
12 Aug 2013

Jets at LHC in the presence 
of 2011 and 2012 pile-up

1

BOOST 2013

Salvatore Rappoccio 
(State University of New York at Buffalo)



12 Aug 2013

Caveat
• This is intended as a “teaser” for the 

rest of the week’s talks related to 
pileup

• There is a plethora of quantitative 
information coming your way, this will 
only “guide the eye”
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Luminosity in Run 1
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Luminosity in Run 1
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Luminosity in Run 1
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Overall picture : 
Success!
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Luminosity in Run 1
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Overall picture : 
Success!

(Apologies to
Randall Monroe)
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Luminosity in Run 3
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Luminosity in Run 3
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Well, let’s see what actually
worked for us in the past!
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How did we manage?

• Detector-level selections
• Jet areas
• Tracking information
• Jet shapes
• Grooming
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How did we manage? Detector 
Selections
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CMS HCAL Charge Collection

versus 25 ns “slice”

Reduce integration time
to mitigate out-of-time pileup!
(tradeoff in resolution!)

ATLAS timing vs energy

Separately read out channels with
different phase to reduce OOT pileup
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Detector selections : Did it work?

• Detector resolutions for both ATLAS and CMS 
below 15% for low pileup, but degrades as you get 
more 
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How did we manage? Jet Areas
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The critical bit is here : 

See talks from Jesse 
Thaler and Gavin Salam!



12 Aug 2013

Jet areas : Did it work?

• Correct jets with the rho*Area method
• Overall jet energy uncertainty reduced to 1% for 

pt > 100 GeV
• Pileup uncertainty subdominant for pt > 25 GeV!
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Tracks from
leading PV Tracks from
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How did we manage? Tracking
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Charged
Hadron
Subtraction

Jet Vertex Fraction

See talks by 
Sven Menke, 
Phil Harris, 
Wouter 
Waalewijn!
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Tracking : Did it work?
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2.2% PU uncertainty 
@ 30 GeV

1.4% PU uncertainty 
@ 30 GeV

PF, no CHS PF, with CHS JVF

Drastic reduction of
number of jets / PU int.
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How did we manage? Shapes
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dR

MVA

See talks by Sven 
Menke, Phil Harris, David 
Curtin, Zhenyu Han!

Use shape of jets vs
shape of PU
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Shapes : Did it work?

• Can get mileage out of 
shapes to discriminate 
pileup jets even without 
tracking!

• Useful for forward jets!
– VBF tagging
– Was used in Higgs 

discovery
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How did we manage? Shapes

• Can also correct shapes for pileup directly!
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Shapes : Did it work?
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Boosted tops
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How did we manage? Grooming
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See talks by Sven 
Menke, Phil Harris, 
Jesse Thaler, Gavin 
Salam, Simone Marzani, 
Matt Low, Andrew 
Larkowski!

Trim
Groom
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Grooming : Did it work?

• Largely mitigated 
PU-dependence of 
jet mass

• Reduced overall 
QCD backgrounds 
for substructure
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Groom

Groom
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Grooming : Did it work?

• And of course, just look at the title of this 
conference

• Wouldn’t exist without mitigating the pileup!
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Grooming : Did it work?

• And of course, just look at the title of this 
conference

• Wouldn’t exist without mitigating the pileup!

24

And it was apparently delicious too, 
or so Emily told me ;)
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Grooming : Did it work?
• First questions at BOOST and elsewhere was whether it would work at all
• Expectation was that it would be more sensitive to pileup than “standard” jet stuff
• Now we’ve actually seen that it is LESS sensitive!
• Currently more limited by theoretical (PS) uncertainties than PU

– This won’t last for long

25



12 Aug 2013

Putting information together!
• There is no such thing as “too 

much pileup mitigation”
• Constant battle for which we 

must all be continually vigilant
• Adding ideas together will be 

an excellent way forward!
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Combine tracking info
and shapes

Grooming compared to shapes
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Jets and Pileup : Did it work?

• Most of these strategies were used in the Higgs discovery
• They were all used in one of the 500+ ATLAS/CMS papers
• No one expected to get this far as it is
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So yeah... there’s that
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Prospects
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The trick is to get it to work with 2-10x the pileup!
Should we lose heart? 
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Prospects
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Prospects

30

http://xkcd.com/1110/


