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The Higgs Potential
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The Higgs UV Catastlfophe

* Not drawn to scale!



Supersymmetry
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Supersymmetry
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Composite Higgs Field

Strong force composite states Composite Higgs sector
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Extra Spatial Dimensions




The Many Faces of New Physics
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The Worldview of the
Higgs Boson
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Is New Physics Top-Biased?

supersymmetric top quark pair heavy top quark pair

heavy gluon




LHC Midterm Assessment
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LHC Midterm Assessment

CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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The LHC: Mostly Boring




Color Radiation &
Hadron Formation
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like crazy
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Decay Rates Into Only Jets

Higgs Z vector W+ vector

boson boson bosons
(125 GeV) (91 GeV) (80 GeV)
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top quark
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How NOT to Discover the
Higgs Boson
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Going to High Momentum
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Going to High Momentum
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Dissecting Higgs-Jets with
Jet Substructure

energetic spray of particles jet substructure
Did this come from Standard view integrates out Modern methods let us “peek”
a Higgs decay? all internal structure inside in a controlled way

Butterworth, Davison, Rubin, Salam (2008)
building on work by
Seymour (1994)
Butterworth, Cox, Forshaw (2002)
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Resurrecting W/Z + Higgs
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3.5-4.0 TeV per beam (CMS)

Weighted sum over momentum regions
No jet substructure (yet)



How NOT to Discover the
Heavy Gluon?




How NOT to Discover the
Heavy Gluon?




How NOT to Discover the

Heavy Gluon?




Nearest-Neighbor
Jet Clustering Example

* a.k.a. the Cambridge/Aachen algorithm

@ b




Nearest-Neighbor
Jet Clustering Example




Nearest-Neighbor
Jet Clustering Example




Nearest-Neighbor
Jet Clustering Example




Nearest-Neighbor
Jet Clustering Example




Nearest-Neighbor
Jet Clustering Example




Jet Clustering History
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Top-Jet Substructure
via Declustering

JET “hard” split

4J o “soft” split

cell cell

SUBJET #1 °
SUBJET #2

Kaplan, Rehermann, Schwartz, Tweedie (2008)



Top-Jet Substructure
via Declustering

JET “hard” split

4J o ‘“soft” split

SUBJET #1a

SUBJET #1b SUBJET #2

Kaplan, Rehermann, Schwartz, Tweedie (2008)



E=1TeV Top-Jet Gallery




E=1TeV Top-Jet Gallery




Internal Jet Kinematics

Probability
Probability

Top Tagging Algorithm
CMS Simulation
\s=7TeV

Top Tagging Algorithm Top Tagging Algorithm
CMS Simulation CMS Simulation
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All-Jets Background
Mass Spectra

top background
QCD background
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CMS Heavy Gluon Search

Jet 3 :
pt 47.8 GeV/c,
b-tag discriminant 4.2

Jet 2: Jet Pruning

pt 484.3 GeVic,

mass = 68.8 GeV/c2 |
Jet 2 + 3 : Mass = 167

Jet 1 : Top Tagging

pt 589.1 GeVi/c,

3 subjets,

|mass = 186.7 GeV/c2,
minMass = 87 2 GeV/c2

M > 1.8 TeV fully jetty M > 2.5 TeV combining channels , x;y.1309.2030 & Phys Rev Lett



ATLAS Heavy Gluon Search
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Semileptonic “Top-Jets”

mini cone angular radius << 1/E(M)

Rehermann & Tweedie (2010)
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Mini-lsolation Performance
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Substructure Tactics Multiply

Declustering Analytic Methods Grooming

(EZ» - ¥ Etl> ’
AR

Secondary Decomposition ( 0,7)

Primary Decomposition:
Repeat on parent clusters

Break jet into two parent

Initial jet [)iT/[JJ;( < feut Trimmed jet

clusters ° ° o

—_— — Py

Require >= 3 subjets

> [)T/I)T/AR?A}I\'(H — ARy))

> pripT;AR}E
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L

Initial jet p¥/p41*1'2 > Zau or ARj,j, <R Pruned jet

Color-flow / Radiation pattern
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cos(0)



An ATLAS “Top-Tagger”

* also now explored by CMS

HEP Top Tagger Ste p 4 :

Ste p 1 . Mass drop decomposition
Filtering: keep only
Mass drop custer g the 5 leading
! subjets

decomposition
Isinput ') yes |Save output
mass < 307, subjet

no

Does input
have 2 no__ | Save output
clusters?

subjet 2
no Repeat reclustering and filtering procedure for all combinations of 3
mass drop subjets

.
.
Subjet 1/ oo\ _Subjet 2 ~
Loop over all ﬂ—% M+ < 0.8 Minput ?)
combinations of clusters
3 mass drop mi>mz yes
subjets
‘ .

Pick the combination

Recluster with with filtered mass
Rfit=min(0.3,ARmin/2) closest to the top mass.
: Recluster to force 3
subjets

Based on Plehn, Spannowsky, Takeuchi, Zerwas (2010)




New CMS “Top-Taggers’

CMS Simulation, Vs = 8 TeV

—
e
\

energy

Mistag Rate

better
performance

p, > 400 GeV/c
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—— CMS Top Tagger
---: subjet b-tag
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0 0.1 0.2 03 0.4 05 0.6 0.7 CMS Comb. WP3
Top Tag Efficiency CMS Comb. WP4 A HEP Comb. WP3

Mistag Rate

CMS PAS JME-13-007



Substructure Applications Multiply

* resonant WW /WZ/WH / ZH

* supersymmetric particle decays

« composite fermion decays

» top + Higgs associated production

» TeV-scale weak boson scattering

* energetic Higgs decays to W's, tau leptons
e sSpin measurements

« dark matter + Higgs associated production
* very high-multiplicity exotic particle decays



Heavy Exotic “Top Partner”
= +5/3

H;=1274 GeV

CA Top Jet
pr =633 GeV
n=0.3

Electron
AKS Jet Py =69 GeV
p; = 66 GeV n=0.1
n=-1.0
AKS Jet
pr =352 GeV Muon

n=0.2 pr =154 GeV
CMS Experiment at LHC, CERN =-0.3
Data recorded: Sat Dec 1 05:51:47 2012 CDT .
Run/Event: 208357 / 25787738
Lumi section: 26
Orbit/Crossing: 6689606 / 1102

Mass limit M > 770 GeV

arXiv:1312.2391



LHC 2020 Assessment?

CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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Composite Higgs / Extra-dimensions simplified models



Hiding the Supersymmetric
Top-Quark

100% jetty decay

No sensitivity at LHC

(Pre-existing limit: M > 100 GeV)
Bai, Katz, Tweedie (2013)



Recapturing the Signal with
Substructure

The next discovery? (2014)

—————

I' .
,» hormal jet
¢ analysis
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S/B

700 150 200 250 300 350 400
m,,q (GeV)

Our simulation of current data set

super-top #2

(background curve derivable from data)



Some Next Steps

Continue expanding applications
“Event substructure”

Color charge measurement
Limitations (e.g. weak radiation)
Future colliders
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Summary




