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• Gone from “neat idea, I wonder if it will work in real life” to 
“critical tool, used even in Run 2 triggers” in ~7 years 
(modulo Mike Seymour’s foresight in 1993)
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All About That Boost!

See Dylan’s Talk!

BDRS

JHU Tagger



10 August 2015 3

‘Bout That Boost

Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013

Very active research field

3

Some taggers and jet-substructure observables

Jet Declustering

Jet Shapes

Matrix−Element

Seymour93

YSplitter

Mass−Drop+Filter

JHTopTagger TW

CMSTopTagger

N−subjettiness (TvT)

CoM N−subjettiness (Kim)

N−jettiness

HEPTopTagger
(+ dipolarity)

Trimming

Pruning

Planar Flow

Twist

ATLASTopTagger

Templates

Shower Deconstruction

Qjets

Multi−variate tagger

ACF

apologies for omitted taggers, arguable links, etc.

Gavin Salam (CERN/Princeton/CNRS) Boost Theory Summary Boost 2012-07-27 6 / 33

Some of the tools developed
for boosted W/Z/H/top 

reconstruction

Slide from Gavin Salam

2013
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And growing rapidly!
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‘Bout That Boost



• Results with boosts or jet substructure : ~760 to date 
– Cites one of Seymour 93, BDRS,JHU tagger, HEP 

tagger, n-subjettiness, pruning,filtering, trimming 
– 2015 : 111 so far, expect ~70 more? 
– 12 ATLAS,  

13 CMS,  
rest theory)
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‘Bout That Boost

(Last year corrected to expected for full year)

Extremely 
mature yet 

dynamic field!
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Pileup

#MoCollisionsMoProblems



• Run 1 : Set the baseline
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Pileup

Removal of 
PU tracks 

(CHS, JVF)

Shape discrimination

⇢⇥A
Grooming



• Run 2 : Kick it up a notch
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Pileup

Removal of 
PU tracks 

(CHS, JVF)

Shape discrimination

⇢⇥A
Grooming

Constituent subtraction

Neutral-to-charged 
proportionality

Cleansing

Pileup Per Particle ID  
(PUPPI)

Soft Killer

From pileup mitigation  
workshop at CERN

Better
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From Nhan’s Summary : BOOST 2014Roadmap

1 A Look Back at the Experimental Progression of Substructure at BOOST
BOOST 2010: These aren’t your daddy’s jets
BOOST 2011: “First” data
BOOST 2012: Kids in a candy store
BOOST 2013: Bringing substructure into the mainstream

2 Precision Jet Substructure Measurements and Experimental Techniques
Detailed calibration and validation schemes

3 Jet Substructure at Work: Tagging
New Tagging Techniques and Comparisons

4 Jet Substructure at Work: Searching
New New Physics Searches

5 High Luminosity Issues and Mitigation Techniques
Experimental Reality
Approaches to and performance of pile-up removal
Pile-up Jet Tagging

6 Looking Towards the Future
Where do our techniques break down?
Very high luminosity
Summary and conclusions

D.W. Miller (EFI, Chicago) BOOST 2013 Workshop: Experimental Summary August 16, 2013 2 / 36

BOOST 2014: If you ain’t boostin’, you ain’t livin'
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BOOST 2014: If you ain’t boostin’, you ain’t livin'

BOOST 2015: ???

BOOST 2016: Make Profit!  
(Characterization of the X(2036 GeV) E6.321 Resonance  
with Boosted Jets)



• This is not intended to be comprehensive, but just a short 
list of highlights from 2014  
– No sense in reiterating the theory+exp summary talks 

by Nhan and Mrinal, they’re already very good! 

• Just going over a couple of points that generated a lot of 
discussion and interest over the year 

• Don’t be offended if I left you out, this is a teaser for the 
week!
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Teaser



• First need to understand jet mass…
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Jet Analytics

At “NLL” :

Slide from G. Soyez

Dasgupta, A. Fregoso, 
S. Marzani, and G. P. 
Salam, JHEP 1309 

(2013) 029,



• …and going beyond!
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Jet Analytics

Multi-differential calculations 
(Larkoski)

QJets in SCET 
(Hornig)

Mutual information 
(Thaler)
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Tools, Tools…

Viola Sordini - IPNLyon 17

Grooming – jet mass resolution

With 4-vector 
safe subtraction

W jet mass resolution comparison
● Value of σ from fit in ±RMS range
● RMS truncated in ±3σ range

● PF+CHS+Grooming 
➔ improves resolution wrt to PF  
(6-11 GeV in the bulk, depending on 
the algo and parameters)
➔ improves stability VS PU

New! Soft drop!
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And More Tools

Data-driven 
techniques 
(Wacker)

Wavelet  
decomposition 

(Monk)

Jets from jets 
(Nachman)

Fuzzy Jets 
(Nachman)



• Also informing decisions about which generators to use! 
– E.G. CMS switching to PYTHIA8 for most analyses 

driven by agreement in substructure variables!
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Extensive Contact with MC Community
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Jet Tagging

BOOST 2014, UCL, London D. Lopez Mateos

Other Techniques

25

‣ Ws from tops can be used as a known-mass reference for EW jets!
!
‣ Also for calibrating taggers in specific kinematic phase space!
!
‣ Extrapolation to other regions of phase space requires understanding of tagging 
variables and use of MC simulation

[*
] 

JH
EP

09
 (

20
13

) 
07

6

August 18, 2014 E. Thompson - Columbia University 6

Where we started...
Grooming works on on uncalibrated 
substructure components (ie: subjet pT), but 
we needed to show that we could 
successfully calibrate on “global” jet scale 
(ie: jet mass, pT)...

arXiv:1306.4945
CMS-PAS-JME-13-006

Tobias Lapsien
tobias.lapsien@desy.de

V + top tagging in CMS
 
16

CMS Top Tagger observables:
 M

min
 not well modelled by simulation

 Effect maybe because of mis-modeling of radiation or merged subjets
 M

min 
better described in the for the central region

→ pseudorapidity-dependent scale factor
 Other variables well described  

|η |<1.0

 Performance in Collider Data

10

Top tagging – HEPTopTagger ATLAS-CONF-2013-084

Breaks C/A R = 1.5 jet with mass drop criteria until object masses
< m

cut

= 50 GeV (medium).
Filter with R

max

= 0.3 and use exclusive C/A to keep leading
N
filt

= 5 sub-jets.
Applies kinematic cuts and demand that a pair of sub-jets falls within
f
W

= ±15% of the W mass window.
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W tagging

top tagging



10 August 2015 21

Pileup Mitigation

Viola Sordini - IPNLyon 25

PUPPI + grooming

● PUPPI with and without 4-vector 
safe subtraction very similar : proof 
of PUPPI PU removal

● PUPPI : visible improvement for 
groomings that are per-particle

● PUPPI+grooming can introduce 
larger tails wrt to PUPPI alone (still 
best resolution)

Jet&substructure&(I)=

14 

•  Trimming continues to works up to�=200 
•  Jet mass distribution stable with � up to very high luminosity  
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•  Jet trimming: 
o  anti-kt R=1.0  
o  Rkt=0.3, f=5% 
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Number of Pileup Jets

Rate of data and MC pileup jets relative to the rate of real (MC) jets [8]

The rate of overlapping jets increases quadratically with NPV

This rate increases even more if you consider more than two overlapping jets

The probability of two overlapping jets with a given total pT (i.e. merged real and PU jets) is

given by p (overlap|pT )⇡N

2
pua

2
jet

A2

p6.2T
A change in the cone size will have a significant e↵ect on the number of pileup jets (R4 dependence)
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-1 = 8TeV L=20 fbsCMS Preliminary, 

 > 25 GeV
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| < 2.5 Jet pη |

µµ→Z
R = 0.5)R = 0.4: With an
R4 dependence we actually
decrease PU jet rate by 60%

The data and MC do not

match in the high NPV

region due to pileup

reweighting
The pileup is poorly
modeled in this region
It is more important that
we have proper
reweighting in the region
of NPV representing the
majority of our events

BOOST2014 A.Perlo↵ Tuesday 19th August, 2014 12 / 25
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Applications : Too Many To List!

Comparison of Unfolded Data and Di↵erent Generators 5/20
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No single generator
performs best for all
kinematic variables
considered.

�2 tests show that
the data have
su�cient precision to
probe the predictions!

DM searches with W/Z bosons

*only D5 constructive and
destructive cases shown here,
scaled

PRL 112, 041802 (2014)

I TopCR used to validate large-R jet

I Signal regions:
Emiss
T > 350(500)GeV

I 20.3fb�1 at 8TeV

For various models, derived 90% C.L.
exclusion limits on the e↵ective theory
mass scale M⇤

8 / 24

Search for  t1̃t1̃ (0-lepton) 

BOOST 2014, London 23 

• Profile likelihood fits 
performed in each signal 
region with simultaneous 
background fit in defined 
control regions 

Leading R=1.2 jet mass in tt̄  control region 

Observed Limits 

arXiv:1406.1122 

Search for tH resonances 
• Exclude M < 747GeV  

• Given BR T′ → tH = 1.0 

• Scan BR space 
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Diboson Excitement?

ATLAS X -> VV (hadronic) 
EXOT-2013-08
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All of Tuesday afternoon  
devoted to this!



• 2010 :  
– Boosted objects: A Probe of beyond the Standard Model 

physics  

• 2011:  
– Jet Substructure at the Tevatron and LHC: New results, new 

tools, new benchmarks  

• 2012 :  
– Boosted objects and jet substructure at the LHC 

• 2013 : 
– Towards an Understanding of the Correlations in Jet 

Substructure

10 August 2015 24

The BOOST Series Reports
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• The interest was low to write a BOOST report from the community 
– In retrospect, need to have the “working sessions” before people 

leave to get motivated and organized 

• Partially people’s time was split  
with the Pileup Mitigation Workshop  
– The idea of combined  

proceedings was kicking around 

• A few ideas were kicking around,  
but not enough for a full paper :  
– “Riveted” boosted tools 
– Using CMS open data 

• Also, there’s that pesky “Get ready for Run 2” thing that got in the 
way of many people ;)
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BOOST 2014 Report?

See Jesse’s Talk!



• Proposal 1 : add the BOOST 2014 and 2015 reports together, do actual 
work 
– Goals :  

• Pileup mitigation technique overview? Combine with PU mitigation workshop? 
• Combined theoretical and experimental ideas? 

• Proposal 2 : 2014 report is “review” of field, no original work 
– Goals :  

• Highlight, compare, contrast, educate 
– Also add 2015?  

• Discuss at session Friday! 
– Great opportunity for young people 
– Lots of visibility “outside” of experimental collaborations 
– High citation counts 

–But we need people to do the work!
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• Without further ado… 
 
Let’s boost!
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