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https://agenda.infn.it/event/28874/contributions/168907/
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http://www.apple.com/uk
https://arxiv.org/abs/2103.12603

Top

» Farida Fassi: 4-Top probes of new physics
« Alexander Paasch: Top mass with boosted jets
» Agostino de lorio: Differential top production

Tue afternoon
Wed afternoon
Fri morning



https://indico.cern.ch/event/1150707/sessions/464260/#20221129
https://indico.cern.ch/event/1150707/sessions/464320/#20221130
https://indico.cern.ch/event/1150707/sessions/464291/#20221202

TO p W-helicity fractions

branching ratios, Vi,
rare decays, FCNC

Spin correlations
polarisation

asymmetries
y Mass

mass difference,
width, charge

Cross sections,
QCD parameters,
resonances,
new particles

» Farida Fassi: 4-Top probes of new physics Tue afternoon
« Alexander Paasch: Top mass with boosted jets Wed afternoon
» Agostino de lorio: Differential top production Fri morning



https://indico.cern.ch/event/1150707/sessions/464260/#20221129
https://indico.cern.ch/event/1150707/sessions/464320/#20221130
https://indico.cern.ch/event/1150707/sessions/464291/#20221202

CMS PAS TOP-22-012
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-012/index.html

LHCTopWGSummaryPlots
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

tt Cross Section
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https://arxiv.org/abs/2205.13830

ATLAS-CONF-2022-061
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-061/

tt Differential Cross Sections

CMS PAS TOP-20-006
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-006/index.html

LHCTopWGSummaryPlots

Electroweak Top-Quark Production
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-10/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-04/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-010/index.html

LHCTopWGSummaryPlots

Top Quark Mass _.

I
ATLAS+CMS Preliminary Mep SUMMary
LHCtopWG rgy s
within ~1 GeV
"""" World comb. (Mar 2014) [2] —
stat total » £ N
total uncertainty e = g & J myep from cross-section measurements
LHC comb. (Sep 2013) Lrctopwa 173.20. ‘ | ———— g June 2022
World comb. (Mar 2014) HH 173.34. y ey 7_1 ~ Myp * tot (stat = syst = theo) Ref.
ATLAS, l+jets H—=—4 172.33: §t
ATLAS, dilepton =t 173.79+ 1.41 (0.54= 1.30) 7 TeV [3]
ATLAS, all jets H—-—H 1751 1.8 (1.4£1.2) 7TeV [4] '
ATLAS, si.ngle top —a——— 172.2+ 2.1 (0.7 2.0) 8 TeV [5] ATLAS, 7+8 TeV ! L I 172.9 +22é5 (]
ATLAS, dilepton H= 172.99= 0.85 (0.41x 0.74) 8 TeV [6] oy
ATLAS, all jets HE— 173.72+ 1.15 (0.55= 1.01) 8TeV [7] CMS, 7+8 TeV —e—— 1738 ;3 2]
ATLAS, I+jets - 172.08+ 0.91 (0.39= 0.82) 8 TeV [8] CMS, 13 TeV I " i 169.9 jf21_-19 (01+1.5 +1152 ) 3]
ATLAS comb. (Oct 2018) H*H: 172.69+ 0.48 (0.25+ 0.41) 7+8 TeV [8] +2.0
: 1731
ATLAS, leptonic invariant mass S 174.41x 0.81 (0.39= 0.66x 0.25) 13 TeV [9] ATLAS, 13 TeV s T2y [4]
ATLAS, dilepton (*) et 172.63x 0.79 (0.20= 0.67+ 0.37) 13 TeV [10] LHC comb., 7+8 TeV LHCtopwG b I 173.4 2.: 5]
CMS, I+jets == 173.49 = 1.06 (0.43= 0.97) 7 TeV [11] - . N
CMS, dilepton et 172.50 = 1.52 (0.43x 1.46) 7TeV [12] o(tt+1j) differential, NLO
i D 2.3 1.0
CMS, aII_ jets |—0—9—0—| 173.49+ 1.41 (0.69= 1.23) 7 TeV [13] ATLAS, 7 TeV I y 1737 ° + T(15=1.4 +05) (6]
CMS, I+jets HeH = 172.35+ 0.51 (0.16= 0.48) 8 TeV [14] . 4 5 +25 436
CMS, dilepton —to—i—{ 172.82+ 1.23 (0.19= 1.22) 8TeV [14] CMS, 8 TeV (¥) I : : | 169.9 57 (1.1 371 Z16) 171
CMS, a_ll jets et 172.32:x 0.64 (0.25= 0.59) 8TeV [14] ATLAS, 8 TeV } " 171.1 +1102 (0.4 0.9 +§37) ]
CMS, single top H—e=H 172.95= 1.22 (0.77+ 0.95) 8 TeV [15] . 14
CMS comb. (Sep 2015) HH 172.44 + 0.48 (0.13+ 0.47) 748 TeV [14] CMS, 13 TeV (") —e—| 172.9 54 19]
CMS, l+jets i 17225 0.63 (0.08= 0.62) 13 TeV [16] = o -
CMS, dilepton o2 172.33+ 0.70 (0.14= 0.69) 13 TeV [17] o(ty) n-differential, NLO
CMS, all jets e F 172.34+ 0.73 (0.20= 0.70) 13 TeV [18] ATLAS, n=1,8 TeV —a— 1732 +1.6(09+0.8+1.2) [10]
CMS, sipgle top f—o— 17213+ 0.77 (0.32= 0.70) 13 TeV [19] CMS, n=3, 13 TeV j—eri 170.5 + 0.8 (1]
CMS, I+jets (*) P4 B2 171.77+ 0.38 13 TeV [20] ; o
* o+ 172.76 = 0.81 (0.22+ 0.78 m rom top quar ecay [1] EPJC 74 (2014) 3109 [6] JHEP 10 (2015) 121 [11] EPJC 80 (2020) 658
oS, Boosted O f e Aremnee OISO oo o s
* Preliminary CMS, 7+8 TeV comb. [10] {4} EPJC 80 Ezozo; 528 {9} CMSVPAS(VTOP)VZLODB [13] EPJC 79 (2019) 290
g ATLAS, 748 TeV comb. [11] [5] arXiv:2205.13830 [10] EPJC 77 (2017) 804 * preliminary
T L coov v v v v b P Py v b Py gy
165 170 175 180 155 160 165 170 " 1[(732\/] 180 185 190
op
rntop [GeV]

“Direct”: experimentally most precise “Indirect”: theoretically well defined

from observables (kin.rec, jet mass, M, M) from cross sections calculable in fixed-order
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Top Quark Mass

Previously:

2D (or 3D) constraining (b) jet energy from W mass
(and the ratio Req) o _ 21 + 21

bg — q1 92
! Py *+Py

Systematic uncertainties assumed uncorrelated

New:

5D (additional variables: Mi/Miit and Mib|pgor<0.2)
Profile likelihood ratio, accounting for correlations

Dominant uncertainties (as previously)
b-jet energy scale B, - "=
FSR PS scale — -
Color reconnection

Underlying event

:0.09
£ 0.00
{0.09
:0.08
:0.08

Expect further improvements from “differential”
measurements
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CMS Preliminary
— post-fit

CMS-PAS-TOP-20-008
} data

B+1o

per post-fit

CMS Preliminary
— post-fit

36 fb” (13 TeV)

B:ic []x20 { data

u+jets obs. bins

e+jets obs. bins

m;P® = 171.77 £ 0.38 GeV.

most precise result as yet (still with 2016 data only)
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Differential tt+1jet cross section as a function of ps

Enhanced sensitivity as gluon (jet) kinematics

d

Dedicated calculation at NLO+PS arxiv:1303.6415
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Charge Asymmetry

inclusive Ac =

0.0068 + 0.0015

Contributions from qg (4.70)
LO: No charge asymmetry expected
NLO: interference between qq diagrams
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tt+jets: arXiv:2110.05453

Charge Asymmetry t+y: ATLAS.CONF-2022.043

ATLAS-CONF-2022-062

tt+y and tt+W: enhance qq initial state & *°f anas preiminay ¢ Das iwoco  ERaweEw
- . . w 180 [ Ys=13TeV, 139 fo" iz . l\ion—prompt HF, Non-prompt HF,, ]
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Results consistent with SM within large statistical uncertainties

DESY. Andreas B. Meyer Top and Electroweak Physics at the LHC QCD@LHC, Orsay, 28 Nov - 2 Dec 2022 21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-062/

LHCTopWGSummaryPlots

Top+V

tVq and ttV: similar cross sections
(0.4...1 pb)

1st differential measurements:
good understanding established
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4 Tops by !
Evidence -
consolidated g

In 2019/2020, ATLAS and CMS
established evidence of 4-top
production using multilepton channels
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 Michael Pitt: VBF and VBS

* Qibin Liu: Multiboson production
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Vector Boson Scattering (VBS)

Higgs boson expected to unitarize V. VL.—V. VL amplitude
Higgs boson cancels cross section divergence exactly.

Probing the Higgs mechanism without looking at the Higgs

q q q q
W:l:
Zy,H
W:I:
q q q q

Experimentally:
Signature: 2 jets, large rapidity gap, high m;

gap

.
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Events

WWS —> WW.' with anomalous triple and quartic couplings
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Vector Boson Scattering (VBS)
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First differential cross sections
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Zy Production

(a) Strong diagram

Differential Zy,
ISR-enriched

(b) VBF electroweak diagram
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Q
=

do
dcosfg

q q
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a Y

(c) Triboson diagram

ATLAS-CONF-2022-047

arXiv:2106.11082 arXiv:2109.00925 ATLAS-CONF-2021-038

many distributions
measured (1D and 2D)

Test of QCD radiation
in color singlet final state

Polarisation

Data

Prediction  Prediction
Data

Good agreement by
theory up to NNLO+PS
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Outlook: Run3 and HL-LHC
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Expected Significance (s.d.)

DESY.

We are ahead of recent projections for Run-3 and HL-LHC

Systematic uncertainties will be limiting factor
for more and more measurements

VoVo remains hard, but still room for 2-3 orders in SMEFT coefficients ~ «o
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Summary

Top quarks
Ever increasing precision: multidifferential cross sections, mass and properties
First observations and differential measurements for t(t)X

Top as a tool: FCNC, flavour-violation, ...

Electroweak multiboson production
Unpolarized VBS and VVV established in many channels
Not-so-low-hanging fruit being harvested in VBS

First polarisation results, for inclusive VV

Run-3 and beyond
First results coming out
More data, better detectors, further improved analyses
Continued interplay between experiment and theory

Push for discovery through precision
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ATLAS: Nat. Phys. 17, 813-818 (2021)

Flavour Violations
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