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Big Picture: 

 

The LHC is intended to find new “stuff” (BSM physics) 
 

At the LHC new and old heavy particles will often be boosted  1 jet 
 

It will be a challenge to find the new stuff! 

 
 Experimenters and Theorists will need to work together!!! 
 

 
Borrowed results from 
many sources – thanks! 



A Brief History – (as an older person history is my thing) 

• In the Beginning (~1970):Jets were thought of as single 

partons  

 

• Considered to have no relevant substructure  

 

• No unique definition – a colored object showering – 

details depend on specific algorithm 

 

• Algorithms evolved in 1980’s leading to Snowmass 

1990, and the iterative cone algorithm 

 

• Beginning of pQCD era of jet studies 
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More History 

• First jet substructure – the pT profile 
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And at the same time: 

• Mike Seymour was already talking about boosted things 

(but largely unheard) 

 

 

• We still we didn’t  

    discuss jet masses!! 

 

• Jet algorithms  

became more  

sophisticated in 2000’s 

- recombination algorithms 

  including anti-kT 
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From MS’s Boost 2011 
Summary Talk 



Finally in Late 2000’s things picked up 

From Mike 

Seymour’s 

Summary 

talk 
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A variety 
of jet 
grooming 
& tagging 
tools 



A real physics success story of rapid transition 

from theory ideas to experimental tools: 

• Aided by the BOOST meetings – 

Princeton, May 2011 

Oxford, June 2010  
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“New” Results at BOOST 2011 

• No time to review all, but note the outstanding 

summary talks: 

  Mike Seymour – Theory  

 Jon Butterworth – Experiment 

 

• Results in many areas: 

Tools – SpartyJet, FastJet, various Taggers 

Observables - color flow, N-subjetiness, 

  Gluon-tagging, No Tree substructure,… 

Calculations – improved MCs, Improved SCET 

Applications - top FB asym, unconventional SUSY 

     stops,… 
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• Here just mention some (personally) 

favorite highlights 

 

• Main Message - Boosted techniques are 

being tested/certified at the LHC  

(although few public results as yet) 
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Certifying Jet Substructure 

• Start with jet masses – Adam Davison - ATLAS 
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Jet Masses in QCD:  A Brief Review 

• In NLO PertThy   
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Peaked at low mass 
(log(m)/m behavior), 
  
cuts off for (M/P)2 > 0.25 ~ D2/4  
(M/P > 0.5) large mass can’t fit in 
fixed size jet, QCD suppressed for 
M/P > 0.3 (~   < 3)  
 
 

Turns over 
(Sudakov) 

Algorithm 
matters 

Tails 
depends 
(somewhat) 
on being 
matched set 

In MC 

Benchmark this behavior 
in data! 

D = 1, 500 GeV/c < pT < 700 GeV/c 



Still understood after Grooming 

• Getting 

handle on 

uncertainties 
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Grooming tends to remove the 
low mass peak 



As expected Grooming reduces sensitivity to Pile-Up 
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From Mario Martinez – good start but precision will require 

tuning of the MCs 
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A new observable - 
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Really CLIFFs 



SCET applications : 

• Jet Substructure is intrinsically multi-scale (jet pT > jet 

mass > subjet mass) with potentially large logarithms, 

a natural application of SCET 

 

• New progress with  

soft function –  

Chris Lee 
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A new window on the infamous non-global 

logs = NGLs 
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Controlling Jets with SCET – Jon Walsh 
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Add new scale & mode 
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Really fun was lecture by theorist (Matt 

Schwartz) on Boosted Decision Trees – an 

efficient path to optimal observables! 
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A Boosted Top Quark – from Miguel Villaplana 
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Summary: 
• Exciting new theoretical ideas, tools and observables 

continue to appear! 

 

• The certification of these ideas/tools is occurring in real 

time – maybe public data based results on efficacy later 

this summer  

 

• Still many challenges to determine and understand the 

uncertainties for jet substructure, both the theoretical and 

experimental –  

     Understand/control Pile-Up 

     Sum those logs 

     Tune those Monte Carlos 

      Understand those detectors 

      ……. 
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On to BOOST 2012 in Valencia 

• See next talk by David Miller & the 2011 

Working Group for priorities - 
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A Final Highlight – Rick and Steve as the LHC’s 

answer to Laurel and Hardy 
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