
  

Jet Substructure
Nicolas Gutierrez



  

First annual meeting of ITN HiggsTools – 15/04/2015Nicolas Gutierrez 2

Evolution of jet substructure

A New Hope The Bang Consolidation



  

First annual meeting of ITN HiggsTools – 15/04/2015Nicolas Gutierrez 3

Evolution of jet substructure

A New Hope The Bang Consolidation



  

First annual meeting of ITN HiggsTools – 15/04/2015Nicolas Gutierrez 4

Evolution of jet substructure

A New Hope The Bang Consolidation

Nhan Tran. Boost2014 
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This talk

A New Hope The Bang Consolidation

Focus on contributions to the consolidation of jet substructure

- Top tagging performance

A full information observable

- Application of jet-substructure

Search for new physics

- Taken from:

ATLAS-CONF-2014-003

NG thesis
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Basics of jet reconstruction

Correct for detector effects

N.G. thesis N.G. thesis

* Account for data to simulation differences
* Uncertainties estimation

* Finite granularity

* Understanding the detector is the key
  to realise new ideas in data

A lot more
is needed
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low fatjet mass
low subjet multiplicity
hard core + soft subjets

fatjet mass ≥ W-boson
two hard subjets 
partially contained top-quark

fatjet mass ≥ top-quark
three hard subjets 
fully contained top-quark

An example of jet substructure

ATLAS-CONF-2014-003
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A full information observable
Shower deconstruction

* all possible combinations of subjets are considered
* subjets are combined according to signal (top) and background (QCD) hypothesis
* each combination (shower history) is assigned a weight
* weight uses ME and Sudakov factors
* observable χSD given by the ratio of the total signal to background probabilities

many more combinations are possible

ATLAS-CONF-2014-003 ATLAS-CONF-2014-003
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Shower deconstruction
* still feasible after detector effects
* good description of the observable by the simulation 

   

A full information observable

ATLAS-CONF-2014-003 ATLAS-CONF-2014-003
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Shower deconstruction
* still feasible after detector effects
* good description of the observable by the simulation 
* best background rejection over a wide range of signal efficiency
* ideal for final states with huge QCD backgrounds

   

A full information observable

ATLAS-CONF-2014-003
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Single production of vector-like quarks
* larger cross section than pair production for high masses
* current limits reach 700 GeV
* the objective is to extend the reach to the TeV scale
* coupling to SM model dependent, two interpretations

- A handbook of vector-like quarks: mixing and single production
    J.A. Aguilar-Saavedra, R. Benbrik, S. Heinemeyer, M. Perez-Victoria 

- A First Top Partner Hunter's Guide
 A. De Simone, O. Matsedonskyi, R. Rattazzi, A. Wulzer

Using jet substructure
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* heavy T:

- high-pT W and b
- W and b produced back to back
- isolated b-jet
- using the large-R jet mass as a proxy to the isolation of a very high-pT b-jet

 Reconstructing singly produced top partners in decays to Wb
   N.G., J. Ferrando, D. Kar, M. Spannowsky

Using jet substructure
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* heavy T:

 - the final state

  

Using jet substructure
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* still feasible after detector effects

 

  

Using jet substructure

Phys. Rev. D 90

N.G. thesis

N.G. thesis
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* statistical analysis using a likelihood fit of nuisance parameters and signal strength
* TeV scale on sight

   

Using jet substructure

N.G. thesis
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* interpretation on the mixing versus mass space (J.A. Aguilar-Saavedra et. all)

   

Using jet substructure

N.G. thesis
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Using jet substructure

N.G. thesis
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Single production of vector-like quarks
* vector-like top (T) → Wb → lνb
* still feasible after detector effects
* TeV scale on sight
* interpretation on the mixing versus mass space (J.A. Aguilar-Saavedra et. all)
* interpretation on the coupling versus mass space (A. De Simone et. all)

Outlook
Shower deconstruction

* still feasible after detector effects
* good description of the observable by the simulation 
* best background rejection over a wide range of signal efficiency
* ideal for final states with huge QCD backgrounds

   

Looking ahead
* expertise of HiggsTools members on Jet Substructure
* maximise the potential these tools have for an observation of H→bbar
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