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Episode 0: Why jets?



Why Jets?

e Hard QCD process (fragmentation)
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e “Decay products” of interesting particles (H,t,W,7)

e They probe the quark-gluon plasma (QGP)

e Jet quenching is key smoking-gun evidence for QGP existence
e Whatis QGP? Jet production

Baryon density

// Highly energetic
g jet (leading jet)

Quark-gluon

Cartoon by
plasma

P. Jacobs

Low energy jet
(subleading jet) Strong interactions with the medium



L will not talk about

Why JBtSQ / thic much, but it'e cool!
e Hard QCD process (fragmentation) /

e “Decay products” of interesting particles (H,t,W,7)
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e They probe the quark-gluon plasma (QGP)
e Jet quenching is key smoking-gun evidence for QGP existence
® What Is 0 P? Jet production

Baryon density

// Highly energetic
g jet (leading jet)

Quark-gluon
plasma

Low energy jet
(subleading jet) Strong interactions with the medium



Let’s Zoom In

e (QGP existed shortly after Big Bang
e Extreme in all aspects

e Re-created in heavy ion collisions
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' Atomic nuclei

Neutron stars

Baryon density
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Heavy lon Collisions - Short Intro

o e D final detected
Relativistic H@GVY'IOH Collisions particle distributions

made by Chun Shen . Kinetic
reeze-out

Hadronization
Initial energy
density
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-— .. phase

QGP phase
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collision
overlap zone

viscous hydrodynamics free streaming

collision evolution
t~0fm/c t~1fm/c t ~ 10 fm/c T ~ 10" fm/c




How To Study QGP?

e Thermometer?
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How To Study QGP?

° er?

e Probes
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D G final detected
Relativistic HCGVY'IOH Collisions particle distributions

How To Study QGP? i y v

— i Hadronization
- Initial energy
density

e Soft probes
QGP phase 1“

e EM probes
e Hard probes

STAR, PRL 86 (2001)
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D G final detected
Relativistic Heavy-Ion Collisions icle_d :

How To Study QGP? e oY G sher

— % Hadronization
- Initial energy
density

e Soft probes
e EM probes
e Hard probes

free streaming

collision evolution
t~0fm/c T~1fm/c T~ 10 fm/c T ~ 101 fm/c

Jets are a critical probe of QCD matter
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Episode 1: Pre(jet)history



| | | . GAUFTPCAU020%
First Observation of Jet Quenching 5 °2 —prpmintias  Shpe ]
§ I * Au+Au Central ]

e High-p; hadron suppression s — i

Jet production
‘ < Highly energetic
, g L F jet (leading jet)

Quark-gluon
plasma

Low energy jet
(subleading jet) Strong interactions with the medium
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STAR, NPA. 757 (1-2): 102—-183




Alpha-Omega Observable
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Alpha-Omega Observable
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So We Have Everything?

e Broader exploration

of jet quenching mechanisms

: , . : .~ WEHAVEDISCOVERED ' S0 WE DONT HAVE TO BOTHER
o Different jet measurements: inclusive, JET QUENCHING WITHOUT ms WITH RECONSTRUCTIN THEN, HGHTe

coincidence, heavy flavor, substructure,... 3
\4‘

Turns ovt we really can and should reconstruct jete

y = 4
FRIGHT?
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Episode 2: What jets?



What Are Jets?

*only for illustrative purposes

JETS ARE COLLIMATED
SPRAYS OF HAD...

Jmgflip.com

THAT WOULD
BE TOO EASY

e
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What Are Jets?

e [Depends on definition

e (Quantum chromodynamics: product of hard parton (q/g) fragmentation

e Detector: bunch of particles in one region (“collimated spray of hadrons”)
e [Experimentalist (like me): whatever a jet-finding algorithm says

JHEP (2008) 0804:063

CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249
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et Clustering Algorithms (Actually Used

A%Z yi — y;i)? + (¢ — &;)*

e Minimize distance hetween particles
e Results are R-dependent

e Results are algorithm-dependent

o p=1->k; (soft first, background)
e p=0->Cambridge/Aachen (only angular s
dependence, substructure)

o p=-1->anti-k; (hard first, real jets)

e Infrared and Collinear safety
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Jets are objects that need to be treated carefully
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Episode 3: How jets?



|deal Jet Analysis

Measure all particles in the event
Feed them into jet finder

Magic happens

We have jets

Subtract background

Correct for instrumental effects
Estimate systematic uncertainties
Publish and profit
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|deal Jet Analysis

Measure all particles in the event
Feed them into jet finder

Magic happens

We have jets

Subtract background

Correct for instrumental effects
Estimate systematic uncertainties
Publish and profit




Approximation - Charged Jets

STAR, PRC 102 (2020) 5, 054913

1. Only charged particles Jg O [ AUAU (5= 200 GeVoe— R =02, A > 0.07 st
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We don't really know what ic backgrovnd
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5. Reducing Background
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6. Gorrecting For Detector Effects

e Simulated response matrix
e Truth -> Measured “easy”
e Measured -> Truth hard

e Unfolding = fake-inverting the matrix

) p_ RM x detector RM

0—20 -10 0 10 20 30 40 50

pre  (GeVl/c)
T je -



1. Systematic Uncertainties Nature doecn’t care about your cute!

e Repeating the analysis with different conditions and getting the ~same result

e Partially inherent

8. Publlsh and Proflt [M/on Docult of the Year” at CTAR ]
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Episode 4: How really jets?



Have a Real Calorimeter

CMS, PRC 96 (2017) 015202
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What If You Don’t Have One

e Take what’s available
o Make lots of studies
o Make it work
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CiaBa Ykpaini!

IIyTuH - Xyusio!
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