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Motivation

Propose a theoretical framework for
study of jet physics



Energetic heavy particles

Large Hadron Collider (LHC) provide a chance
to search new physics

New physics involve heavy particles decaying
possibly through cascade to SM light particles

New particles, if not too heavy, may be
produced with sufficient boost -> a single jet

How to differentiate heavy-particle jets from
QCD jets?

Similar challenge of identifying energetic top
quark at LHC



Fat QCD jet looks like top jet at high pT
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Jet substructure

 Make use of differences in jet internal
structure in addition to standard event
selection criteria

e Example: planar flow
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Our proposal: jet energy profile
 Energy fraction in cone size of r, ¥ (r), ¥(R) =1
e Quark jet is narrower than gluon jet

e Heavy quark jet energy profile should be
different
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Preliminary data
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Various approaches
 Event generator: leading log

radiation, hadronization, \H ! “ ;
underlying events Hadronleveljets ~ *

Hadronization

e Fixed order: finite number
of collinear/soft radiations

Parton-level jets

e Resummation: all-order
collinear/soft radiations
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Why resummation?

e Monte Carlo may
have ambiguities
from tuning scales
for coupling
constant

e NLO is not reliable
at small jet mass

e Predictions from

QCD resummation Tevatron data vs MC predictions
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Jet factorization



Eikonalization

e Jetis dominated by collinear dynamics from
loop momentum | to parallel jet momentum P}

* For attachment of collinear gluon,
eikonalization holds -> detachment of gluon ,

e For I <I”
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Jet definitions Almeida et al. 08
e Eikonalization leads to factorization

e Quark jet
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NLO diagrams
e NLO quark jet <1

e NLO gluon jet




Resummation

Technical part, ideas only



Key idea

Key idea of resummation technique is to vary
Wilson line vector to arbitrary n

Collinear dynamics is independent of n

Variation effect does not contain collinear
dynamics, and can be factorized from jet

Derive differential equation, whose solution

resums important logs In(P;/m;)
2
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Special vertex

Differentiation applies only to Wilson line

- Ja —
P,-n “dn n-1 P,-n{n-I
Special vertex ﬁﬂ kills collinear dynamics

Differentiated gluon gives hard and soft
contributions

Differentiated gluon, carrying dynamics
different from the jet, is factorizable
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Soft factorization (virtual)

o |f differentiated gluon is soft,
special vertex locates at outer /

end of Wilson line special

e |fitlocates inside (see figure), Vvertex
both gluons are soft -> NLO soft kernel
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Soft factorization (real)

e Similar argument applies to factorization of
differentiated soft real gluon

LO soft kernel K @ -
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Hard factorization

o |f differentiated gluon is hard, ﬂ
special vertex locates at inner

end of Wilson line /ﬁ
e |fitlocates at outside, both A N

gluons are hard -> NLO hard kernel
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Resummation equation

 Up to leading logarithms, resummation
equation is given by
n° d

——— P —J1=[GPY +KP +KP]®J
P,-n ~ dn”

* For next-to-leading-logarithm accuracy, G and
K are evaluated to two loops v* = (P -n)?/|n?

e Explicit expression in moment N space
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Jet mass distribution
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Jet energy profile



Prescription

* Define jet shape function J:(r) as follows:

e Associate kf@(r -0) with each final-state
particle i within iet coner. r<R

e Separation Z.ﬁ O(r — b, W—Zﬂ O(r —6;) +1"0(r — )
negligible
e Still vary Wilson direction n. in soft region

* First term gives
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Soft gluon effect

e Differentiated soft real gluon renders jet axis
of other particles inclined by small ari®sin 6/ P9

e This jet axis can not go outside of the
subcone

1°sin@/ P, <r

Jet axis of other
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Axis of total jet
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Resummation equation
e Resummation equation for jet profile
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integration over jet mass (insensitive to
nonperturbative physics)

e Resum In(angle r) from phase space constraint
for real gluons
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Jet energy profile @ CDF
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Jet energy profile @ CMS
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Resummation calculation
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Need to convolute quark and gluon jet energy function
with hard scattering amplitudes in order to compared
to data directly. This calculation is in progress.




Summary

Jet substructure improves jet identification

Perturbative calculation is not reliable in extreme
kinematic region (e.g. small jet invariant mass)

Event generators may have ambiguities (from tuning
scales for coupling constant)

QCD resummation provides reliable prediction,
independent check, and alternative approach

Analyzed jet function and jet profile for light quark.
Results are consistent with event generators
gualitatively

Numerical work on heavy-quark jet in progress



Back-up slides



Clustering algorithms

Algorithm description :

@ Define a distance
| AR?
Djj = m'”(P%- P‘zrj) RZU D; = P‘zﬂ

e Compute all {Dj;.D;} and d = min({D;;.D;})

o if d = Dj;: combine jet i with jet j
o if d = D;define jet i as a final jet

@ Exhaust all proto-jets

Variants : Anti-kt and Cambridge. In distance formula replace P% — F’%ﬁ”
@ p=1: standard Kt
@ p=0: cambridge
@ p=-1: Antit-kt



Factorization theorem
Different dynamics (characterized by E
and by hadronic scale A) factorize.

The former into hard kernels H, and the
latter into distribution amplitudes ¢.

Factorization theorem holds up to all order
In a, but to certain power in 1/E.

H Is process-dependent, but calculable.

Inputs ¢ are universal (process-
iIndependent) = predictive power of
factorization theorem



Solution in Mellin space

e Jet function

- | Ly -
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e Initial condition Jin without large logarithm is
evaluated up to NLO

e Inverse Mellin transform to get distribution in
jet mass
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