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LHC Run3: The challenges at the new frontier
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Early Run3 combined performance

The functionality of the ATLAS detector and its
reconstruction software underwent many improvements
to cope with Run 3 increase instantaneous luminosity

and pileup:

- Upgraded Detector performances, Trigger & computing

- more sophisticated algorithms to identify physics

objects

- multi-threaded software framework AthenaMT

* Excellent object performances for the early Run3
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e W/ measurements “standard candle” :
» Large cross sections
» clean experimental signature
 used to check performance of
detectors
» check validity of the SM at the
energy frontier
* Important for early validation of
detector performance and software
» Test theoretical predictions at a new
centre-of-mass energy of 13.6 TeV

* Cross section Ratios with tt process
allow test PDF

2403.12902 [hep-ex]
PLB 848 (2024) 138376



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2023-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-21/

Inclusive Drell-Yan Cross-section measurement

- Measurement of vector boson production cross-sections and their ratios at 13.6 TeV
- Using 29 fb-! of data collected in 2022

- Cross section obtained from Profile likelihood fit of 8 channels:

- Leptonic final states used for reconstruction and signal identification ( also for tt)
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X-section measurements

o . - Fiducial cross sections compared to theoretical
Fiducial Volume:

ST EEEY ey P predictions calculated with different PDFs
Lepton pr cuts pr > 27 GeV pr > 27 GeV - Benchmark for our understanding of QCD and EW
Lepton 7 cuts In| < 2.5 In| < 2.5 processes
Mass cuts 66 < mer < 116 GeV my >50 GeV
Neutrino cuts _ EMSS > 25 GeV * Measurement compared to the state-of-the-art MC

and analytical NNLO+NNLL (QCD) + NLO (EWK)]

+ Good agreement between results and SM prediction
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X-section ratio
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In the x-section ratio some uncertainties are reduce/increase

because of correlation between process:

lepton experimental uncertainty cancel between processes

tt/W,Z theory uncertainty ( in particular PDF ) do not cancel in

ratio

- tt/W,Z cross section ratio = data precision better then theory

slightly lower than PDF4LHC21 prediction, but consistent with
tt x-section measurement PLB 848 (2024) 138376
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Check the X-section of the
Higgs boson at new energy
frontier :

H—vyy and H—=ZZ"—4{ “golden
channels”

Experimental measurement are
compared with N3LO [ggF]
theoretical accuracy

Eur. Phys. J. C 84 (2024) 78



https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5

Inclusive Higgs boson production x-section @13.6 TeV

“{Wﬁz < < H—vyy and H—=ZZ*—=4{ "golden channels”
I  small branching rations

Higgs boson decays directly into massive particles (except into t quarks)

e excellent mass reconstruction.
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H—yy H—=ZZ —4% cross-sections are measured inclusively in

) the production modes within fiducial volume.
" q W/Z
Gluon-gluon fusion (ggF)  Vector boson fusion (VBF) ~ ZH/WH production * The MC samples are normalised to the state-of-the-art
g £/b t cross-section predictions:
b - . . . .
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Rare SM processes key
ingredients for the current and
future LHC physics program
direct connections with two
fundamental features of the
SM EW theory[non-Abe/ian gauge

group structure and spontaneous EW
symmetry breaking ]

arXiv:2311.09715 [hep-ex]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-17/

/Z productions
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differential cross-sections

Bayesian unfolding use to extract differential measurement:
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Inclusive tt cross-section o [pb]

Ratio wrt PDF4LHC21
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LHC Run-3
has started in
July 2022,
with collisions
at the
unprecedente
d center of

mass energy
of 13.6 TeV

This is only
the beginning
of the
exciting run-3
LHC physics
program with
the ATLAS
experiment!
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ATLAS detector LS2 Upgrades ‘

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs LIQUID ARGON

(NSW) The NSW system includes two million micromega readout CALORIMETER

Installed new muon detectors with channels and 350 000 small strip thin-gap chambers New electronics boards installed,
precision tracking and muon selection  (STGC) electronic readout channels. increasing the granularity of

capabilities. Key preparation for the —a signals used in event selection and
HL-LHC. WIS oy improving trigger performance at
== G higher luminosity.

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE ATLAS FORWARD PROTON
ACQUISITION SYSTEM (TDAQ) OF ATLAS (AFP)
Upgraded hardware and software Installed small monitored drift tube (sSMDT) detectors Re-designed AFP time-of-flight
allowing the trigger to spot a wider alongside a new generation of resistive plate chamber detector, allowing insertion into the
range of collision events while (RPC) detectors, extending the trigger coverage in LHC beamline with a new “out-of-
maintaining the same acceptance rate. preparation for the HL-LHC. vacuum” solution.
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Category oc(Z—-ee) | c(Zouu) | o(Z—>) | oW -e V)| oWH—oety) | oW -5 uv) | o(WH - uty)
Luminosity 2.2 2.2 2.2 2.5 2.5 2.5 24
Pile-up 1.2 0.3 0.8 1.1 1.1 0.3 0.4
MC statistics <0.2 <0.2 <0.2 <0.2 0.4 <0.2 0.4
Lepton trigger 0.2 0.4 0.2 1.2 1.3 1.0 1.0
Electron reconstruction 1.4 - 0.9 0.7 0.8 - -
Muon reconstruction - 2.1 1.4 - - 1.0 1.0
Multi-jet - - - 29 24 1.3 1.1
Other background modelling <0.2 <0.2 <0.2 <0.2 <0.2 0.5 0.4
Jet energy scale - - - 1.4 1.4 1.3 1.4
Jet energy resolution - - - <0.2 0.3 0.2 0.2
NNJVT - - - 1.6 1.5 1.3 1.3
EMS track soft term - - - <0.2 0.4 <0.2 <0.2
PDF 0.2 0.2 <0.2 0.8 0.8 0.6 0.5
QCD scale (ME and PS) 0.6 <0.2 0.3 1.3 1.2 0.6 0.6
Flavour tagging - - - - - - -
tf modelling - - - - - - -
Total systematic impact [%o] 3.0 3.1 2.7 5.0 4.5 3.8 3.6
Statistical impact [%] 0.04 0.03 0.02 0.02 0.01 0.01 0.01
Category oc(W= = 7v) | o(Wr = *y) | o(W* = €v) | Ryw+yw- | Rw+/z | Rizjw=
Luminosity 2.5 24 24 <0.2 0.3 <0.2
Pile-up 0.5 0.7 0.6 <02 <02 | <02
MC statistics <0.2 0.2 <0.2 <0.2 <02 | <02
Lepton trigger 1.0 0.9 0.9 <0.2 0.7 0.8
Electron reconstruction 0.4 0.5 0.4 <0.2 0.5 0.4
Muon reconstruction 0.6 0.6 0.6 0.2 0.8 0.6
Multi-jet 1.2 1.2 1.2 1.6 1.1 1.0
Other background modelling 0.4 0.4 0.4 <0.2 0.3 0.9
Jet energy scale 1.3 1.3 1.3 <0.2 1.3 1.3
Jet energy resolution <0.2 0.2 <0.2 <0.2 <02 | <0.2
NNJVT 1.4 1.3 1.3 <0.2 1.3 <0.2
E%’iss track soft term <0.2 0.3 0.3 <0.2 0.3 0.3
PDF 0.5 0.5 0.3 0.5 0.2 0.4
QCD scale (ME and PS) 0.8 0.7 0.6 <02 0.7 0.7
Flavour tagging - - - - - <0.2
tf modelling - - - - - 1.1
Total systematic impact %] 3.7 3.5 3.5 1.7 24 2.5
Statistical impact [%] 0.01 0.01 0.01 0.01 0.02 0.32




Breakdown of relative unc, ZZ

Source Relative uncertainty (%)
Data statistical uncertainty 4.2
MC statistical uncertainty 0.3
Luminosity 2.2
Table 7: Breakdown of the relative uncertainties in the fiducial H — ZZ* — 4{ cross-section measurement.
Lepton momentum 0.2
Lepton efficiency 3.7 Source Uncertainty [%]
Background 1.6 Statistical uncertainty 25.1
Theoretical uncertainty 1.0 Systematic uncertainty 7.9
Total 63 Electron uncel.'tal'ntles 6.3
Muon uncertainties 3.8
Luminosity 2.2
ZZ* theoretical uncertainties 0.7
Reducible background estimation 0.6
Other uncertainties <1.0
Total 26.4

Table 3: Breakdown of the relative uncertainties in the inclusive di-photon fiducial cross-section measurement.

Source Uncertainty [%]
Statistical uncertainty 14.0
Systematic uncertainty 10.3
Background modelling (spurious signal) 6.0
Photon trigger and selection efficiency 5.8
Photon energy scale & resolution 5.5
Luminosity 2.2
Pile-up modelling 1.2
Higgs boson mass 0.1
Theoretical (signal) modelling <0.1
Total 17.4




Inclusive Higgs boson production x-section @13.6 TeV

Photons T T
8 - ATLAS -¢-Data -
Leading (sub-leading) pY.  py/m,, > 0.35(0.25) 5, 14000 s — 136 TeV, 31.4 fb — Total pdf = -
Pseudorapidity In| < 2.47 and outside 1.37 < || < 1.52 5 120008, Hoyy "~ By, pdf —76 £ 9
| g - =76 | Syst.
Isolation EX°/EY < 0.05 1 10000F Ufid 6 77 ( y )
8000:— ' R p—
Di-photon system iggg;— Ofid,SM = 67.6 + 3.7 fb.
Mass window 105 GeV < m,,,, <160 GeV 2000 eoensy —_—
Leptons 3’ . e
Leptons pt >5 GeV, |n| <2.7 @
Lepton selection and pairing %
Lepton kinematics pr > 20,15,10 GeV Qo
Leading pair (m3) SFOC lepton pair with smallest [mz — mg;|
Subleading pair (m34) remaining SFOC lepton pair with smallest [mz — mgg|
Event selection (at most one quadruplet per event) — Lo e T T T
Mass requirements 50 GeV< mip < 106 GeV and 12 GeV< m34 < 115 GeV 8 20 - ATLAS ¢ Data B
Lepton separation AR(¢;, ) > 0.1 18 T H— Z7* — 4] = glzg*gs (125.09 GeV) ]
J /Y veto m(€;, ;) >S5 GeV for all SFOC lepton pairs % - Vs=13.6 TeV, 29.0 fb’ — XX VVV 7
Mass window 105 GeV< myr < 160 GeV 'E 16 r e +jéts ft ]
If extra lepton with pt > 12 GeV  quadruplet with largest matrix element value g) ‘4 - w Uncert7ainty .
L — .
* . . . . . 12 —
H—=YY H=ZZ —44 cross-sections are measured inclusively in the production - .
10 =
modes within fiducial volume. af E
* Fiducial cross-sections are extrapolated to the full phase space corrected for  6F E
the predicted SM decay BR [assuming SM values] and combined. 45 :
* The MC samples are normalised to the state-of-the-art cross-section 2
. . . 0 S T YT O L T . e e e
predictions: 110 120 130 140 150 160

* ggF up to N3LO QCD calculation + NLO EW corrections I m,, [GeV]
* VBF/VH to an approximate NNLO QCD + NLO EW corrections Thq = 2.80 (Stat; +0.21 (syst.)

° 1+ Ho _ | 2 oo I ) S
Measurements statistically limited ( p-value 20% ) Chasm = 3.67 £ 0.19 fb.



o Profiled likelihood ratios used to obtain the results
o Combined likelihood = products of likelihoods from individual
channels/categories (k)

L(a,e,data H H P ’nzaga S'gnal(a 9 +’nbkg HG

k bebins™ - ’ 0co
Poisson dlstrlbutlon ——
«: parameters of interest Constraints

6: nuisance parameters (uncertainties)
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§ e S|gna| o Profiled likelihood ratios used to obtain the results

'S :lnbkg o Combined likelihood = products of likelihoods from individual

& channels/categories (k)
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o: parameters of interest Constraints

6: nuisance parameters (uncertainties)

o Number of signal events in category k:

. > Z (o x Big (AX ik

~

‘-w—’ Cross—sectlon x Acceptance x
Production branching ratio efficiency

and decay

o No or negligible overlap between categories
o Systematic uncertainties correlated



