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Choix

Pendant la préparation de cette présentation, 
j'étais obligé de faire des choix :

       Faire un catalogue de résultats du LHC

       Choisir un seul résultat, 
       le présenter dans son contexte

Inconvénient de ce choix : je ne pourrai pas rendre 
justice à toute la richesse des résultats obtenus au 
LHC. Mes excuses.
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Fundamental constituents of matter

Hypothetical
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A self-consistent theory !
G

lobal e lectrow
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After the discovery of a Higgs-like boson, 
the standard model (SM) is a complete
(but for an axion) and self-consistent 
renormalisable theory.

So far, SM in good agreement with data.
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Questions ...

But a lot of questions still need answers:

   – How to accommodate gravity ?

   – Hierarchy problem: m
EW

/M
Pl
 ∼ 10-16

   – What is dark matter ?

   – Matter-antimatter asymmetry

   – Origin of generations ?

   – ...

Physics beyond the SM is well motivated.
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The hierarchy problem
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Dark matter

La galaxie NGC 6503
Vitesse de rotation des étoiles 
dans cette galaxie, en fonction de 
la distance de l'étoile par rapport
au centre de la galaxie

centre de la galaxie
il est fait de quoi, ce halo ?
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Les 
objectifs

de l'IN2P3

Questions ...
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Theorists; state of mind

Abdelhak Djouadi (LPT Orsay)
Moriond QCD conference
March 2016
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Extra spatial dimensions
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Graviton excitations
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Searches for resonances
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Diphoton bump search



Jan Stark Journées LCG-France, Grenoble, 21 juin 2016 15

Diphoton bump search
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Diphoton bump search
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Resonances in past discoveries

(1974) (2012)

(1983)
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Livingston plot

top

W, Z

H

charm
gluon

Découvertes récentes
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ATLAS: 2015 data, diphoton results

End of data taking:              beginning Nov. 2015

First public presentation of results:     Dec. 15th, 2015

Major update:     Moriond conference, March 2016

Publication submitted to journal:     June 14th, 2016
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Diphoton mass spectrum
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An aside: Diphox

Standard Model background
prediction based on precise
first-principles calculation
in the Diphox generator.

Diphox is computing-intensive; 
we run it on CIMENT in Grenoble.

photon

photon
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Importance of statistics

350 events 35 000 events

These two graphs show the same distribution, on the left with little data, and on the right
with 100 times more data:

With a lot of data we can clearly see a structure :
a flat spectrum (e.g. due to background), 
plus a peak (e.g. due to a new particle).

With less data the situation is much less clear :
  - is this simply a flat spectrum ?
  - or is there a peak somewhere ??
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p-value

At 750 GeV:

   3.8σ local
   2.1σ global
   for Γ ≈ 50 GeV
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Excitement
Abdelhak Djouadi (LPT Orsay)
Moriond QCD conference
March 2016

Alessandro Strumia
Moriond conferences
March 2016
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Excitement

More than 456 papers
as of June 16th.
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Excitement

Mai 2016
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What can we do now ?
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What can we do now ?

COLLECT
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Conclusions
Standard model (SM) of particle physics (including the Higgs mechanism):
consistent renormalisable theory that “works” all the way up to the Planck scale.

But is it really a complete description of Nature 
up to these extreme energies (Planck scale) ?

Various “aesthetic” issues (like e.g. the hierarchy problem) lead us to suspect that
the answer is “no” and that the SM is a low-energy approximation of a more 
complete theory.

The direct search for physics beyond the SM is on at the LHC.

First data in a new energy regime (13 TeV) collected in 2015.

An intriguing excess of events in the diphoton final state has lead to some excitement 
recently. But it is not statistically significant yet.

Much more data expected in the coming months (and years …); they will provide
answers to some of the pressing questions in particle physics.
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Backup slides
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Extra spatial dimensions
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Extra spatial dimensions
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Two times more particles ??
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Event selection
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From the ATLAS publication
http://arxiv.org/abs/1606.03833

http://arxiv.org/abs/1606.03833
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From the ATLAS publication
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CMS
http://arxiv.org/abs/1606.04093

http://arxiv.org/abs/1606.04093
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CMS
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ATLAS at √s = 8 TeV
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ATLAS at √s = 8 TeV
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Excitement
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