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STATUS OF THE LARGE HADRON OCOLLIDER
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Reliable operations at 6.8 TeV beams and double the design luminosity



THE LHO: AN “EVERYTHING” FACTORY

Particle Produced in 139 fb-1 at \/s = 13 TeV
Higgs boson /.7 millions
C Topquak | ssmions
_______________________ Single top quark 50 milions
___________________________________________ Z boson s8bilions 290 milions leptonic
Wooson | 2bilions 57 bilions leptonic
__________________________ Bottom quark Lotiions

From A. Hoecker @ EPS 2019



https://indico.cern.ch/event/577856/contributions/3396803/

STANDARD MODEL AT THE LHG:

Standard Model Production Cross Section Measurements
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STANDARD MODEL AT THE LHC: NOW

Standard Model Production Cross Section Measurements Status: February 2022
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Precision measurements
of Higgs and Standard
Model processes

Observation of very
rare SM processes

Direct BSM searches

Indirect BSM searches
through precision
measurements



STANDARD MODEL AT THE LHC: NOW

Standard Model Production Cross Section Measurements Status: February 2022
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PRECISION SM MEASUREMENTS AT COLLIDERS

Fermions and boson interactions and self-interactions

Quantum corrections to masses and couplings

%5 Value of coupling constants, e.g. as

From J. Kretzschmar
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Display of a two jet
event in CMS g5

CMS CMS Experiment at the LHC, CERN
Data recorded: 2016-Sep-27 14:40:45.336640 GMT
Run / Event / LS: 281707 / 1353407816 / 851




INCLUSIVE JETS AND ag(m,)

2k New 13 TeV CMS measurement
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Joint determination of the proton PDFs and ag(m,)
using the CMS jet and HERAZ DIS data

Z  Avoid circularity: jets -> gluon PDF, jets -> ag(m,)

Data statistics Parametric uncertainties

ag(m,) = 0.1170 = 0.0014(fit) = 0.0007(model)
+0.0008(scale) = 0.0001(parametrisation)

QCD scale variations
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/
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EVENT SHAPES AND RUNNING OF THE STRONG-COUPLING
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/

PHOTON AND DIPHOTON PRODUCTION

3k Testing QCD higher orders and subtleties with modelling of isolation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-30/
http://cds.cern.ch/record/2835957/files/ATLAS-CONF-2022-065.pdf

W AND Z BOSONS

Event 506568594
Run 182153
Sun, 21 Aug 2016 01:30:39

Display of an LHCb
W — uv candidate event




PREGISION ELECTROWEAK MEASUREMENTS

%k Powerfu

way to access physics

at very high energies
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Parameter Measurement EW fit
my [GeV] 125.1+0.2 99.5+21
mi[GeV] | 17247068 175.2:2.4
mw(GeV] | 80.366:0.019  80.354+0.007
sin20e | 0.23152+0.00016 0.23153:0.00006

#k  Sensitivity to

R. Kogler@ICHEP22

BSM primarily
driven by the precision of direct
mw, Sin26w measurement
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https://link.springer.com/article/10.1140/epjc/s10052-018-6131-3
https://agenda.infn.it/event/28874/contributions/168907/attachments/94109/128601/EW_fit_Gfitter_ICHEP2022.pdf

sSIN20w

2k Drell-Yan cross-section can be decomposed into 9 harmonic
polynomials
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> Related to sin26w by radiative corrections: sin20feff=sin26W Kf(S,T)

Directly related to the forward-backward asymmetry;
in full phase-space Arg = 3/8 A4 (but EW corrections violate this)
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https://www.sciencedirect.com/science/article/pii/S0370269315006620?via=ihub
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP08%25282016%2529159&v=7d89ac6e

MULTI-DIFFERENTIAL Z->LL

2k Ars/As4 is a parton-level effect that we measure at proton level

? Introduces a strong dependence on PDFs lepton plane
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2/ mainly originate from valence
guarks and have large x than antiquarks

hadron plane
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o B NNPDF31 -
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>  High statistics, helpful to constrain PDFs 0.1 rea .

i A__g?;&

3k Central-forward leptons (2.5<|ne|<4.9) 0.05- e :
[ e ATL-PHYS-PUB-2018-004
>  Challenging calibrations and large backgrounds R R B KR R TR BV
but higher sensitivity %
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-004/

RESULTS

ATLAS Preliminary ATLAS-CONF-2018-037

LEP-1 and SLD: Z-pole o 0.23152 + 0.00016
LEP-1and SLD: A?® | e 0232212000020 ¢ Higher order electroweak
SLD: A B e 71 0.93098 + 0.00026 corrections through form-factors
Tevatron B ———s | 0.23148 + 0.00033 (ATLAS) or not included (CMS)
LHCb: 7+8 TeV B : . . [023142+000106 2k | HCEWWG working to
CMS: 8 TeV R ——— | 0.23101 0.00053 benchmark available codes at
ATLAS: 7 TeV N ° | | 0.23080 + 0.00120 NLO+h.o. accuracy and get
ATLAS: e+ —e—1 0.23119 +0.00049 porescription for uncertainties
ATLAS: ee_ B — e | 0.23166+0.00043
ATLAS: 8 TeV B | —e 0.23140+0.0003  (0.16% precision)

0.23 0.231 0.232

sin°e’

*k Measurements dominated by stat and PDF uncertainties

CMS: 0.23101 + 0.00036 (stat) + 0.00018 (syst) + 0.00016 (th) + 0.00031 (PDF)
ATLAS: 0.23140 + 0.00021 (stat) + 0.00016 (syst) + 0.00024 (PDF)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/

5k PDF uncertainties are cons
exploiting their different de

PDFs AND SIN20y

2z  ATLAS profiling of the Hessian eigenvectors

» CMS Bayesian reweighing
%k PDFs remain the largest source of uncertainty
?  CMS: PDF syst +31, spread among sets ~65 [10-9]

»  ATLAS: PDF syst +24, spread among sets ~28 [10-9]

“WWGE to
benchmark different global fits and

sk EFfort in the LHC

porovide correla

lons between different PDFs

CTI10 CT14 | MMHTI14 | NNPDF31
sin’ Hgff 0.23118 | 0.23141 | 0.23140 0.23146
Uncertainties in measurements
Total 39 37 36 38
Stat. 21 21 21 21
Syst. 32 31 29 31
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W-MASS AT HADRON COLLIDERS

% Not possible to fully reconstruct W mass, mw obtained
through template fits to pt and mr

2 ptl sensitive to pt™W"W modelling

2 mT sensitive to the recoill resolution

b

3k Hard to control theory modelling
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Events/ 0.5 GeV

Data / Pred.

ATLAS W-MASS

*k  First LHC W-mass measurement at 7 TeV by ATLAS

z 4.7 tb71 with <mu>~9; W—ev and W— uv channels

2 Excellent agreement among the 28 categories (e/y, eta, W/W-, pr,/ms...)
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EPJC 78 (2018) 110



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/

do/dim| [pb]

W-MASS ANCILLARY MEASUREMENTS

2k The Drell-Yan cross-section can be reorganised factorising the dynamic of the boson
production and the decay kinematic:

Breit-Wigner ;

NNLO pQCD
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EPJC 77 (2017) 367 JHEP 08 (2016) 159 " EPJC 78 (2018) 110

2k Clean Z-boson sample essential to constrain experimental
and theoretical uncertainties and extrapolate to the W 20
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ATLAS W-MASS UNCERTAINTIES

Combined Value Stat. Muon Elec. Recoil Bcke.: QCD: EWK | PDF | Total y?2/dof
categories IMeV| | Unc. Unc. Unc. Unc. Unc. @ Unc.: of Comb.
Cmr-ph, W e-u | 803695 | 68 66 64 29 45 : 83 : 29/27

D uncertainties

Result dominated by the ptl measurement with large QC

PDF uncertainties on light-quark sea decomposition from u, d, s
(cs = W fraction) and well as valence-shape uncertainty (polarisation effects): \W+-\W-
z Modelling of small ptW with significant uncertainties;

NNLO+NNLL using W/Z-ratio in ©

isagreement with data: ul

I l 1

S
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LHOB W-BOSON MASS

3k  First mw measurement in the forward region
7 ~24MW — pvevents, 2.2 <n, <44

»  mw from template fits to g/p7. distribution

/
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% Constrain uncertainties using pu resonances
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from Z, Y(1S) and J/W data and simulation
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uncertainties and extra

nolate to the W
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LHOB W-BOSON MASS

2k Achieves a precision of ~32 MeV, consistent with other measurements and with SM

3k Expect-

my, = 80364 £ 23, * 11, £ 17

‘actor ~2 reductior

Jncertal

nties combining w

stat —

Muon momentum
scale and resolution

n P

—ncouraging prospects for the future:

~10 MeV statistical uncertainty with full

DF

Run?Z

But modelling systematics harder to reduce

th ATLAS/CMS

theory

Modelling ofp}”
and W polarisation

Average of PDF
determinations

I
— Total uncertainty
Stat. uncertainty

Tevatron I combination
PRD 70 (2004) 092008

DO II
PRL 108 (2012) 151804

LEP combination
Phys. Rept. 532 (2013) 119

ATLAS
EPJC 78 (2018) 110

LHCb
JHEP 01 (2022) 036

CDF 11
Science 376 (2022) 170

Electroweak Fit (J. Haller et al.)
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas et al.)
arXiv:2112.07274

JHEP 01 (2022) 036
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-024.html

TEVATRON/LHOC W-MASS COMBINATION

2k Ongoing Tevatron/LHC EW WG effort towards a combination

—xperiment endorsed world average, and update of past measurements to recent PDFs
miew — ml’ef o 5mQCD o 5mPDF SmyP" correction to reference PDF
%4 %4 |44 14 OCD
5mW correction to QCD modelling
published Improved PDF beyond quoted uncertainties
value predictions extrapolation
mWCDF mWDO mWATLAS

3k PDFs main source of correction

NNPDF31nlo CTEQ66 CT10nnlo

and uncertainty correlations
Other sources very small (EW corrections) l l l
or mostly decorrelated (pr W/Z) SMwCDF  SmwDP0  SmwATLAS
Target PDF

3k Correction applied in a two-step procedure:

1. Correct all measurements to a common PDF/QCD \ 1 /
2. Gombine them properly including correlations Mwcombi
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ANGULAR COEFFICIENTS IN DRELL-YAN

Boson polarisation in legacy Resbos different from Resbos? and other codes

PRL 129 (2022) 091801

Z NNLO matching in Resbos not

fully differential and resummation 1.2 0.3
: . [LHCb _ - Measurement + Uncertainty -
only impacts AO, A4 I Ay 5= 13 TeV. 5.1 fb 025 As POWHEGHPYTHIA
0.8 y>2,75<M_<105GeV/c® o] [ e DYTurbo }
2 Motivates a ~10 MeV correction 0.6 U oxewg A oasf ® ResBos N
of Tevatron measurements DAL x oo 1 T -
0.2 x 9@ - 0.05F | « o P x ® .
0 fepert® * ] opeexieex o° -
0.5 — ——— —— e e
i LHC-TeV MWWG Preliminary : ] I B B B B Ve
i A 02F AA -
0.4 _ CDF Resbost 0.6F ~ )
. — Resbos?2 — 0.1 =
0.3f — DYNNLO NLO _ 041 T o™ B %00 ee s W% X i
[ — MiNNLO : x %o
- 0.2 -1 01k -
02; X 00 o0 ..x “e -
T or.o-""‘ 4 -02F -
0.1 :'4—? ............... b Gevil plT GeVicl
- [
. i r—[—
0,,_.—-_
0o 020 @m0 20 %o 2k First measurement of Ai in ZIl in the forward region

CERN-LPCC-2022-06 p_[GeV]
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CMS:. FROM W-HELICITY TO Mw

CMS Simulation 13 TeV
. S 44E- sEEEEg
%k Intermediate result towards an mw measurement 8 o THT
. - $ U LEEE
. . 2" 40 uannnEs
2k Multidifferential measurement of lepton pr-eta S o ]
T . . Q. - Ll §§§
and of W rapidity and helicity cross-section 3 36 -
34:_ gESEgE
Different bins in lepton pr-eta retain information on 32
the W-boson rapidity and helicity states 22‘ ]
3 uil
2k Large sensitivity (and constraints) on valence-quark PDFs 60 s o 05 008 1 15 2
Lepton 1
WL |yW| <0.25 Wr5: 0.5 < |yW| <0.75 W 2.0< |yW| <2.25
.- CMS 35.9 fb“(13 TeV)
> ook T~ Measured B MadGrapn5_aMC@NLO B= PDFs ®og W' ST v] 1~ ¢ '
S sl %15’“ o e ol \g‘;ﬁ@\ o \3;39\ o o o \ 3 \gzi“* \ng\ \gﬁ\ \2636\ Strategy for mw
© 00y ' S Make use of well-understood
S Son| high-mu lepton pr sample
O . :
2 o0 Minimal assumptions on W
. 1.10 : .
S 105 | vs Z uncertainties
o 100
S ol Reduction of uncertainties

X I . . 1 -
100 250

Unrolled dressed lepton m| bin: n| €[0.0, 2.4

PRD 102 (2020) 092012

300

through In-situ constraints
26


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-012/

Mw PROSPEGCTS WITH LOW PILE-UP

3k QCD systematics on pT! mainly due to uncertainties on prW

> ~2% uncertainty in pTW — ~10 MeV in mw,
at the LHC limited by recoil resolution

P
‘!4'/,4\,{4
Vo

2.5% uncertainty from fitting to Z and extrapolating to W

sk Special low-u datasets collected in Run 2

ATLAS/CMS: 380/200 pb-T1 at 13TeV, 260/300 pb-1 at 5TeV; <u>~2

Low pileup and special detector
conditions to reach good recoill resolution

Aim for 1% precision in 5 GeV-bins
of pTW at low p

3k

Possible sample also for future mw measurements
(and more low pile-up data in Run3)

-
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—e— @ 300 pb’ statistical sensitivity only

—=— @ 300 pb statistical sensitivity + Recoil Calib sys
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Z BOSON DECAYS INTO

XK FiZ’”“’ key parameter to constraint the
number of light fermion families

X First direct measurement of I iZ”lV
at a hadron collider from CMS

ALEPH |

L3

OPAL

CMS

1ﬂinv [MQV]

CMS Preliminary  36.3 fb~! (13 TeV)
B | | | | | | | | | | 1 | | | | | | | | | I _
C ® | — 450 4 48 MeV
- —o—] — 498 + 17 MeV
- —e—— 539+31 MeV
- —o— 523 + 16 MeV
| | | | | | I | 1 | | L | | | | I | | | | ]
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NEUTRINOS:. INVISIBLE WIDTH

Submitted to PLB

10°

Events

CMS Preliminary
1 I | | | | I

PSS | jets —

¢ Data
L _J SM prefit
[1 SM postfit
Z(—vv) +j
W(— lv) +j
Minor
QCD multijet

500

1000

pimiss (GeV)

Xk FiZ’””’ fromratioof Z = vvto Z — [l

Jets+pITmSS to select Z — vv

[(Z —vy) =

o(Z +jets) B(Z — vi)

[(Z — 4¢)

sk Competitive with L

0(Z +jets) B(Z — £2)

P direct measurement
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-014/index.html

LEPTON FLAVOUR UNIVERSALITY IN W — 11

%k Lepton Flavour Universality at the core of the SM
35.9fb  (13TeV)

W and Z branching ratios to e*, 4=, = should be equal o

Long-standing LEP discrepancy for W — tv decays,
R(z/p) = B(W - w)/B(W — uv) 2.76 away fromSM ™1

1.05

#*k New ATLAS and CMS measurements weighting in 2=
| i 2k
Exploit large unbiased sample of Ws from ¢f decays =1 y
CMS Phys. Rev. D 105 (2022) 072008 ATLAS Nature Phys. (2021) | EP
R(z/u) = 0.985£0.020 R(z/u) =0.992 £0.013 0.95- x  SM
ATLAS
CMS
*  R(z/u) consistent with the SM and LFU %50 085 100 105 1d0 s

: BWHW-
and more precise than LEP! BEW—»evZ;
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ATLAS

EXPERIMENT

Display of an ATLAS
top anti-top event in _~

HhAa Ardittr AAa~rAav, Al AarerAl

o Run: 311071
R Event: 1452867343



TOP-PAIR CROSS-SECTIONS

Tevatron combined 1.96 TeV (L < 8.8 fb™) . 050
CMS combined ep, l+jets 5.02 TeV (L = 27.4-302 pb”) CMS Preliminary Sep 20

CMSeun7TeV(L=5fb"

CMS l+jets 7 TeV (L=2.3fb™)
CMS all-jets 7 TeV (L = 3. 54 fo )
CMSeun8TeV (L=19.7 fb™
CMS l+jets 8 TeV (L = 19.6 fb 1)
CMS all-jets 8 TeV (L = 18.4 fb B
CMSeu13TeV (L=359fb")

CMS all-jets* 13 TeV (L = 2.53 fb )
CMS t+e/p 13 TeV (L = 35.9 fb "
CMS l+jets 13 TeV (L = 137 fb ™)

e CMS leptons* 13.6 TeV (L= 1.2 b

* Preliminary
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TOP-PAIR CROSS-SECTIONS

& New ATLAS measurement at 5.02 TeV
(3.9 % precision)
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Submitted to JHEP

* A

LAS + CMS combination of Runi results

2  2.5% precision; 25% improvement

from Individual results
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CMS DILEPTONIC TTBAR CROSS-SECTIONS

2k Hundreds of distributions measured with unprecedented precision ( between 2 - 20%)

2 Using both a parton level and a fiducial particle-level definition

CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 b (13 TeV)
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k& Hundreds of distributions measured with unprecedented precision ( between 2 - 20%)

CMS DILEPTONIC TTBAR CROSS-SECTIONS

Using both a parton level and a fiducial particle-level definition
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TOP QUARK MASS

Direct measurement from reconstructed
top decay products

MC mass mMC (as defined in the Monte Carlo)

Highest sensitivity, now below 500 MeV (<0.3%
Orecision)

Hard to iImprove without improved
understanding of non-perturbative effects in MC

Indirect measurements from sensitive
observables (e.q. ttbar cross-sections)
+theory

Use a well defined scheme (e.g. miPoe, my(m:))

Approaching <1 GeV precision

Combinations of different measurements
exploits anti-correlation in the
uncertainties to constrain them

o

ATLAS+CMS Preliminary
LHCtopWG

stat
total uncertainty

World comb. (Mar 2014) [2]

My, SUMmary, Vs =7-13 TeV  June 2022

e

total stat

i m,,, + total (stat + syst) \s Ref.

LHC comb. (Sep 2013) LHctopwG ¥+ 173.29 + 0.95 (0.35 + 0.88) 7 TeV [1]
World comb. (Mar 2014) I-I--I-I 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [2]
ATLAS, l+jets —e—tH 172.33 = 1.27 (0.75 = 1.02) 7 TeV (3]
ATLAS, dilepton F—f—— 173.79 + 1.41 (0.54 + 1.30) 7 TeV [3]
ATLAS, all jets ——e—1 1751218 (1.4 1.2) 7 TeV [4]
ATLAS, single top - 172.2 + 2.1 (0.7 = 2.0) 8 TeV [5]
ATLAS, dilepton - 172.99 = 0.85 (0.41 = 0.74) 8 TeV [6]
ATLAS, all jets et 173.72 = 1.15 (0.55 + 1.01) 8 TeV [7]
ATLAS, I+jets i 172.08 = 0.91 (0.39 = 0.82) 8 TeV [8]
ATLAS comb. (Oct 2018) H*H: 172.69 + 0.48 (0.25 + 0.41) 7+8 TeV [8]
ATLAS, leptonic invariant mass (*) = 174.48 = 0.78 (0.40 = 0.67) 13 TeV [9)]
CMS, |+jets —-—— 173.49 = 1.06 (0.43 + 0.97) 7 TeV [10]
CMS, dilepton |—+-o—|—-| 172.50 = 1.52 (0.43 = 1.46) 7 TeV [11]
CMS, all jets H—a—— 173.49 = 1.41 (0.69 = 1.23) 7 TeV [12]
CMS, |+jets et 0 172.35 = 0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton F—fef— 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13]
CMS, all jets e+ 172.32 = 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top e 172.95 = 1.22 (0.77 = 0.95) 8 TeV [14]
CMS comb. (Sep 2015) H 172.44 + 0.48 (0.13 + 0.47) 7+8 TeV [13]
CMS, |+jets = 172.25 = 0.63 (0.08 + 0.62) 13 TeV [15]
CMS, dilepton F—fot—% 172.33 = 0.70 (0.14 = 0.69) 13 TeV [16]
CMS, all jets i 172.34 = 0.73 (0.20 + 0.70) 13 TeV [17)
CMS, single top o= 172.13 + 0.77 (0.32 + 0.70) 13 TeV [18]
CMS, |+jets (%) 2ol 171.77 = 0.38 13 TeV [19]
CMS, boosted (*) I—H-'-l 172.76 « 0.81 (0.22 + 0.78) 13 TeV [20]

* Preliminary
S R T N MR | A AN O T N A N A RO N
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Mg, [GeV]
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CMS DIRECT MASS MEASUREMENT WITH A LIKELIHOOD FIT

CMS Preliminary +jets, 35.9 fb™, (13 TeV)
©40000 Eitone  EWRE -
3k Profile likelihood fit using 5 input distributions © 35000} ~Datarooned R uttijet
using 2016 l+jets top data (36 fb-1) & 30000 pplneengpy PR
3k All modelling variations within Powheg+Pythia8 §§§ggg§_ n E
(QCD scales, PDFs, ME/PS matching, L 500"
32 ISR/FSR PS scales, CR, UE, top pr, ...) 10000

5000F

CMS Preliminary 36 fb”' (13 TeV) LED 1.8r == —T T
— post-fit +10 +20 data 3 1 L i i
i . | SR Attt it
' 100 200 300 400
mit [GeV]

%k Full 5D fit gives the best miop to date
mt =171.77 + 0.38 (+ 0.04 stat) GeV

Au+AjeAtsAdbs.AbiAnéA - Ae+jAetAsAoAbs. bins

TOP-20-008



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html

CMS DIRECT MASS MEASUREMENT WITH A LIKELIHOOD FIT

%k But beware of the strong pulls and constraints observed on the nuisance parameters

CMSPreliminary 36 fb' (13 TeV)

| + jets 5D: m, = 171.77 = 0.38 GeV | pre-fitimpacts []6+A6 []6-A6
=pull post-flt impacts []6+A0 [J6-A6 []MC stat.

JEC flavor bottom = 0.89 : — : : 0.20
FSR PS scale X—Xg § ————— . o074 § | :0.14
FSR PS scale g->qg —— § . 0.46 :0.14

CR: gluon move -—|—~ 0.34 : 0.1

CR: QCD inspired B : 0.35 : v EEEEEECEEEEEE : : 0.09

BG W-jets : o : : 0.76 1 0.09

Early resonance decay -—!—- 0.33 . R {55 e : 0.09
BG QCD multijet S . 066 EEE ] : 0.08

JEC abs. MPF bias > . : 0.95 ' : : : : 0.08
Underlying event —_. . 0.51 : : : : 0.07

ME/PS matching D ——— : 0.48 D R : 0.06

JEC rel. sample q 0.90 : : : 0.05

bJES Bowler-Lund central -— :  0.82 : 0.05
e SFs : § - é :0.93 :0.05

bJES Peterson L : 0.50 :0.05

stat. 0.04

JEC rel. FSR e = : 0.97 : 0.04

JER In |<1.93 : . g : 0.33 : 0.04

JEC abs. scale i 0.98 0.04

JEC flavor light quarks : : —m j + 097 - 0.04
bJES Bowler-Lund o : 0.86 : 0.04

FSR PS scale g—~gg § - : :1.02 : 0.04

: : ’ : : :0.03

:0.03
0.03

Calibration : : : : -
JEC pileup data/MC . i 0.96
bJES semilep. B decays - 0.96 :
u SFs . —————  : o8| ;. _i0.03
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ATLAS TOP MASS IN DILEPTONIC CHANNEL

> ERREEEREERERERERERERENERRERENEREEEERREEEEEREEREERREE RN
83000~ ATLAS Preliminary §  data, cilepton - 3% New full Run2 measurement
N | f-18Tev, 1391 = 17203075 GoV = N dileptonic decay channel
5 L -
§25°°:_ E 2 DNN to match the lepton, b-jet pairs
L] - il — : : : :
20001 e - 7 Unbinned likelihood fit to mp to extract miep
- - 7 Uncertainties dominated by JES,
1500(— Ve - ME/PS matching, color reconnection,
- k Pythia recoll settings
1000— - recoilToColoured: TopUserHook: off + reweight by
L _ in 8.160 from 2012-01-23 eikonal ratio (g + 1)/(g + W)
s TR P A :
.ocg 1 ___—_; —+ I B .'g’ W
So.95- ¢ ! T{»T W b
~ b (Sketch by T. Sjostrand)

50 60 70 80 90 100 110 120 130 140

ma" [GeV] on:
ATLAS-CONF-2022-058 - "
b

mlIePOn _ 175 63 + 0.20 (stat) + 0.67 (syst) + 0.37 (recoil) GeV

top



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

COLOR RECONNECTION

O L - r - 1 - - - 1 r 1 ) ;
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Submitted to EPJC



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-01/

DIRECT MASS MEASUREMENT WITH A SOFT MUON

%k Avoid large uncertainties from hadronic jet reconstruction using a fully leptonic quantity

%k Use a soft lepton from a semileptonic decay of a B-hadron

©
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S L L L B B B
— ATLAS ¢ Data -
- Vs=13TeV, 36.1 fb” tt (SMT from b/c) 7]
— OS selection B it (SMT from W) —
| Post-Fit tt (SMT fake) i
[ Single top N
Other backgrounds-

-~ Uncertainty

llllllllllllllllll

|||||||||||

TOPQ-2017-17

I | I I

SLD  (r,=1.092 + 0.030)

OPAL (r,=1.023 + 0.019)

DELPHI (r,=1.094 + 0.090)

ALEPH (r,=1.070 *+ 0.035)

1 1 | 1
0.7 0.8 0.9 1 1.1 1.2

r

b

%k Dominant uncertainties from knowledge of
branching-ratios and fragmentation

Fit of rs parameter of Pythia8 Lund-Bowler FF

BR and fragmentation fractions reweighted to world average

& miop from likelihood fit to mimu distribution
m, = 174.41+0.39 (stat.) £0.66 (syst.) +0.25 (recoil) GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/

B-FRAGMENTATION IN TP EVENTSO

F  Run2 measurements from ATLAS and CMS can now be used to validate and constrain the models

CMS Preliminary 35.9 fb™ (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-19/

Data

Theory

TOP QUARK MASS FROM BOOSTED JET MASS

- 138 fb™ (13 TeV)
I D _ L
I grlglligmary S mat_a_69 - coy 1 ¥ Measurement of the unfolded normalised jet mass
So03- — mz _ 1795 GeV IN hadronic decays of a boosted top quark
m, = 175.5 GeV XGone with R=1.2 for jets reclustering at particle level

0.02 Require a jet with pr > 400 GeV

%k Linear template fit to extract miop
Miop = 172.76 pm 0.81 GeV (0.22 stat)

0.01

IIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIII

O T T T T ! T S TN W NN TR T B

1 e 2k Paves the way to future miop extractions
, g : : Using analytic calculations
0.6 E- =

120 140 160 180 200 220
m.. [GeV]

TOP-21-012 o
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html

Var. / PP8

HOW NARROW A WIDTH

—
ATLAS Simulation Preliminary —tt + tW (DR)
(s =13 TeV, 139 fb’

— bb4|

— tt + tW (DS)

mminimax [GeV]

—
<

—
<
N

Normalised Events

1073

0 1.00
L 0.98
A-0.96
< 0.94

< 0.92.

1S ENOUGH?

-

ATLAS Simulation Preliminary
(s=13 TeV, 139 b

—tt + tW (DR)
— bb4|
— tt + tW (DS)

T 1.02F

ATL-PHYS-PUB-2021-042

Lepton p_
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-042/

* ¥ ® %

TOP POLE MASS WITH TTBARTJET

Pole mass from differential measurement of dileptonic ttbar+jet cross-sections
NN used to reconstruct the ttbar kinematics and discriminate against Z+jets background
Measurement binned in p = 2 x mo/mu+jets (mo=170 GeV) EPJC 77 (2017) 794

Simultaneous profile likelihood fit in four rho bins to extract the signal

Submitted to JHEP

36.3 b7 (13 TeV)
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https://link.springer.com/article/10.1140/epjc/s10052-017-5354-z
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-008/

POLE MASS WITH TTBARTJET

2k Pole mass extracted from a template fit to the unfolded normalised cross-section
3k Fixed order NLO (tt+jet) predictions from Powheg to build templates

mggge = 172.94 £ 1.27 (fit) 1921 (scale) GeV = ABMP16NLO

mPo® = 172.16 + 1.35 (fit) )37 (scale) GeV = CT18NLO
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DIBOSON CROSS-SECTIONS STATUS

%k Reaching few percent accuracies for di-boson production

. . May 2021 MS Prelimin
Diboson Cross Section Measurements Status: February 2022 JL I A . . . ! ; . ; . , : C S. el a';y
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CMS FuLL RUN2 W+GAMMA CROSS-SECTIONS
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Prediction
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Prediction

ATLAS Z+-GAMMA

3k  ATLAS measurement of Zgamma-+jets using full Run2 data

z  Reaching 4-10% uncertainties
2  Selection enriched in QED ISR
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SUMMARY

#k Remarkable opportunities for precision physics at the LHC

2k Mounting precision allows for stringent SM tests which can
(and start to) surpass the LEP/Tevatron legacy

% Many novel ideas and methodologies
that are/will be pursued, also with the coming datasets

3k Theory uncertainties and knowledge of PDFs
main bottlenecks for future iImprovements
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INDIRECT MEASUREMENTS

3k Lepton differential distributions at 8TeV can
achieve a very precise measurement of the
pole mass and simultaneously constrain PDFs

Inclusive tt cross-section o(tt) [pb]
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TTBAR CROSS-SECTIONS

Top Quark Production Cross Section Measurements

Status: June 2022
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PRECISION PROSPECTS FOR HL-LHG
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< 7

Current HL-LHC
Parameter g

~ precision expected
MH 170 MeV 10-20 MeV
SIN20cff 50 103 15 10-°
mw 20 MeV 4 MeV
m{MC 500 MeV 200 MeV
mypole ~1 GeV < 500 MeV
as(mz) ~2% ~19%
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ATLAS DIBOSON EFT COMBINATION

2k ATLAS combined fit of WW, WZ, 4|, and VBF Z measurements : 6 differential inputs
>k First step towards global EFT interpretations
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HIGH-MASS AFB IN Z — [T]™

%k Forward-backward asymmetry in

D

orobe of the V-A structure of weak

Z At high-masses, probe extra massive gauge bosons
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%k Measurement in agreement with NLO QCD

3k Derive limits on Z’ in the Sequential SM
?  Excludes m, < 4.4 TeV at 95% CL

2z (Comparable with ~ 5 TeV from direct searches
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THE WEAK MIXING ANGLE
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CMS W BRANCHING FRACTIONS ¢

3k Maximum likelihood fit using templates
2 Categories based on numbers of leptons, jets, b-jets
2 tW and WW processes considered as part of the signal
2 Kinematic discriminant in each category used to separate
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