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Figure 16. Mis-tag vs. efficiency for several top tagging methods, as tested on
SHERPA matched i+ jets and multijet samples. For Figures (a) and (b), the
input parameters are optimised for each efficiency point. The input parameters

for the unoptimised scans are taken from the 35% efficiency point in Figure (b},
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Data: boosted W's and tops!
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Handles for distinguishing signal v. background

//softer prong mom. fraction z
boosted X 1 radiation off
prongs sensitive to
their colour .

(1~ i ur (q V. g)
large-angle (>> 2m/p,)
radiation off X sensitive
to its colour charge

8ogele) Y9—agle) &sbb  Hovh  Toaaa

softer prong z soft soft hard hard hard

prong colour factors 2xCp Cp+Csq 2xCr 2xCg 3xCg

system colour factor Ca Cr Ca 0 Cr
Background-like Signal-like
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New Methods and Observables
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Some taggers and jet-substructure observables

Jet Declustering

Seymour93

YSplitter Jet Shapes
Matrix-Element | \ ATLASTopTagger

Mass-Drop+Filter

/

JHTopTagger TW —— Planar Flow
Templates
| N-jettiness
CMSTopTagger Pruning /
Trimming CoM N-subjettiness (Kim) ACF
HEPTopTagger Twist o
(+ dipolarity) — N-subjettiness (TvT)
| 1l 1
Shower Deconstruction Multi-variate tagger

Qjets

apologies for omitted taggers, arguable links, etc.




Qjets in practice

Fastjet Plugin: http:/ /jets.physics.harvard.edu/Qjets H 0rn|g

* oo many trees to consider all
e can sample KT like (or CA like) randomly:

® at each stage, merge pair w/ prob.

(rx) (dtj _ dmln)
Wi Sexpy—a-—————=
w (Jmin

Qjets+n-subjettiness

e this gives a tree,

Sum over Trees

B I | L L i L
0 81 02 03 04 05 06 07 08 09 1

Jet Mass

What is the physics that Qjets is exploiting?
Greater fragmentation in gluonic systems? J
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e Angular Correlation Function (ACF) Larkoski

G(R)=) pLipi;AR}O[R — AR;j]
i7]
® |RC safe

® If jet is scale invariant, G(R) ~ R”

® D = |RC-safe definition of the scaling/
correlation dimension of the jet

ACF (aka energy-energy-correlation moments) is an observable a bit
like angularities, but with very special resummation properties —
keep an eye on it for the future

studied for ete™ also in Banfi, GPS & Zanderighi '04
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Freytsis: Lopsided jets for low-pt tops Template Overlap Method

0.500 .
Juknevich
0.100
0.050
2
g
@ Pr 200-400 GeV
Z 0.010 Our tagger + Nsub
£ 0.005 Our tagger
N—subjettiness
JHI
0.001 Trimming
0.0 0.2 0.4 0.6 0.8 1.0

tagging efficiency

Good overlap Ov ~ 1

Ov ~ exp —% Z(Z By — Ey)?

t N jet
Instead of cutting on subjets, cut on set of
templates that you try to match to the jet

New: 3-body templates for 2-body decays
+ results for Higgs searches
Soon: publicly available implementation
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Shower deconstruction: matrix element method “on steroids”

Need to convert the shower B““‘kg‘““l“d SRR
history into analytic expression Lines: shower deconstruction
b Points: HEPTopTagger
WV V
001 |
= 500 < pr;< 600 GeV
= 600 < py ;<700 GeV
.00t = 700 < prj <800 GeV
N = 800 < py; <900 GeV
full matrix = pr;>900GeV
element 1074 ® HEP: 500 < py;< 600 Ge
® HEP: 600 < prj< 700 Ge
® HEP: 700 < pr; < 800 Ge!
10-5 ® HEP: 800 < pyj < 900 Ge
®  HEP: py;> 900 GeV.
top Spannowsky
L L 1 L Signal Efficiency

02 0.4 06 08

What’s new: it has now been applied to tops

What | like about it: it uses “maximal” physics info, so there are good
reasons why it should work better than other methods
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Schwartz it e, JET CHARGE
Measured the energy-weighted jet charge:
Q= — 3 QE .
Biet jeses Compare to Pythia

» Consider jets from

1

(@) = 15

ARy

jet p_T-weighted charge, min p_T = 50 GeV, Zprimel000_uu.dat
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Jet Masses
and other calculations

Boost 2012-07-27 12 / 33



Wi e Pt1pPt2 AR:%z J

for parton with p; = 300 GeV, jet R = 0.7,
30 GeV of jet mass comes from 7 GeV emission

for parton with p, =2 TeV, jet R =0.7,
30 GeV of jet mass comes from 1 GeV emission

This sensitivity to low momentum scales is what makes masses difficult
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Jet masses from two groups

1/o do /g
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Z+ijet, R=0.6, pr, > 200 GeV

NLL+LO with shift a= 1.5 GeV m—
NLL+LO with shift a=2.0 GeV mm—
Sherpa with hadronisatios
Pythia 8 with hadronisatiol
Herwig++ with hadronisation -

\

Marzani

0.05 0.1 0.15 0.2 0.25 0.3
L=mypry

.012 " .
0.0 NNLL calculation Pythia gggH
R=1 geometric scheme Tune 5
0.010F pT=550 GeV, y=0 500<pT<600 GeV
R=1,lyl<2
0.008 ca
anti-kT

0.006

0.004

0-002 Stewart

0.000

0 50 100 150 200 250 300

my [GeV]

Resummed jet masses compared to Monte Carlo showers

These results are a significant theory development of the
workshop

Boost Theory Summar

but, be aware of the fine print
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| Non—glob al IOgaritth |

BUT, even if we use anti-k,, exponentiation of the

independent emission is not the whole story

The jet-mass is a non-global observable: it

receives single log corrections from correlated

emission

This is a CyCa term and it's missed by single

gluon exponentiation

In principle we need to consider any number of

gluons outside the jet

Colour structure becomes intractable, so the

resummation is performed in the large N. limit

Gavin Salam (CERN/Princeton/CNRS Boost Theory Summary

Dasgupta and Salam (2001)
Banfi, Marchesini and Smye (2002)




Do (NLL!) non-global logs matter when you do NNLL?

Stewart Solid: as above

Z+jel, R=0.6, py; > 200 GeV

Jet Functions ——
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opposing conclusions
[see backup slides for my detailed opinion]
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Hadron masses matter for jet masses

Pythia 8

O
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L LHC, s8-8 TeV, Pythia8(4C). noUE

anti-k{R=0.7), p,;>500 GeV, 0..40 PU

—+— hard+PU
—+— subtracted

Soyez
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What about calculating masses with grooming?

o
Q0
& '\0“7 arXiv.org > hep-ph > arXiv:1002.4557
?‘60\5

Non-Global Logarithms in Filtered Jet Algorithms
Mathieu Rubin

b (Submitied on 24 Feb 2010 (v1), last revised 10 May 2010 (this version, v2))

We analytically and numerically study the effect of perturbative gluons emission on
the "Filtering analysis", which is part of a subjet analysis procedure proposed two
years ago to possibly identify a low-mass Higgs boson decaying into b\bar{b} at the
LHC. This leads us to examine the non-global structure of the resulting perturbative
series in the leading single-log large-N_c imation, including all-ord

= numerical results, simple analytical approximations to them and on the
structure of their series expansion. We then use these results to semi-analytically

optimize the parameters of the Filtering analysis so as to suppress as much as
Wa |5 h ]et possible the effect of underlying event and pile-up on the Higgs mass peak
reconstruction while keeping the major part of the perturbative radiation from the
b\bar{b} dipole.
My opinion: with all techniques we

collinear modes soft modes have at hand, | see no reason why
Any mixing between the modes will violate we can't obtain reasonably precise
a naive soft-collinear factorization predictions for groomed techniques

Gavin Salam (CERN/




Thaler:
L NLL" results
g dr
2 . T T . o
: 1—\, ——  full without fitting c4u,
Lol 24 Gy
15}
|
| | do
Wt | 2,
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s
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[Abbate,Fickinger,Hoang,Mateu,Stewart;
see also Becher, Schwartz]

Hard, Jet, and Soft Functions to O(os?)

Recycling Thrust Results

20
NLL Calculation
i —Q=0Gev ]
N Q=50 GeV
Q= 100 GeY
o — Q=200GeV
—— Q=400 GeY
; — Q= 1000 GeV
5 ) -
i S
i —r =
ollid ., . . . . .
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Resummation to N3LL

Ta1

Leading Shift from Non-Perturbative Power Correction

Jesse Thaler — Progress in N-subjettiness

[See Vicent Mateu’s Talk]

17

NB: one still needs to select the jet mass (which has NLL ISR distortion)
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Other calculations, not presented here

Ferrera, Grazzini & Tramontano '11
WH production (differential) @NNLO

0.5

0.4

\\‘\Th

& (fb/bin)

e
w

0.1

PP~ WH+X-1ubb +X Vs=14 TeV
my=120 GeV

Hp=pg=my+my

e 01,=2.617 + 0.003 fb
LT

Oyio=1.487 + 0.003 fb

_ Oyno=1263 £ 0.014 fb
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WH prod” & decay @NLO
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0.014 Banfi & Cancino '12
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Robustness
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Robustness to colour-flow? (Octet v. singlet resonances)

T L 9 F . 7
= 4 = a5 =
D; 89 F CMS tagger 5 = HEPTopTagger
2 E sl = =
S a0f Vary m window 3 _@ 30 Vary mass plane cuts —
B E 7 I £ ) |
% £ s Vary m. window g = Vary m. window =2
250 ] 250 i
5’ E - Vary m and m, windows ) _g S Vary mass plane cuts and m., window o
o 20| =q & E
2 F i | =
=3 E 3 =2 =
8 1sE Spannowsky 2 B b 3
10F = f— =
B Gluon 4 = - Gluon =
5F 2] 1
E Photon ] -~ Photon =
[ — &l
— 60F 5 = 3
= sof "k s 3 2 E
38 a0k ERES-1 =
e ] §é :
55 0 ERE E
55 %F S
S
10
0 . .
102 10" 1 10% 10" 1
Mis-tag efficiency [%] Mis-tag efficiency [%]

Conclusion: top-tagger with in-built grooming < affected

NB: sensitivity appears for aggressive working points (very low mistag),
while experiments work with higher mistag rates
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Subtraction pileup from shapes

Average Jet W|dth V. nPU

pile-up Soyez ghosts e
0.025 |
0.02
OC p >< hg 0.015
E&; 0.01
) 0.005
fsub(jet‘) = ffull(jet) — P Qghost aghostsca]effllll(jet) 0
1 2 . .
=+ a(p aghDSt)z aéhostscalefﬁl]l(let) +... -0.005 5

without pileup:

Application to 73/7 with 30 pileup:

based top tagging:

LHG 5-8 Tev PylhlaE(4C) noUE
anti-k{R=0.7), p>500 GeV, 0..40 PU

{(‘.0 hard+PU ——
ub(y) —x—
sub(num)/sub(den) —s—

after subtraction

after subtraction:

5 10 16 20 25 30 35
Py

35% v. 2%
20% v. 0.5%
35% v. 2%
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Software tools
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Sparty]et tools: Moments

® HullMomentTool

Vermilion

SpartyJet tools: Substructure

® EtaPhiMomentTool
® TopDownPruneTocl e wN(Sub)Jettiness
® PtDensityTool ® MassDropToop ® WTaggerTool
® JetAreaCorrectionTool &' JHPruneTool ® TopTaggerTool
® ¥YSplitterTool ® sSubjettathicol ® JHTopTagger
® SubjetMergeTool ® CMTopT
® JetMomentTool: 4 g SREIRE
® FilterTool ® CMSTopTagger
® HeavierSubjetMass
® BDRSFilterTool ® HEPTopTagger
® FinalDij
* = Spartyjet tools: Selectors
® DeltaR ® JetPtSelectorTool(ptmin, nmax)
® zcell ® JetPtOrESelectorTool(ptmin, emin)
[ ]
zeut(N] ® JetEtaCentralSelectorTool(eta)
® JetEtaForwardSelectorTocl(eta)
® JetMassSelectorTool(mass)
® JetlInputPdgldSelectorTool(vector<int> ids)
® JetMomentSelectorTool<Momen>(name, min_wal, max_val)

Gavin Salam (CERN/Princeton/CNRS



4 | fastet hepforge.org/contriby ~ El [g~ € 2|

Fast]et is hosted by Hepforge. IPPP Durt

Soyez
s fastjet.fr Fastjet Contrib
« fastjet-contrib
« contrib svn The fastjet-contrib space is intended to provide a common
location for access to 3rd party extensions of Fast)et.
* Tracker
s Wiki As of late May 2012, the contrib space is not quite up yet, but

we hope it will be soon. If you are interested in contributing,
contact ane of the Fastjet authors.

Currently working on the guidelines

» files required (COPYING, AUTHORS, README,
an example)

» build system (Makefile with little requirements)

2

FJ contrib is still in a seedling stage.
Its success will rely on community input
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Charged particles at 900 GeV in ATLAS
Inclusive jet cross section and di-jet mass and chi spectra at 7 Tev in ATLAS
Track-butad Underlying avant st 900 G dnd 7. Tul dn ATLAS
Inclusive isolated prompt photon analys
Tracksbased pinimun igs; 500 Gel ahd 2,36 and 7 Tev in ATLAS
Wijets jet multiplicities and p
single lepton search Tor supersymme(ry
B-jets search for supersyametry with 0-leptons
Measurenent of ATLAS track jet properties at 7 TeV
Measurenent of the W pT with electrons and muons at 7 TeV

Measurenent of electron and muon differential cross-section from heavy-flavour decays

KSO and Lanbda production at 0.9 and 7 TeV vith ATLAS
Z+jets in pp at 7Tev

Jet shapes at 7 TeV in ATLAS

Dijet azinuthal decorrelations

0-Tepton squark and gluino search

Calo-based underlying evet at 900 GeV and 7 TeV in ATLAS

Huon charge asynmetry in W events at 7 TeV in ATLAS

Two lepton supersymnetry search

1-Tepton and 2-lepton search for first or second generation leptoquarks
Long-lived heavy charged particle sear

Inclusive isolated diphoton analysis

Measurenent of dijet production with a veto on additional central jet activity
Measurenent of nulti-jet cross sections

Measurenent of the Z pT with electrons and muons at 7 TeV,

0-Tepton squark and gluino search

single lepton search for supersymnetry

High jet nultiplicity squark and gluino search

4 or more lepton plus missing transverse energy SUSY search

0-Tepton squark and gluino search

High jet nultiplicity squark and gluino search

single lepton search for supersynnetry

$0°{¥\pn}$ production in jets

Inclusive jet and dijet cross sections at 7 Tev

Wijets production at 7 Tev

Rapidity gap cross sections measured with the ATLAS detector in pp collisions at sqrt(s)

Azinuthal ordering of charged hadrons
Isolated prompt photon + jet xsection

Measurenent of ttbar production with a veto on additional central jet activity
b-jets search for supersyametry with 0- and 1-leptons

3 Tepton plus missing transverse energy SUSY search

Search for supersymnetry with 2 leptens and missing transverse energy

Search for supersymnetry with diphotons and mising Transverse Momentun

=7 Tev,

Charged particle transverse momentun and pseudorapidity spectra from proton-proton collisions at 900 and 2360 Gev

Charged particle transverse momentun and pseudorapidity spectra from proton-proton collisions at 7000 Gev
Measurenent of the NSD charged particle multiplicity at sqrt(s) = 0.9, 2,36, and 7 TeV with the Cis detector

Production cross sections of muons fron b3 hadron decays in 4908 :nlhsmr\s
Dijet azinuthal decorrelations in $pps collisions at §\sqrt{s} =
Event shapes

Measurenent of dijet angular distributions and search for quark compositeness in $pps collisions at $\sqrt{s}
B/anti-B angular correlations based on secondary vertex reconstruction in pp collisions
Kshort, Lanbda, and Cascade- transverse momentun and rapidity spectra from proton- oten callisions at 900 and 7000 GeV.

Measurenent of the inclusive jet cross-section in $pp$ collisions at $\sqrt{s} =

Measurenent of ratio of the 3-jet over 2-jet cross section in pp collisions at sqr((s)

Traditional leading jet UE neasurement at $\sqrt(s)=0.9§ and 7 Tev
Forward energy flow in MG and dijet events at 0,9 and 7 Tev
Pseudorapidity distributions of charged particles at sqrt(s)=0.9 and 7 Tev

=7 TeV

=75 Tev

RIVET
[Buckley]

The standard for

making (unfold
analyses
reproducible

ed)
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Analyses
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Technicolor/Composite Higgs Theories

pp — prpr — (mrmp)(mpmr) — ((t)(tt))((tt) (1))

Large Jet Mass
Small Jet Mass

3 Talkks Today

N, M My
ubjet Counting Searcis —2 ~1 —2 ~ 0.3
oy pr pr
ROO
M. vs Hy
Wacker :

boosted topologies: neat!

takes jet substructure beyond J

B 800 1000 1200 1400
Hy{GeV)
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pp — 88,8 — tix° RPV & — qqq

JH Top Tagger T3o etc. + subjets
800 Reach at 7 TeV : 700 GeV Gluino + Background
L Lin=30fb7! 8 LHCS8, 20/th.

95 % CL expected exclusion

§ Curtin

600 700 S0 900 1000

700 800 900 1100
mg (GeV)
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mgluinﬂ =800 GeV Son

GeV
RPV SUSY search with < BDRS
)~ < — ~
mt 4m s,
Either pure substructure " ‘I':‘ Z(,mb @S,Te‘,l
(HEPTopTagger + BDRS) o ]
or partial substructure me =200 GeV
(HEPTopTagger + standard) . < Trad-
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VH with H — bb: jet substructure or not?

Best channel gg — VH,H — bb

— CMS analysis available after ICHEP
— focus on boosted regime pr v = 120 GeV

b-tagging e.g. with 50%, 6%, 0.15%

Ambb/mbb ~ 10%

fudge factor Data/MC=1.91 + 0.14na, for Wbb

data-estimated background Ac /o ~ 10%
12 observables in BDT

no side bands with any S/B

[most of them understood]

F T T

F CMS Simulation
Fis=7TeV
FZ(uw)H(bB)

— VH(125)
—w

Z+bb

Z +udscg
~— Single Top

—

De Cosa

1.0

0.8

0.6

0.4

0.2

0.0

& 1805 cus Preliminary | ¢ o
T ==l
" o e oy
5 Py ets =W

&

DmaMC

<L"3, //09, IS
I
N,

0 200 400 600 800

. [GeV]



Outlook

Progress we've made, theoretical and experimental, was
not imaginable a few years ago, when the discussion about

jets used to be confined to “cone” v. “k;"

Today we have basic subjet tools + many advances
(shapes, Qjets, deconstruction, BDT taggers, . ..)

Successful adoption by the experiments!

Job for theorists now:
Really understand the taggers?
Understand intermediate p; regions?
More searches?

Gavin Salam (CERN/Princeton/CNRS Boost Theory Summar Boost 2012-07-27
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EXTRAS
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ratio of jet-mass distribution with and without 5 GeV 3rd-jet veto
25

B — P)}thia 8.165, ﬁt-ordered shbwer
——— Pythia 6.425, p,-ordered shower
2.0  — Pythia 6.425, virtuality-ordered shower
—— Herwig 6.520, angular-ordered shg

Impact on jet mass
distribution of 5 GeV

15t veto on jets outside
the main two jets.
1.0 0
Effects at 20 — 50%.
05 anti-k,, R=0.7, p; > 300 GeV, LHC8, qq-qq
o 20 40 60 80 100

m [GeV]
NB: Banfi, Corcella & Dasgupta '06

found Herwig 6 models NG logs well

My opinion: calculating something that's not quite jet mass in order to
limit NG logs is not the best avenue for high accuracy comparisons with
data

Banfi, Dasgupta, Khelifa-Kerfa & Marzani '10
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