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• Member of CMS collaboration (2008-) 
๏ 2009-2011: PhD University of Torino (IT) 

๏ Muon reconstruction, Higgs➝4-muons analysis 
๏ 2012-2014: CERN fellowship  

๏ Main analyst of the Higgs➝4-leptons search 
(discovery channel), developer and coordinator          
of analysis to measure the top-Higgs coupling        
with leptons 

๏ 2014- 2019: CERN LD Research Staff 
๏ Main analyst and coordinator of SUSY searches in 

leptonic final states, design of the new L1 Trigger 
system for the HL-LHC 

Introducing myself
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@CERN

@UZH

The CMS group of the UZH Physik-Institut  

• Member of UZH CMS group (2019-) 
• SNF PRIMA research grant, CERN based 
• Current research:  

๏ Searches for new physics with soft leptons                      
and missing transverse energy 

๏ Development and operation of L1 Trigger 
algorithms for real-time event selection at 
LHC and HL-LHC

https://www.physik.uzh.ch/en/researcharea/cms.html


•Prime motivations for new particle states to appear at LHC 
energy scale 
• Direct vs indirect searches, different topologies of direct searches 

•General purpose experiments ATLAS and CMS to explore 
the energy frontier 
• Physics objects reconstruction and event selection 

•Example of searches for new particles at CMS 
• Searches for Supersymmetric new physics   
• General WIMP dark-matter searches  
• Searches for Non-supersymmetric new physics  

•Some conclusions and prospects 

Outline of this lecture
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Direct search for BSM new physics

•Great proliferation of ideas to solve the shortcoming of the SM  
• recall of the cosmological and theoretical need of new physics (NP) 

•Most of them predict the existence of new particle states 
• discuss why some of them predict the new states to be at the EWK scale 

•At LHC we are directly probing the EWK scale 
• ATLAS and CMS search for new particle signatures at O(100)GeV-O(1)TeV 

[Murayama]
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BSM: Beyond the Standard Model

LHC



Cosmological need for BSM

* despite a few outstanding anomalies, and including RH neutrinos in SM 
(observation of neutrino oscillations suggest their existence: NP that could fit 
the SM neatly)
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Dark Matter: WIMP miracle
•Many many ideas for particle DM 
•A particular simple class of models: 

Weakly Interactive Massive Particles  
• these particles are thermal relics: once part 

of hot, dense plasma in the early Universe, 
then left equilibrium when Universe 
expanded and cooled 

• thermal freezout: from the features of this 
process turns out that weak-scale masses 
and cross sections give right estimate for 
DM (WIMP miracle) 
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First motivation to directly search for new particles @ LHC
•Caveat: thermal relics are only one possibility of many! 

• Proliferation of different ideas (especially given LHC is falsifying rapidly 
WIMP DM): Axino, Axion, Dark Photon, Holeum, Minicharged particle, 
Sterile neutrino, SIMP…



DM complementarity 
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• WIMP DM (W=weak interaction of the SM): 
freezout governed by SM interactions 
• DM charged under some combination of 

SU(2)⊗U(1), or just talks to the Higgs: highly 
predictive and as of today highly constrained 

• Higgs couplings currently known at 10-20% 
precision (95% CL), there’s still space for BR 
H→invisible < 0.15 (95% CL)

WIMP(Y) DM at the LHC

• “WIMPY” DM (W=descriptive weak): extend 
to DM freezing out to SM states through new 
mediators (BSM interactions) 
• still valid: weak-scale masses and couplings 

(we derive these assumptions just from the ‘thermal 
freezout' theory) 

• but much wider range of direct detection 
signatures (which depends on the quantum 
number of the mediators)  

•



WIMP(Y) DM Signatures at LHC
•Directly produce DM at LHC: it will 

just produce missing energy  
• to detect the signal need to add something 

visible: ex. some initial state radiation 
(ISR) the system can recoil against 

• loss in signal cross section requiring 
high pT ISR jet 

• with the transverse momentum (pT) of the 
visible objects we can compute the missing 
transverse energy (MET) of the event 
induced by the recoil of the χ 
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• Kinematic of DM production depends on 
both the DM and mediator masses (mZ’, 
mχ) and the mediator quantum numbers  

•
[NB: in pp collisions visible energy and missing energy are computed in the transverse 
plane orthogonal to the beam axis, given we can only rely on the conservation of 
momentum in the plane transverse to the beam direction]



•Exploiting the ISR jet strategy: 
• MET + energetic jet 

•Exploiting the associated production with 
other objects (much less background) 
• MET + hadronically/leptonically decaying W/Z 
• MET + t(tt) 
• SM Higgs as portal to DM: MET + H➝bb, H➝ɣɣ, 

H➝ττ, H➝ZZ➝4ℓ  
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WIMP(Y) DM Signatures at LHC

•Exploiting H→invisible decay
ggH tag VH tag VBF tag

•Signatures: MET + energetic SM particles 



•The SM has 31 continuous parameters 
• 6 quark masses + 3 mixing angles + 1 phase 
• 9 lepton masses + 3 mixing angles + 3 phases 
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Theoretical needs of BSM: who ordered that? 

[counting RH neutrinos that can have both Mayorana                                        
and Dirac mass term] 

•Origin of flavor: 
• why three generations? 
• origin of hierarchical Yukawa couplings?

• 3 gauge couplings + strong θ angle  

•Unification?
• 2 parameters in the Higgs potential (mass and coupling) 

•Hierarchy problem: why mH=125 GeV? 
• mH being a mass of a scalar field makes the ‘who 

ordered that’ problem more acute 

[α(coupling strength of elm), θW (relationship between the 
coupling constant of elm and weak interaction), g3 
(coupling constant of the strong interaction)]



• Quantum Field Theory (theoretical framework of the SM): the quantum 
correction to the input value of the Higgs mass parameter from 
higher order Feynman diagrams have quadratic divergence in Λ2  

• cutoff(Λ): limit of validity of theory, i.e., scale where new physics 
becomes important 

The hierarchy problem
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 [QFT classes during master] 

From interaction with 
massive gauge bosons 

 From self interaction From interaction with 
fermions: dominated by top 
Yukawa coupling 



•The problem: Λ = MPl ~ 1019 GeV (Planck scale: scale at which 
quantum gravitational effects are not negligible anymore)  
• getting mH = 125 GeV requires an extremely delicate cancellation 

between value of mass at Λ and the contribution from all intermediate 
scales which have different microphysical origin 

The hierarchy problem
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•Theory is fine-tuned (i.e. not natural)? i.e. parameters of the theory 
must be adjusted very precisely to fit with observations: Qualitatively new!

• no intrinsic reason to expect a 
cancellation of one part in 1036 

between these terms: the 
generic natural expectation 
would be mH~Λ 



• New physics has to be special: cancel the quadratic divergence 
• theory above this scale must be free of quadratic divergences 
• to have exact cancellation need a lot of new states and a symmetry to 

relate couplings of NP to those of the SM 

•How massive should new physics be? Subjective 
• is 1 TeV ok? 10 TeV? 100 TeV? depends how much fine tuning is accepted 

Solutions to the hierarchy problem (1)

14Second motivation to directly search for new particles @LHC

•What if Λ (scale up to which the SM is valid) ~ TeV ? 
• mH is a message: scale of new physics 



Paramount example: Supersymmetry
•Introduce in SM Lagrangian Symmetry that can rotate boson into 

fermions and viceversa 
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• extremely compelling theory: two SUSY 
transformations yields a translation, 
intertwined with spacetime  

•   

• need to introduce partners for ALL SM 
particles, spin different by 1/2, charged under 
SM charges 

• but presumably broken symmetry              
(since partners unseen) 
• given they have different masses divergences 

cancel up to some extent 
• SUSY-breaking Lagrangian: a lot of new free 

parameters (100!) and contains terms that 
violate B or L numbers



Supersymmetry also for DM
• Could cause catastrophic proton decay 

• to avoid that is the product of B, L violating Yukawa couplings that 
has to be extremely small 

•Easy solution: impose a new global symmetry, R-parity 
• that forbids these terms and it is respected by gauge interactions 

[Trust that it works!] 
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•Consequence: Lightest Supersymmetric Particle (LSP) is stable 
• something that is odd under R-parity can’t decay in any number of even 

R-parity states 

•LSP must be neutral and not over-close the universe: an 
attractive WIMP DM candidate 
• if we require LSP to be charged only under EWK interactions, and 

have EWK scale mass 
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Supersymmetry also for DM

• lightest neutralino (most of the models) 
• the superpartners of the SM EWK bosons:                                                                         

mix to form mass eigenstates: 
• neutralinos: 
• charginos: 

~𝝌20
~𝝌10

~𝝌30
~𝝌40~𝝌1±

~𝝌2±



• R-parity: produce superparticles in pairs 
• we start from an even R-parity state 
• superpartners are R-parity odd 

• We can produce superparticles which 
carry SM charges through their SM 
gauge interactions  
• gluinos can be pair produced thanks to 

their color charge 
• Superparticles then cascade down until 

they hit the LSP 
• the lightest state that carries R-parity 

and therefore it can’t decay  

• Generic signature is then:  
• MET +quite some energetic SM particles in the final states 
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Supersymmetry signatures



•What if the MS cut off (MPl ) is closer to EWK scale: Extra 
Dimensions (ED) 

•Apparent weakness of gravity compared to SM forces is an 
illusion due to geometry of spacetime 

• SM particles are inherently 4D, gravity sees larger number of dimensions: 

•

Short distance behaviour 
is 4+n dimensional 

But for r>R, field 
propagation is 4-dimensional  

• Effective Planck mass we see in 4-dimensions: fundamental Planck 
mass times the volume of the ED
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Solutions to the hierarchy problem (2)



•What if the MS cut off (MPl ) is closer to EWK scale: Extra 
Dimensions (ED) 
• new heavy states: KK excited states of SM fields, and gravity 

particles (Spin2 Graviton, Spin0 Radion) 
• Heavy resonances in many final states 

• dilepton resonances: Z’, W’ → ee, μμ, eυ,μυ,  
• diphoton resonances: G → γγ 
• dijet resonances: Z’, W’ → qq, qq’, G →gg, qq 
• dibosons resonances: Z’, W’ → VV, VH, HH 
• third generation quarks resonances: Z’, W’ → tt, tb, bb
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Solutions to the hierarchy problem (2)

q, b, t, g, l, V, H

q(q’), b(t), t(b), g, l(v), V(H), H



•So far we have seen that the available solutions to existence of 
WIMP DM and the hierarchy problem demand the presence of new 
heavy particles  
•Direct search for these (higher-mass) states: particle physics at 

energy frontiers (‘high-pT’) 

Direct vs Indirect search for NP
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Direct search 
Indirect search 

• study rare processes in the SM: NP effects 
can then be relatively large 

• precision measurements of observables 
very well predicted in the SM 

• access to higher mass scales, due to virtual 
contributions, in a model independent way

[See: flavour physics lectures][See: this lecture]

• search for energetic decay products of 
the new heavy particles: resonant vs 
non resonant final states 

• access to the mass scale allowed by the 
center of mass energy of the collisions



•Lepton flavour universality anomalies: several theory models 
suggest the existence of leptoquarks (LQs) with masses at the TeV 
scale and large couplings to second/third generation quarks

• Leptoquarks: can decay to SM quarks and leptons, triplets with respect 
to strong interactions, have fractional electric charge, and can be either 
scalar or vector 
• few extensions of the SM - among which Grand Unification, predict the 

existence of these particle 

• Direct searches at LHC of TeV LQs that decay to third/second 
generation l(v)q pairs 22

Indication from Indirect searches?

[See: LHCb lecture]



The original LHC Mandate
•Probe in full the EWK scale, O(100-1000) GeV, directly: 

•Establish mechanism of EWK Symmetry Breaking  
• Discover the Higgs (LEP >115 GeV, SM theory <1 TeV) 

•If Higgs found, then directly search for the new particles 
that can explain mH 

• Of course SUSY: explain mH, DM candidate, unification 
• But also exhaustive search for all other new physics models: 

• Extra dimensions, Little Higgs theories, compositeness, non-SUSY 
WIMP DM candidates, heavy neutrinos, Leptoquarks, black holes as 
signed of low scale quantum gravity… 

• And search in each corner of the phase-space for the 
unexpected (after LHC RunI and LHC RuII some of the most apparently 
motivated theories have not been borne out) 

•ATLAS and CMS were design to do this 
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Need high energy pp collisions 
• To span over this 

wide energy range 
need high energy   
pp collisions  
(quark, gluon 
PDFs) 

• CONS: Proton 
collisions cause 
crowded hadronic 
environment and 
huge QCD 
background (as 
opposite to e+e- 
collisions)  

Nominal values:  𝓛=1034cm-2s-1, √s= 14 TeV
(Tevatron 1983-2011 𝓛=(1030- 4*1032cm-2s-1, √s= 2 TeV)
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Need high luminosity pp collisions 
• NP events have mostly 

EWK-like cross sections 
which are much lower 
than dominating soft 
QCD processes: we are 
searching for RARE 
events 

• Need highest possible 
luminosity 

• CONS: pile-up! trigger!  

Nominal values:  𝓛=1034cm-2s-1, √s= 14 TeV
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Event rate and physics processes
• Huge rate from QCD processes 

• soft QCD events:  O(109) evt/s 
• QCD bb events, and higher energy QCD multi-jets 

events: O(105) evt/s 
• Z, W bosons production: O(103) evt/s 
• ttbar pair production: event rate O(10) evt/s 
• and few Higgs bosons per minute!  

• NB: in pp collisions the rate depends strongly on the 
energy scale of the process, and not just on the 
characteristic strength of the interactions 

• σ(H)~70pb @100 GeV to 0.1pb  @1TeV
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• To save all collision events, billion per 
second, ATLAS and CMS would need to 
readout, process, transfer and store 
tens of TB/s, or hundreds of PB/h  
• beyond any feasibility 
• most of these events are not interesting

• Great challenge for the Trigger systems 



The trigger challenge (CMS)
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•Online decision to accept/discard an event for permanent storage 

• maximum rate at which the data from all                      
the channels can be read out: ~100KHz 

• limit from detectors front-end electronics 
and data acquisition system 

• filter events on the basis of an online           
reconstruction which makes use of coarse            
detector granularity (Muons and Calo)  

• composed of custom hardware processors: 
ASICs and FPGAs, synchronous operation 

• decision within ~4μ (detectors pipeline) 

• L1 Trigger: real time event rate reduction from 40 MHz to 100 kHz

• High Level Trigger: further selection to 100 Hz 
• real-world limitation in computing power, 

data storage capacity 
• software based: cluster of commercial 

computers which process events in parallel 
• fast processing of full event information: 

~160 ms to decide  
•



The CMS Trigger system: overview
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• First event selection: multiple energetic (few to tens of GeV) objects    
(e/μ/γ/τ/jets/MET)



• To extract rare events from a huge hadronic background 
environment: from 100 Hz to ~1 mHz need to target very good energy 
resolution for objects that can help to distinguish signals processes; 
i.e. HIG, SUSY: 
• muons, electrons, photons, b-jets, missing transverse energy (MET) 

from few GeV to TeV transverse momentum 
•high granularity, strong magnetic fields 

• two different designs to achieve very similar performance and accomplish 
the mandate: for obvious reasons will focus on CMS :-) 
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Event identification challenge



Physics objects identification 
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[Particle 
identification 
strategies and 
performance 
already discussed in 
previous lectures]

Particle flow (PF) event description: calorimeters clusters and hits in muon 
chambers and tracking system are used to reconstruct and identify five mutually 
exclusive categories of physics objects

• Reconstructed charged tracks are also 
very useful to vertexes reconstruction:  
• the vertex with the highest pT tracks is the 

‘Primary vertex’ PV 
• secondary vertices tracks which are not 

used in any fit, are associated to the PV



High level objects: top, b-jets

• Jets induced by b-quarks (b-jets) are particularly 
important for NP searches discussed so far 
• theories that aim at solving the hierarchy problem 

need in particular partners of the top quark to be at 
the ~TeV scale 

• the top quark decays before hadronizing and it’s main 
decay mode is t→bW 

• the Higgs boson prefer to couple to heavy particles: it’s 
main decay mode is H→bb 

• the decays of NP into b/t quarks are more favourable to 
separate the signal from the huge QCD bkg, dominated by 
light quark jets 

• top quarks pair production (tt) is going to be the most 
important background to NP searches at LHC 

[NB: R defines the cone aperture: √(Δη2+Δφ2) between the 
jet axis direction and the outermost constituent track] 31

• Jets are reconstructed by clustering of all the PV 
reconstructed particles within a ΔR cone: to contain 
partons hadronization and measure quark energies



High level objects: top, b-jets
• B hadrons (hadrons containing b quarks) have a non negligible lifetime: 

they decay far (~500 μm) from the interaction point giving rise to 
secondary vertices 
• b-jets are identified requiring SV and tracks with 

large impact parameters (wrt PV) within a jet  
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• Another important ingredient to identify signal events is the MET 
• defined as the negative vector sum of all reconstructed PF candidates in the event, 

it’s a measurement of the transverse momentum of the “undetected” particles 
• SM processes features MET only from: Z→vv, W→lv 
• NP processes have instead additional sources of MET: WIMP dark matter 

candidates, SUSY LSP …
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High level objects: MET



Are we ready to start searching?

• The agreement between measurement and expectations of many many SM 
processes, tell us that we have done a great job in understanding and 
calibrating our detector
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Are we ready to start searching?

• Advanced background reduction techniques and the large dataset already in 
our hands have started to provide us access to very rare SM processes, never 
measured before (tribosons, tt+V, tttt …): cross sections typical of many NP 
signatures 35



SUSY cross sections: Strong sector

• Strong sector: Gluinos and 1st, 2nd and 3rd 

squark generations pair production 
• the coloured states dominate the production 

(QCD much stronger than other interactions) 
36



SUSY cross sections: EWK sector

• EWK Sector: Sleptons and EWKinos (Charginos and Neutralinos) 
• much lower cross sections, quark induced 
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SUSY Searches strategy

• Simplified Models approach: 
focus on a few particles at a time 
• ex. concentrate on direct light 

squark pair production and on 
the only decay mode that is 
open if we assume that all 
other superparticles are  not in 
reach 

• So many possible mass spectra (different SUSY models, different 
tuning of the parameters): a potential mess 
• sparticles decay into lower masses sparticles down to SM particles and the 

LSP: long decay chain

squarks as NLSP, final state: jets + MET



Few Simplified models

Increasing number of jets and b-jets in the final state

[three body decay through the lightest virtual squarks not in the reach]
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SM backgrounds

• SM background cross-sections are much larger overall 
• and they can also feature high objects multiplicity  
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SUSY search strategy
• …but fall rapidly with just about any kinematic variable that has 

dimension of mass:  
• pp: higher energy collisions are less likely than lower energy collisions 

• Essential discovery strategy:  
• demand certain numbers of objects 

• jets, b-jets, MET, leptons 
• determine a suitable kinematic variable or two  

• MET very useful to separate SM 
• count events in the energetic tail  

• the signal is much smaller than the bkg but it extends further 
• hard to understand tails both from experimental and theoretical point of view
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• Full hadronic final states target 
Strong SUSY (gluinos, squarks) 
• higher cross section, can target 

TeV like sparticles with current 
dataset 

• The phase space in the tails is 
binned in several variables  
• usually functions of MET, HT, 

Njets, Nbjets 
• to be sensitive to different 

signal models and different 
mass splitting, to separate bkg 
processes 
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Hadronic final states

• No deviation is observed wrt 
the SM expectation
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Leptonic final states
• Leptonic final states of Z, W, H 

are used to target EWK SUSY 
• lower cross section, can access to 

lower sparticle masses: hadronic 
final states are too much SM like  

• Typical final state: 3 or more 
light leptons 
• rare in SM processes 
• leptons must be prompt (coming 

from PV) and isolated (no 
activity around them) to reject 
leptons from jets 

• The phase space in the tails is 
binned in several variables  
• usually functions of MET, 

leptons pT, dilepton masses 

• No deviation is observed wrt 
the SM expectation

OSSF pair

No OSSF pair
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(Few) Most recent exclusions
Not enough visible momentum

Not enough signal events

Δm>mW 
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Searches for WIMPY DM (examples)
• Weak like interaction between SM particles and WIMP DM mediated 

by new mediators (scalar, pseudoscalar, vector, axial-vector…) 
• MET and additional SM objects produced in association with the DM 

mediator 
•

• Similar strategy to SUSY searches in simplified models: 
• you look for heavy states that produce a lot of MET, you go in the tails of a 

certain kinematic distribution to maximise S/B, and you count the events 
• going to higher mmed you run out of signal events, going to smaller 
Δm(mmed, mDM) you run out of MET  

• Simplified signal models are used to interpret the results 
• free parameters: mass of the mediator, mass of DM, quantum numbers of 

the mediator 
•



MET+Jet, MET+V searches

No deviation is observed wrt the SM expectation. 

Results
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Axial-vector  
mediator

Vector  
mediator

Pseudoscalar 
mediator
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Some results on searches for DM at CMS 
• Given a simplified model: the shape of exclusions should look familiar 

•

Scalar 
mediator

• blue regions indicate where this simple model would over-constrained the 
universe: foreseen DM density exceeds the observed value 
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Searches for resonances (examples)
•Experimentally different are the searches where the new particle 

decay products can be reconstructed and a ‘peak’ search 
performed  

• •Several resonant signatures are searched for at ATLAS and CMS  
• several BSM theories predict the existences of several different heavy 

(~TeV) new state with different decay modes 
• • dijets resonances: G →qq, gg;  Z’, W’ → qq, qq’, tt, tb, bb 

• dilepton resonances: Z’, W’ → ee, μμ, eυ, μυ 
• diphoton resonances: G → γγ 
• dibosons resonances: Z’, W’ → VV, VH, HH  
• leptoquark: LQ →e(ve)q, μ(v)q, τ(v)b, τ(v)t

q, b, t, g, l, V, H

q(q’), b(t), t(b), g, l(v), V(H), H



Dijets resonances: qq, qg, gg 
•Powerful: LHC is a dijet resonance factory 

• search for a bump above empirical fit to the 
QCD background 

• no deviations from the SM bkg predictions…
translate results into cross section upper limits: 
maximum cross section that signals like qq, gg, qg 
can still have and be consistent with what see 
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• 95% CL upper limits on the (cross 
section x branching fraction x 
acceptance) for qq, qg, gg resonances 
• these limits can be compared with the 

predicted cross sections for several 
theory models, and the regions where 
the cross section is smaller than what 
we exclude define the mass limit on a 
specific new resonance 

Dijets resonances: qq, qg, gg 
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Dijets resonances: qq, qg, gg 

•Spectacular dijet event: the mass of the di-jet system is 7.7 TeV.    
Both jets are reconstructed in the barrel region and each have transverse 
momenta of over 3 TeV 51
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More complex: tt, VV resonances 
• At high X masses V or top decay products are boosted and therefore 

collimated: need dedicated reconstruction techniques 
• Exploring higher and higher X masses, ATLAS and CMS have started to develop 

dedicated techniques which exploit ‘jets substructure’ to tag boosted objects: 
top, W/Z/H bosons 

• Idea: use larger radius PF jets to capture decay 
products of boosted objects in a unique jet, and 
then jet grooming techniques  
• a ‘post-processing’ treatment to remove unwanted soft 

radiation (pile-up, underlying event) and allow the 
underlying hard substructure associated with a three-
prong (e.g. top quark) or two-prong (e.g. W/Z/H 
boson) decay to be utilised in the analysis
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VV(W,Z,H) resonances 
• After grooming, “soft drop” large jet 

mass: able to separate W/Z/H

• VV searches performed in all possible channels 
with W/Z/H decaying hadronically or 
leptonically  

• No significant deviation with respect to SM 
backgrounds: exclusion limits  
• in simplest model that add to the SM a triplet of 

Z,W± spin-1 that couple SM bosons (HVT): W’ 
excluded below 4.3, Z’ below 3.7 TeV 
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…it didn’t go as expected
•We only looked at FEW examples among the extensive CMS 

and ATLAS NP searches program! But similar conclusions can 
be derived also from other searches 

•Eight years of LHC at 7/8/13 TeV: ATLAS & CMS found no NP 
•copious production of massive objects (~TeV) scale are not in 

the cards 
•many BSM models excluded in their simplest realisation 

•Are we ready to conclude that NP not at the EWK scale? NO. 
•NP at the EWK scale could have escaped the standard BSM 

searches conducted so far because its signatures could more 
difficult to access, and current searches could be blind to those
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Unexpected configurations? 
• Compressed Spectra 

•these signatures features soft objects in the 
final state 

•experimental challenges: very low signal 
acceptance due to trigger reconstruction 
limitations, huge backgrounds from SM 
processes 

• Small couplings or Heavy off-shell 
mediators 

•the signal event rate is much smaller than 
expected 

•These scenarios can cause non prompt 
BSM state decays: long lived particles 

•trigger and reconstruction techniques 
devoted to long-lived particles have to be 
developed to cover all possible lifetimes

What if it’s few 
GeV or less? 

What if much 
smaller coupling? 
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•For all these reasons before moving to the next energy scale (100 
TeV future collider?) we can still profit from HLC to explore the 
EWK scale in all corners 

•But to do that we need large data statistics! 

The future: HL-LHC

• new phase HL-LHC: 2026-2039, expected 4000 fb-1 at the end 
• completely new machine: new magnets, much higher luminosity  
• completely new detectors: more robust to radiation, higher granularity, 

completely new trigger strategy (average pile-up 200!!!)

Phase2: HL-LHC

Extremely exciting 
times ahead of us! 
Stay tuned.



References
• 2017 CERN-Fermilab HCP Summer School [link] 

• lectures by Jessie Shelton “Beyond the Standard Model Theories” 
• 2015 CERN-Fermilab HCP Summer School [link] 

• lectures by Paris Sphicas “BSM Searches" 
• The physics potential of HL-LHC: general [link], BSM [link] 
• and many ATLAS, CMS public results 

• [CMS Public Results] 
• [ATLAS Public Results] 

57

https://indico.cern.ch/event/598530/page/10081-lecture-topics-and-lecturers
https://indico.cern.ch/event/353089/
https://twiki.cern.ch/twiki/pub/LHCPhysics/HLHELHCWorkshop/report.pdf
https://arxiv.org/abs/1812.07831
http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

