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1. Introductioni The Big Picture

DQCD - e+e- Physics and Perturbation Theory (the
mproved Parton Model);

DQCD - Hadrons in the Initial State and PDFs

2. pQCD - Hadrons and Jets in the Final State

3. Colliders & Jets at Work
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= What we have -

A QCD = parton model

+ 3 colors

+ (known) running of coupling (measure .|
at some scale) |

+ (known) running (universal) PDFs
(measure at some scale)

+ (known) running (universal)
Fragmentation functions (measure
at some scale) e

+Sudakovf or scal e fievo  E=me )
& gluons Y

+ some knowledge of limits on -
Factorization demz
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A e*e - ISR quantity (Thrust, EEC, jets) Y perturbative

A ete'- h+ XY perturbative * Fragmentation
Aep- e+XY PDF

A ep- e+h+XY PDF * perturbative * Fragmentation

A pp- Jet(ISR)+ XY PDFs * perturbative (this lecture)
A pp- h(large pT)+ XY PDFs * perturbative * Frag

A pp- jet+h(small pT)+ XY PDFs * nonperturbative

Y MC (parameterize data based on perturbative)
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“ Limitations -

A (Limited) Knowledge of PDFs (gluon) & Fragmentation,
~10 %

A (Unknown) Higher order corrections, few %

A Want Higher order processes matched to MC, address
low pT hadrons in large pT events

A (Unknown) Details of breakdown of Factorization
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(& ASIDE: Check Kinematic Limits of ISR quantities

A Thrust in Collinear & soft limit [~2 jets] - potentially 2 logs!

1-T
sdT 2,0 1- T

A Back-to-Back EEC i Collinear & soft

1 dsS 1/21_/21/ &CF In(2/(1+ CO&]))
sdcosq P2 p H cos ¢

A Front-to-Front EEC i Collinear only [WHY 7]

1 dS Yy s 1t BaSC 1
s dcosqg 7 8 p~ 1 cos

S. D. Ellis Maria Laach 2008 6
Lecture 3



?ﬂmq Double Leading Logarithm Approximation -
B DLLA

A Inthe DLLA i sum the large double logarithms [soft & collinear] order
by order (often in impact parameter space) i corresponding to ordered
emission of gluons i

A Let k be a dimensionless parameter controlling this limit and L = In(k)
I a typical perturbative series or factor

18 a .1 &, 7 .6
P(k 1-—SCL24= C, Qe 2 C, Lg>
()~ 2B & 5 Ey O

17}

- EngiCX 1° ¥

A The probability to not radiate soft and collinear gluons, which is very
small if soft and collinear enough Y Sudakov Form Factor
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e . :
'f#ﬁ' Evolution In Words: The QCD/Parton picture

A Initial long distance i color singlet coherent eigenstates i resolved
Into colored partons - described by factored PDF (leaving out ISR)

A Short distance (§ 1 fermi)i7 pQCD (IRS) parton scattering

A Intermediate distances-fiBar e0 col or charges
final state radiation) simulated in MC, described by Sudakov
(double logs)

Allow showering from exposed remnant colored charges (~ collinear
with beam direction, initial state radiation = ISR) simulated in MC
(more Sudakov)

Allow multiple parton-parton interactions to simulate UE in MC

A Al ongo di rmd-nasseciafe colodsinglet sets of partons
Into hadrons (hadronization)
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Dictionary of Hadron Collider Terminology

EVENT

HADRON-HADRON COLLISION

Primary (Hard) Parton-Parton Scattering Fragmentation
Initial-State Radiation (ISR) = Spacelike Showers Perturbative: Non-perturbative:
associated with Hard Scattering Final-State Radiation String / Cluster
: (ESR) Hadronization
Underlying Event = Timelike Showers (Color Reconnections?)

= Jet Broadening and
Hard Final-State
Bremsstrahlung

Multiple Parton-Parton Interactions: Additional
parton-parton collisions (in principle with
showers etc) in the same hadron-hadron
collision.

= Multiple Perturbative Interactions (MPI)
= Spectator Interactions

Beam Remnants: Left over hadron remnants from the incoming beams.
Colored and hence correlated with the rest of the event A

PILE-UP: Additional hadron-hadron collisions recorded as part of the same
event.

From Peter Skands




Generic Detector at Tevatron or LHC

Muon
Chambers

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Silicon Tracker

beamline
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A é‘?' What Particles Produced in Collisions Look Like

Muon
Chambers

Hadronic
Calorimeter

Electromagnetic
Calorimeter

—— guark or gluon

Silicon Tracker .
beamline
photan electron
neutring
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Ifﬁz‘;%l Essential Quantitative Step - Define a Jet -

Use a jet algorithm - Based on some measure of the localization of the
expected (approximately) collinear spray of particles

A Start with a list of particles (4-vectors) and/or calorimeter towers
(energies and angles)

A End with lists of particles/towers, one list for each jet Y Provide an
ARaccur at eo me as urvectord df urklarlying (eleoit-i c s
distance) parton(s)

A And a list of particles/towers not in any jet i the spectators i
remnants of the initial hadrons (presumably) not involved in the short
distance physics

Not Unique !!
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# Think of the algorit
for seeing the (colorful) underlying
structure -

.........
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Defining a Jet |l -

Goals of IDEAL ALGORITHM (motherhood)

A

A

Fully Specified: including defining in detail any preclustering,

merging, and splitting issues

Theoretically Well Behaved: the algorithm should be infrared and

collinear safe (and insensitive) with no ad hoc clustering parameters
(e.9., Rsep)

Detector Independent: there should be no dependence on cell type,

numbers, or size

Order Independent: The algorithms should behave equally at the
parton, particle, and detector levels.

Uniformity: everyone (theory and experiment) uses the same
algorithms (to the best possible approximation)
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f .
Ty Defining a Jet Il -
Theory i

A Boost invariant results i use variables with appropriate boost
properties

A Kinematic boundary stability i use variables with appropriate energy
conservation to allow resummation calculations

Experiment i
A Minimize resolution smearing and angle biases
A Stability with luminosity i not sensitive to multiple collisions

A Efficient use of computer resources i but do not let this drive
problems with physics issues (e.g., seeds and preclustering)

A Easy to calibrate i not so worried about size of corrections as with
accuracy of corrections

A Easy to use!
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et Defining a Jet |V -

Basic types of Jet Algorithms:

A Fixed Geometric or cone i select particles with momenta nearby in
angle (i.e., nearby in the detector) i hadron-hadron
Simple geometry (in principle), so (in principle) easy correction for
underlying eventi i S p I-lars i

A k171 select particles pair wise nearby in momentum space (small
relative transverse moment) i first used in e*e" collisions
Topology event-by-event more complicated i i1 v a ¢ uw pnes
underlying event

BUT I

Real Algorithms are never IDEAL, but they come close (in different
ways)

Review the features here -
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They EXxist!

CDF Run |l Preliminal
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g== In the Beginning (1990) i Snowmass Accord

Cone Algorithm 7 between Exp & Thy

Cone Algorithm 0 particles, calorimeter towers, partons in
cone of size R (single parameter?), defined in angular space,

e.g., (hJ))

CONE center - (A°/©)

CONE i / Ciff \/(hi- Y 47 <f R

(Transverse) Energy Ef :é E} gET :Fir

iEC

Centroid =aE *hlE ; 7§ =aE' W E

iEC

NOT 4 - vector kinematics
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A Stable cones found by iteration: start with cone
anywhere (and, in principle, everywhere), calculate

the centroid of this cone, put new cone at centroid,
| terate unti |l cile.ns@ablesYt Brggos nf

jets (prior to split/merge)
ARAFI ow VeEQj)(ﬁC(‘)_ﬁ,_f -
AldJet is defined by fdAstabl eo
m=f =h; ’j =L FC 0

Y unique, discrete jets event-by-event (at least in
principle) with a single parameter R, and IRS!
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= Example Lego &
Flow
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