
Jet Substructure : a theory 
perspective

QMUL, 3rd December 2020



Outline
• Introduction and basics
• Theory issues from QCD
• Recent progress
• Challenges and prospects



Basic ideas

Either from going to 
high pT or from decay 
of heavy new particle





Jets from QCD vs boosted heavy 
particles

A gluon jet?



Jets from QCD v boosted heavy 
particles

A quark jet?



Jets from QCD vs boosted heavy 
particles

A W/Z/H?



Jets from QCD vs boosted heavy 
particles

A top quark?

Source : ATLAS 
boosted top candidate



Isn’t the jet  mass a clue?



Jet substructure and tagging



Also a need for grooming

Non-perturbative effects which degrade signal 
and shift can background into signal region



BDRS mass drop tagger (MDT)
Butterworth Davison 
Rubin and Salam 2008

MDT tags and grooms. Last step is 
pure grooming element needed at 
moderate pT



BDRS method results

Led to a rapid proliferation of tools !



Jet substructure for LHC 
searches

BDRS paper has > 
1000 citations

Butterworth, Davison, 
Rubin and Salam 
2008









J.Thaler, 
Boost 2017



Multiple scales and large logs

• Perturbation theory at fixed-order fails
• Can analytically ‘resum’ the logarithms for selected 

observables.
• Parton showers in GPMC codes also resum logs to a 

limited and ill-understood accuracy Progress here!



Non-perturbative effects









New higher accuracy showers





Recent Progress



Analytical understanding of 
substructure

Analytical calculations exposed crucial flaws in 
many existing methods



More robust tools

• Modifed mass drop tagger and its descendent SoftDrop
• Unique features implying very high accuracy perturbative calculations 

possible
• Widely used as jet grooming tools at  the LHC.



Precise Calculations and 
phenomenology

• Direct comparisons between data and first principles 
QCD theory

• mMDT/SoftDrop are widely used so confidence in tools 
is key.

• Significant development since 2012 ATLAS 
comparisons



Improvements to showers



New showers with 
unprecedented accuracy

• For the first time showers constructed and 
proven to have NLL accuracy. 

• Implies that formal accuracy would change 
from as high as 50% to about the 10% 
percent level.

Dasgupta, Dreyer, Hamilton, 
Monni, Salam, Soyez 2020



Powerful machine learning tools



Learning from the Lund plane



Learning from the Lund plane



QCD jets in the Lund plane



W tagging



Lund plane measurement

Roloff Boost 2019



Lund plane measurement

Non-trivial differences between generators and data.

Roloff Boost 2019




