (P=0.965+0.004) at
NNLO) along the direction of the spectator quark (d).

* Anti-top quarks P=-0.957+0.01.

arXiv:2202.11382
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Single top polarisation

* |In SM, (V-A) structure of Wib vertex results in production of
polarised top-quarks in t-channel single-top production:

U > > d

b > > t

* Top quarks are predicted to be polarised (P=0.965+0.004) at
NNLO) along the direction of the spectator quark (d).

* Anti-top quarks P=-0.957+0.01.

* New physics can potentially modify the polarisation -
parameterise this effect via EFT operator Ouw.

arXiv:2202.11382
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Single top polarisation

* Events are required to have 1 lepton, 2 jets (1 of which is b-tagged).
Additional kinematic cuts are used to reduce the background.

 Measure the polarisation along 3 orthogonal axes by fitting the
numbers of events in each quadrant of the sign of the cosine of the
angle of the lepton in the top-quark rest frame (6) to each axis.

arXiv:2202.11382
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Single top polarisation

* Events are required to have 1 lepton, 2 jets (1 of which is b-tagged).
Additional kinematic cuts are used to reduce the background.

 Measure the polarisation along 3 orthogonal axes by fitting the
numbers of events in each quadrant of the sign of the cosine of the
angle of the lepton in the top-quark rest frame (6) to each axis.
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Single top polarisation

 (Good agreement with SM predictions, largest systematic JER:

P1.5IIII|IIII|IIII

- ATLAS
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arXiv:2202.11382
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Single top polarisation

 (Good agreement with SM predictions, largest systematic JER:

* Interpretation in EFT:
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Boosted ttZ/H

« New CMS analysis searching for ttZ/H at high Z/H pT - allows to
use hadronic Z/H decays.

CMS Simulation Preliminary 13 TeV
< 2.00 -
o ciz /A2 [TeV 2=
F1754 —00 06 —1.0 —1.2
o
1.50 -
1.25 -
1.00
100 200 300 400 500 600
pZ [GeV]
TOP-21-003
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Boosted ttZ/H

« New CMS analysis searching for ttZ/H at high Z/H pT - allows to
use hadronic Z/H decays.

* Boosted Z/H selected using 0.8 anti-kT jets with a DNN targeting
bb final states.

* Discrimination of background & signal achieved with another NN.

CMS Simulation Preliminary 13 TeV
9200 CMS Simulation Preliminary 13 TeV S L
. 2 —271_ : - CttZ — bb matched I ttH unmatohed
é” ez / A% [TeV ™7 ]= < 100L CIttH — bb matched IE + LF, tT + c€
T 1754 —0.0 06 —1.0 —1.2 : ttZ unmatched [Jtt + bb
LLI R
) 1.50 o pEHeand: ~ 300 GeV
| 101
1.25 - ;
2
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TOP-21-003
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Boosted ttZ/H

* Analysis reaches high pT, but does not see significant signal:

CMS Preliminary 138 b1 (13 TeV) CMS Pr eliminary - 138fb" (13 TeV)
— L R B L R B B r— 1 7 7 ' 1 E e F _ o
= L SM iz 95% CL upper limits o F == SMttH 95% CL upper limits
< 103 '_ — Obs. [ 68% exp. _' 103 — ObS 01 68% exp.
0 E _________________ ---- Median exp. [195% exp. E _E_ ________________ ---- Median exp. [195% exp.
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10" o'
s i —tt -ttt _ s i -ttt
» 10" ¢ » 10—
E - E L B
10 3 T T E —l 100 E E
E Ly 3
Simulated p% [GeV] Simulated pI_I-_| [GeV]
TOP-21-003
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Boosted ttZ/H

* Analysis reaches high pT, but does not see sianificant sianal:

138fb" (13 TeV)
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* Note, precision not currently competitive with leptonic ttZ channels.
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Eur. Phys. ]J. C 81 (2021) 737
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1ty
* Relatively high production cross-section allows for

differential measurements & improved BSM sensitivity.

e Dilepton selection with >= 1 b-jet and >= 1 photon (pT >
20 GeV) gives pure tty sample:

CMS 138 fb " (13 TeV) CMS 138 fb " (13 TeV)
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IS Lo ¢ Data [ Other+y i o 800 % ¢ Data [ Other+y —

7 u tty [ Nonprompt y i 7 s tty [ Nonprompt y ]

T 2000~ B 2y Syst. uncertainty — T - Bl 2y Syst. uncertainty -

2 - ty - $ 600~ ty —

L L _ L B ]

[ 4+ F i 400/~ - —

1000 e e H _ L eTe ]

- - 200 —

5 e .._: S 15 o @ ° 4 o_:

< = L ¢ =

D_ ,,,,,,,,,,,,,,,,,,,,,, * ,,,,,,,,, * ,,,,,,,,,,,, *: D_ 1 - /////l////:

g O05=.. . .- = g 05 .. . . o =
8 200 250 300 CDG 250 300

p(y) [GeV] p(y) [GeV]

arXiv:2201.07301
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 Profile-likelihood fit gives excellent precision on inclusive cross-

section of 3.9%.

o [argest uncertainties from luminosity, MC model & photon ID.

CMS 138 b1 (13 TeV)
T T | T T T I T T T I T T T I T T T T T T I T T T | T T
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ete”| 177.6 + 6.3 (stat) + 9.7 (syst) ————
MWTU™|  172.6 + 5.6 (stat) + 7.8 (syst) ————

1 | 1 1 1 | 1 1

1 1 | 1 1 1 | 1 1 1
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arXiv:2201.07301
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 Profile-likelihood fit gives excellent precision on inclusive cross-
section of 3.9%.

o [argest uncertainties from luminosity, MC model & photon ID.

. Differential measurement of p+(y) used to set EFT limits:

CMS 138 tb ' (13 TeV)
; : T T I T T T T T T T T T T T T I T T T T I T T T T :
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arXiv:2201.07301
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Combined

section of 3.9%.

tty

o Profile-likelihood fit gives excellent precision on inclusive cross-

o [argest uncertainties from luminosity, MC model & photon ID.

CMS

O
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172.6 + 5.6 (stat) = 7.8 (syst)
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Top mass

ATLAS+CMS Preliminary Miep SUMMary, Vs = 7-13 TeV March 2022
LHCtopWG
------- World comb. (Mar 2014) [2] ATLAS+CMS Preliminary My from cross-section measurements

stat total stat LHCtopwWG September 2021

total uncertainty : My, * total (stat = syst) is Ref. My * tot (stat = syst = theo) Ref.
LHC comb. (Sep 2013) LHctopwa 54— 173.29 = 0.95 (0.35 = 0.88) 7TeV [1] total stat
World comb. (Mar 2014) H+H 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2] I\ ; :
ATLAS, l+jets | 3 172.88 = 1.27 (0.75 = 1.02) v @ o(tt) inclusive, NNLO+NNLL o
ATLAS, dilepton ——— 173.79 = 1.41 (0.54 = 1.30) 7TeV (3] ATLAS, 7+8 TeV b—e— 1729 55 (1]
ATLAS, all jets 1751218 (1.4 1.2) 7 TeV [4] CMS. 748 TeV 173.8 31.87 2]
ATLAS, single top st 172.2 + 2.1 (0.7 = 2.0) 8 TeV [5] ’ » 9 o
ATLAS, dilepton = 172.99 = 0.85 (0.41x 0.74) 8TeV [6] CMS, 13 TeV —s— 169.9 57 (0.1+1.5 55) [3]
ATLAS, all jets = 173.72 + 1.15 (0.55 = 1.01) 8 TeV [7] +2.0
ATLAS, I+jets [ 172.08 + 0.91 (0.39 = 0.82) 8 TeV [8] ATLAS, 13 TeV A 1731 34 [4]
ATLAS Icomb. (Oct 2018) o H*H: 172.69 = 0.48 (0.25 = 0.41) 748 TeV [g] o(tt+1j) differential, NLO
ATLAS, leptonic invariant mass (* : H=H 174.48 = 0.78 (0.40 = 0.67) 13 TeV [9] +2.3 +1.0
CMS, l+jets = 173.49 = 1.06 (0.43 = 0.97) 7 TeV [10] ATLAS, 7 TeV H—— 173.7 _24;15 (1.5 :215.4 3_%_5 ) 5]
CMS, dilepton e 172.50 = 1.52 (0.43 = 1.46) 7 TeV [11] CMS, 8 TeV I : : i 169.9 57 (1.1 57 %) [6]
CMS, all jets = 173.49 + 1.41 (0.69 = 1.23) 7 TeV [12] 1.2 +0.7
CMS, I+jets HetH = 172.35 + 0.51 (0.16 = 0.48) 8 TeV [13] ATLAS, 8 TeV H=+ 171.1 50 (0.4 £ 0.9 H3) [7]
CMS, dilepton —fot— 172.82 £ 1.23 (0.19 = 1.22) 8TeV [13] o(tt) n-differential, NLO
CMS, all jets et 172.32 = 0.64 (0.25 = 0.59) 8 TeV [13] _
CMS, single top et 172.95 + 1.22 (0.7 = 0.95) 8 TeV [14] ATLAS, n=1,8 TeV H——— 1732 +1.6 (0.9 £ 0.8 £ 1.2) g
CMS comb. (Sep 2015) H 172.44 + 0.48 (0.13 = 0.47) 7+8 TeV [13] CMS, n=3, 13 TeV e 170.5 = 0.8 [9]
CMS, l+jets i 172.25 + 0.63 (0.08 = 0.62) 13 TeV [15]
CMS, dilepton o |- 172.33 = 0.70 (0.14 = 0.69) 13 TeV [16] Myop from top quark decay [1] EPJC 74 (2014) 3109 [5] JHEP 10 (2015) 121 [9] EPJC 80 (2020) 658
CMS, all jets ot : 172.34 + 0.73 (0.20 = 0.70 13 TeV [1 [2] JHEP 08 (2016) 029  [6] CMS-PAS-TOP-13-006  [10] PRD 93 (2016) 072004
CMS Sinj le to | i 17913 = 0.77 EO 32+0 70; 1 T:V {1; CMS, 7+8 TeV comb. [10] [3] EPJC 79 (2019) 368 [7] JHEP 11 (2019) 150 [11] EPJC 79 (2019) 290

 SINgS P L L | PR ATLAS, 748 TeV comb. [11] [4] EPJC 80 (2020) 528 [8] EPJC 77 (2017) 804
CMS, boosted jet mass ' ' ' 1726225 (0.4 = 24) 13TeV [19] Looa v v v v v v b v b b
Pavisae | BALSCOwmBMS  genor aos 155 160 165 170 175 180 185 190
* . . [3] EPJC 75 (2015) 330 [10] JHEP 12 (2012) 105 [17] EPJC 79 (2019) 313
Preliminary BAmAscowmwos  Damorspeme  OdEnizEene Miop [GEV]
[6] PLB 761 (2016) 350 [13] PRD 93 (2016) 072004
: [7] JHEP 09 (2017) 118 [14] EPJC 77 (2017) 354
I B R R B I T T R Y R SRR N R
165 170 175 180 185

Miop [GeV]

e “Standard’” measurements reached ~0.5 GeV in run-1.

e Extractions from cross-section observables consistent, but not as precise.
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Top mass

 Recent measurement in lepton+jets channel at 13 TeV.

 1lepton, >=4 jets, >= 2 b-jets and kinematic fit is used to
reconstruct the top-quarks from the decay products:

CMS Prelzmmary l+jets, 35.9 fb, (13 TeV) S CMS Preliminary | l+jets, 35.9 fbl, (13 TeV)
C | ol ] C ol

3 45000 mmficorect | mm \?\;_':ﬁgtes‘ - D 40000 Mmifcomect | mm \?J-T?Jtest
Q) 40000 [CJttunmatched mm Z+jets - Q) - [Jttunmatched mmZ+jets
To) - e Data 1 QCD multijet To) 35000 ¢ Data 1 QCD multijet
— 35000F 7% Uncertainty 1 Diboson = — -y Uncertainty 1 Diboson
~ : y ; — 30000 7
£ 30000¢ ® : )
- : c 25000¢
G 25000} 2 0000"
LUl 20000¢ L ;

15000; 15000

100007 10000}

5000; 5000¢
LED 1 g . - QED 1 g - ™ T
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Top mass

* [Five fit variables used to help constrain uncertainties:

histogram set label
observable category 1D 2D 3D 4D 5D
mit P,g>02 x x x X X
My Poos 2 0.2 X X X X
My, ° Poos < 0.2 X X X
mige® /mit Poor > 0.2 X X
S Pyos > 0.2 X

e Systematic uncertainties are constrained in the profile-likelihood
fit.

e miit distribution is parameterised by Voigt profile +
Chebyshev polynomials - important assumption of the fit is
this function can capture all systematic eftects.

e Statistical uncertainties from the parameterisation are also
included - essential to avoid underestimate of the uncertainty.

TOP-20-008
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Top mass

CMS Preliminary 36 fb' (13 TeV)
— post-fit B=+1o +20 { data
=2 S5 W R
RPN SR g b Lgrboto k. |
g T : ' .
‘03-0_95 ..................... }I*}* ................... :
200 . i . fit
u+jets mIt [GeV] e+jets m" [GeV]
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Top mass

CMS Preliminary

36 fb' (13 TeV)

— post-fit B=+1o +20 { data
g* ________ _— _______ 1l L [T
N M i 0 4 ERASS ALK :
= 200 }

u+jets mI" [GeV]

CMS Preliminary

e+jets mI“ [GeV]

36 fb™' (13 TeV)

— post-fit B+lc [ ]*x20 { data

“uHets obs. bins
TOP-20-008

- e+j'efs'o'bs. bins
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Top mass

. Most precise mito date: ~ m, = 171.77 £ 0.38 GeV

TOP-20-008
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Top mass

. Most precise mito date: ~ m, = 171.77 £ 0.38 GeV

CMSPreliminary 36 b (13 TeV)
| + jets 5D: m, = 171.77 = 0.38 GeV | pre-fitimpacts []Jo+A0 [J6-A0
=pull post-fit impactsl§+Ae lé-Ae [IMC stat. ° FSR Shower Scales &
JEC flavor bottom E——— : T 0.89 B fo20] o
FSR PS scale X—>Xg o L o7a| i = | 10.14 JER uncertainties
FSR PS scale g—qg S :  0.46 : :0.14 . . .
CR: gluon move -—l—« 0.34 g 011 Slgnlflcantly COnStralned
CR: QCD inspired D . : : 035 : 0.09 . -
BG W+ets ey :0.76 : 0.09 N th e flt
Early resonance decay -—I—- 0.33 0.09
BG QCD multijet S S g . 0.66  0.08
JEC abs. MPF bias § » : . 095 : 0.08 .
Underlying event —— : 0.51 : 0.07 e Larg eSt SyStemaUCS are
ME/PS matching . : : 048  0.06 :
b-jet energy scale & FSR
bJES Bowler-Lund central ———— . 0.82 B : 0.05
e SFs : : - : : 093 B £0.05 sCa | €S.
bJES Peterson '—-—' 0.50 - 0.05
stat. : : : : : = : 0.04
JEC rel. FSR : . : L 0.97  0.04
JER I, <1.93 B i . 033 I 0.04
JEC abs. scale : : . ; i 0.98 N | 1 0.04
JEC flavor light quarks - 0.97 0.04
bJES Bowler-Lund —— . 0.86 : 0.04
FSR PS scale g—gg = © o 1.02 - : 0.04
Calibration - 0.03
JEC pileup data/MC : - : © 0.96 : 0.03
bJES semilep. B decays » 0.96 : ; ; ; ; 0.03
wfs| i ———w—— . oe| i i . WE i i 0%
-2 -1 0 1 2 -0.3 -0.2 -01 O 0.1 0.2 . 0.3
(B-6,)/A8 Am, [GeV]
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Top mass

. Most precise mito date: ~ m, = 171.77 £ 0.38 GeV

CMSPre/iminary 8050 III|IIII|IIII|IIII|IIII|IIII|III

| + jets 5D: - Experimental unc. 68% CL 2

. | - - === LEP2/Tevatron Ll S“pfrsymme”y 1 shower scales &
JEC flavor bottom : —

FSR PS scale X—Xg —  This measurement 1 Incertainties

FSR PS scale g—qg ——

CRiguonmove | © I 1 Icantly constrained
CR: QCD inspired N N .
BG Wi+jets - 80.45 ! flt .
Early resonance decay
BG QCD multijet »—~—
JEC abs. MPF bias -

| o |
>
m —
Underlying event 9.
: : =
=

23St systematics are
energy scale & FSR
- 1 S.

ME/PS matching
JEC rel. sample : :
bJES Bowler-Lund central - L
e SFs
bJES Peterson 8040 —
stat.
JEC rel. FSR = B
JER Injet|<1 .93 ._
JEC abs. scale : :
JEC flavor light quarks : :
bJES Bowler-Lund =
FSR PS scale g—gg : :

Calibration

JEC pileup data/MC : :
bJES semilep. B decays : —
u SFs - N N T TN T T T T T A A U M M N N A MO B O

P 171 172 173 174 175 176 177 178
m, [GeV]

Heinemeyer, Hollik, Weiglein, Zeune 20 ~ |
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Top mass

 New measurement measuring top mass in events with a
boosted hadronically decaying top quark.

B 138 fb! (13 TeV)
v 14

. . B 1 I 1 1 I | I 1 I I | | I I I | I 1 l I I 1 1
~~ Leptonic b-jet
/\ -\

/ \\b S (AR matched)

20000 - cMS ¢ Data B
[ Preliminary M tt ]

C Single t

15000 . B Wijets

I B OtherSM

Total unc.

XCone, Rje[ =1.2
N =3 R =04
sub

sub ™

p, > 400 GeV

Events / 20 GeV

10000 |-

5000 f

Leptonic and hadronic top
reconstructed with XCone

: ; - 7 UL L L L L
Jet_ algorlthm (R_1 '2)' SUb_ ‘,/’\l (@) 15 Total unc. Stat. unc. .
jets reconstructed with « \ 'q = : * .o :
XCone R=0.4 T ) (S m 1F ’""'"’"""""""""""5""."3'6""'#"“«
gk | YT o ; LIS
H ] » - T \ f\\//?] /// - 05 :— PR T TR W Y NN TN TN TN (NN TN TN SN WA NN TN NN NN A NN NN SN N -:
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Top mass

* Use of XCone algorithm means each boosted large-R top-quark
jet has exactly 3 sub-jets.

* |nvariant mass of 2 non-b sub-jets is used to calibrate the energy
scale of the jets & hence the mass scale of the large-R jet:

CMS Preliminary 138 fb' (13 TeV)
) —é‘i LI L L L L L L L L L L L .1 1200
g 158 !
S + Best fit
11 68% CL 1000
B —95% CL
0.5}
: 800
0f R
| 17600
-0.5¢
~1} 0 | 400
_1.5} s ]
1 L1l L1l PR 1 1 —200
-15 -1 -05 O
TOP-21-012
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Top mass

* Use of XCone algorithm means each boosted large-R top-quark
jet has exactly 3 sub-jets.

* |nvariant mass of 2 non-b sub-jets is used to calibrate the energy
scale of the jets & hence the mass scale of the large-R jet:

* Mass of top-quark jet is unfolded to particle-level:

CMS Pre//mlnafy 138 fb' (13 TeV) N — 1 :,38]“3 (13 TeV
qc) mi’ l T l L I T T T I T T 71 l T ] 1200 - % - -
8 1.5 . 3 0] C CMS ¢ Data :
2 B Bt fit ] _‘a _ Preliminary m, =169.5 GeV

1} 'L—Ga% o 11000 3L§— 003 Bl m, = 1725 GeV "
B 059 CL ' T S T Mm=1rms eV 2
| 800 0.02 - | 5 -
of ® - | 1
f 600 0.01 N
-0.5} _ \ i
-1} | 1400 0 —
I ] 1.4
: Sle 12
~1.5] L : 218 os
1 L1 11 111 l‘ L1 1 l 1 1 1 1 L1 1111 1 —'200 0.6 T
-15 -1 -05 O . : 120 140 160 180 200 220
my [GeV]
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Top mass

* Jop mass is extracted from unfolded distribution.

* Use of unfolded distribution means in future data can be compared
to Improved theoretical calculations.

m, = 172.76 £ 0.81 GeV

* More than factor 3 improvement
from first measurement with
boosted top-quarks!

TOP-21-012
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Top mass

* Jop mass is extracted from unfolded distribution.

* Use of unfolded distribution means in future data can be compared
to Improved theoretical calculations.

Source Uncertainty [GeV]

Total 0.81

Statistical 0.22

mt — 1 72 .76 i O . 8 1 G ev Experimental total 0.57
Jet energy resolution 0.40

Jet mass scale 0.27

Jet mass scale flavour 0.27

* More than factor 3 improvement fojonerey seal o
. . MC statistics 0.07

from first measurement with Additional XCone corrections 003
Backgrounds 0.01

boosted top-quarks! Model total 045
Choice of m, 0.37

N gamp 0.19

Colour reconnection 0.19

Underlying event tune 0.12

Mg, Uy scales 0.07

ISR 0.06

FSR 0.03

Theory total 0.24

FSR 0.14

Underlying event tune 0.13

Colour reconnection 0.10

Mg, Uy scales 0.06

Hgamp 0.06

ISR 0.06

TOP-21-012
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Summary

LHC delivers as a top factory - ATLAS & CMS now make
precise measurements of top-quark properties and
Interesting ttX processes.

No new physics seen in the data, EFT providing nice way
to interpret the measurements.

Latest CMS top-quark mass results with impressive
precision demonstrates the possibilities for continuing to
Improve our measurements through run-3.
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Top mass

* Pre-fit MW and mlb distributions and dependence of m(t)
on correlation between FSR nuisance parameters.

CMS Preliminary I+jets, 35.9 b, (13 TeV) CMS Preliminary l+jets, 35.9 fb”', (13 TeV) _ S TR
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Top mass measurement Iin ttbar+jets

* Dilepton channel with >= 1 jet (pt > 30 GeV) is used to

measure:
do 2my

— P =
dp Mivjet

 [wo kinematic reconstruction technigues are used, one
assuming mt = 172.5 GeV and the other with no mt
assumption.

 The pvariable from each reconstruction technique, plus 8
additional variables are used as input to a regression NN
to provide an improved estimate of p.

 An additional NN is used to separated tt+|et, Z+|ets and
tt+0 jet events.
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Top mass measurement Iin ttbar+jets

* (Cross-section is measured from a fit to multiple regions / observables.

* Fitincludes mi(MC) as free parameter to remove dependence from
the measured cross-section.

reconstructed p no reconstructed p
N —
p<03 03<p<07 045<p<0.7 p>07 RN = ptt+jet)
N 1 R R R R first jet second jet she p(tt+jet)+p(tt+0jet)
bjet = NN NN NN NN Pt Pr
min
Npjet =2 | Rnn RnN Rnn RnN — Mg,
%10 363" (13 Te o
2 2 8oF
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Top mass measurement Iin ttbar+jets

* Measured cross-section is used to extract mt by comparison with
NLO prediction:

36.3f7' (13 TeV) 36.3fb7 (13 TeV)
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Top mass measurement Iin ttbar+jets
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108

Events / bin

1025'

C M S Preliminary

Boosted ttZ/H

» Fitted distribution (2018 data) and EFT limits:

1045'

B V+jets

59.7fb”' (13 TeV)
Postfit 200 < p&/" %" <300 GeV | 300 < p&/"%" < 450 GeV | pZHcand. - 450 GeV
- NNoin W itZ tttt, tty, ttW tHW, tHq
M ttH i single top
tt + bb +-Data
Wtt+LF, tt+cC & stat+sys.

TOP-21-003

Analysis bins

CMS Preliminary 13 TeV

— JHEP 03 (2020) 056, ttZ, 77.5b

— JHEP 03 (2021) 095, ttZ/W/H, 41.5fb
JHEP 12 (2021) 083, t(t)Z, 138fb

— arXiv:2201.07301, tty, 138fb™

== This work, boosted ttZ/H, 138 b
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