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Motivation

® Copious production of jets at
Hadron colliders.

® Boosted top quark (or New Hadron-level jes
Physics particles) could produce  m—
single jet signal at the Large ronievels. B
Hadron Collider (LHC). %

g

Underlying event

® TJo discriminate QCD jets from
boosted top jet (or New
Physics ) signal, we

need to study jet substructure



Jet substructure observables
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Various Theoretical Predictions

¢ Event Generators: leading log radiations,
hadronization, underlying events, etc.

® Fixed order QCD calculation: finite
number of soft/collinear radiations

® Resummation:all order soft/collinear
radiations

NLO

Y4 " Parton showering
://.’.‘ -
outgoing parton

Hard scatter



Factorization Theorem
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Eikonalization

Soft/collinear radiations can be detached by eikonalization

P

Eikonal vertices and eikonal propagators of
soft/collinear radiations can be
factorized and combined into Wilson line
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Jet Function

LO Jet: J -(O)(-m.?,i, Pog,R)=19 ('rni).

i

Quark Jet:
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Diagrams for NLO calculations

NLO Quark:

NLO Gluon:




Fixed order prediction has singularity at MJ->0
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Resummation for Jet function
(jet mass distribution)

In fixed order calculations, there are large logarithmic
terms of the ratio of jet pT to jet mass,

1
Il

which can be resummed by applying
renormalization group (RG) technique.

The key idea of resummation technique is to
vary Wilson line direction to arbitrary gauge
vector n, since collinear dynamics is
independent of n.



Soft Gluon Factorization
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RG Equation for Jet function
LO hard kernel G
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Up to leading logarithms, RG equation is
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To include next-to-leading-log contribution, G and K
are evaluated to two loops.




Mellin transform converts convolution to multiplication
1
TN, Prov Rog) = [ da(1 = )"V, Pr.o? R,
0
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ia TN Pr? R ) = 22 T (N Prov?, R i)
o 7V — V ) 9 , V' oy 1,
VN v dn,, s a dv? s a
RPrC Cov?’RP 1 -
—o |k (2 o)) + 6 (P ) ) | 4,V P

Jet function (in Mellin space), including resummation effect:
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Jet mass distrlbutlon
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Compare with CDF data after
convoluting with do/dPr
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Resummation Prediction for R=0.3 @ Tevatron
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Resummation Prediction for R=0.7 @ LHC
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Resummation prediction to jet mass distribution can be
tested in future by LHC data.



Jet energy profile
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Jet energy profile J* can be obtained by inserting
the step function in the jet function:
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U, (r) =

Jet energy proflle @ CDF
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Jet energy profile @ CMS
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Summary

Studying jet substructure is useful for testing Standard Model
and identifying New Physics.
@ Fixed-order calculations in jet mass distribution and jet
energy profile contain large logs, making predictions unreliable in
small jet mass or small r region.
@ QCD resummation provides reliable prediction and making
independent check to full event generators.
@ Resummed jet mass distribution including non-perturbative
contribution agrees with PYTHIAS for different jet pT and R,
and Tevatron CDF data.
@ Resummation predictions for jet energy profile agree with
CDF and CMS data.
@ Our formalism can be extended for heavy quark jet, e.g.,a
boosted top quark jet. (in progress)
@ Same formalism can be used in jet study at HERA and RHIC.
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Non-perturbative term
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Gluon jet and quark jet dominates in low and high pT region,
respectively, mainly caused by parton density (PDFs).



Dependence on different subprocesses
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Dependence on collider energy
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