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Disclaimer

This is a totally biased introduction to the SM

I will concentrate on things I know and/or I work ON



ZE GAME
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 I will talk for 40 minutes

Then we will have 5 minutes of questions
 From both sides !!

 Priority for people in front of their laptops
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Sorry I have a 

reputation to 

maintain



ZE USUAL
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 Gauge invariance under SU(3)C × SU(2)L × SU(1)Y

 The group representation determines the 
interaction form:
 Leptons: SU(3) singlets → do not interact strongly
 Quarks: SU(3) triplets → interact with gluons
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No mass terms for bosons

 Parity violation → Separation of left and right SU(2) representations:
 Left fermions: SU(2) doublets → interact weakly

 Right fermions: SU(2) singlets → do not interact with the W boson

 No mass terms for fermions 
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SM solution to the mass problem

Add scalar field with spontaneous 

symmetry breaking

W, Z boson masses

Add Yukawa couplings

Fermion masses

Also good for other problems 

e.g.

Breaks unitarity → Probability > 1 Regularized by the HAtelier



ZE PAST
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Yesterday night …

I’m tired …

And still only have the historical context …

So I decide to steal it from C. Ochando (JJC 2012)

Thanks Christophe
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ZE INSTRUMENTS
ONLY THE CURRENT ONES
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PP collisions at 14 TeV (design energy)
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Very successful run at 7 (8) TeV in 2011 (2012)

Restart in 2015 at 13(ich) TeV
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Non-specialized detectors: broad range of physics

Same concept, different technologies
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Protons not elementary particles

Mostly gluon-gluon collisions

Low energy side collisions 

from proton remnants
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20 collisions !!

High Lumi

=

high pileup

Impressive 

detectors
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Muon

Spectrometer

Hadronic

Calorimeter

Electromagnetic 

Calorimeter

Inner tracker
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Neutron 

(neutral hadrons)

Proton

(Charged hadrons)

Muon

Photon

Electron

Muon

Spectrometer

Hadronic

Calorimeter

Electromagnetic 

Calorimeter

Inner tracker
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We do not detect 

quarks/gluons

We detect jets
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We do not detect 

quarks/gluons

We detect jets

We can identify b-jets

B-hadrons fly before 

decaying

Royer’s talk
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We do not detect 

quarks/gluons

We detect jets

We can identify b-jets

B-hadrons fly before 

decaying

taus decay to hadrons and 

form jets

Usually narrower jets 

with less tracks

Royer’s talk Mohamad’s talk
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Simon’s talk

Back of envelop calculation

Collision frequency at the LHC: 40 MHz

Event size about 1.5 MB

Total data rate about 60 TB/s

Oui ca fait beaucoup

O(10000) DVD/s

Vary fast treatment to identify        

potentially interesting events

Uses hardware then software stages

Reduce the trigger rate to O(1KHz)

Mostly events with leptons/photons

Or objects at very high energy
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Yesterday night I started to believe in 

Neural Networks

I want to share my experience with you
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The raw data



25Student

The raw data Trained Neural Network

Input



26Student

The raw data Trained Neural Network

Input Output

The NN output

Batman and Robin

MAGIC NO!!
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The raw data Trained Neural Network

Input Output

The NN output

Batman and Robin

Not really if you try to understand



ZE HIGGS
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No not him 

THE BOSON
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July 2012 at ICHEP
Probability that background fluctuates 

and looks like observed data
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Englert and Higgs got the Physics Nobel 

Prize in 2013

Some experimentalists 

were not happy!!
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And here it is in 

the PDG

Life is not always 

fair!

Thanks to my 

grand-grand 

parents
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Production cross sections

μμ: 0.02%

86%

7%

5%

1.5%

The Higgs couples to the mass
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𝐻 → 𝑏𝑏
Not really 

seen yet

𝐻 → 𝜏𝜏𝐻 → 𝑊𝑊

𝐻 → 𝑍𝑍

𝐻 → 𝛾𝛾

Others

We used to mainly separate decay channels

→ Choose best production mode (background considerations)

But need/start to separate also production modes
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𝐻 → 𝑏𝑏
Not really 

seen yet

𝐻 → 𝜏𝜏𝐻 → 𝑊𝑊

𝐻 → 𝑍𝑍

𝐻 → 𝛾𝛾

Others

Mainly ggF
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𝐻 → 𝑏𝑏
Not really 

seen yet

𝐻 → 𝜏𝜏

Main one

𝐻 → 𝑊𝑊

𝐻 → 𝑍𝑍

𝐻 → 𝛾𝛾

Others

Mainly ggF
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𝐻 → 𝑏𝑏
Not really 

seen yet

𝐻 → 𝜏𝜏

Main one

𝐻 → 𝑊𝑊

𝐻 → 𝑍𝑍

𝐻 → 𝛾𝛾

Others

Mainly ggF
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Simon’s talk

Not so golden

𝐻 → 𝑊𝑊 → 𝑙𝑙𝜈𝜈
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Simon’s talk

Not so golden

Higgs signal very clear: no need to quote 

ridiculously large significances

Everything compatible with SM predictions

𝐻 → 𝑊𝑊 → 𝑙𝑙𝜈𝜈
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Carlo’s talk
Mohamad’s talk

ATLAS : 4.1 σ observed

CMS      : 3.2 σ observed

Mainly VBF 

production

𝐻 → 𝜏𝜏 𝐻 → 𝑏𝑏

W/Z + H 

production

ATLAS : 1.4 σ observed

CMS      : 2.1 σ observed
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CMS: 3.4σ (1.2 excepted) 

→2.0σ deviation from SM+higgs

ATLAS: 1.5σ (1.2 expected)

? ?

Only way to directly assess the top 

Yukawa coupling at the LHC

Top-Higgs coupling largest in the SM

Fundamental to verify the discovered boson nature 

Already constrained 

indirectly in loops

Royer’s talk
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𝐻 → 𝑍𝛾 𝐻 → 𝜇𝜇

Excludes universal couplings of 

the Higgs boson

Excluded region
Excluded region



ZE NOW
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It pretty much looks like a JP=0+ Cross sections compatible with 

SM predictions

𝝈

𝝈𝑺𝑴



 Current data can’t constrain all 
parameters simultaneously

 We have to chose what we test

 Leave only few parameters free in 
the fit

 What we test:

 Custodial symmetry (W vs Z)

 Fermions(Yukawa) vs Bosons (EW)

 Lepton vs quarks

 Up-type vs down-type fermions

 BSM in the loop

 Decay to invisible new particles
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, b
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SM

Coupling deviations 

with respect to SM

You can ask me latter 

about there meaning

Decay 

channels
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Higgs cross 

section
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It is not all about the Higgs

Many many other measurements



49Top mass: experimental precision 

reaching theory uncertainties

W mass: Tevatron still rules
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Electroweak production observed 

with 3.6σ

Cross section compatible with SM 

predictions (large errors)

Very interesting for LHC run II

Tightly connected to the Higgs sector

SM subject for the Atelier
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Well this will be discussed in details in the BSM session

But just to put things into perspective 
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LIMITS
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LIMITS

LIMITS
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LIMITS

LIMITS

LIMITS
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LIMITS

LIMITS

LIMITS

LIMITS 

…
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LIMITS

LIMITS

LIMITS

AND MORE LIMITS 

…

LIMITS 

…

NOTHING FOUND YET
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LIMITS

LIMITS

LIMITS

AND MORE LIMITS 

…

LIMITS 

…

Model [1]: Nurse presence at the Lazaret
[1] Matthieu – Sete train station – Dec. 2014

Data collected 8th-9th Dec. 2014

Excluded region @95% CL

NOT EVEN 

NURSES
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For sure new 

physics

LHC

New physics??
The SM 

rules!!
SM and GR 

rules!!



ZE FUTURE
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Search for new physics

Not in this session

Precision measurements

Especially the Higgs sector

Interesting channels available 

for the first time
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Decay

1. Access to H→bb (largest BR)

2. Access to ttH (largest coupling)

3. Separate individual production 

channels

4. Combine with other SM 

measurements in the electroweak 

sector

5. …

Best precision on 

couplings
Will be hard for 

many!!

Also confirm pure JP=0+ State

And better precision on the mass
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W, top and Higgs masses (and other 

parameters) related in the SM 

(quantum corrections)

Fits done in the past to indirectly 

determine the top and Higgs mass

Now can be used to test the internal 

consistency of the SM

 Higgs mass precision not so important

 top mass precision OK

 W mass very important
 Should go to < 10 MeV at LHC

Fluctuation or real 

effect?



ZE CONCLUSION
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Well, do I really need to?!?
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