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Large Hadron ColliderLarge Hadron Collider

pp collisions
√s = 2.2 TeV    (2009)
       7 TeV   (2010)

=> world record !
       8 TeV   (2012)
      13 TeV   (2015)

High energy frontierHigh energy frontier



  

LHC  - Run II : new data to comeLHC  - Run II : new data to come

RUN II

Your generation will analyse  Run II data ...
… and might find new physics …

L=
N2 k p f

4 πσ x σ y

N sig=σ sig∫Ldt

LuminosityLuminosity

Nof bunches

Proton/bunch

Frequency

Beam resolution

Number of events proportional 
to the integrated luminosity

RUN I

… or improve measurement accuracy ..
… study the Higgs sector …
… study rare processes …

It's now !!



  

CMS detectorCMS detector

Length: 21 meters
Diameter : 15 meters
Weight : 12500 tons



Vue en coupe du detecteur CMS







  

CMS upgrade during LS1CMS upgrade during LS1
Muon System:

Complete coverage
Improve read-out granularity

Improve the efficiency

HCAL:
Replace faulty detectors/electronics by 
brand new
Improve bkg rejection using timing in new 
Front-End electronics
Higher granularity allows depth 
segmentation to access the longitudinal 
show development

depth segmentation 

Improve calibration
Mitigate PU effect
Improve isolation

We will h
ave an im

proved detector fo
r R

un II



  

CMS upgrade during Phase ICMS upgrade during Phase I

New pixel detector
4 layers/3 disks (extend range from lower radius: 3 cm)
New readout chip (tolerate rate up to PU 100)
Less material (CO

2
 cooling, new cabling and powering scheme)

Similar technology as current detector (sensors, FE chip)
Will survive 500 fb-1 (250fb-1 for first layer)

Reduce photon conversion
Higher efficiency
Lower fake rate

Improve b-tagging

IPHC is involved
in the Back-End

And DAQ developments

 … and even a better detector fo
r R

un III



  

CMS Physics during Run ICMS Physics during Run I

Involvement of CMS@IPHC

Higgs boson discovery



  

CMS Physics during Run IICMS Physics during Run II

Many improvements are expected thanks to:
Higher energy > x1.5  energy  
Higher luminosity > x10  data
Better detectors    
Improved algorithms

Impact of the energy & luminosity on the searches

Improvement measurement accuracy
Study rare processes

BSM searches: higher masses/scales
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CMS @ IPHC: Physics searchesCMS @ IPHC: Physics searches

top quark
Higg quark

Top pair cross-section
b-tagging efficiency

measurement using tt

Search for new physics 
In tt spin polarization
Single top FCNC
Seach for monotop 

(top+ invisble)

Search for ttH

Search for stop pair 
production 

RVP neutralinos with eμ
displaced vertices

Beyond the 
Standard Model

Supersymmetry

tH (FCNC)
Higgs sector 
in N-MSSM

Boosted 
techniques 
(H,top, ...)

Stop pair 
production 

(M
T
)



18

Diversity of skillsDiversity of skills

instrumentation algorithms

Computing

Physics analysis

Statistical treatment

Phenomenology

Simulation

Neural Network Boosted Decision Tree

Grid

Everything will n
ot be covered during the M2 tra

ineeship !
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ofSearch for stop

at CMS
with M

T
 

observable

Performance study
ofPerformance 

study of
Boosted 

techniques
In MadAnalysis 5

Performance study
of

SuperSymmetry
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Search for tH 
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Analysis overview

Possibility to pursue 
with a PhD thesis

Possibility to pursue 
with a PhD thesis
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SuperSymmetry (SUSY) in a nutshellSuperSymmetry (SUSY) in a nutshell
Good features of SUSY:

Propose a candidate for Dark Matter
Solve the hierarchy problem
Unification of the couplings at high energy

It's a generic concept (add a boson/fermion symmetry).
There are many SUSY models.
Number of parameters range from 5 (more constrained) 
to > 100

BSM models ...
Add symmetry
Add matter content
Add gauge sector
Extend Higgs sector
Add extra-dimensions
...



  

Searching for scalar top (stop)Searching for scalar top (stop)

Search for stop at the TeV scale



  

Searching for scalar top (stop)Searching for scalar top (stop)

Drives the number of expected signal events

Kinematics depends on the mass differences
between the stop and the neutralino

Simplified models
Depends on mass spectra and branching ratio



  

Current resultsCurrent results

We set limits on parameters

No excess found so far during Run I ...

Use MVA method (BDT)
To improve sensitivity



  

Experimental signature  - MExperimental signature  - M
TT observable observable



  

Understanding  MUnderstanding  M
TT tail in data tail in data

Use “regions” in data to control backgrounds
Signal is not expected to appear there
M

T
 observable is not correctly modeled

No explanation provided so far …
Simulations are corrected with had-hock scale factors

Goal of the traineeship:

Study possible explanation(s) for the observed 
disagreement 

… and if possible find the correct one(s)

The candidate will analyze CMS Run I data.

The results might be very important for 
stop searches during Run II

Possibilities to be explored:

Detector simulation (jet energy resolution, ..)
Effect of pile-up
Jet multiplicity modeling
Heavy flavor modeling of W+jets
Modeling of rare processes (tt+Z/W)



  

PhD thesisPhD thesis

Search for direct stop pair production with Run II data
Adapt the analysis to the new reconstruction features
Adapt the analysis to higher luminosity (more stat.)
Study the impact of pile-up
Deeper understanding of rare background (ttZ,...)
Exploit boosted techniques relevant at high masses
Possibility to explore cross decay channels

Terra 
incognita !
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Performances study of boosted techniques in 
MadAnalysis 5

People involved: 
 Lorenzo Basso (ANR Postdoc)
 Jeremy Andrea (Chargé de Recherche)

Language: English

Skills: C++ programming

Not (necessarily) followed by Doctorate Thesis

How does a typical event at LHC look 
like: ...messy!

MadAnalysis 5 is a simplified tool to 
analyse simulated events.

We run simulations to prepare real 
data analyses.



  

Example: top quark decay

(Light) quarks: they are never 
alone, what we see is a “spray” of 
objects, the JETS!

Here are shown the typical top-quark  
decays channels:
 b-quark + 1 charged lepton and a   
 neutrino
 b-quark + 2 other (light) quarks

What do we detect and how?

Charged leptons: easy and clean, 
they are seen as individual (isolated) 
objects

Neutrinos? No, we don't see them, 
but we know that they are there 
because something is missing 
(momentum has to be conserved)

The classical analysis require all the above mention particles to be 
isolated, which means to appear as distincted/separated objects



  

Why “Boosted” ?
From 2015, LHC will increase its energy. We expect to produce new 
particles never seen so far → must be very heavy...
If they decay into tops, these will have a lot of energy → “boosted”!

 The kinematics (the way the event appear at the detector) is changed, now 
the decay products are too close to each other to be seen as different, even 
if they are different. 

 Now the 3 independent pieces are not isolated, but form a “fat” jet.
 Recent (sophisticated) algorithms have been devised and proven to be 

effective to recognise the important pieces (substructures)
 These are the BOOSTED TECHNIQUES (ça va sans dire)



  

The M2 project
MadAnalysis 5 is a versatile platform to study simulated events.

Boosted techniques are getting more and more common.
They are developed by experts and exist in stand-alone packages.

The project consists in several steps:
 Understand the algorithms and how the work
 Study of the performances of the boosted algorithms (efficiency,   

 rejection power)

 Physics case: application of the suitable routines to well-known cases

 Higgs → bb (“2-prong”), top → bjj (“3-prong”)

 → compare to existing literature and optimisation of performances
 Comparison of the routines with respect to traditional algorithms
 Study of brand new signal (“4-prong”), new to the literature: a new heavy

 particle that decay into a top-quark and a b-quark, all merged into the same

 fat jet. Boosted algorithm may be the only way to probe its existence!
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