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Jet Substructure

* Understanding the substructure
of jets is crucial for LHC
phenomenology

* Itis important for new physics
searches

»distinguish jets coming from
decays of boosted resonances
from QCD jets

* Jet shapes enable us to look at
energy distributions inside a jet




Jet Mass Spectrum in Experiment
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MC vs Analytical Approach

 MC simulations using parton showers

» provide fully differential events on which any observable
can be measured

» interfaced with hadronization to give a realistic description
» formally LL (although contain many sub-leading terms)

* Analytical Calculation

> feasible for a limited number of observables

» well defined and improvable accuracy, which often exceeds
the MC one

» they can help development and validation of MC tools

The two approaches are complementary !



Analytical calcuation

o« eTe Colliders

— angularities in multi-jet events
Ellis et al. JHEP1011,101 & PLB689,82-89,2010

— m; with a jet veto
R. Kelley, M. D. Schwartz & H. X. Zhu

* Hadron Colliders

— my in Higgs + 1 jet &y +1 jet

Stewart et al. Schwartz et al.

— Jet Energy Profile - W(7) H.-n.Li, Z.1i&C.-P Yuan

— my in Z+ 1 jet &dijet at NLL M. spannowsky et al. JHEP 1210, 126



Soft-Collinear Effective Theory- SCET

Light cone unit vectors:
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Introduction to SCET

Energy Scale
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Energy Scale

Jet mass for dijet process A
Large logarithms from fixed-order:
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Factorization
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Factorization
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Color Structure

R. Kelley & M. D. Schwartz, PRD83, 045022
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Hard Function
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Jet Algorithm
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Soft Function
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Refactorization of Soft Function

The soft gluon in/out the cone correspond
to different scales: u;,~m5/pr & Uour~S4/Pr
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RG invariance
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Jet Mass Spectrum at Fixed-Order
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Scale Choices

41

L — ——

1
]

—p =200 GeV
—p,=300 GeV
—p,=400 GeV
—p, =500 GeV
—p =600 GV

PEPE P R BT T
1 12 14 18 18

L

pp = 14 pp,

= 0.2pr +80GeV,

—H pT=300 GeV

—— . pT=500 GeV

— u_, pT=300 GeV
——u_, pT=500 GeV

0 071 02 03 04 05 08 O7 O0& O9

wip,

(b)Soue and J

= 1.67m%*" (m; in GeV)

Fja

L 19 L
IR IRETHRIENI RN TA N TR NI AR I RARTANI NN INU IR NT

|
|
|

0s |.1 m'lOOGe\‘
oaf pp— 2jets
3 p =400GeV
o bl il [POPER] PR PR B el
a8 1§ 2 25 3 35

— 0.5])']’ .

f)
wim,

(¢)Sin and Jobe.

_-....1....l’....i....l'....l....l....l....l....-



Scale uncertainties
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Discussion

gluon jet vs. quark jet
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Predictions of jet mass spectrum
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Summary

e Factorization formula has been derived with
SCET

e Calculate the soft function with anti-kT
algorithm

e RG invariance has been checked
* Asignificant enhancement for NLL to NNLL,

e Jet mass spectrum is sensitive with non-
perturbative effects



Thank you!



