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Introduction
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Phase II (HL-LHC, >2025)Phase I

Additional pp 

interactions 

(Pile-Up): <PU> ~20

<PU> ~50

2x nominal lumi

x10 Run I statistics

<PU> ~140-200

x100 Run I 

statistics

“Phase 0” 

 (short) Overview of (some) LHC results (top, Higgs, BSM)

 Obviously cannot cover everything… 

 Focus on Run I (7-8 TeV, 25 fb-1) and Run II (13 TeV, 2-3 fb-1)

+ perspectives up to ~2018, where major decisions could occur for the future of HEP
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Top Physics at LHC



Top Quark
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 Very rich physics program:

 Mass, (inclusive or differential) Cross sections,

 Spin correlations, polarization, charge asymmetry, 

FCNC, W helicity, … 

 ttbar resonances

 tt+V

 Heaviest known fundamental particle,

 Privileged coupling to Higgs 

 Critical role in EWSB, NP, … 

Search for 

NP (directly 

or not)



Top Quark Mass (LHC)
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0.3% precision !
Dominated by systematics 

(Jet Energy Scale, b-quark fragmentation)



Top Quark Mass (LHC)
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Already ahead of projections ! 



MW vs Mtop
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Electroweak Precision Observables 

(W,Z sensitives to Top, Higgs)

 CDF 19 MeV (*), 

 World average:

15 MeV (**)

(**)

(*) Tevatron measurement with FULL dataset to come



MW: LHC enters the game !
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Start with W-like measurement of the Z mass in muon channel 

(replacing one muon by recomputed MET)

 Proof of principle analysis

 Quantitative validation of analysis techniques

• 7 TeV dataset (low PU)

• Scale/Resolution from low mass resonances 

• Several observables (pT, MT, MET)

Compatible with 

PDG Value
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Higgs Physics at LHC



Higgs boson Run I Grand Summary (1)
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 mH: Precise determination from H and HZZ4 leptons (e, )

mH = 125.09  0.24 GeV 

 (light) Higgs boson, 

 Pure CP even state (0+), 

 narrow width



Higgs boson Run I Grand Summary (2)
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 (light) Higgs boson, 

 Pure CP even state (0+), 

 narrow width

 Using kinematics in production and/or decay in H, HZZ4 leptons (e, ), HWW

But weak constraints on HVV tensor structure 

(0+/0- mixture, …)



Higgs boson Run I Grand Summary (3)
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 (light) Higgs boson, 

 Pure CP even state (0+), 

 narrow width

 Width (H): probed via analysis of on-shell/off-shell part of HVV spectrum

H < 23 MeV (ATLAS, VV), 26 MeV (CMS, ZZ)

+ H > 3.5.10-9 MeV (lifetime)



Higgs boson Run I Grand Summary (4)
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Using ggHZZ as a reference:

Observation of VBF Production at 5.5 

(4.7  exp.)



Higgs boson Run I Grand Summary (5)
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Using ggHZZ as a reference:

Evidence for VH Production at 3.5 

(4.2  exp.)



Higgs boson Run I Grand Summary (6)
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Using ggHZZ as a reference:

Observation of couplings to  at 5.5 

(exp 5.0)

4.4  (exp. 3.3) 3.4  (exp. 3.7)

@ 125.09 GeV:



Higgs boson Run I Grand Summary (7)
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Using ggHZZ as a reference:

2.4  excess in ttH…

… and 2.5  deficit in Hbb.



Higgs boson Run I Grand Summary (8)
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Constraints on tree-level Higgs boson couplings

Higgs boson couplings to gauge bosons and fermions firmly established (10-20% accuracy).

Compatible (within errors) with SM predictions:

 Assumptions:

 Resolve loops with SM content

 (good precision on top from loop induced gg rate)

 BRBSM=0



Higgs boson Run I Grand Summary (9)

18

Constraints on tree-level Higgs boson couplings

Higgs boson couplings to gauge bosons and fermions firmly established (10-20% accuracy)

3rd generation

 H limits: ~7 x SM

 Observation/Measurement will require 

HL-LHC.



A Higgs boson… so ?
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With the discovery of the Higgs boson, we have now a coherent theory of fundamental 

constituents of matter and their interactions:
(forgetting about gravitation)

 Quantum Field theory based on Gauge symmetries ( interactions)

 Valid up to very high energy (up to Planck scale ?)

 Leads to a meta-stable electroweak vacuum up to high scales

 Compatible with (almost) all precision data available so far

Is it the end of the story ? 

Dark Matter, baryon asymmetry, arbitrary parameters (number of families, …), …  

NOT explained by SM. 

But scalar sector related to the deepest problems of HEP

(hierarchy, naturalness, vacuum energy cosmological constant, flavor puzzle & CP, …)

 High precision Higgs couplings measurements

 Observe/Measure rare (HZ, H, Hcc, … ) 

or forbidden decay (Hinvisible, H.. ~2.5 excess in Run I !)

 Di-Higgs production, Self-coupling. 

 Unitarity (Vector Boson Scattering)

 Look at extended scalar sector (2HDM,…), new resonances, exotic matter….
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Exploring new territories…



Increased potential in Run II
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In 2015, with ~2-3 fb-1, only possible to ~re-observe Higgs, establish methods for future runs, …

But discovery potential of heavy particles get a tremendous kink



Re-discovering old friends (W, Z, top…)
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2.5  (3.4  exp.) 

… and Higgs !

0.7 (2.8  exp.) 

HZZ4 leptons (e, )

In good agreement with SM… 

Fiducial cross-section



… and Higgs !
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H

Fiducial cross-section

1.7  (2.7  exp.) 1.5  (1.9  exp.) 

In good agreement with SM… 



… and Higgs !
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First look at ttH…

ttH, H ttH (multi-leptons)



BSM Searches… 

26

Search for sbottom, squarks, lepto-quarks, Z’, W’, Graviton,… 

… but only found W, Z, top & QCD jets so far ! (again)
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Are we crossing the desert ? 



Unexpected Surprise ?

28

Search for excess over di-photon continuum

(either spin 0 or spin2 resonance interpretation)

 Simple analysis

 Two high ET photons ( > 75 GeV), 

 At least one in barrel

 Two analysis (Spin0 or Spin2)

 ET1>0.4m, ET2>0.3m (spin0)

 ET>55 GeV (spin 2)

 Different search range and width 

hypothesis depending on spin 

~90% purity



CMS Di-photon spectrum (13 TeV)
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NEW wrt December 2015:

 Data re-reconstruction, new ECAL channel-to-channel calibration 

• (30% improved resolution, 10% improved sensitivity)

Background from sidebands data



CMS Di-photon spectrum (13 TeV)
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NEW wrt December 2015:

 Add 0 T data (0.6 fb-1), with dedicated calibration, photon ID, vertex ID.

• 10% (additional) improved sensitivity 



ATLAS di-photon spectrum (13 TeV)
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Background from sidebands data

Spin 0 Spin 2

Background from MC+data template

NEW wrt December 2015:

 2 analysis, depending on spin hypothesis



Significance of the excess
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(3.6  for spin 2)

 Largest excess around 760 GeV and narrow width

 Local significance : 2.8-2.9  (depending on spin 

hypothesis)

 Global: <1 



What about 8 TeV ? 
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 CMS performed 2 analysis in the past

 Combination with 13 TeV with most sensistive 8 TeV analysis

 Largest excess at 750 GeV and narrow width

 Local Z: 3.4  (RunI + RunII)

 (Global 1.6 )

 ATLAS re-analyzed Run I data 

(latest calib, Run I selections 

but Run II analysis methods)

(nothing for spin 2 analysis)



What about other decays ? 
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XZ(ll or qq)  (RunII)

Not conclusive yet… 

Xttbar

XZ(ll)  (Run I)

?



What could it be ?!
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(almost) 750 explanations… 

~300 papers since 

December…



What could it be ?!
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 Spin 0 or Spin 2. 

 Probably produced by gg.  (ggX) ~ 6 +/- 2 fb

 Couplings to gg/ induced by heavy fermions loop. 

The Big Picture



A mirage ? 
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(a.k.a., fluctuation !)

Theorist waiting for 30 years for new physics…



The discovery of the Higgs boson opens a new chapter in HEP. 

 Physics is now at a turning point…. 

 If nothing but the Higgs, are we ready to cross the desert ?

 Understanding EWSB & its consequences is the beginning of a long journey… 

 Irrespective of direct observation of physics at TeV scale, a rich program is ahead of us 

at (HL-)LHC and future colliders

• Precision measurements, rare/forbidden decays, HH,…  

 On the other hand, are we ready for the unexpected ?

 Will it come from the 750 GeV excess ? 

 By ICHEP (August ‘16), we will have firm observation… or not !

 By 2016 (30 fb-1), confirmation (or not!) with other decay channels (Z, VVhadronic, …)

Perspectives
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Towards 2018…
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We are here



Towards 2018…
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Physics will be quite different… 

And answers by then on SUSY, 

extended scalar sector, 

new resonances… 

will drive the future of HEP !
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BACK UP

SLIDES
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 Elegant, Based on symmetries

 Completely define all possible fundamental 

interactions (EW, strong)

 Massless particles

 Ad-hoc…

 … but necessary to describe reality !

 Related to the deepest problems of HEP (hierarchy, 

naturalness, vacuum energy cosmological constant, 

flavor puzzle & CP, …)
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Higgs in Run II/III (13/14 TeV)
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In 2015, with ~2-3 fb-1, only possible to ~re-observe, establish methods for future runs, …
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