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Motivation for precision EW & top measurements at the LHC

o Test the self-consistency of the SM

- Electroweak sector over-constrained = identify tension between direct & indirect constraints on observables
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http://project-gfitter.web.cern.ch/project-gfitter/Standard_Model/

W and Z measurements
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W and Z cross sections measurements
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- Extracted from simultaneous fit to W/Z/tt regions

- For absolute ¢, lumi uncertainty dominates, for ratios: nonprompt & lepton
eff.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html
https://arxiv.org/abs/2403.12902

W and Z cross sections measurements

Also measured in special LHC runs

- 200-350 pb'at5 and 13 TeV for ATLAS + CMS, 100 pb-! for LHCb at 5 TeV

o Lower pileup mitigates degradation of certain observables

e Precise measurements of cross sections, ratios and differential distributions

- E.g.variables dependent on pymiss: ptW, mtW

- Validation of theory ptW especially important for mw
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-004/
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2023-010.html
https://arxiv.org/abs/2404.06204

cms ) CMS-PAS-SMP-22-010

Measurement of sin* 07, <=

e Fundamental EW parameter: sin® 0, = (1 — m%,/m2)x*

- Measured via Z/y*—l, asymmetry in lepton decay angle: 1+4cos? 0+0.5A9(1—3 cos® 0)+ A4 cos

— AFB — 3/8A4

e Recent CMS measurement at 13 TeV

_ sin? Hfﬁ measured via Ars (similar to previous Run 1 approach)

- New: unfolded A4 (for future reinterpretation)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html

Measurement of sin* 0’

e Consistent results for Arg, Az and direct cosO fits

CMS

| CMS-PAS-SMP-22-010

- PDF profiling reduces differences between PDF sets

- CT18Z chosen (pre-unblinding) for nominal result - best coverage of

other PDF central values
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Best hadron collider measurement, approaching LEP and SLD:
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E See also: ATLAS 8 TeV [ATLAS-CONF-2018-037]

[ amas sin? 97, = 0.23140 + 0.00036



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/

arXiv:2403.15085 (submitted to EPJC)
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https://arxiv.org/abs/2403.15085

W boson width

arXiv:2403.15085 (submitted to EPJC)

ATLAS

EXPERIMENT

o First 'w measurement at the LHC and most precise single measurement
to date (w/ mw constrained to prediction)

- Similar strategy to mw: fit to pr and my (more sensitive)

e Modelling (shower tune variations) and recoil dominate uncertainty

e Simultaneous fit for my and 'y reveals interplay:
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1 param. fits

2 param. fit

80366.5 = 15.9

2202 = 47

80354.8 +16.1 112 MeV
2198 £49 [4 MeV

Small impact on uncertainties


https://arxiv.org/abs/2403.15085

Momentum calibration % JINST 19 (2024) PO3010

e Crucial to control muon momentum scale to high precision for mw and other precision EW measurements
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https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010

Differential prmiss + jets

e Aim: precise detector-corrected prmiss + jet
measurement

- Inclusive, minimize model dependence

e Plus auxiliary precoilin £ + jet and y + jet
systems

Uncertainties cancel in ratios

- BSM contributions (e.g. dark matter)
would not cancel
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= See also: JHEP 05 (2021) 205
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https://www.sciencedirect.com/science/article/pii/S0370269324002636?via=ihub

5/6/24

From vector bosons to quarks to leptons

A. Gilbert (LLR)

13



ATLAS
Vs =13 TeV, 140 fb™

Z(—Il) + = 1 c-jet

arXiv:2403.15093 (sub. to EPJC)

W/Z + heavy flavour [*&5

e ATLAS analysis studies Z + >1b, >1¢, >2b jet e Study of intrinsic charm
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http://arxiv.org/pdf/2308.02285
https://arxiv.org/abs/2403.15093

W/Z + heavy flavour

o ATLAS analysis studies Z+ =1b, >1¢, =2b jet

topologies

o Wide range of differential distributions

ATLAS

EXPERIMENT

- E.g. mpp useful input for MC modelling for H(bb)

;' E [ [ [ [ [ [ [ | | [ [ [ [ [ [ [ E
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arXiv:2403.15093 (sub. to EPJC)

e Study of intrinsic charm

- 3FS significantly
underestimates rate

- Largest improvement with
BHPS model (2.1% IC)

i
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-- 20.89 +0.07 £ 2.77 pb
Data (stat.) - Data (stat.+syst.)

2L MGaMC+Py8 FxFx 5FS (NLO)
Sherpa 5FS (NLO)
MGaMC+Py8 4FS (NLO)
MGaMC+Py8 Zcc 3FS (NLO)
NNPDF40 (pch)

NNPDF40 (LHCbZc + EMC)

CT14NNLO
BHPS1 (<x> = 0.6%)

BHPS2 (<x>C =2.1%)

r>D>0O0O0 <« > 1

5

15 20 25 30 35 40 45 o0
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See also: W+c 13 TeV CMS/|
EPJC 84 (2024) 27 L

CMS 138 fb™ (13 TeV)
' ' ' ' | ' ' ' ' | ' ' ' ' | ' ' ' '

Total uncertainty
pS’* > 30 GeV, ™l < 2.4
- Statistical uncertainty p'T >35GeV, Il <24
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http://arxiv.org/pdf/2308.02285
https://arxiv.org/abs/2403.15093

SMP-23-005
M>7)  To be submitted to ROPP

YY— 1T and constraints on tau g-2

CMS 138 fb~' (13 TeV)
. D1 I e pll ® Observed —68% CL —95% CL
o Select events with Niracks < 1 77% oPAL T
- Dedicated corrections for num. hard scatter & ) ! I?’?_B 4%4 (115:338) 188
PU tracks in simulation { L3 |
ee - Z — 1y ! *
_ o o g - PLB 434 (1998) 169 '
o First observation in pp collisions jrrr DEL PHI
D D! vy — Tt (y from e) ! .
- 5.30 observed (6.5 expected) === > 2 EPJC 35 (2004) 159 o
ATLAS (y from Pb) —— E
. — TT
e Constraints on a;from myisenhancement wt , Niracks = O 138 fb™! (13 TeV) PRL 131 (2023) 151802
, £ 300 cMS L s - CMS :
CMS 138 b~ (13 TeV) S : — Observed y* (= T1) +# WV = Y — vt (v from Pb) ¢
_|cé) - lObslervecll lZ/Y* |% ’U‘El lZ/Y* |e eé/uui Lﬁ 250 ;_ 24 s MM.Jet D _; PRL 131 (2023) 151803 .
g 2000 ] Excl. bkg. Il VV + tt I Jet mis-ID ] - . CMS H‘H
LU - Eyy = Uncertainty | 200 m .YY — 1T Uncertainty _E YI'LI:rgEU(ﬁ from p) | | |
1500 150 & - 01 005 0 005
B E E ar
1000 |- E .
: 508 - —Obs.:a, = 9%7 x 10 (68% CL)
500 _— -
B ' . 41 -4
—— I ~~Exp.ra = 127,53 x 107 (68% CL)
. , LLJ | " E E EEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEME
2 s T + + . . "
. S 05- _SMa, —a =0008 - = See also: Observation of yy—=WW L
2 400 150 7500 a Phys.lett.B816(2021) 136190 ATLAS :
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Lﬁ Myis (GeV) : EXPERIMENT :
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https://arxiv.org/abs/2010.04019
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005/index.html

SMP-23-005

o CMS 1 To be submitted to ROPP
YY—TT and constraintsontaug-2 —
o Select events with Nyacks < 1 o | N
- Dedicated corrections for num. hard scatter & » Fiducial cross section
OU tracks in simulation - Matching closely expt. selection (Ntracks = 0 only)
o First observation in pp collisions e Prediction from gamma-UPC (elastic only) rescaled for dissociative &%
- 5.30 observed (6.5 expected) using data CR
e Constraints on a:from myisenhancement 64 18
— + .
CMS 138 fb™' (13 TeV) GObS - 12‘4_31 fb

¢ IObslervecll lZ/y* ~ 'c'cl lZ/y* - eé/MM:
2000 ] Excl. bkg. Il VV + tt I Jet mis-ID ]
C [Cyy — 1t Uncertainty ]

Events

ooeg = 16.5 £ 1.5b

1500

1000

500

= See also: Observation of yy—=>WW
= Phys. Lett. B 816 (2021) 136190

Events - Bkg.

ATLAS

EXPERIMENT
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https://arxiv.org/abs/2010.04019
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005/index.html

Top quark properties

e Deep connection to both EW and QCD sectors

e Large m: = Higgs Yukawa ~ unity = key parameter for vacuum stability

- Via loop corrections, uncertainty propagates to other EW parameters

e Measurement approaches:

- Indirect: e.q. cross section dependence [not discussed today]

- Direct: fit to mass (or correlated variable)

pole

; B ] ] ] ] | ] ] ] ] | ] ] ] ] | II: ] ] ] | ] ] ] ] ] I/_'
) — 68% and 95% CL contours i M, comb. = 1o -
O - _ - m, = 172.47 GeV |
—  80.5 — Fit w/o M,, and m_measurements "l -~ 0=0.46 GeV P —
E; = Direct M, and m, measurements i — 0=046®©050,,, GV .
- CDF Il M,,, CMS TOP-20-008 m it ’ N
80.45 — N —
: (b 7
: ) :
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80.4 |- e N
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_ N SRl 17 N
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I /CDQ,/, /\(?/ /Q)Q// /Q{DS?, . c§ _
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ATLAS+CMS Preliminary  my,, from cross-section measurements November 2023

LHCIopWG
total stat My, * tot (stat = syst = theo) [GeV] f L dt Ref.

o(tt) inclusive, NNLO+NNLL
ATLAS, 748 TeV —a— 1729 37 206" 1]
CMS, 7+8 TeV —e— 173.8 f'11_'87 <19.7fb™" [2]
CMS, 13 TeV —+—— 169.9 57 (0.1=1.5 55)  sson' [
ATLAS, 13 TeV —e—  173.1 57 361" [4]
LHC comb., 7+8 TeV —— 1734 5% <20 b [5]
o(tt+1j) differential, NLO
ATLAS, 7 TeV —a— 1737 57 (1514 55) 460" [
ATLAS, 8 TeV e 1711 € (04209 33) 202" 7]
CMS, 13 TeV —o—] 1721 15 (1.3 Iﬁf) 363" [8]
o(tt) n-differential, NLO
ATLAS, n=1,8 TeV ] 173.2+1.6 (0.9 £0.8 +1.2) 202" [9]
CMS, n=3, 13 TeV e 170.5 +0.8 359" [10]
Migp from top quark decay [11 EPJC 74 (2014) 3109 [5] JHEP 2307 (2023) 213  [9] EPJC 77 (2017) 804

CMS, 748 TeV comb. (1] B e

ATLAS, 7+8 TeV comb. [12] [4] EPJC 80 (2020) 528  [8] JHEP 07 (2023) 077 [12] EPJC 79 (2019) 290
IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

155 160 165 170 175 180 185 190
my,, [GeV]

Discussed in other plenary talks:
- Lepton flavor violation and rare heavy flavor
'decays - Monday evening

- Top cross-section measurements and rare ttX
processes - tomorrow morning
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https://arxiv.org/abs/1707.08124
https://indico.cern.ch/event/1253590/timetable/?view=standard#35-lepton-flavor-violation-and
https://indico.cern.ch/event/1253590/timetable/?view=standard#57-top-cross-section-measureme
https://arxiv.org/abs/1707.08124
arXiv:2211.07665

arXiv:2402.08713 (PRL accepted)

ATLAS + CMS direct m¢ combination |¥anas| = Uncertanty fmpact (G

Uncertainty category LHC ATLAS CMS

b-JES
e Legacy combination of Run-1: b tagging
ME generator
- 6 (ATLAS) + 9 (CMS) measurements, detailed study of systematic correlations JES 1
JES 2
P ; Method 0.07 0.06 0.09
, , . . . radiation : : :
o ASIONS " dominates combination Leptons 005 008 007
............ ATLAS+CMS combined ol JER 005 0.09 0.02
total uncertainty sta e Requires detailed understanding of =~ M>Stopquarkpr 005 — 007
ATLAS E m, + total (= stat = syst) [GeV] | ti Background (data) 0.05 0.04 0.06
dilepton 7 TeV ——a——| 173.79+ 1.42 (= 0.54 = 1.31) correlations Color reconnection 0.04 0.08 0.03
lepton+jets 7 TeV ——=—t 172.33+ 1.28 (= 0.75+ 1.04) .
all-jets 7 TeV : H——=—— 17506 1.82 (x 1.35= 1.21) Uncertainty category o Scan range Amy /2 Aoy, /2 Underlying event 0.04 0.0 0.05
dilepton 8 TeV = 172.99 = 0.84 (= 0.41= 0.74) [MeV] [MeV] g-JES 0.03 0.02 0.04
lepton-+jets 8 TeV et 172.08 + 0.91 (+ 0.39  0.82) JES 1 0 — — — Background (MC) 0.03 0.07 0.01
all-jets 8 TeV ——— 173.72+1.15 (+ 0.55+ 1.02) JES 2 0 [—O 25 10 25] 3 v
combined et 172.71+ 0.48 (= 0.25 = 0.41) we2y T Other 0.03 0.06 0.01
CMS JES 3 0.5 [+[0.25, +0.]75] 1 <1 LJES 003 001 0.05
dilepton 7 TeV — 172.50 = 1.58 (= 0.43 = 1.52) b-JES 0.85 +0.5, +1 26 5
leptonsjets 7 TeV L 175,49 106 ( 0435 0.7, o JES 085 [ros41] 2 <1 CMS JES 1 003 — 004
all-jets 7 TeV e —e—t— 173.49 + 1.41 (= 0.69 + 1.23) Pileup 0.03 0.07 0.03
dilepton 8 TeV —ter— 172.22 + 0.95 (+ 0.18 + 0.94)
lepton+jets 8 TeV HeiH 172.35 = 0.48 (+ 0.16 = 0.45) ]Esd3 0.02 0.07 0.01
all-jets 8 TeV o 172.32 £ 0.62 (+ 0.25 = 0.57) Hadronization 0.02 0.01 0.01
single top 8 TeV —— 172.95+ 1.20 (= 0.77 = 0.93) mt = 1 72,52 =+ 0.33 Gev miss 0.02 0.04 0.01
Jhp 8 TeV H o H 173.50 + 3.14 (= 3.00 = 0.94) ?’]TDF 0'02 0.06 0.0l
secondary vertex 8 TeV —fo— 173.68+1.12 (+ 0.20+ 1.11) - . . <U.
combined HeH 172.52 = 0.42 (+ 0.14 = 0.39) (_0.1 4 Stat) Trigger 0.01 0.01 0.01
ATLAS+CMS LHC{opWG :
dilepton_ H+H 172.30 = 0.59 (= 0.29 + 0.51) (1003 0 SYSt) Total systematic 0.30 0.41 0.39
lepton+jets H=H 172.45+ 0.36 (= 0.17 = 0.32) o
allr-]jets H*H 172.60 = 0.45 (= 0.26 = 0.36) Most reci e to d Jte: < 2 erm i | |e Statistical 0.14 0.25 0.14
other H——H 173.53 + 0.77 (= 0.43 = 0.64) ® :
combined HH 172.52 = 0.33 (= 0.14 = 0.30) P P Total 0.33 0.48 0.42
| | | | | | | | | | | | | | | | | | | | | |
165 170 175 180 185
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http://arxiv.org/abs/2402.08713

Observation of tt entanglement

e Unique probe of entanglement via spin correlations

- Both experiments analyses dilepton final state

=+ . =
- = measure angle between £~ in tt rest frame

ATLAS

EXPERIMENT

2311.0/288

e Focus on narrow range around tt production threshold
- 80% cross section for spin-singlet state (rotational invariance needed for observation)

e (Cross section:

1 do 1 +B*-q,

_B_’(Al—_(Al+‘

o dQ.dQ.

(47)>

e D<-1/3 implies entanglement

e CMS includes Toponium effects
- Maximally entangled particles
- Via a colour singlet single pseudoscalar

[PRD 104 (2021) 034023]
5/6/24

~24 | CMS-PAS-TOP-23-001

(submitted to Nature)
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https://arxiv.org/abs/2311.07288
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-001/index.html

Observation of tt entanglement

o Both experiments observe entanglement with > 50 significance

D

5/6/24

Good agreement with theory predictions

Systematics limited with full Run 2 data set

ATLAS
/s =13 TeV, 140 fb'

Particle-level D

o

- Limit (Powheg + Pythia8) :

Limit (Powheg + Herwig7)_.

Theory Uncertainty
Data

Powheg + Pythia8 (hvq) |
Powheg + Herwig7 (hvq)

340 < miz < 380

380 < myi < 500

mtt‘ > 500

Particle-level Invariant Mass Range [GeV]

0.547 £0.002(stat.) = 0.021(syst.)

A. Gilbert (LLR)

CMS, /|
ATLAS
CMS Preliminary 35.9 fo=! (13 TeV)
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
— Entanglement Threshold
-8+ Data
-« POWHEGV2+PYTHIAS8
1 MG5 aMC@NLO+PYTHIAS8 [FxFXx]
-+ POWHEGv2+HERWIG
0000 (tt only) 345 < m(tt) < 400 GeV
0.0<(3<0.9
O
O
e
048948 o
o 7
D
. 5
0 0
‘0-478t818§; ——@— %
result + (total)
| | | I | | | I | | | I | | | I | | | I | | |
-0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30
D
D =—0.478 £0.017(stat.)* )3 3(syst.)
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tt spin correlation and entanglement in £+jets

o All polarization vector & spin correlation matrix coefficients extracted simultaneously cMS, |
| CMS-PAS-TOP-23-007

o Entanglement observed for the first time at high m;

- In bins of m, pr(t). and | cos 0| =
- Addition criterion based on classical information exchange at v < c
CMS Preliminary

Covered in R. Demina’s talk
in top parallel session today
Inclusive

A= 0.663 = 0.029 ¢ Data CMS Preliminary 138 fo™' (13 TeV)
-0.062 +0.053 — Powheg+P8
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| Separable states |

m(tt) > 800 GeV

pT(t) <50 GeV
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https://indico.cern.ch/event/1253590/timetable/?view=standard#277-cms-results-on-top-spin-co
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ATLAS: EW, QCD & flavour |anas

o Extensive summary of precision single & mutiboson measurements
using Run 2 13 TeV data

Electroweak, QCD and flavour physics studies with

arXiv:2404.06829 (submitted Phys Rept)

ATLAS data from Run 2 of the LHC

The ATLAS Collaboration

Diboson Cross Section Measurements Status: October 2023

e Also covers:

- Low energy strong particle production :Vy .

. . . YoVYy
- High pT jet & QCD studies Zy—tty
- EFT constraints on new physics Zy—vvy

- 4+ more
ww

Status: October 2022

B . WZ

- Theory (NNLO . |
i sory (NNLO) ATLAS Preliminary A CWZlvee

§ Measurement

200 — 27
Epp—-wW T pp—2Zy* E

N
o)
o

| 2.76TeV, 4 pb”, EPJC 79 (2019) 901 _ — A€ inciusive (60 Gev <mar< 200 GeV)

5 TeV, 25 pb™!, EPJC 79 (2019) 128
1 50 [ 7TeV,4.6fb", EPJC 77 (2017) 367
- 8 TeV, 20.2 fb™!, JHEP 02, 117 (2017) (for 2) u —7Z7Z-00vy
= 8 TeV, 20.2 fb™!, EPJC 79 (2019) 760 (for W) .
13 TeV, 81 pb™', PLB 759 (2016) 601 (for W

13 TeV, 3.2 fb™", JHEP 02, 117 (2017) (for Z

- = - —ZZ—At
100}~ - -
I 7 WV £vjj

- = 7 VH

50— — _
i 4 — H-bb

- = - - H- yy

) -
)

Total production cross section [nb]
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o =31.4+0.1+2.4pb (data)

NNLOjet (NNLO) (theory)

o =16.82+0.07 + 0.75 - 0.78 pb (data)

2yNNLO + CT10 (theory)

o =44+ 3.2 -4.2pb (data)

2yNNLO (theory)

o =2.77+0.03 +0.36 pb (data)

NNLO (theory)

o =533.7+2.1+15.4 fb (data)

Matrix NNLO QCD + NLO EW (theory)

o = 1.507 + 0.01 + 0.083 — 0.078 pb (data)

NNLO (theory)

o =1.31+0.02+0.12 pb (data)

NNLO (theory)

0 =2837+36-3547.1-6.5fb (data)

MCFM (NNLO) (theory)

o =68+4+ 33-32fb (data)

NNLO (theory)

o =0.133 + 0.013 + 0.021 pb (data)

MCFM NLO (theory)

o =130.04 + 1.7 + 10.6 pb (data)

NNLO (theory)

o =68.2+1.2+4.6pb (data)

NNLO (theory)

oc=519+2+44 E)b (data)

NNLO (theory

oc=51+08+23pb %data)

MATRIX (NNLO) (theory)

oc=243+0.6+0.9pb (data

MATRIX (NNLO (theory;

c=19+414-13=+1 pb (data)

MATRIX (NNLO) (theory)

o =255+1=+11fb (data)

MATRIX (NNLO) (theory)

o =140.4 + 3.8 + 4.6 fb (data)

MCFM NLO (theory)

oc=169+0.7+0.7 pb (data

Matrix (NNLO) & SP(1erpa)(NLO) (theory)

o =17.3+0.6 +0.8 pb (data)

Matrix (NNLO) & Sherpa (NLO) (theory)

oc=73+0.4+0.4-0.3 pb (data)

NNLO (theory)

o =06.7+0.74 0.5 - 0.4 pb (data)

NNLO (theory)

oc=49.3+0.8+1.1fb (data)

Sherpa (NLO) (theory)

o =254+33-3+16-1.4fb(data)

PowhegBox & gg27Z (theory)

o=254+1.4+1fb(data)

Matrix (NNLO) & Sherpa (NLO) (theory)

oc=97+15-1.4+1-0.8fb (data)

PowhegBox & gg2ZZ (theory)

o =12.7+3.1-2.9+1.8fb (data)

PowhegBox & gg2ZZ (theory)

o =2388.9+1.1+274fb (data)

Sherpa (NLO) (theory)

o =73+4+5fb (data)

PowhegBox norm. to NNLO & gg2ZZ (theory)

0=29.8+38-3542.1-1.9fb (data)

PowhegBox & gg2ZZ (theory)

o = 209 + 28 + 45 fb (data)

MC@NLO (theory)

o =1.37+0.14 + 0.37 pb (data)

MC@NLO (theory)

o =302+ 11 + 22 b (data)

MC@NLO (theory) AT

o = 2719 4 947 — 810 fb (data

NNLO(QCD)+NLO(E )(tLeory)

o =1.03+ 0.37 — 0.36 + 0.26 — 0.21 pb (data)

NNLO(QCD)+NLO(EW) (theory)

o = 1190 + 130 + 160 — 140 fb (data)

Powheg Box NLO(QCD) (theory)

c=6+13-1.4+0.4—-0.5fb (data)

Powheg Box NLO(QCD) (theory)
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CMS cross section measurements
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e Review of hadronic, EW, top and Higgs sector cross section measurements

Stairway to discovery: a report on the CMS programme of cross section
measurements from millibarns to femtobarns

The CMS Collaboration®

“CERN, Geneva, Switzerland
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arXiv:2404.10674 (submitted Phys Rept)

ATLAS to P quar K review ATLAS Climbing to the Top of the ATLAS 13 TeV data

. . . The ATLAS Collaboration
o Extensive review of top (+X) cross section, mimeasurements,

entanglement, LFU tests, and more

Top asymmetry summary

Top mass summary T | T T T | T T T T T T T T T T T T T T T | T T T | T T T | T
ATLAS tatistical taint
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https://arxiv.org/abs/2404.10674

CMS top quark mass review

Current status
Overview of all measurement approaches

CMS

7 TeV (5.0 fb™) ideogram
m, = 173.49 = 1.07 GeV
JHEP 12 (2012) 105

8 TeV (19.7 fb™") ideogram
m, =172.35 = 0.51 GeV
Phys. Rev. D 93 (2016) 072004

13 TeV (35.9 fb™") ideogram
m, = 172.25 + 0.63 GeV
Eur. Phys. J. C 78 (2018) 891

13 TeV (36.3 fb™) profiled
m,=171.77 = 0.37 GeV
Eur. Phys. J. C 83 (2023) 963
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Past improvements
Consistent reduction in both statistical
and systematic uncertainties
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arXiv:2403.01313 (submitted Phys Rept)

Review of top quark mass measurements in CMS

CMS

Inclusive tt 7 TeV, NNLO ® CT10
Inclusive tt 7+8 TeV, NNLO ® CT14
Inclusive tt 13 TeV, NNLO ® CT14
Inclusive tf 13 TeV, NNLO ® CT14

Inclusive tt 13 TeV, NNLO ® CT14

Dilepton 7 TeV, KINb and AMWT
Lepton+jets 7 TeV, 2D ideogram
Dilepton 7 TeV, AMWT

All-jets 7 TeV, 2D ideogram
Lepton+jets 8 TeV, Hybrid ideogram
All-jets 8 TeV, Hybrid ideogram
Dilepton 8 TeV, AMWT

Single top quark 8 TeV, Template fit
Dilepton 8 TeV, M, +M>25 Hybrid fit
Lepton+jets 13 TeV, Hybrid ideogram
All-jets 13 TeV, Hybrid ideogram
Dilepton 13 TeV, m, fit

Lepton+jets 13 TeV, Profile likelihood
Combination 7+8 TeV

Dilepton 7 TeV, Kinematic endpoints

1+2 leptons 8 TeV, Lepton + J/¥

Differential tt 13 TeV, NLO + 3D fit (m]
Dilepton 7+8 TeV, ATLAS+CMS cross section

Differential tt+jet 13 TeV, NLO ® CT18

, a,, PDF)

Single top quark 13 TeV, In (m, / 1 GeV) fit

Boosted 8 TeV, C/A jet mass unfolded
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[JHEP 07 (2023) 213]
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[arXiv:2402.08713]
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Review of projection studies

NB: not always taking into account detector
Improvements!
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http://arxiv.org/abs/2403.01313

Summary

See parallel talks for more detail on these expt. topics:

o . Precision electroweak
o The LHC has proved more than capable as a precision physics measurements in CMS

machine
- In many cases challenging or exceeding ete- collider constraints Precision electroweak

measurements in ATLAS

Recent electroweak precision
measurements in LHCb

o Future improvements may come from:

- Better understanding / in-situ constraint of PDFs Rare decays of electroweak

. . bosons at CMS and ATLAS
- Improved signal & background modelling
- Refined detector calibrations ATLAS results on top spin and
- Dedicated low pileup LHC runs entanglement
- Inter-experiment combinations

CMS results on top spin
correlations and entanglement

ATLAS top quark mass
measurements

5/6/24 A. Gilbert (LLR)

Yongbin Feng

Alexander Bachiu
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https://indico.cern.ch/event/1253590/timetable/?view=standard#165-precision-electroweak-meas
https://indico.cern.ch/event/1253590/timetable/?view=standard#332-precision-electroweak-meas
https://indico.cern.ch/event/1253590/timetable/?view=standard#334-recent-electroweak-precisi
https://indico.cern.ch/event/1253590/timetable/?view=standard#336-rare-decays-of-electroweak
https://indico.cern.ch/event/1253590/timetable/?view=standard#276-atlas-results-on-top-spin
https://indico.cern.ch/event/1253590/timetable/?view=standard#277-cms-results-on-top-spin-co
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