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M. Cristinziani ATLAS results @ Corfu2022

ATLAS experiment at the CERN LHC collider
Vast and rich physics program at the energy frontier

• understanding of electroweak symmetry breaking and of the BEH mechanism

• broad search program at the TeV scale addressing naturalness, dark matter, flavour


• also sensitive to feeble interactions

• precise measurements of SM (EW, top, QCD) processes and heavy-flavour properties


• indirect probes pf BSM physics

• studies of the quark-gluon plasma properties
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Fantastic dataset recorded in Run-2 (2015–2018) 
after the Run-1 data set (2010–2012)  

(incl. PbPb, XeXe and pPb collisions)


1078 papers submitted for publication so far

ATLAS experiment at the CERN LHC collider 

Vast and rich physics program at the high energy frontier

• Understanding of electroweak symmetry breaking and of the BEH mechanism

• Broad search program at the ~TeV scale addressing naturalness, dark matter, flavour


• Also sensitive to feeble interactions 

• Precise measurements of SM (EW, top, QCD) processes and heavy flavour properties


• indirect probes to BSM physics

• Studies of the quark gluon plasma properties
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Fantastic dataset recorded in run 2 (2015-2018)

after the run 1 data set (2010-2012)

(incl. PbPb, XeXe and  pPb collisions)


1070 papers submitted for publication

220  results with full run 2 p-p collision dataset
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M. Cristinziani ATLAS results @ Corfu2022

Very well understood detector performance
Full Run-2 dataset

• simulation of pileup condition,  pp interactions per bunch crossing

• continuous improvements of identification and calibration of reconstructed objects

⟨μ⟩ ∼ 35
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Eur. Phys. J. C 80 (2020) 47 Eur. Phys. J. C 81 (2021) 578

Muon identification efficiency

https://link.springer.com/article/10.1140/epjc/s10052-019-7500-2
https://link.springer.com/article/10.1140/epjc/s10052-021-09233-2
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Very well understood detector performance
Full Run-2 dataset

• simulation of pileup condition, ~35 pp interactions per bunch crossing

• continuous improvements of identification and calibration of reconstructed objects
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Electron identification  
vs pileup

b-tagging efficiency  
measured with tt̄ events

JINST 14 (2019) P12006 Eur. Phys. J. C 82 (2022) 223 ATLAS-CONF-2018-045

Very well understood detector performance with the full run 2 dataset 
with run 2 pileup condition, ~35 pp interactions per bunch crossing


continuous improvements of identification and calibration of reconstructed objects
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electron identification vs pileup

muon identification efficiency

high pt hadron calibration check in-situ with W→τ→π b-jet tagging efficiency measured with tt events 
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Very well understood detector performance with the full run 2 dataset 
with run 2 pileup condition, ~35 pp interactions per bunch crossing


continuous improvements of identification and calibration of reconstructed objects
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Very well understood detector performance with the full run 2 dataset 
with run 2 pileup condition, ~35 pp interactions per bunch crossing


continuous improvements of identification and calibration of reconstructed objects
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high pt hadron calibration check in-situ with W→τ→π b-jet tagging efficiency measured with tt events 
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High-pT hadron calibration check  
in-situ with W → τ → π

https://iopscience.iop.org/article/10.1088/1748-0221/14/12/P12006
https://link.springer.com/article/10.1140/epjc/s10052-022-10117-2
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-045/
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Standard Model cross section measurements
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Elastic cross-section measurement
Differential  elastic cross section

• measure scattered protons with detectors located in roman pots 240m from IP

• special data taking with large β* optics (2.5km)

• luminosity calibration from Van Der Meer scans

dσ/dt pp → pp
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Elastic cross-section measurement
From precise  measurement can extract

• ρ (  of elastic amplitude for t 0)            0.098 ± 0.011 

• total cross section (from optical theorem)     104.7 ± 1.1 mb

• common models don’t accommodate well both measurements at the same time

dσ/dt
ℜ/ℑ →

8

arXiv:2207.12246
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Polarisation in WZ production
Precise studies of rare SM processes

• study W and Z polarisation in WZ events reconstructed in 3ℓ+ν decay mode

• joint measurement of W and Z polarisation fraction, using deep neural network

• observation of simultaneous production of long. polarised W and Z bosons with 7.1σ 

9

ATLAS-CONF-2022-053

Precise studies of rare SM processes: 
polarization in WZ production 

Study W and Z polarisation in WZ events reconstructed in 3l+ν decay mode

Joint measurement of W and Z polarisation fraction, using deep neural network

First observation of  simultaneous production of longitudinally polarised W and Z bosons with 7.1σ


f00 = 0.067 ± 0.010
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Observation of di-charmonium excess
Four-muon final state; motivated by tetraquark

• search for     and also in  (new)

• background from single-parton and double-parton scattering

• see large structures near threshold as well as narrow resonance at 6.9 GeV

• confirming LHCb observation in di-

Tccc̄c̄ → J/ψ J/ψ → 4μ Tccc̄c̄ → J/ψ ψ(2S) → 4μ

J/ψ
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Top-quark cross-section measurements
Pair-production cross section @ 5.02 TeV

• 260 pb–1 dataset recorded in Run-2, dilepton and ℓ+jets final states
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Prediction 68.2 ± 4.8 ± 2.0 pb

σ(tt̄) = 67.5 ± 0.9 (stat.) ± 2.3 (syst.) ± 1.1 (lumi) ± 0.2 (beam) pb

Measurement of the tt production cross-section in pp collisions at √s = 5.02 TeV

10ATLAS-CONF-2022-031

Result is in excellent agreement with the NNLO-NNLL prediction
gluon pdf constraint improves prediction of  ggF Higgs production

Gluon pdf

- result is in excellent agreement with the NNLO-NNLL prediction    
- gluon pdf constraint improves prediction of ggF Higgs production 


5% reduction on uncertainty at x≈0.1 

4% precision !

https://arxiv.org/abs/2207.01354
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Single top + photon observation
Associated t or tt̄ + γ/Z/H → constraints of t ewk couplings

• measured: σfid (tγq) = 580 ± 19 (stat.) ± 63 (syst.) fb

• predicted:  fb

• dominant systematics: tt̄γ modelling and jets/
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Single top s-channel production
Most difficult single-top channel at LHC

• first time measured at 13 TeV

• matrix-element based likelihoods for signal/bkg

• evidence at 3.3σ (3.9σ exp.)

•  pbσ = 8.2+3.5

−2.9

13

s-channel single top production at 13 TeV

▪ Most difficult single-top channel at LHC

▪ Select events with lepton + 2 jets, both b-tagged
▪ ET

miss>35 GeV and mT
W>30 GeV, veto 2nd lepton

▪ 130k events selected, 3% s-chan, 60% top-pair
▪ Matrix-element based likelihoods for signal/bkg

▪ Convolution of diff. x-sec and transfer function, 
based on reconstructed event kinematics X

▪ Compute per-event signal probability P(S|X)
▪ Modelling checked in validation regions for 

W+jets (looser b-tag) and top-pair (3 or 4 jets)
7th July 2022 10Richard Hawkings
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data
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tt̄ validation region fit to signal region

s-channel, t-channel and Wt measurements

▪ 13 TeV t-channel and Wt measurements still based on 3.2 fb-1 from 2015

7th July 2022 12Richard Hawkings

𝜎(13 TeV) stat, syst, lumi (pb)

t-channel 156 ± 27 ± 3 (t)
91 ± 4 ± 18 ± 2 (t~)

Wt 94 ± 10+28
-22 ± 2

s-channel 8.2 ± 0.6 +3.4
-2.8

top-pair 826 ± 4 ± 12 ± 16

▪ Inclusive measurements are 
all systematics limited

▪ Good agreement with QCD 
predictions at NLO to 
NLO+NNLL
▪ Including √s dependence

summary single top

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/
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Measurement of 4t production cross section
Combination of 1ℓ / 2ℓ OS  and 2ℓ SS / 3ℓ 

•  pb with 4.7σ (2.6σ exp.) significance


To improve results, will need

• better tt̄+HF modelling for 1ℓ / 2ℓ OS

• better tt̄W modelling for 2ℓ SS / 3ℓ

σtt̄tt̄ = 24+7
−6
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Higgs-boson physics
Higgs plays a key role in SM, discovered in Run-1 by ATLAS and CMS

• 2022 is the 10th anniversary of the Higgs-boson discovery! 


Run-2, 30x more Higgs bosons recorded by the ATLAS detector

• allows for precise measurements of cross sections, couplings and properties, search for 

rare decay modes, and test phase space that hasn’t been probed before.
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• Higgs plays a key role in SM, discovered in Run 1 by ATLAS and CMS [PLB paper]. 

2022 is the 10th anniversary of the Higgs boson discovery!

• In LHC Run-2, 30x more Higgs recorded by the ATLAS detector, allows for precise

measurements of cross-sections, couplings and properties, search for rare 

decay modes, and test phase space hasn’t been probed before.

Introduction

Comparison of !γγ spectrum between 
discovery and full Run-2 datasets

Significant increase in production 
date from Run-1 to Run-2
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Higgs-boson coupling measurements
Total cross section / Standard-Model prediction

• μ = 1.05 ± 0.06 = 1.05 ± 0.03 (stat.) ± 0.03 (exp.) ± 0.04 (sig th.) ± 0.02 (bkg th.)

• benefits also from reduced theory uncertainty


Measurements per production mode x decay channel
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Higgs-boson coupling measurements
Coupling modifier interpretation

17
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bb WW ττ ZZ γγ µµ

 B normalized to SM prediction× σ

ZH

WH

VBF

bbHggF+

ttH

tH

 0 1 2  

1

 1 2 3 4  

0

1

2

3

4

5

6

 0 1 2  

1

 1 2 3  

0

1

2

3

4

5

6

 0 1 2  

1

5− 0 5 10

 0 1 2 3 4  

0

1

2

3

4

5

6

Run 2 ATLAS Data (Total uncertainty) Syst. uncertainty SM prediction

Higgs boson coupling measurements

Total cross-section / Standard Model prediction

Measurements per production mode * decay channel:

Coupling modifier interpretation

12

New

New

κV . κf .

Nature 607 (2022) 52

(benefits also from reduced theory uncertainty)

4−10

3−10

2−10

1−10

1

ve
v 
V

m 
V

κ
 o

r 
ve

v 
F

m 
F

κ

 Run 2ATLAS

µ

c

τ
b

W

Z
t

tκ = cκ

 is a free parametercκ

SM prediction

1−10 1 10 210

Particle mass [GeV]

0.8

1

1.2

1.4V
κ

 o
r 

F
κ

eν µν τν u c t

Leptons Quarks

e µ τ d s b

g γ Z W H

Force carriers Higgs boson

https://www.nature.com/articles/s41586-022-04893-w


M. Cristinziani ATLAS results @ Corfu2022

Higgs-production cross section
Total and differential Higgs-boson production

• combining fully-resolved high-resolution channels H  ZZ*  4ℓ and H  γγ

• σtot  = 55.5 ± 3.2 (stat.) ± 2.3 (syst.) pb (SM: 55.6 ± 2.8 pb) 

• including Higgs pT, |y|;  jet: #jets, #b-jets, pT (jet1); VBF: mjj, |Δηjj|, Δφjj

→ → →

18

arXiv:2207.08615
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Higgs-boson mass for H ZZ* 4ℓ→ →
Simultaneous fit to all channels

• most precise measurement by ATLAS so far; systematic uncertainty of 40 MeV

19

arXiv:2207.00320

G. Barone June-22

• Total uncertainty of 0.14%

• Systematic uncertainty of 0.02%

‣ 88% improvement w.r.t mHH→ZZ,Run1

‣ Momentum scale uncertainties reduced by a factor 2. 

‣ 33% improved precision w.r.t previous mHATLAS,Run1+2

‣ Most precise measurement by ATLAS, so far. 

H→ZZ→4ℓ results

12

Measured mH for all channels and combined.

• Combination with H→ZZ→4ℓ Run-1 measurement.
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Figure 9: The distributions of the total <� uncertainty from pseudo-experiments assuming <� = 125 GeV are
shown, for when the fit does (black) and does not (blue) take into account systematic uncertainties. The solid lines
correspond to the expected uncertainty distribution from pseudo-experiments, while the vertical dashed lines indicate
the observed values of the uncertainties. The one-sided ?-value for compatibility between the observed and expected
total uncertainties is 0.28.

8 Summary386

The mass of the Higgs boson is measured from a maximum-likelihood fit to the invariant mass and the387

predicted invariant-mass resolution of the � ! //
⇤ ! 4✓ decay channel. The results are obtained from388

the full Run 2 ?? collision data sample recorded by the ATLAS experiment at the CERN Large Hadron389

Collider at a centre-of-mass energy of 13 TeV, corresponding to an integrated luminosity of 139 fb�1.390

The measurement is based on the latest calibrations of muons and electrons, and on improvements to the391

analysis techniques used to obtain the previous result using data collected by ATLAS in 2015 and 2016.392

The measured value of the Higgs boson mass for the � ! //
⇤ ! 4✓ channel is393

<� = 124.99 ± 0.18(stat.) ± 0.04(syst.) GeV.394

Thanks to a larger dataset, improved experimental techniques, and more precise lepton calibration, the395

statistical uncertainty of the measurement has been reduced by a factor of two and the systematic uncertainty396

by about 20% relative to the previous Run 2 published result.397

This measurement is combined with the previous one obtained in the same channel with ATLAS Run 1398

data. The result of the combination is399

<� = 124.94 ± 0.17(stat.) ± 0.03(syst.) GeV.400

This is the most precise measurement of <� in the � ! //
⇤ ! 4✓ channel by the ATLAS Collabora-401

tion.402

24th June 2022 – 13:20 18

‣ New pT calibration techniques → uncorrelated pT(μ) systematics between Run1 and Run2

Full Run-2 results 
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CP structure in the Higgs sector
Run-1 data identified H as a CP-even scalar

• room for CP-odd admixtures – potential for CP violation


How to look for signs of CP violation in Higgs couplings?

• modified rates – not immediately distinguishable from CP-even BSM

• characteristic: interference effects on shapes of CP-odd observables


 can extract limits from rate measurements, but dedicated CPV searches typically use 
shape information
→

20

Introduction – CP violation in the Higgs sector
Run 1 data identified H as a CP-even scalar
• Still room for CP-odd admixtures in the coupling behaviour – potential for CP violation

How to look for signs of CP violation in Higgs couplings?
• Modified rates – not immediately distinguishable from CP-even BSM
• Characteristic: Interference effects on shapes of CP-odd observables
→ Can extract limits from rate measurements, but dedicated CPV searches typically use shape information

2022-07-06 Higgs-boson CP at ATLAS 2

𝜎 ~ 𝑀𝑆𝑀 +𝑀𝐶𝑃−𝑜𝑑𝑑
2

= 𝑀𝑆𝑀
2 + 𝑀𝐶𝑃−𝑜𝑑𝑑

2 + 2ℛ𝑒(𝑀𝑆𝑀
∗ 𝑀𝐶𝑃−𝑜𝑑𝑑)

CP-even. Affects rates CP-odd. Vanishes for CP-
even observables

Fermion couplings
• CP-odd contribution allowed at tree level
• Mainly third-generation couplings 
• ttH production and H→ττ decays 

Boson couplings
• CP-odd contribution from higher order operators -

suppressed by BSM scale 
• VBF/VH production and WW/ZZ decays

This talk: Selection of latest ATLAS results covering both fermion and boson couplings

Example model: ℒ𝐻𝐹𝐹 ∝ 𝜅𝐹 cos𝜙 ത𝐹𝐹 + sin𝜙 ത𝐹𝑖𝛾5𝐹 𝐻

even odd

Example model: ℒ𝐻𝑉𝑉 ⊃ ℒ𝐻𝑉𝑉,𝑆𝑀 + 1
Λ2
𝑐 𝐻 ෨𝑉𝜇𝜐𝑉𝜇𝜐 + ⋯

dim-6 
CP-odd

BSM 
scale

frequently: 
embedded in 
EFT framework
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CP in Hττ
Tests CP properties of the  Yukawaτ

21
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CP mixing angle 𝜙𝜏 is reflected in decay kinematics

Reject the CP odd hypothesis at 3.4σ (2.1σ exp.) 

ATLAS-CONF-2022-032
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Further Higgs CP measurements
Fermionic coupling: tt̄H with H bb̄ 

• form top candidates from jets & leptons to 

define CP-sensitive observables 

• evaluated in several SR, exploiting (b)-jet 

multiplicity and dedicated BDT classifiers 

• challenge: modelling of large tt̄+b 

background 

• pure CP-odd disfavoured at 1.2σ level

→

22

Bosonic coupling: VBF H γγ

• exploit properties of dijet system

• optimal observable (M.E. discriminant)

• direct measure of interference impact

• pure shape analysis – signal rates floating

• result compatible with SM expectation

→
ttH coupling

New, complementary: ttH measurement using H→bb decay
→ Form top candidates from jets & leptons to define CP-sensitive observables
Evaluated in multitude of signal regions 
• exploit (b)-jet multiplicity and dedicated BDT classifiers 

Challenge: Modelling of large tt+b background 
→ Dominant uncertainty in measurement 

Results consistent with previous measurement in γγ decay 
• Pure CP-odd disfavoured at 1.2σ level 

2022-07-06 Higgs-boson CP at ATLAS 6

ATLAS-CONF-2022-016

beam axistop candidates
ttH coupling

New, complementary: ttH measurement using H→bb decay
→ Form top candidates from jets & leptons to define CP-sensitive observables
Evaluated in multitude of signal regions 
• exploit (b)-jet multiplicity and dedicated BDT classifiers 

Challenge: Modelling of large tt+b background 
→ Dominant uncertainty in measurement 

Results consistent with previous measurement in γγ decay 
• Pure CP-odd disfavoured at 1.2σ level 

2022-07-06 Higgs-boson CP at ATLAS 6

ATLAS-CONF-2022-016

beam axistop candidates arXiv:2208.02338

ATLAS-CONF-2022-016
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Searching for Higgs pair production
Probe Higgs self-interaction and Higgs potential 

• main challenges


• very small cross section 32.7 fb ( < 1/1000 of single H)

• negative interference between main contributions


• compromise between stats. and S/B:

•  


• sensitivity with full Run-2 data set significantly improved 
over partial Run-2 results

(H → bb̄) × (H → γγ, ττ, bb̄)

23
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Searching for Higgs pair production
Probe Higgs self-interaction and Higgs potential 

• main challenges


• very small cross section 32.7 fb ( < 1/1000 of single H)

• negative interference between main contributions


• compromise between stats. and S/B:

•  


• sensitivity with full Run-2 data set significantly improved 
over partial Run-2 results

(H → bb̄) × (H → γγ, ττ, bb̄)
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Searches for extended scalar sector

Motivated in many BSM models

• benchmark 2 Higgs doublet model → 5 states

• one identified with h(125) and quasi SM like


Generic 2HDM model

• scan ρtt, ρtc, ρtu couplings for heavy Higgs 

masses 200–10000 GeV
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Figure 1: Signal diagrams for the dominant production and decay modes of the heavy scalar considered in the analysis.
The subsequent decay can lead to a final state with high multiplicity of leptons and b-jets which is targeted by the
search. Single production through gluon fusion is not considered since the decay does not lead to the relevant final
state.
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Figure 2: Signal diagrams for the RPV SUSY signals used as additional interpretation in the analysis. The subsequent
decay can lead to a final state with high multiplicity of leptons and b-jets which is targeted by the search.

anomaly [52], and can provide a successful explanation with di�erent choices of particles, masses, and
couplings [53–62]. The first model features electroweakino production (wino or Higgsino) which decays
via a lepton-number-violating RPV coupling of the LQD̄ type to a lepton and third-generation quarks. The
corresponding term in the superpotential has the form �0i33LiQ3D̄3, where i 2 2, 3 is a generation index,
and L, Q, D̄ are the lepton doublet, quark doublet, and down-type quark singlet superfields, respectively.
Relevant diagrams for the production and decay are shown in Figures 2(a) and 2(b). The second model
features direct smuon production decaying to a bino-like neutralino, which in turn decays via the same
RPV coupling (�0i33), as shown in Figure 2(c).
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Search for Y → XH
• fully hadronic final state 

• high mass Y and boosted X and H 

• anomaly detection search + exclusion limits with “standard” selection 

• merged and resolved categories for X
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Searches motivated by Dark Matter
Search for H → Dark matter (invisible)

• BR (H invisible) < 14.5% (obs), 10.3% (exp) from search with VBF topology (95% C.L.)→
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Figure 1: Representative Feynman diagrams for (a) the signal and for the three dominant background processes: (b)
strong /+ jets, (c) electroweak /+ jets, and (d) diboson production. The latter two processes are collectively referred
to as ‘electroweak’ / production. Electroweak vertices are shown as red markers. For simplicity, no distinction is
made between particles and antiparticles, or between di�erent quark flavours.

used, and this reduces the overall uncertainties relative to the previously published result. The signal yield
extracted from the likelihood fit is used to determine an upper limit on Binv. The background predictions
are validated in a separate kinematic region with two jets and 2<�qjj < 2.5.

2 ATLAS detector

The ATLAS detector [41] at the LHC covers nearly the entire solid angle around the collision point.1 It
consists of an inner tracking detector (ID) surrounded by a thin superconducting solenoid, electromagnetic
(EM) and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting
toroidal magnets.

The ID system is immersed in a 2 T axial magnetic field and provides charged-particle tracking in the range
|[ | < 2.5. The high-granularity silicon pixel detector covers the vertex region and typically provides four
measurements per track, the first hit normally being in the insertable B-layer installed before the start of
Run 2 [42, 43]. It is followed by the silicon microstrip tracker which usually provides eight measurements

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the centre of the LHC ring, and the H-axis points
upward. Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis. The

transverse momentum of an object is defined as ?T =
q
?

2
G
+ ?

2
H
. The pseudorapidity is defined in terms of the polar angle \ as

[ = � ln tan(\/2) and the rapidity is given by H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)]. Angular separation between two objects is
quantified by the distance metric �' =

p
(�H)2 + (�q)2.
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Figure 1: Representative Feynman diagrams for (a) the signal and for the three dominant background processes: (b)
strong /+ jets, (c) electroweak /+ jets, and (d) diboson production. The latter two processes are collectively referred
to as ‘electroweak’ / production. Electroweak vertices are shown as red markers. For simplicity, no distinction is
made between particles and antiparticles, or between di�erent quark flavours.

used, and this reduces the overall uncertainties relative to the previously published result. The signal yield
extracted from the likelihood fit is used to determine an upper limit on Binv. The background predictions
are validated in a separate kinematic region with two jets and 2<�qjj < 2.5.

2 ATLAS detector

The ATLAS detector [41] at the LHC covers nearly the entire solid angle around the collision point.1 It
consists of an inner tracking detector (ID) surrounded by a thin superconducting solenoid, electromagnetic
(EM) and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting
toroidal magnets.

The ID system is immersed in a 2 T axial magnetic field and provides charged-particle tracking in the range
|[ | < 2.5. The high-granularity silicon pixel detector covers the vertex region and typically provides four
measurements per track, the first hit normally being in the insertable B-layer installed before the start of
Run 2 [42, 43]. It is followed by the silicon microstrip tracker which usually provides eight measurements

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the centre of the LHC ring, and the H-axis points
upward. Cylindrical coordinates (A , q) are used in the transverse plane, q being the azimuthal angle around the I-axis. The
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. The pseudorapidity is defined in terms of the polar angle \ as
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Searches motivated by Dark Matter
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2 Signal phenomenology

The following section contains the description of the models considered in this note. Details on the model
predicting DM production in association with a single top quark are given in Section 2.1. The production
of a singlet vector-like ) quark model is presented in Section 2.2.

2.1 Dark Matter production in association with top quarks

The DM production in association with top quarks is considered in both resonant and non-resonant cases.
The non-resonant production consists in a flavour-changing neutral-current interaction, producing a top
quark and a new vector particle + decaying into a pair of invisible DM particles, as shown in the diagrams
in Figures 1(a) and 1(b). This process is described by the following Lagrangian [5, 6, 80, 81]

L = 0+`D̄W
`

%RC + 6j+` j̄W
`

j + h.c., (1)

where the massive vector boson + is coupled to the DM particles j. The strength of this coupling is
controlled by the parameter 6j. The %R operator is the right-handed chirality projector. The parameter 0
stands for the coupling constant of the vector boson + and the top and up-type quarks D and W

` are the
Dirac matrices.

The resonant case corresponds to the production of a coloured 2/34-charged scalar q that decays into a top
quark and a spin-1/2 DM particle j [82]. A representative Feynman diagram of this process is shown in
Figure 1(c). The Lagrangian that describes this process is the following [5, 6, 80, 81]

L = _@q3̄
2

%'B + HjqC̄%'j + h.c., (2)

where _@ is the coupling strength of the q scalar with 3 and B quarks and Hj is the coupling strength of the
scalar q with the DM particle j and the top quark.
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Figure 1: Representative Feynman diagrams for the DM production in association with a single top quark in
non-resonant (a,b) and resonant (c) cases.

4

Production in non-resonant and resonant case

2.2 Production of a single vector-like Z quark

The production of a single vector-like ) quark can occur via ,)1 and /)C vertices. However, the
contribution via /)C vertex is highly suppressed by the requirement of a top quark in the initial state.
Therefore, this paper considers only ,)1 production of the vector-like ) quark, shown in Figure 2. The
) quark decays into ,1, C� and C/ with a branching ratio that depends on the considered model [9, 10,
83].

The mass, <) , of the ) quark and the overall coupling factor, ^) , to the SM , boson, / boson, and
Higgs boson [10, 11] are unknown parameters. There are also three additional parameters, b, , b/ , and b� ,
that determine the )-quark branching ratios. In this analysis, the asymptotic limit of these parameters – as
<) goes to infinity – is assumed, leading to branching ratios of 1/2, 1/4, and 1/4 for ) ! ,1, ) ! �C,
and ) ! /C, respectively.

In case of a ) ! C/ decay, with a subsequent decay of the / boson into a pair of neutrinos, the event would
have the mono-top signature. Di�erently from the production of the top quark in association with DM
particles, the single vector-like ) quark production expects additional quarks in the final state, detected as
at least one jet emitted at a small angle to the beam line.
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Figure 2: Representative Feynman diagram for the production of a single vector-like ) quark.

3 ATLAS detector

The ATLAS experiment [84] at the LHC is a multipurpose particle detector with a forward–backward
symmetric cylindrical geometry and a near 4c coverage in solid angle.1 It consists of an inner tracking
detector surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field, electromagnetic
and hadron calorimeters, and a muon spectrometer.

The inner tracking detector covers the pseudorapidity range |[ | < 2.5. It consists of silicon pixel, silicon
microstrip, and transition radiation tracking detectors.

Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy measurements
with high granularity. A steel/scintillator-tile hadron calorimeter covers the central pseudorapidity range

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the centre of the LHC ring, and the H-axis points upwards.
Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis. The pseudorapidity
is defined in terms of the polar angle \ as [ = � ln tan(\/2). Rapidity is defined as H = 0.5 ln [(⇢ + ?I)/⇢ � ?I)], where ⇢

denotes the energy and ?I is the component of the momentum along the beam direction. Angular distance is measured in units
of �' ⌘

p
(�[)2 + (�q)2.

5

Production of a single vector-like top quark

Part of wide mono-X searches +   (here X=top) 

• fully hadronic boosted final state

• mass reach for V mediator ~ 2.5 TeV

• probe also non-resonant model

• large increase of sensitivity wrt previous analysis

• most restrictive limit on single production of a singlet VLQ

Emiss
T

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/
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Searches motivated by Dark Matter
Search for non-resonant production of semi-visible jets

• strong dark sector

• use 

• reach ~2.5 TeV (dep. on coupling)

Emiss
T , HT, pbal

T and Δϕ
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Figure 5: The post-fit distributions for �T (a), ⇢miss
T (b), ?bal

T (c), and |qmax � qmin | (d) are shown for the SR. Data is
compared against background predictions, and six signal predictions covering a representative mediator mass and
invisible fraction range are overlaid. The uncertainties include all systematic and statistical components. The last bin
in (a) and (b) contains the overflow.
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Figure 2: Comparisons of shape of ?bal
T (a) and |qmax � qmin | (b) distributions between the total background before

the fit and six signal predictions covering a representative mediator mass and invisible fraction range. The solid
vertical lines represent how these distributions are divided to form the nine-bin grid subsequently.

Thus the region with ⇢
miss
T > 600 GeV and �T > 600 GeV after the pre-selection is defined as the signal

region (SR). The corresponding 1L, 1L1B and 2L control regions (CR) are defined using the muon and
1-tagged jet requirements with the same ⇢

miss
T and �T requirements as in the SR. Low and intermediate

⇢
miss
T validation regions (VR) for multijet process are defined by requiring ⇢

miss
T to be between 250 GeV

to 300 GeV and between 300 GeV to 600 GeV respectively, with the same �T > 600 GeV requirement
after the pre-selection. The CR and VRs have negligible signal contamination.

The search then makes use of other two key observables, which are found to be largely uncorrelated:

1. the ?T balance between the closest jet ( 91) and farthest jet ( 92) from ⇢
miss
T direction, termed as ?

bal
T ,

defined using two-dimensional ?T vectors:

?
bal
T = | Æ?T ( 91)+ Æ?T ( 92) |

| Æ?T ( 91) |+ | Æ?T ( 92) | .

2. the di�erence in the azimuthal angle between 91 and 92 as defined above, termed |qmax � qmin |:

Fig. 2 shows the signal against total background shape comparison for ?bal
T and |qmax � qmin | distributions

for the nominal selection. There is a distinct shape di�erence between the di�erent signal benchmark points,
and the total background, which is utilised in designing the fit strategy. The |qmax � qmin | distribution
is divided into three bins of size 0–2, 2–2.7, 2.7–3.2, and the ?

bal
T distribution is divided into three bins

of size 0–0.6, 0.6–0.9, 0.9–1, as seen in Fig. 3. While the higher range of these distributions are more
signal-enriched, the lower range of |qmax � qmin | o�ers higher signal to background significance. These
bins are defined identically in SR and in each CR. Yields in these nine bins in each case are treated as the
observables.
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Searches for heavy resonances
Many searches reaching few TeV sensitivity in mass

29

500 1000 1500 2000 2500 3000 3500 4000

 [GeV]effm

0

0.5

1

1.5

 

D
a
ta

 /
 B

kg
. 2−10

1−10

1

10

210

E
ve

n
ts

 /
 b

in

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

Signal regions

3ℓSR −e

Post-Fit

Data  (1.6 TeV)
d

mixLQ

Wtt Diboson

*)γ(Z/tt Non-prompt l

Other Uncertainty

Pre-Fit Bkg.

Searches for heavy resonances

Leptoquark pair production, LQ → t e or t μ

mass reach ~1.6 TeV (scalar LQ), ~2 TeV (vector LQ) 

Many searches reaching few TeV sensitivity in mass
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Searches for heavy resonances

Leptoquark pair production, LQ → t e or t μ

mass reach ~1.6 TeV (scalar LQ), ~2 TeV (vector LQ) 

Many searches reaching few TeV sensitivity in mass
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Leptoquark pair production

• LQ  te or tμ


Mass reach 

• 1.6 TeV (scalar LQ)

• 2 TeV (vector LQ)

→
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Scalar leptoquark in bττ final state
Search for singly-produced scalar leptoquarks

• complementary to pair-production searches

• τlepτhad and τhadτhad final states, non-resonant production

• final discriminant = ΣpT (τ, b) 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Searches for long-lived particles
Large program to search 
for long-lived particles 
exploiting a comprehensive 
set of signatures

• displaced vertices in inner 

tracking detector

• lepton not consistent with 

originating from pp vertex

• decay in the calorimeter or 

muon spectrometer

• dE/dx measurement for 

charged metastable particles + 
multi-charge
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Searches for long-lived particles

Large program to search for long-lived particles exploiting a 
comprehensive set signatures:

• displaced vertices in inner tracking detector 

• lepton not consistent with originating from pp vertex

• decay in the calorimeter or muon spectrometer

• dE/dx measurement for charged metastable particles + multi charge 

Search for H or Z produced far from interaction point

exploiting shower pointing and time measurements

17
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Searches for long-lived particles
Search for H or Z produced far from interaction point

• exploiting calorimeter pointing to reconstructed vertex + photon time

• interpretation in GMSB model with LL NLSP

• reach 350/700 GeV for 2 ns lifetime for decay to H / Z

33

ATLAS-CONF-2022-051

ATLAS
Technical Design Report

Liquid Argon Calorimeter
15 December 1996

180
6  Electromagnetic barrel calorimeter and presampler

Figure 6-17 Signal layer for barrel electrode.

Primary 
Vertex (PV) 

Secondary 
Vertex (SV) 

VR

VZ

LLP 

γ1 

Beamline (z-axis) 
z = 0 

x 

x 

x 

x 

Back Layer

Front Layer

Middle Layer

Here, LAr Calorimeter 
proportions have been 
stretched horizontally 4x 

γ2 

ρ

[0.0-0.2) [0.2-0.4) [0.4-0.6) [0.6-0.9) [0.9-12.0)
 [ns]avgt

0

0.5

1

1.5

2

D
at

a 
/ B

kg
. 3−10

2−10

1−10

1

10

210

310

410

510

610

710

810

En
tri

es
 / 

Bi
n

SR Data

Background

Stat. Unc.

 Syst. Unc.⊕Stat. 

G~H→(135 GeV, 2 ns)0
1
χ∼

G~Z→(135 GeV, 2 ns)0
1
χ∼

G~H→(135 GeV, 10 ns)0
1
χ∼

G~Z→(135 GeV, 10 ns)0
1
χ∼

G~H→(325 GeV, 2 ns)0
1
χ∼

G~Z→(625 GeV, 2 ns)0
1
χ∼

ATLAS Preliminary
-1 = 13 TeV, 139.0 fbs

 [300,520) [mm] ∈ ρ 

Post-Fit

�̃

�̃

�̃
0
1

�̃
0
1

Hp

p

x

G̃

H/Z

x

G̃

�

�

�̃

�̃

�̃
0
1

�̃
0
1

Zp

p

x

G̃

H/Z

x

G̃

e

e

Figure 1: Feynman diagrams of the signal process considered, targeting pair production of j̃0
1 particles that each

decay to either a / or Higgs boson along with a ⌧̃. Each of the j̃
0
1 particles is required to decay to a Higgs (Z)

boson as shown on the left (right) which decays to a diphoton (dielectron) final state. The other j̃0
1 is not used in the

analysis, and the Higgs// boson decays with its Standard Model branching ratio.

the diphoton and dielectron final states. These EM objects are produced with some delay compared to
prompt objects in the final state. Given the size of the ATLAS detector, the requirement of LAr calorimeter
measurements of the delayed EM objects restricts the sensitivity of the analysis to NLSP lifetimes of
O(ns). In addition, due to the opening angle between the �// boson and the gravitino LSP produced in
the NLSP decay, the EM objects would tend to be non-pointing, meaning that their flight paths would not
be consistent with originating from the primary vertex (PV) of the hard scatter of the event. Hereafter, this
signature will be referred to as a displaced diphoton vertex (DDV). Precise LAr information is used to
make novel timing and vertexing measurements that are sensitive to this signature.

This analysis utilizes the full Run 2 ATLAS dataset of 13 TeV ?? collisions and is the first LHC search
optimized for the DDV signature. Previous ATLAS analyses searched for non-pointing and delayed photons
produced in long-lived NLSP decays in the datasets of ?? collisions collected at center-of-mass energies
of 13 TeV [27] during Run 2 of the LHC, and at both 7 [28] and 8 TeV [29] during Run 1. No search found
an excess above the SM background expectation, and set limits in the context of a particular set of GMSB
SUSY models. A recent Run 2 CMS result searching for such models also found data agreeing with the SM
prediction [30]. These searches provide generic sensitivity to events that contain one or more non-prompt
photons that do not necessarily originate from a common vertex, making this result the first to exploit the
correlation between e/W measurements that is expected from the GMSB delayed higgsino signal.

To reduce the model-dependence of the results, the analysis considers a simplified model where the mass
and lifetime of the NLSP are treated as independent parameters. A branching ratio (BR) of unity is
considered for the combination of the two NLSP decay modes considered, namely j̃

0
1 ! �// + ⌧̃, though

the relative probability of the two modes is considered a free parameter. Both � ! WW and / ! 44

signals are reconstructed with final state photons, as electrons and photons have fundamentally the same
EM shower shape and thus the same EM calorimeter reconstruction. The photons should have positive
arrival times (CW> 0), indicating a delay compared to prompt objects given that C = 0 is defined as the
expected value for a prompt electron from the PV of the hard collision. Measurements of the trajectories of
the two photons, as determined by their EM shower shapes, are used to determine a common origin. The
separation distance between this secondary vertex candidate and the PV is calculated in two dimensions,
and used to categorize the events according to the degree of displacement.
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Search for heavy, LLP with large dE/dx
Signal particles should 

• move significantly slower than c, have high pT and have anomalously large dE/dx.

• reconstructed in the pixel layers probing τ = 1 ns and m = 0.1–3 TeV. 

34

Search for heavy, long-lived, charged particles with large dE/dx

15

Signal particles should move significantly slower than c, have high pT and have anomalously large dE/dx.
Trajectories reconstructed in the pixel layers probe lifetimes O(1) ns and masses 100 GeV to 3 TeV. 

arXiv:2205.06013

Contours around excl.
mass–lifetime region 
for stau pair production 

A 3.3 s excess is observed in ~1.4 TeV mass hypothesis, but close investigation of tracks show no slow-moving particles
Pair production of long-lifetime R-hadrons, charginos and staus are considered in the search.

arXiv:2205.06013

A 3.3σ excess is observed in ~1.4 TeV mass hypothesis, 

but close investigation (calorimeter, muon spectrometer) of the 7 tracks show β ~ 1

 MeV g-1 cm2dE/dx ∈ [1.8, 2.4]  MeV g-1 cm2dE/dx > 2.4

https://arxiv.org/abs/2205.06013
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Search for displaced γ in exotic Higgs decays
First LHC constraints on exotic Higgs-boson decays to displaced photons

• measurement relies on pointing and timing information from the LAr calorimeter

35

4− 3− 2− 1− 0 1 2 3 4
Photon timing [ns]

5−10

4−10

3−10

2−10

1−10

1

N
or

m
al

iz
ed

 e
nt

rie
s 

/ 2
00

 p
s

Real-enhanced template
Fake-enhanced template

) = (60,0.5,2)τ,LSP,m
NLSP

(m
) = (60,30,2)τ,LSP,m

NLSP
(m

) = (60,0.5,10)τ,LSP,m
NLSP

(m
) = (60,50,2)τ,LSP,m

NLSP
(m

ATLAS Preliminary
-1=13 TeV, 139 fbs

2000− 1500− 1000− 500− 0 500 1000 1500 2000
Photon pointing [mm]

5−10

4−10

3−10

2−10

1−10

1

N
or

m
al

iz
ed

 e
nt

rie
s 

/ 5
0 

m
m

Real-enhanced template
Fake-enhanced template

) = (60,0.5,2)τ,LSP,m
NLSP

(m
) = (60,30,2)τ,LSP,m

NLSP
(m

) = (60,0.5,10)τ,LSP,m
NLSP

(m
) = (60,50,2)τ,LSP,m

NLSP
(m

ATLAS Preliminary
-1=13 TeV, 139 fbs

1 10 210
 [ns]τ

1

10

210

 N
LS

P 
N

LS
P)

 [%
]

→
95

%
 C

L 
Li

m
it 

on
 B

R
(H

 = 40 GeVLSPm
 = 20 GeVLSPm
 = 0.5 GeVLSPm

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

 selectionmΔHigh-
 = 60 GeVNLSPm

0.3

h

Z

NLSP

NLSP

p

p

�

LSP

�

LSP

`+

`�

ATLAS-CONF-2022-017

Data consistent with the SM-only scenario, limits are defined 
vs. LSP mass and NLSP lifetime for various NLSP masses.

γ pointing

γ timing

50—150 ps 
time res.

~15 mm z res. 
for prompt γ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-017/


M. Cristinziani ATLAS results @ Corfu2022

Exotic Higgs decays summary
Branching ratios probed well below 10%
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Effective field theory
Wilson coefficients in SMEFT

• systematic expansion of SM Lagrangian: look for BSM physics at higher energy scale 

• combine Higgs-boson measurements, electroweak (di)boson measurements and 

constraints on electroweak parameters (from LEP/SLD)
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Physics with Pb Pb collisions 
Comprehensive studies of jet quenching in quark-gluon plasma

• suppression in PbPb wrt pp via nuclear modification factor RAA for 
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arXiv:2202.13478

Comprehensive studies of jet quenching in 
the QGP via the measurement of RAA

5

The suppression in Pb+Pb collisions with respect to pp collisions via the nuclear modification factor (RAA) for 
inclusive jets g-tagged jets groomed jets   b-tagged jets dijet leading jets dijet subleading jets

ATL-PHYS-PUB-2022-020.pdf Physics Briefing
Physics Briefing

ATL-PHYS-PUB-2022-020

https://atlas.cern/updates/briefing/heavy-ion-energy-loss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-020/
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Physics with Pb Pb collisions 
Observation of the  process in ultra-peripheral collisions

• constraints on the τ-lepton anomalous magnetic moment

γγ → ττ

39
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Submitted to PRL (2204.13478)       Physics Briefing
6

We look for t pair production in ultraperipheral Pb-Pb collisions within three signal regions.
The process is observed with >5 s significance, and a signal strength of !!! = 1.04"#.#%&#.#'

µ1T

µe

µ3T

The muon pT is sensitive to at.  As at LEP, 
templates with distributions of pT are used 
in the fit to determine at. 

Look for τ production in 3 signal regions, measure μττ = 1.04 ± 0.06

pT(μ) sensitive to aτ. Template fits to pT 

https://arxiv.org/abs/2202.07953
http://arxiv.org/abs/2204.13478
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ATLAS for Run-3

41

ATLAS for run 3

20



M. Cristinziani ATLAS results @ Corfu2022

New Small Wheel
Muon trigger + measurement 

42

New Small Wheel for muon trigger+measurement

21

Alexander Tuna 29https://atlas.cern/updates/news/NSW-complete 

NSW-C on October 14
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900 GeV pp collision data
Recorded in May 

• during stable-beam periods provided by the LHC during its commissioning

43

900 GeV pp collision data  
recorded in May during stable-beam periods provided by the LHC during its commissioning
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900 GeV pp collision data  
recorded in May during stable-beam periods provided by the LHC during its commissioning
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13.6 TeV pp collision data
Started July 5th 

44

pp→ tt̄ → eμvvbb̄ candidate μ reconstructed using new NSW detector

See also https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2022/



M. Cristinziani ATLAS results @ Corfu2022

Detector performance with early 2022 data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2022-06/
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ATLAS Phase-2 Upgrade for HL-LHC

47
25

New Inner Tracking Detector (ITk)
All silicon, up to |η| = 4

New Muon Chambers
Inner barrel region with new 
RPC and sMDT detectors

Upgraded Trigger and 
Data Acquisition system
Level-0 Trigger at 1 MHz
Improved High-Level Trigger                   
(150 kHz full-scan tracking)

Electronics Upgrades
LAr Calorimeter
Tile Calorimeter
Muon system

High Granularity Timing 
Detector (HGTD)
Forward region (2.4 < |!| < 4.0)
Low-Gain Avalanche Detectors (LGAD) 
with 30 ps track resolution

Additional small upgrades
Luminosity detectors (1% precision goal)

HL-ZDC

Detailed scope described in 7 TDRs approved by the CERN Research Board in 2017, 2018, 2020

ATLAS Phase-2 Upgrade for HL-LHC
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ATLAS Phase-2 Upgrade for HL-LHC

4826

RD53A module production 

� Modules now being delivered to loading sites (CPPM, 
Geneva, RAL)

6

Eric Vigeolas CPPM

ITk Pixel Inner System ring with modules

ITk Pixel module loading ITk Strip FE ASIC in test beam

ITk Pixel FE ASIC wafer

Pixel bare module probing …      ……  and module metrology

HGTD LGAD wafer under testing

sMDT geometry 
measurements

sMDT chamber measurements

HGTD testbeam at DESY

ITk Strip module

ITk Strip 
endcap 
petal

Global Trigger prototype Tile MiniDrawer mechanics
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Summary and conclusions
ATLAS continues to produce exciting physics results, exploiting the full 
Run-2 dataset and preparing for combinations with Run-3 data

• Standard Model measurements over a wide range of phase space

• reaching 5–10% constraints on main Higgs-boson couplings

• wide program for BSM physics search


Run-3 has started with √s = 13.6 TeV

• expect to collect a large dataset until 2025, ~double of run-2 dataset


Very significant effort to prepare detector upgrades for HL-LHC

• precision measurement of Higgs boson, rare decays and sensitivity to HH production

• and many other measurements and searches 
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Further ATLAS (+ CMS) talks at this Workshop
Today

• Higgs boson property measurements (ATLAS/CMS) – Lydia Brenner 

• Measurements of quartic coupling and VBS (ATLAS) – Diana Pyatiizbyantseva

• ATLAS Inner tracker upgrade in view of HL-LHC – Dimitris Varouchas 

Tomorrow

• Searches for new phenomena in leptonic final states (ATLAS) - Daniel Wilbern 

Saturday

• Searches for Supersymmetry (ATLAS/CMS) – Vasiliki Mitsou 

Monday next week

• Searches for dark matter (ATLAS/CMS) – Nishu Nishu 
• Searches for additional Higgs bosons (ATLAS) – Liljana Morvaj
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