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THE EUROPEAN STRATEGY UPDATE PROCESS 
➡ Happening every ~ 7 years, to guide the direction of particle physics

➡ producing European roadmap, in alignment with US and Japan, for large experiments 
➡ Examples: strong support High-Luminosity LHC (2016), neutrino platform (2014),…. 

➡ It takes into account worldwide landscape and developments in all 
related fields, with a bottom-up process, involving  the collaboration of 
theorists and experimentalists 
➡ physics results from facilities, motivations, design and R&D for future projects
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today
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WHICH IS THE FUTURE OF COLLIDERS?

�3

➡Approved High-Luminosity LHC 
project
➡ 3000 fb-1 of data at Ecm=14 TeV
➡ L up to 7.5 x 1034 /cm2s
➡ starting by 2026 

circular pp

circular e+e-

circular pp

linear e+e-

√s=27 TeV
√s=100 TeV

√s= 90-350 GeV

linear e+e-
circular e+e-

circular ep

[Ref]
Future collider scenarios can be addressed after assessing the 

expectations (limits and precisions) by the end of HL-LHC

Timeline for various collider projects
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HOW FUTURE COLLIDERS CAN HELP?
➡ Many outstanding questions remain in fundamental physics, indicating that 

the Standard Model is not a complete theory 
➡ Naturalness in SM: main motivation for new physics, with cancellations at % level

➡ either dynamical or arising from space-time symmetries, like SUSY
➡ Dark Matter puzzle: can searching candidate WIMP with colliders

➡ within 10 GeV - 10 TeV window
➡ Flavour hierarchies and anomalies: can arise at scales larger than EW

➡ responsible for fermion masses, up to 100-1000 TeV
➡ Still lack of indications for the presence of New Physics (NP)

➡ Is NP where we expect?
➡ compelling arguments predict it at EW scale (otherwise revisit all our paradigms!)

➡ Is Nature really hiding NP?
➡ with higher masses, lower couplings, more complex signatures 
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➡ Searching New Physics with:
➡ precision measurements of SM (EW and QCD) 
➡ and also in flavour sector
➡ study of the properties of Higgs boson
➡ direct searches
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Flavour - CERN-LPCC-2018-06

Higgs - CERN-LPCC-2018-04
BSM - CERN-LPCC-2018-05

Heavy Ions - CERN-LPCC-2018-07 

Standard Model - CERN-LPCC-2018-03

EUROPEAN STRATEGY UPDATE: DOCUMENTATION
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not covered in this talk

➡ Work collected in reports of 5 working groups, with three clear goals:
➡ update/extend projections for precision and reach of the HL-LHC 
➡ highlight new opportunities for BSM 
➡ explore flavour and dense QCD matter in the approved HL-LHC programme

➡ Most important results from all experiments summarised in two ten-page 
documents, submitted in December 2018
➡ The physics potential of HL-LHC 
➡ The physics potential of HE-LHC

➡ ATLAS involved in all 5 working groups
➡ More than one year process, from the “HL/HE-LHC Physics Workshop” (end of 2017), and 

concluding with the ATLAS and CMS Yellow Report (February 2019)
➡ 42 ATLAS PUB notes available by Nov 2018

https://indico.cern.ch/event/765096/contributions/3295995/attachments/1785339/2906404/HLLHC.pdf
https://indico.cern.ch/event/765096/contributions/3296016/attachments/1785350/2906423/HELHC.pdf
http://lpcc.web.cern.ch/hlhe-lhc-physics-workshop
https://cds.cern.ch/record/2651134/files/1902.10229.pdf
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ATLAS UPGRADES FOR HL-LHC

➡HL-LHC will increase luminosity by the mean of 
increased interaction probability per bunch-
crossing
➡ Up to 200 p-p interactions every 25 ns (so-called pile-up)
➡ Harsh environment for pattern recognition and resolutions, more 

complexity
➡Significant upgrade of detectors/trigger 

dedicated to pile-up mitigation 
➡With new opportunities 

➡ Sensitivity to forward events boosted by extended tracking 
acceptance |η| < 4 (new full-silicon inner tracker ITk)

➡ Exploiting new strategies for long lived/disappearing particles
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Phase-II Upgrade Philosophy 
Maintain same performance as 
today, with possibly extended 

performance

➡ Most Phase-II TDRs submitted 
during 2017-2018 
➡ new full-silicon inner tracker 
➡ upgraded muon system  
➡ upgraded calorimeter readout  
➡ new TDAQ architecture  
➡ new high granularity timing 

detector (HGTD proposal) 
➡ Included in HL-LHC simulations 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradeEventDisplays
https://cds.cern.ch/record/2285585
https://cds.cern.ch/record/2285580
https://cds.cern.ch/record/2285582
https://cds.cern.ch/record/2285584
http://cdsweb.cern.ch/record/2623663
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EXTRAPOLATION OF UNCERTAINTIES

➡ Experimental uncertainties 
➡ new HL-LHC scenario projected 

from Run 2
➡ statistics: reduced by 1/√L 
➡ detector: revised with simulations
➡ luminosity: reduced 2%➞ 1% by 

better understanding of calibration 
➡ methods: as in latest public results, 

but estimations are conservative 
➡ any analysis round improves performance 

(b-tag at LHC improved x3 wrt LEP) 
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➡ Much larger data sample at HL-LHC helps reducing:
➡ Statistical errors
➡ Experimental uncertainties (calibrations performed on larger dataset) 
➡ Uncertainties on background predictions (more constrained by larger control samples) 

➡ Theoretical uncertainties 
➡ Reduced by factor 2 wrt current 

knowledge, thanks to 
➡ higher-order calculations 
➡ reduced PDF uncertainties, in wide 

kinematic range and for all relevant 
partonic final states [1810.03639]
➡better understand important 

observables with LHC data
➡ up to factor 4 improvement wrt current 

PDF4LHC15 baseline (LHeC factor 5) 

Strong confidence in the LHC’s potential!

Common strategies for extrapolations in back-up slides 

https://arxiv.org/abs/1810.03639
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STANDARD MODEL WG

➡ Ultimate precision is possible 
at HL-LHC
➡ ~ 60 billions W bosons
➡ ~ 6 billions Z bosons
➡ ~ 3 billions top quarks pairs

➡ Target: add more precise 
constraints on electroweak 
precision fits (EWPO)
➡ challenging theorists in precision
➡ high statistics opens windows for 

differential cross-sections 
➡ Extrapolations based on 

optimisations and better 
understanding of systematics
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➡ Prospects for jet and photon physics (ATL-PHYS-PUB-2018-051) 
➡ Measurement of ttγ (ATL-PHYS-PUB-2018-049) 
➡ Four-top cross section measurements (ATL-PHYS-PUB-2018-047)  
➡ Flavour-changing neutral current decay t→qZ (ATL-PHYS-PUB-2019-001) 
➡ Top quark mass using tt events with J/ψ→μ+μ− (ATL-PHYS-PUB-2018-042)  
➡ Measurement of the W boson mass (ATL-PHYS-PUB-2018-026) 
➡ Measurement of weak mixing angle in Z/γ∗→e+e− (ATL-PHYS-PUB-2018-037)  
➡ Electroweak Z boson pair production with two jets (ATL-PHYS-PUB-2018-029) 
➡ The W±W± scattering cross section (ATL-PHYS-PUB-2018-052) 
➡ Vector boson scattering in WZ (fully leptonic) (ATL-PHYS-PUB-2018-023) 
➡ Electroweak vector boson scattering in WW/WZ→lνqq (ATL-PHYS-PUB-2018-022)  
➡ Production of three massive vector bosons (ATL-PHYS-PUB-2018-030) 

Inputs from ATLAS

https://cds.cern.ch/record/2650160
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➡ Production cross sections
➡ crucial validation of theoretical 

predictions
➡ limited by 2% uncertainty on L 
➡ all other uncertainties 

combined are less than 1% 
(2–3%) for Drell-Yan (ttbar) 

➡ Electroweak processes
➡ small couplings gain from high 

luminosity, in particular 
complex final states, with 
relatively small cross sections 

SM PRECISION MEASUREMENTS IN ATLAS
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[Ref. SM Summary]

➡ Main focus at the HL-LHC: 
➡ Measurements of sin2θeff, mW and mtop  
➡ Production of multiple EW gauge bosons  
➡ Rare complex processes

Summary of Run 2 production 
cross-sections in ATLAS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/


F. PASTORE   -   ATLAS PHYSICS PROSPECTS AT HL-LHC

MEASUREMENT OF THE W BOSON MASS
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CERN-EP-2016-305

ATL-PHYS-PUB-2018-026

Measurement uncertainty for different PDF sets, 
combining pTℓ and mT fits for |ηℓ|<4, and for 200 
pb-1 and 1 fb-1 collected at √s=14 TeV. 

➡ Run 2: direct measurements uncertainty 
targets indirect EWPO constraints (8 MeV) 

➡ HL-LHC: dedicated low-pileup runs for 
better measurements of missing ET 
➡ 5-10 weeks data taking ⟨μ⟩∼2 → 200 pb−1 (2Mil W)

ATLAS Run 2 results

Uncertainty for different PDF sets

➡ Expected total precision : ΔmW = ±6 MeV
➡ stat. precision ~ 3 MeV
➡ systematics mainly from statistics, reduced
➡ PDF uncertainty reduced from 5-8 MeV → 4 MeV

https://arxiv.org/pdf/1701.07240.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
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PRODUCTION OF MULTIPLE EW GAUGE BOSONS 
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Crucial for understanding EW symmetry 
breaking
➡ Test unitarity of longitudinal VV scattering (beyond 

the reach of direct resonance search)
➡ Test HVV couplings with differential cross-sections 

at large di-boson mass 

Access to polarised components 
will yield > 3σ evidence of WLWL 
production, combining 
ATLAS+CMS! 

Expected significance of 
WL±WL±jj  as a function of L

ATL-PHYS-PUB-2018-052

➡ 3-boson production: (ATL-PHYS-PUB-2018-030)
➡ first evidence in Run 2 combining all
➡ HL-LHC: look at WWW, WWZ and WZZ separately
➡ Same-sign, different flavour lepton pairs to suppress bkg

Expected precision and significance of combined ATLAS+CMS measurements

Self-interactions due to non-
abelian gauge theory

EWSB (H→VV, vector-
boson-scattering)

production cross-section: O(pb) – O(fb)

➡ 2-boson production: 
➡ first observation of WW, WZ and ZZ (new!) in Run 2
➡ clean signature at LHC : qq → VVjj, 2 forward jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-030/
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FOUR-TOP-QUARK PRODUCTION
➡ Very rare process in SM (15 fb @14TeV), enhanced in some BSM models 

➡ for example production of pairs of gluinos, or scalar gluons or in two-Higgs-doublet models 
➡ Not observed yet

➡ Selection with one or two tops decaying leptonically
➡ 4 signal regions for final states with different number of leptons, jets (and b-jets) 
➡ uncertainties from fake leptons (increasing with lepton/jet multiplicity) and SM background

➡ main background from ttbar, extrapolated from Run 2 data
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ATL-PHYS-PUB-2018-047

Event yields in 4 signal regions (different l/j multiplicities)

HT distribution in one 
signal region

➡ Evidence at 5σ can be reached with 300 fb-1

➡ Precision of 11% at 3000 fb-1, mainly dominated 
by statistics
➡ ~half of the current theoretical uncertainties 

➡            extracted with ML fit to the distribution 
of the scalar sum of pT of leptons+jets (HT) in 
all different signal regions

σ(tt̄tt̄)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-047/


Standard ModelFlavour

Higgs

Beyond 
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HIGGS BOSON(S) (WG 2)
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HIGGS WG

➡ Scalar sector directly connected 
with profound questions 
➡ naturalness, vacuum stability, flavour
➡ Higgs boson is the only scalar boson 

discovered so far
➡ EW Symmetry breaking both in SM 

and BSM (with one or more Higgs)
➡ Probing high-pT enhances sensitivity to 

NP (high-E colliders favourable)
➡ some BSM effects grow with energy 

almost quadratically (see Ref.)

➡ Broad program in HL-LHC 
➡ O(%) precision in Higgs interactions
➡ direct constraints on trilinear self-

coupling and natural width
➡ rare decays and CP
➡ search for BSM Higgs with different 

mass hypothesis
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Inputs from ATLAS
➡ Higgs boson couplings & properties (ATL-PHYS-PUB-2018-054)  
➡ Differential Higgs cross sections (ATL-PHYS-PUB-2018-040)  
➡ Measurement of the rare decay H→μμ (ATL-PHYS-PUB-2018-006)  
➡ Prospects for H→cc using c-tagging (ATL-PHYS-PUB-2018-016)  
➡ Prospects for HH measurements (ATL-PHYS-PUB-2018-053) 
➡ Search for additional Higgs in H→ττ (ATL-PHYS-PUB-2018-050)  
➡ Probing CPCP nature of Higgs coupling to ττ (ATL-PHYS-PUB-2019-008)

Primary target of HL-LHC physics programme:  
~170M single Higgs,  ~120k di-Higgs events 

https://cds.cern.ch/record/2650162
https://arxiv.org/pdf/1905.03764.pdf
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STUDIES OF HIGGS PROPERTIES IN ATLAS

➡ Many Higgs boson channels studied
➡ Five production: gluon fusion (ggF), vector boson fusion 

(VBF), associated production with a vector boson (WH 
and ZH), associated production with top quarks (ttH)
➡ Large statistics help complex final states, such as ttH 

➡ Seven decays: H ➞γγ, ZZ*, WW*, τ+τ-, bb, μ+μ- and Zγ 
➡ Latter two yet unobserved, should become visible, in SM, 

during next two LHC runs
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Higgs interaction in SM

closure test of SM, all Higgs couplings uniquely determined by its mass

Reduced coupling strength modifiers for fermions  and gauge bosons as 
a function of their masses (compared to predictions with v=246GeV)

ATLAS-CONF-2019-005

ATLAS-CONF-2019-028

➡ ATLAS (+CMS) achievements so far
➡ Higgs mass and spin-parity in agreement with SM indirect EWPO fits
➡ Higgs mechanism established for vector bosons and third-generation fermions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/ATLAS_HIGGS4400_kappa_vs_mass/ATLAS_HIGGS4400_kappa_vs_mass.png
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➡ Single-Higgs analysis combined to compute 
production cross sections and branching ratios

➡ Extracted sensitivities in simplified “κ-framework”
➡ κ-factors compare measurements to best SM predictions 
➡ spot NP without additional computations

➡ only leading effects, without energy dependency

SENSITIVITIES TO MODIFICATIONS OF HIGGS COUPLINGS
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➡ Projections for 1st and 2nd generation quarks by 
combining a variety of observables 
➡ exclusive Higgs decays 
➡ differential kinematic observables (in particular pT)
➡ constraints on total width ΓH
➡ global fit of Higgs production cross sections 
➡ direct search for Higgs ➞ cc with inclusive charm tagging 

±1σ uncertainties on κi, 
combining ATLAS and CMS

projected limits on quark 
Yukawa couplings 

➡ ATLAS + CMS sensitivities at % level 
➡ Except for rare decays, theoretical uncert. dominate
➡ Also κ-ratios at % level, including some interesting as 

probe of NP (effects from H loops): (κγ/κZ) at 1.4% 
➡ use κ-ratios to be model-independent (remove ΓH)
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HIGGS PAIR PRODUCTION AND SELF-COUPLING
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ATL-PHYS-PUB-2018-053

➡ Higgs trilinear and quartic interactions provide constraints on the shape of 
the Higgs potential close to the minimum
➡ (non-resonant) double Higgs extremely rare (36 fb): Run 2 expected 95% CL: −11.8 < κλ< 18.8

λH =
m2

H

2v2 HH➞bbbb : 95% CL 
σHH /σSM upper limit 
as a function of L

Sensitivity to observation of HH at 
3σ (4σ combined ATLAS+CMS!)

➡ Many final states (HH→bbbb, bbττ, bbγγ), but 
more will be added in next runs

➡ improvements in b-tagging (8%) due to new tracker
➡ background modelling uncertainty dominate (multi-jet)

➡ improves with L (see plot for HH →bbbb)
➡ sensitive to minimum jet pT threshold 

➡ HH→bbbb: 50% worst if jet pT 40→75 GeV
➡ Combination (fit 120 nuisance parameters)

➡ expected accuracy on signal: 40% (31%) with 
(without) systematic uncertainties

κλ = λH /λSM
H

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-053/
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BEYOND STANDARD MODEL WG 
Lack of hints of new physics requires 
increased level of complication in models
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Inputs from ATLAS

➡ EWSB dynamics and new resonances
➡ Composite Higgs, top partners, heavy Z’/W’ 

➡ SuperSymmetry (SUSY)
➡ unexplored corners, new models  

➡ Extended Higgs and high-E flavour 
➡ Two Higgs doublets, singlets, lepto-quarks, 

particles in flavour dynamics, rare t-decays 
➡ Dark Matter at colliders (Hot!)

➡ simplified models, comparisons with direct/
indirect searches 

➡ Feebly-interacting particles (Hot!)
➡ Long-lived particles, right-handed neutrinos, 

dark photons/scalar, axion-like

Simplified and more motivated models used to target experimental signatures

➡ Searches for staus, charginos and neutralinos (ATL-PHYS-PUB-2018-048)  
➡ Sensitivity to winos and higgsinos (ATL-PHYS-PUB-2018-031)  
➡ Top squark pair production (ATL-PHYS-PUB-2018-021)  
➡ Two-Higgs-Doublet with pseudoscalar with 4 top (ATL-PHYS-PUB-2018-027) 
➡ Extrapolation of Emiss + jet search results (ATL-PHYS-PUB-2018-043)  
➡ Long-lived particles with displaced vertices and Emiss (ATL-PHYS-PUB-2018-033)  
➡ Dark-photons to displaced collimated jets of muons (ATL-PHYS-PUB-2019-002)  
➡ Dark Matter searches in mono-photon and VBF+Emiss (ATL-PHYS-PUB-2018-038)  
➡ Invisible particles in association with single top quarks (ATL-PHYS-PUB- 2018-024)  
➡ Dark matter produced in association with heavy quarks (ATL-PHYS-PUB-2018-036)  
➡ Massive resonance decaying to pair of Higgs in 4 b (ATL-PHYS-PUB-2018-028)  
➡ Search for Z’ and W’ bosons in fermionic final states (ATL-PHYS-PUB-2018-044) 

https://cds.cern.ch/record/2650173/
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SUMMARY OF RESONANCE SEARCHES
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Expected mass reach for 5σ discovery and 95% CL exclusion
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DARK MATTER SEARCHES 
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➡ Complementary search at colliders have advantage of being independent 
from knowledge of DM distribution, but is limited in kinematic reaches

ATL-PHYS-PUB-2018-038

➡ Minimal DM, SM + SU(2) fermionic triplet 
➡ stable χ0 as potential DM candidate (Mχ0 < 3 TeV) 

Mono-photon 
➡ Observed as missing-ET recoiling (w/wo 

SM-DM mediator) against visible activity:
➡ mono-jet: sensitive to neutral mediator
➡ heavy flavour (b, t, 4 top): mediator couplings 

scale with fermion masses
➡ heavy bosons (Z or VBF)
➡ mono-photon
➡ displaced vertices (dark-photon decaying to 

SM fermions)
➡ disappearing tracks (long-lifetime of the DM 

parent)
➡ Many signatures within the SUSY searches 

➡ HL-LHC sensitivity to mediator 
masses improves in most cases of 
factor 3-8
➡ much from theoretical uncertainties

➡ Excluding χ0 masses up to 310 GeV
➡ 50 GeV in Run 2, 90 GeV at LEP

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-038/


F. PASTORE   -   ATLAS PHYSICS PROSPECTS AT HL-LHC

SENSITIVITY TO LONG-LIVING PARTICLES
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ATL-PHYS-PUB-2018-033

Custom tracking 
algorithm: more free 
parameters and reduced 
number of hits in the 
tracker

➡ Benchmark for models with one 
DV within the tracker and 
moderate missing-ET
➡ sensitivity in 0.1-10 ns lifetime

➡ With different mechanisms: weak couplings, reduced phase-space or 
(partially-) conserved symmetries
➡ Signature: one or more displaced vertices (DV) - large impact parameter

➡ High energy DVs, vetoing detector 
areas with solid material (rich of 
nuclear-hadron activity)
➡ larger volume of tracker (DV 300 → 400 mm)
➡ pure instrumental background (SM hadrons)

➡ Discovery from 2.3 TeV up to 2.9 TeV
➡ new techniques can improve sensitivity to 

signals with fewer visible decay products (i.e. 
compressed mass spectrum) 

gluinos hadronising in R-hadron→ q +      χ̃0

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033/
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SUSY ANALYSIS AND PROSPECTS
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ATL-PHYS-PUB-2018-031

➡ Many variants in the decays, both prompt and non-prompt
➡ R-parity conserving (RPC): SUSY in pairs, with missing ET from lightest neutralino
➡ R-parity violating (RPV) or compressed scenario 

➡ Both benchmark production modes
➡ strong: gluinos and squarks (in particular top squarks), dominating at hadron colliders
➡ weak: sleptons and mix of boson partners: charginos (𝝌± 1,2) and neutralinos (𝝌01,2,3,4)

➡ more difficult to test, due to small cross-sections
➡ several unexplored scenarios: in LHC mainly compressed mass spectra (soft-lepton + ISR)

exclusion at the 95% CL in the [∆m, m] mass plane

χ̃±
1 χ̃0

1χ̃±
1 χ̃0

2

soft-leptons disappearing track

⊕

➡ degenerate mass spectrum, clear signatures
➡ soft leptons: discovery up to 200 GeV
➡ disappearing track (𝝌± long lifetime): discovery➞600 GeV

RPC EW pair production of boson-partners 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-031/
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HL/HE-LHC PROSPECTS FOR SUSY SEARCHES
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Expected mass reach 
for 5σ discovery and 
95% CL exclusion

compare with 
similar table 
from Run 2 in 
back-up slides

gluino: up to  3.2 TeV           ➜ 0.8-1 TeV above Run 2 
stop:    up to  1.7 TeV           ➜ 700 GeV above Run 2  
charginos: up to 850 GeV   ➜ 500 GeV above Run 2 

~an order of magnitude above 
LEP; bringing significant new 
reach to Higgsino models 
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FLAVOUR PHYSICS WG 
➡ Detector upgrades enable wide 

range of flavour observables 
with unprecedented precision 
➡ improvements in vertex and mass 

resolution due to new tracker
➡ Precision of CKM triangle and 

indirect CP violation in charm 
system clearly accessible only 
to LHCb  

➡ Rare processes gain from 
contributions of all 
ATLAS+CMS+LHCb experiments
➡ FCNC transitions: some of the most 

sensitive probes of new physics
➡ forbidden decays in b (b➞s(d)ll) and 

top system (t ➞ cγ, cZ, cg)
➡ charged lepton flavour violation in 
τ➞ μμμ can reach O(10-9) 
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➡ CP-violation prospects in the Bs0 → J/ψφ (ATL-PHYS-PUB-2018-041) 
➡ Prospects for LFV in τ → 3μ (ATL-PHYS-PUB-2018-032)  
➡ Prospects for the B(B0 → μ+μ−) (ATL-PHYS-PUB-2018-005) 
➡ Sensitivity for FCNC decay t → qZ (ATL-PHYS-PUB-2019-001)  
➡ Prospects for H → cc  ̄using Charm Tagging (ATL-PHYS-PUB-2018-016) 
➡ B0→K∗μμ angular analysis prospects (ATL-PHYS-PUB-2019-003)

Inputs from ATLAS

http://cds.cern.ch/record/2650175
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B HADRONS DECAYS TO μμ 
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ATL-PHYS-PUB-2018-005

expected BR(Bd→μμ) - BR(Bs→μμ) contour 
plots centred at the SM values

Improvements in 
Bs mass resolution no resolution to 

separate Bd/Bs

B0
 m

as
s

➡ BRs precision improves 
significantly, very close to 
the theoretical prediction 

➡ Rare FCNC decay of B0d and B0s, whose BRs are accurately 
predicted in SM, being flagship for BSM searches

➡ BR results scaled from Run 1 analysis (Eur. Phys. J. C 76 (2016) 513)
➡ assumed same S/B ratio, due to mitigated pile-up
➡ mass resolution improved due to new tracker and new muon trigger, improving 

signal significance (in different trigger, and statistics, scenarios)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-005/
https://link.springer.com/content/pdf/10.1140/epjc/s10052-016-4338-8.pdf
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CONCLUSIONS

➡ Many results expected from HL-LHC, that will shape the 
landscape of particle physics for decades
➡ precision SM and Higgs physics programme will lead ATLAS plans

➡ Helped by improvements in detectors and theoretical predictions 
➡ limits of BSM scenarios investigated 

➡ Direct observation of new processes
➡ High sensitivity to BSM physics from precision measurements 

➡ All these are ingredients to assess our understanding of physics 
at the end of the HL-LHC program 
➡ HL-LHC will constrain, and potentially discover, many new physics scenarios

➡ HE-LHC would more than double the reach
➡ The scenarios that remain open at the end of HL-LHC will set the standard 

benchmarks to study in the future
➡ Discussions are still on-going on future collider scenarios

➡ Comparing the physics potentials, the needed technology and the prospects 
for its availability (and the cost to benefit ratio) of such machines is extremely 
challenging  
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➡ Several extrapolation strategies, depending on the final state (ATL-
PHYS-PUB-2019-005)
➡ Starting from the technical design reports (TDRs) for upgraded detectors, and 

reflecting the experience gained during Run 1/Run 2, with alternative:
➡ Detailed simulations: to assess performance of reconstructed objects
➡ Fast simulations: when large datasets are requested
➡ Parametric extrapolations: to re-optimise analysis selections on large datasets

➡ Scaling Run 1/2 results for Ecm 13→14 TeV and L → 3 ab-1

➡ by ratios of production cross sections and parton luminosities 
➡ Extrapolate expected sensitivity in existent statistical frameworks

➡ With global fit methods that do not hide NP in theoretical descriptions (PDF)
➡ Systematic uncertainties from background distribution normalisation and shape 

are treated as nuisance parameters (signal-plus-background fit when possible)

COMMON STRATEGIES FOR EXTRAPOLATIONS 
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https://cds.cern.ch/record/2655304/files/ATL-PHYS-PUB-2019-005.pdf
https://cds.cern.ch/record/2655304/files/ATL-PHYS-PUB-2019-005.pdf
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TOP MASS MEASUREMENTS 

➡ Interesting final state with b-quark hadronising 
into B hadron → J/ψ → μ+μ-

➡ small BR (4.1 × 10−4) will benefit from HL-LHC
➡ using invariant mass m(l μ+ μ−), sensitivity to jet energy 

scale reduced, no b-tag involved
➡ b-production, b-fragmentation dominant sources of 

systematics: many approaches and observables used in 
combination 

➡ Top quark mass obtained from template method 
with unbinned likelihood maximisation approach 
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ATL-PHYS-PUB-2018-042
ATLAS Run 2 precisions 

➡ Many direct measurements with tt→lepton+jets, 
reconstructed with jet observables
➡ limited by measurement and modelling systematics
➡ 0.3% precision  

lis
t o

f s
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tem
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c c
on

tri
bu

tio
ns

 
A statistical uncertainty of 0.14 GeV is expected, 
with a systematic uncertainty of 0.48 GeV 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-042/
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SINGLE-HIGGS: PRODUCTION AND BR
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ATL-PHYS-PUB-2018-054
CERN-LPCC-2018-04

±1σ uncertainties in S2, ggH 
production cross-section

±1σ uncertainties in S2, 
Higgs decay modes

➡ Single-Higgs analysis 
combined to compute cross 
sections per production mode 
and branching ratios 

➡ Production
➡ ggH, VBF: statistical, experimental 

& theory uncertainties are 
comparable 

➡ WH/ZH: dominant stat. and theory 
uncertainties

➡ Branching ratios
➡ Precision below 4%, except rare 

Bμμ (8%) and BZγ (19%)
➡ Factor 1.5 larger in Run 2 scenario 

➡ Theory uncertainties are dominant  
➡ except stat-limited Bμμ & BZγ

➡ Only (VH,H➞γγ) and (ttH,H➞ZZ) 
still dominated by statistics 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/
https://cds.cern.ch/record/2650162
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ATLAS SUSY SEARCHES IN RUN 2

�34
[Ref]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-022/
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PROSPECTS FOR Z' AND W' 

➡ Expected in many extended SM gauge group 
models, interacting with SM fermions 

➡ Studied in many decay channels, 
benchmarking Run-2 analysis:
➡ (RH) W′ → tb  ̄→ lνbb  ̄: exclusion from 2.4 → 4.9 TeV
➡ W′ → lν : exclusion from 5.6 TeV → 7.9 TeV 
➡ Z′ → ll :   exclusion from  6.4 TeV → 6.5 TeV
➡ Z′ → tt  ̄: exclusion from  5.7 TeV → 5.8 TeV
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Transverse mass distributions for W ′→ eν search

ATL-PHYS-PUB-2018-044

search for Z′: upper limits and discovery reach

search for W′: upper limits and discovery reach

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-044/
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HIGGS COUPLINGS AT FUTURE COLLIDERS

➡ Future colliders (e-e, e-p) improve by a factor ~2 to 10, assuming the full 
scientific programme 
➡ Initial stages e-e colliders have comparable sensitivities (within a factor of 2)
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[Ref. FCC Report] 

➡ e-e and e-p access kc  
at % level

➡ muon coupling 
remains statistically 
limited

➡ W/Z at 0.1% in e-e 
colliders, but with 
different timescales: 
CLIC380 < ILC250 
~CEPC ~FCCee240 < 
ILC500 ~ CLIC ~ 
FCCee365
➡ 𝛤H from data
➡ limited by LEP2 

precision of aTGC

https://arxiv.org/abs/1905.03764
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SENSITIVITY TO λC IN FUTURE COLLIDERS
➡ Due to lack of access to simulated data of the collaborations, in particular 

differential kinematical distributions, it is not possible to perform rigorous analysis 
➡ Studied with single and double H, inclusive or exclusive (4 ways)
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For the leptonic colliders, the 
runs are considered in 
sequence. 


For the colliders with s ︎<400 
GeV, di-Higgs method cannot 
be used. 


No sensitivity was computed on 
(di-Higgs inclusive) for HE-LHC 
and CLIC3000 but initial checks 
do not show any difference with 
the sensitivity obtained for the 
exclusive method.


Lack of results available for the 
ep cross section in SMEFT, no 
result for LHeC nor HE-LHeC
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SUSY EW PROSPECTS FOR FUTURE COLLIDERS

Granata Summary 
Talk by M.D’Onofrio
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Stau Higgsino

Wino

https://indico.cern.ch/event/808335/contributions/3366289/attachments/1843609/3023840/SUSY_Experiments_Granada.pdf
https://indico.cern.ch/event/808335/contributions/3366289/attachments/1843609/3023840/SUSY_Experiments_Granada.pdf
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LEPTON FLAVOUR VIOLATION IN τ→3μ
➡ LFV heavily suppressed in SM (10−55), but many BSM scenarios open 

possibility to observe it at colliders ( 10−10 − 10−8 )
➡ LFV linked to neutrino non-zero mass and oscillations

➡ Production cross section favourite wrt Belle, and 4π geometry favourite 
wrt LHCb forward geometry
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ATL-PHYS-PUB-2018-032

W-channel: BR (τ→3μ) <10−8                                                                                                  HF-channel: BR (τ→3μ) <few10−9

90% CL

➡ Heavy flavour (b,c, mainly Ds decays), analysis 
not performed on ATLAS data
➡ 40x cross-section, smaller acceptance due to lower muon pT
➡ Different scenarios depending on background expectations 

(10x, 3x or same as W-channel)

➡ W➞τν: clean signal, projections from Run1 
analysis (65 Billions of τ)
➡ Different scenarios depending on improvements of 

analysis and tracker/detector/trigger (better mass 
resolution)

90% CL

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-032/
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ATL-PHYS-PUB-2018-032
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-032/

