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Who am I ?

Yu-Dai Tsai (YD, aka Dennis on my passport)

The head of CERN Summer Student Social Group

(Self Entitled !) and TH & Concepts Study Group .

Got Math B.S. in National Taiwan University,

Studying Physics M.S. in National Tsing Hua University.

Will spend the next academic year in UC Berkeley
and try apply for PhD in the US and in Europe (CERN!!!).
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Research Interests & Experiences

Hep-th/GR - Phase Structure of Kerr-AdS Black Hole
Physical Review D, http://arxiv.org/abs/1104.0502

Pure theoretical interest and may has implications on AdS/CFT

Hep-ph/QCD - η-η′- G-ηc Mixing on Charmonium and B Decays
(Physical Review D again, http://arxiv.org/abs/1110.6235 )

Need BSM to explain the anomaly? or SM+mixing can do the job?
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Research Interests & Experiences

Hep-lat/QCD/cond-mat -

A lattice and mean field study on imbalance low energy fermions
(Preliminary!)

Remaining Piece? High Energy Experiment!

Summer in ATLAS @ CERN - the Current Center of the World

of the Nerds Who Study Particle Physics, Yeaaah!
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Outline - Inclusive Jet and Dijet Crosssection

What Is Jet? Why Is It Important?

Inclusive Jet & Dijet cross section

Jet Finding Algorithm

Project Breakdown!

- CMS vs ATLAS

- The APPLgrid Project
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What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



What is a Jet?

A narrow cone of hadrons and other particles

produced by the hadronization of a quark or gluon in a
particle physics/heavy ion experiment

Partons: good for matrix element calculation of hard process

Jets: the reality of life, can be visually seen in detector

A four-jet collision event in ALEPH, LEP (CERN)

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



Three Levels of Jets

From Philipp Schieferdecker (KIT)’s presentation
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Why is it important?

The Golden Era of Jet Physics?

LHC: pp collision in TeV-level is bound to be
jetty

BSM signals - SUSY, Extra Dimension

- jet guark/gluon tagging...

Hot QCD matters - Quark-Gluon Plasma - jet
quenching,

Jet mass, jet charge, and jet substructure
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Why is it important?

An example again from Prof. Schwartz

P 

P 

Example: Supersymmetry 

6 Jets 
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Why is it important? Quark-gluon Plasma

Jet → quenching → understand QCD matter (QGP) →
Early Universe
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Why is it important? Hot QCD Matter in Early Universe
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Inclusive jet and dijet cross section data

2010 data sample, a total integrated luminosity of 37 inverse
picobarns

Inclusive Jet double-differential cross sections, as a function of
jet pT and in bins of y, |y | < 4.4.

Coverage: inclusive jet transverse momenta from 20 GeV to
1.5 TeV.

Dijet: two leading jets with pT within certain range.

Dijet invariant masses from 70 GeV to 5 TeV
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ATLAS vs CMS - cross section

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



ATLAS vs CMS - ratio cross section

Yu-Dai Tsai Summer Research on Inclusive Jet and Dijet Cross Section at CERN



The Applgrid Project - The Black Board Time
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Jet Finding Algorithm - from Philipp Schieferdecker (KIT)

Sequential Clustering Algs
• Based on the following distance measures:

distance dij between two particles i and j:

distance between any particle i and the beam (B) diB:

• Compute all distances dij and diB, find the smallest
if smallest is a dij, combine (sum four momenta) the two particles i and j, 

update distances, proceed findint next smallest

if smallest is a diB, remove particle i, call it a jet

• Repeat until all particles are clustered into jet

Δ2
ij = (yi − yj)

2 + (φi − φj)
2dij = min

(
k2pTi, k

2p
Tj

) Δij

D

diB = k2pTi
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Well, this is not the best moment ever

Redefining Moment:

How standard our nature is? Still room for simple new physics
models? Within reachable scale?

It is all about Standard Model now

Know your background (SM) for your signal (BSM)

This field will rely heavily on Monte-Carlo and Jet Physics

Talk to theorists: explore in order to exclude (or maybe verify)
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It is also not the worst time

The July-4th sensation!

Discovery machine: LHC Data is will pouring in with hopes of
BSM signals.

Precision measurement machine: Eying ILC

Thriving Neutrino experiments and Cosmological Observations

Neutrino, Dark Matter, Dark Energy

Going BSM anyway!
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This is not the best of times, nor the worst.

It is OUR TIME NOW!
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Let’s get the party started
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