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Hands-on Advanced Tutorial
Session on Jet Substructure

A pedagogical introduction

The Jet Substructure HAT'S team
(Jake Anderson, Jim Dolen, Kalanand Mishra,
Ilya Osipenkov, Nhan Tran)

https://twiki.cern.ch/twiki/bin/view/CMS/
SWGuideHATSJetSubstructure

Twiki:

Indico: https://indico.cern.ch/
conferenceDisplay.py?confld=251174




CMS

QOutline

e Jet clustering: algorithms and calibration

*Jet substructure: introduction and motivation
egrooming: filtering, pruning, trimming, mass drop

Jet substructure distributions for garden-variety jets
ecomparisons of data & simulation, experimental effects

»Jet substructure observables and signal reconstruction
eillustrate the techniques with W and top tagging

eSummary
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Some bibliography

Phenomenology
» Les Houches 2007 proceedings, arXiv:0803.0678 )
(Introduced modern lingo and conventions)

» Gavin Salam, “Towards Jetography’, arXiv:0906.1833
(Exhaustive description of jet algorithms, “manifesto” of Fastjet)

» Proceedings of BOOST 2010 and 201 I:
arXiv:1012.5412 and arXiv:1201.0008

» Gavin Salam’s lectures at CERN Academic Training (March 201 |):
http://indico.cern.ch/event/| 5078

» FastJet user manual, MC, G.P. Salam and G. Soyez, arXiv:| | 1 1.6097.
. Also available from fastjet.fr

Experimental results
[}CMS collaboration, “Jet mass in dijet and W/Z+jet events”, arXiv:1303.4811 j
6

)

» ATLAS collaboration, “Jet mass & substructure in incl. jets”, arXiv:1203.460
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Reality of event complexity at hadron colliders

A tth event, generated by Herwig++
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Tedious for theorists and experimentalists
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[Taming the reality: a reductionist approach

NE D5 1 oo
P amtied &
I ? o Pt
-
-~

QCD predictions
One purpose of a ‘jet clustering’ algorithm is to

reduce the complexity of the final state, simplifying many hadrons
to simpler objects that one can hope to calculate
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Zooming in to single objects

High energy partons unavoidably
lead to collimated bunch of hadrons

|
|
\ Y background radiation
\' / (underlying event and/or
\ . A pileup)
\ | I\

“ ‘v \
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|Our reductionist view of the same event
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Jet algorithm

A jet algorithm maps the momenta of the final state particles
iInto the momenta of a certain number of jets:

{p} —— i}

particles, jets
4-momenta,

calorimeter towers, ....

Most algorithms contain a resolution parameter, R,
which controls the extension of the jet
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A fun exercise

Tell me how many jets you see
here? 0, 1, 2, ..., 10, or more?

Two considerations:

1. which particles to put
together ?
2. how to combine their
momenta?
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|So, what is a jet then? Formal definition

in modern lingo, i.e., post circa 2007

Most commonly
used: direct 4-vector
sums (E-scheme)

“Jet [definitions] are legal contracts between theorists and experimentalists”

-- M] Tannenbaum
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[Two main classes of jet algorithms

Sequential recombination algorithms
Bottom-up approach: combine particles starting from closest ones
How’ Choose a distance measure, iterate recombination until
few objects left, call them jets

Examples: ki, Cambridge-Aachen, anti-ks, ...

» These algorithms are the most widely used nowadays, will
discuss more about them in the following slides.

Cone algorithms

Top-down approach: find coarse regions of energy flow.
How! Find stable cones (i.e. their axis coincides with sum of momenta of particles in it)

Examples: JetClu, MidPoint, SISCone,...
» These are mostly historic, will NOT discuss them further.
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Sequential recombination algorithms

These are hierarchical clustering algorithms

Typically they work by calculating a ‘distance’ between particles,
and then recombine them pairwise according to a given order, until
some condition is met (e.g. no particles are left, or the distance
crosses a given threshold)

o\ AV + A¢? 2
2P P ”ZRZ"’ dig = K7

d;; = min(

If dij < dis then merge them together

p = | kt algorlthm S. Catani,Y. Dokshitzer, M. Seymour and B. Webber, Nucl. Phys. B406 (1993) 187
S.D. Ellis and D.E. Soper, Phys. Rev. D48 (1993) 3160

p — 0 CambrldgejAaChen algorithm Y.Dokshitzer, G. Leder, S Moretti and B. Webber, JHEP 08 (1997) 001

M.Wobisch and T.Wengler, hep-ph/9907280

p = -1 anti-k¢ algorithm MC. G. Salam and G. Soyez, arXiv:0802.1189
(NB: in anti-kt pairs with a hard particle will cluster first: if no other )

hard particles are close by, the algorithm will give perfect cones
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Jet's “reach”

Algorithmically, a jet is simply a collection of particles

For a number of reasons, it is however useful to consider its

spatial extent, i.e., given the position of its axis, up to where
does it collect particles? What is its shape?

These details are important for a
number of corrections of various
origin: perturbative, hadronization,
pileup, detector-related etc.

Note that the intuitive picture of a jet
being a cone (or radius R) is wrong.
This is what k; jets look like.
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From jet “reach” to jet areas ....

Not one, but three definitions of a jet’s size: Cacciari, Salam, Soyez
arXiv: 0802.1188

Place a single very soft particle (a ‘ghost’) in

’ PaSS've area the event, measure the extent of the region

where it gets clustered within a given jet

Reach of jet for pointlike radiation

4 Fill the events with many very soft particles (‘ghosts’),
ACt've area cluster them together with the hard ones, see how
\

many get clustered within a given jet

Reach of jet forfdiffuse radiation

Sum of areas of intersections of Yoronoi cells

’ VO ro I'IOI area of jet constituents with circle of radius R

centred on each constituent
Coincides with passive area for k; algorithm

In the large number of particles limit all areas converge to the same value.

LPC, Fermilab Hands-on Advanced Tutorial Session on Jet Substructure 14/ 34




Jet areas for the most widely used algorithms

P, [GeV] I

————
= Cam/A
10

P, [GeV) - ,

% SISCone

15
10{
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Jets in CMS

W
a4

e Use charged hadron subtracted (CHS) Particle Flow jets
-Remove all charged hadrons not from the primary vertex

e Neutrals are subtracted via jet area p correction where p is
energy density computed with the KT6 algorithm

-Active area used in all cases including groomed

* Non-linearities in n and pr are corrected for using data & MC

-AKS, AKY jets have dedicated corrections while other
large radii jets use AKY corrections

o Jet finding & grooming algorithms implemented via FastJet3
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Example of jets and jet observables in CMS

|| CMS Experiment at LHC, CERN Jet arXiv:| |0f>-0208.1 |
Run 133450 Event 16358963 T CMS L =34 pb . Ns=TTeV
| | Lumi section: 288 : >10" |+ lyl<05 (x3125)
Sat Apr 17 2010, 12:25:05 CEST | / 7\ 81010 : o 0.5slyl<1 (x625
y ' / | S 10° = v 1<lyl<1.5 (x125)
A dijet event from early run , 2.k 1.5slyl<2 (x25) -

» 2slyl<2.5 (x5)

_ ’ 107 . 25:lyl<3
£,(GeV) Jet 2 -— _8- 10°
" Jet 1 Q 5 10°
p % 10°
» Jet2 I - T‘ 10°
= ‘ q I 1y . \\ 102
’ ,,L e (! 10 (PDFALHC)
n G = 1¢ [7] Exp. uncertainty
= 107F Anti-k, R=0.5 v\
20 30 100 200 1000
p, (GeV)

Jets extensively measured in hadronic collisions.

Very good agreement with pQCD predictions over 10 orders
of magnitude.
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CMS
Jet energy calibration: overview

Required Corrections

>

A Factorization facilitates the use of data-driven corrections

- Breaking the correction into pieces that are naturally
measured in collider data:

*Pileup subtraction: pile-up density x area
«MC: jet response vs. 1, P using MC truth.

eResidual: jet response vs. n, Pt using dijet balance and
v/Z+jet in data.

In CMS the most widely used jet is anti-kt 0.5 (0.7 for QCD
measurements). Jet substructure studies done with anti-kt
0.5, 0.7, 0.8 and CA 0.8 with various grooming techniques.
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<I:)T, offset

CMS

Pileup contribution to jet energy

CMS preliminary s=8TeV §Plleup (PU) measured W|th
A 1 Zero Bias data
i h ]
L orsan, e s | *Most charged hadrons can
Bl [ neutral hadrons 1 be associated to pileup
i [ hadronic deposits .
1+ =27 charged pile-up vertices and removed
i I charged hadrons _
0.8 - ePart that can be removed is
0.65 R labeled “charged hadrons”
0 43_ B *Part that remains as PU
] : needs to be subtracted
0.2 PU density x effective area
% 43 -2-1012 3 4 5 (FastJet-p)

n

More details on jet calibration in CMSDAS short exercise
https://twiki.cern.ch/twiki/bin/viewauth/CMS/SWGuideCMSDataAnalysisSchoolJetAnalysis
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] ] ] CMS
Introduction to Jet Substructure & jet grooming Z

 Jet substructure is currently a very popular tool to analyze
jets that are produced from heavy objects such as top
quarks, Higgs bosons, W/Z bosons, or any beyond-Standard-
Model hadronically-decaying object.

O An excellent overview of jet substructure techniques can
be found here:

Boosted objects: a probe of beyond the Standard Model
physics by Abdesselam et al.

(Designed to find heavy objects within a jet, and in the A

process, removes soft and wide-angle clusters from the
\clustering sequence.

J
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Jet substructure: motivation

* Problem! Traditional techniques
start to lose sensitivity (in part)
due to jet merging at higher
masses!

« Cannot rely on methods to assign
partons to jets anymore
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CMS

Jet substructure: motivation

* Problem! Traditional techniques
start to lose sensitivity (in part)
due to jet merging at higher
masses!

« Cannot rely on methods to assign
partons to jets anymore

* Have to consider cases where N Y
partons merge into a single jet
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Jet substructure: motivation

* Problem! Traditional techniques
start to lose sensitivity (in part)
due to jet merging at higher
masses!

« Cannot rely on methods to assign
partons to jets anymore

« Have to consider cases where
partons merge into a single jet

To understand how to break up

a jet, first we need to understand
what it is!

LPC, Fermilab Hands-on Advanced Tutorial Session on Jet Substructure
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Jet grooming techniques I

4+Study jet mass properties with three grooming techniques
e Filtering: arxiv: 0802.2470 Butterworth, Davison, Rubin, Salam
° Trimming: arxiv: 0912.1342 D. Krohn, Jesse Thaler, LianTao Wang
e Pruning: arxiv: 0903.5081 steve Eliis, Chris Vermilion, Jon Walsh

e This round of analysis uses default parameters from each
of the references.

+Filtering

 reclustering jet constituents with
smaller radius, Riit, keeping niit
hardest sub-jets

o default parameters: Rt = 0.3, nfit = 3

e sub-jet clustering algorithm:
Cambridge-Aachen
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CMS

Jet grooming techniques II :

4+ Trimming

e reclustering with smaller radius, Rrsit, keeping sub-jets with a fraction,
P Ttrac,min, Of original jet pr
o default parameters: Rt = 0.2, pTfrac,min = 0.03

e sub-jet clustering algorithm: kT

Jc‘(‘.wwvx‘.vxg f - . f - S . g .\.3 -

4+Pruning

e reclustering with sequential recombination algorithm, veto soft and
large-angle recombinations between pseudojets i and j

o veto: ARj > reutx2m/pr; z=min(pT;,pTj)/pTi+yj < Zcut
o default parameters: zcut=0.1, default reut=0.5
» sub-jet clustering algorithm: Cambridge-Aachen
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Jet mass and substructure

2 ok ~qq
eJet substructure can be usedto &% M “Vijets .
improve sensitivity of hadronic = WY g | X
. 12 — ’
decays of boosted heavy particles & of . =
such as Higgs, W/Z, and top 2 f W E >
GC, 8 —LL S
& . _ S
. . - N = N
eRequires understanding of QCD AN N £
T T = Davison, Rubin, ™ S
radiation inside jet, structure of 2+ Salam Ty
constituent particles Okttt st cta

0 20 40 60 80 100 120 140 160 180 20
Mass (GeV)

°In CMS, have analyzed jet mass properties
-inclusive & systematic comparison of jet grooming algorithms

*Use di-jet and V+jets events as complimentary probes of
gluon- and quark-enriched environments, respectively
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Jet mass for groomed jets ,

Comparison of grooming algorithms at particle level (GEN),
reconstructed simulation (RECO) level, and in data

CMS Preliminary, L=5fb"at s =7 TeV AK7 Duets _

c 014parreiminay, Z=o R aNe s loe
) — Filtered data RECO ]
'-8 012 Filtered PYTHIA6, Z2 RECO ]
& O F e Filtered PYTHIA6, Z2 GEN :
Lt 0.1 Trimmed data RECO 7 ) )
TE e Trimmed PYTHIA6, Z2 RECO - Prumng IS the
C Trimmed PYTHIA6, Z2 GEN a :
0.08 — Pruned data RECO E most agg ressive,
I Pruned PYTHIA6, Z2 RECO N - - :
0.06 = . Pruned PYTHIAG, Z2 GEN £ fllterlng IS the.
= ] least aggressive
0.04 -
0.02F .
O 6 6 65 oA 0 6807 08 09 1

mgoom / m. arXiv:1303.4811
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Understanding the “background”

How the jet mass distribution looks like for garden-variety
boosted jets (either in multi-jet or W/Z+jets data)

« Perform an inclusive comparative study of jet mass for
available jet grooming methods

« Make a comparison of data to simulation as a validation
of parton showering models

Plots are presented in increasing aggressiveness of grooming (Ungroomed,
Filtered, Trimmed, Pruned] and best digested by flipping through.
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CMS
How the m; looks like for QCD jets: Ungroomed Z

MC to data agreement is reasonable using both Pythia Z2 and
Herwig++, though Herwig++ seems to have better agreement.

CMS Prelnmmary L=5fb"at \'s =7 TeV, Ungroomed AK7 Duets

S L 2FT vie . ]
100 CMS Preliminary, L= 56" at \S =7 TeV, Ungroomed AK? Dijets T S| b IO0<PL <0G g =
> s (] statition Uncertainty (] otol Uncortainty | oot Merwigen2s 0 8 0spf — B - E
- @ © 220-300GeV{x10") W 300-450GeV(x10) [ 450.500GeV (x10) A 500- 600 GeV (x 10°)
(O] 7 = .2 -
-~ 10 A 600-B00GeV(x10Y ¥ 200-1000GeV(x10") ¥ 1000- 1500 GeV (x 10} 1-§| =
o 10° 0s =
(_8 (Eﬂ 105 )
'_"-g 10* : ) . ‘Q\v‘.e.‘_v_mg"v“oﬁ 1.51 ::
0 g g =
10? : 2 -
o taxy., ;Q"‘s;—.,, —’:‘ 1.51 =
S = 0.5 =
; ° P ; -
=5 2
10" " e : 15
102 oy ;l-.\ 0d D Statistical Uncertainty
l: e o
10° 2 - Total Uncertainty
10 . 15
10° 05 — Prthies, 2
: 0
10'6 : : : ; g Pythia8, 4¢
10.7 i | TR it iy M - S e———— T Herwigs+, 23
0 50 100 150 200 250 300 0-8 l
mﬁVG (GeV) 0 50 100 150 200 250 300

m;VC (GeV)

arXiv:1303.4811
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CMS
Pruned arXiv:1303.4811

As the grooming algorithm becomes more aggressive, Herwig++
agreement is better with data.

CMS Preliminary, L = 5 fb' at \!_ 7 TeV, Pruned AK7 Dljets

© 2 3
10° CMS Prehmmary L=5fb" at \!_ 7 TeV Pruned AK7 Duets ® “SE =
> 10° Dsmmnw‘m riainty -lu IUM«\-ny b Me map« L: | o g 0'(5) —
‘-|8 o 220 300&V‘!|°) W 300 - 450 GeV (x |0) O 450.500GeV (x |0') A 5W-GW&V[!|°‘) E 2
-~ 10’ A 600-B00GeV(x10Y ¥ 200-1000GeV(x10") ¥ 1000- 1500 GeV (x 10} 1-§| ::
o 10° 0s =
‘.8< D a5 B4R
107 s '
'g 0 v HRerp B g g 14 .
—Kko ! “; - IR S SR A LD I . 051 =
1 - " .-g\-a-"mm.*‘.‘,.\‘*.‘ '0 -
IWey \"""“'ﬂ&g-_
10° b Wrkh g Albna, 1 % - =
ae e, . -
100000000, e 03 3
1 ‘“‘-o-% e o E E
10" .. :"l“- 1§ = — -
102 ™ 0sE = { ; Dsmuodw Uncertainty
k Sy 5E - e =
- 2 0
10° = E ; Total Uncertainty
104 - w 13 300<p. " <450 GeV []
5 I of = — s
10- é 0 ceea .
10 H 2 — - Pythia8, 4¢
: 220 300GeV
10-7 oo b e b s s A Leodiodonid 15;F_| <p; < v herwigen 25
0 50 100 150 200 250 300 0-8 o e )
0 50 100 150 200 250 300

m\Ve (GeV
o ) m;VC (GeV)

Turnover region moves to the left with harder grooming while tails
remain similar in all cases — important feature in new physics searches.
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Jet substructure variables

*There are several jet substructure variables that can be
used to discriminate between hadronic decays of boosted
heavy particles (Higgs, W/Z, top,...) and the QCD jets

-Already discussed some of them, e.g., jet mass before
and after grooming, jet pr, jet size, etc.

-Others (# subjets, subjet mass/kinematics, ...) introduced
in the following slides in the context of W & top tagging.

*\We will exclusively focus on these in our second session
today.
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Example of boosted signal: Top jets

e |f atop quark or other heavy object
is produced with enough energy its
decay products can be
reconstructed within one jet

e Substructure can be used to identify
these jets

o, °
- Top jets produce at least 3 subjets »
- Two of the subjets should have the O ® ¢

W mass and three should have the ®

o
top mass ‘ ‘ @
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Example of boosted signal: W jets

« A partially merged boosted top results in
a W jetand ab jet

« W jets can be identified using jet and
subjet properties:

Jet mass = W mass

Two subjets
Subjet mass << jet mass

Both subjets should have similar
momentum
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Summary

W4
a4

[ The Jet substructure is coming up as a very popular tool to
analyze jets that are produced from heavy objects

[ First systematic study of jet grooming techniques on jet
substructure performed at CMS
ean important benchmark in understanding various
algorithms for searches for new physics
e \With more data, probing deeper into boosted regime

[4 This hands-on tutorial should get you started
e Please find us during the breaks or email us in case you
come up with a question later

[A Lot of useful material discussed in jet-substructure workshop

https://indico.cern.ch/conferenceDisplay.py?confld=242845
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_ _ CMS
Jet clustering in FastJet

/// define a jet definition

JetDefinition jet def(JetAlgorithm jet_algori@
double

Can be one of the algorithms

described in the next slides Can be particle-flow particles or gen-

particles or tracks or calo-towers

/// create a ClusterSequence, yextract the jets Defined above
ClusterSequence cscinput_particles) jet_deff?””—
vector<PseudoJet> jets = sorted by pt(cs.inclusive(jets));

// pt of hardest jet
double pt hardest = jets[0].pt();

// constituents of hardest jet
vector<Pseudodet> constits = jets[0].constituents();
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How to compute jet areas in Fastlet?

/// specify where to place the ghosts, their area, how many times
/// to repeat the clustering

double rapmax = 2.5;

int nrepeat = 1;

double ghost area = 0.01;

GhostedAreaSpec gas(rapmax, nrepeat, ghost area);

/// use this configuration to define the area
/// A sensible default for gas is provided
AreaDefinition area_def(active_area, gas);

/// construct cluster sequence with areas
ClusterSequenceArea(input particles, jet def, area def);

jets[0].area()

Active areas for some of the most popular jet algorithms are
shown on the next slide
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Comparison of the three grooming techniques

cluster with
rit < R

filtering

rit < R

trimming

veto soft or

large angle
recombinations
min(pT;,pT;)/pTi+j < Zeut

or dij > reutx2m/pT
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Jet pr resolution for groomed jets

CMS

%

Jet pt resolution for various grooming algorithms also
shows good agreement to within a few percent.
eGroomed jet pr resolution degraded slightly.

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets

/PTgen

RECO

fitted o, pT

0.05 I U ngroomedAK7 ........................................ ................................... —]

015 —T—T T T T 1

= Trimmed AK7
+  Filtered AK7
v Pruned AK7

resolution vs pr

o

o
|
i

200

LPC, Fermilab

O | | | | | | | |

300

400 500

pTRECO [GeV]

0.15

0.1 e

CMS Simulation, L = 5fb™ at \[s = 7 TeV, AK7 V+jets
T

resolution vs n

0.05 e

= j’rimmed AK?7
+ Filtered AK7
v Pruned AK7

o ithfddrﬁédAK? o I

A4
—r—
==
==

-2 0
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Jet pr response for groomed jets

CMS

Groomed jet response within a few % of ungroomed case.

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets

11 T T T | T T T T | T T T T |

e Ungroomed AK7
= Trimmed AK7
4+ Filtered AK7

i v Prunfed AK7

08 | | | | | | | | | | | | | |

groomed jet response |
. ungroomed jet response |
1 *——o —e ——o——o . ° .
o e e e A
v v v _._:: _!_—! . ¥ =

0.9 — ]

200 300 400

pT [GeV]

LPC, Fermilab

RECO

1.1

0.9

0.8
500

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets

—_—ee @ f @ @ @ : . ’_ -@- @ f G —
=—= e e | e
- _. - —_—. : —V—_.__. _ -
n —v——T— —v——v— i
RSO USROS P SRR R U ngroomedAK7 ................... —
i = Trimmed AK7 i
] 5 +  Filtered AK7 i
B v Pruned AK7 |
| | | | | | | | | |
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Performance versus pileup ,

. . . Pil file in 7 TeV dat
o|t is of particular interest to lleup protile in 7 TeV data

CMS Preliminary, L = 5fb" at \'s = 7 TeV

understand the sensitivity of Sis00- m, v smaaton -
large size jets in presence of S 1600 R
PU 1400; Ney, Simulation reweighted 1
-Grooming techniques may 1200 Nev, Data
serve to mitigate pileup 10000 E
sensitivity by effectively 800 E
reducing the jet area 6000 E
4003— ]
eUnderstand performance of 2000 3
mean jet mass as a function Qb bbb e e
of number of primary vertices Ney

LPC, Fermilab Hands-on Advanced Tutorial Session on Jet Substructure 41/ 34




—~

<m> (GeV

150

100

50

LPC, Fermilab

_ ] ] CMS
Size matters here: larger jet size = larger effect Z

CMS Preliminary, L = 5fb'at Vs =7 TeV, AK7 W+jets

arXiv:1303.4811

L O data, Uné;roomed AK5

Pythia6 22, Ungroomed AK5

(@) data, Ungf;roomed AK7

Pythiaé Z2, Ungroomed AK7
data, Ungroomed AK8

B Pythia6 22, Ungroomed AK8

L Ou@@eat
L Q- ep B NOE
__x?,g-o-@-o' ambeid

- L0000 OO0 oO@R gy S

(EVOR & A i

= 1 - F
: x EXRES
p sw %0%0% YA & SRR
LML APN SRS

oy : S 3K
o H

: <

: 25

: 958, 0%

: RRBKKE

: JRRXKEN A 2

: SRRQRPAAX X XLEL

Ungroomed AK5: ]

1 4Ungroomed jet mass
IS very sensitive to PU

| dm/dN,, =0.1:0.03 GeV |

: Ungroomed AKff: < J S i

| : °

| dm/dN,, =0.28+0.03 GeV _\ m INcreases

| dm/N,, =0.33-0.03 Ge\Ll

o R
........

O RIRRRIRRLRKIIIRL oo i mmmmmm =

linearly as a function
l of the number of
! primary vertices

1 <4Effect becomes more
pronounced as the jet

| size increases

] e AK8 shows much

- worse effect than AK5S

Hands-on Advanced Tutorial Session on Jet Substructure

40

Ney
42134




A~
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Grooming helps to ameliorate the situation -

CMS Preliminary, L = 5fb” at \'s = 7 TeV, AK7 W+jets

150 ————— [T T T T [ T Tl
B O  data, Ungroomed AK7 : Ungroomed AK7: ]
| Pythia6 2:2, Ungroomed AK7 dm/dN,, = 0.2810.03 GeV | |
i O data, Trimmed AK7 : Tnmmed AKT7:

P | dm/dN,,, = 0. 12+o 04 GeV
- Pythia6 22 Trimmed AK7 P —
: ¢ | Filtered AK7:
1 OO L eeees data; FI"ZEI'ed AKT oo ..... ) ................................ s _—

Pythia6 Z_2, Filtered AK7

(0] data, PrLined AK7

Pythia6 Z2, Pruned AK7

50 —

-------------

Pruned AK7:

dm/dN,,, = 0. 16+0 02 GeV |

dm/dN,,, = 0.1:0.05 GeV

CMS

arXiv:1303.4811

4 Groomed jets are less
sensitive to PU

T~ e<my> vs NPV slope

becomes flatter

4 Observe the expected
behavior that <m,>
typically scales as R?

”@Qq@-@GOO:o@w@ @‘9'6 B s R M e e e
ol o-@-eooo-y@@M@= 2G5 s
- _ o i i
- ] — 3
oL— 1 1 | I ST N NN T S SR N NN N B so7/sos = 2.7x09 ((0.7/0.5)" = 2.74),
0 10 20 30 40 sos/sos = 33+10  ((0.8/05)° = 4.10),
| s08/so7 = 1202 ((0.8/0.7)* = 1.49)
PV
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arXiv:1303.4811

CMS Preliminary, L =5 fb' at \'s = 7 TeV, Filtered AK7 Dijets
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Trimmed

arXiv:1303.4811

CMS Prellmmary, L=51fb"at \s =7 TeV, Trimmed AK7 Dijets
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Quark vs gluon differences

CMS

For visualization, present di-jet and V+jet distributions with one above the other.

fraction

fraction

0.05
0,04 300.<p, <450 GeV M di-jets
o0ak B W+jets
0.02f~ e
s e
- o =
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PN ; ——eo E
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CMS Preliminary, L = 5fb'1 at \s = 7 TeV, Ungroomed AK7
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CMS Preliminary, L = 5fb'1 at \s = 7 TeV, Pruned AK7
[ T T

T 150
m}Veé (GeV)

LPC, Fermilab

PT bin:
300-450 GeV

N.B. not the exact same
observables

my vs <mp> in bins of pT,
pT>

Shows the difference in jet mass for di-jet and V+jet processes where
the former (latter) radiates more (less) due to larger composition of

gluon (quark)-initiated jets
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CMS

CMS top tagging algorithm :

* Based on Kaplan et al. (arXiv:0806.0848)
e CMS PAS JME-09-001 and CMS AN-2010/080

* Cluster a jet using a sequential recombination algorithm and
then decluster in order to find substructure

* Subjets must satisfy two requirements

1. Momentum fraction criterion - Subjets should carry a significant fraction of the jets
momentum ( prsubiet > 0.05xprhard jet )

2. Adjacency criterion - subjets should be separated by some minimum distance ( AR(Ca,
Cs) > 0.4 - 0.0004x%pT)

* lterative process - throw out subjets that fail momentum

fraction cut and try to decluster again °
— Some jet grooming is built in "
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Top tagging variables

Three Variables are used to tag tops:

1.Jet mass - top jets have mass within a top mass window

2.Number of subjets - top jets have 3 or 4 subjets

3.Minimum Pairwise Mass - Pairwise mass of two of the subjets should

reconstruct the W mass

cMms

Define MinMass = minimum

% 9000~ —bq

pairwise mass of subjets 8 so00 —b7

. 8 7000F ~ a9

Mmin — mln[mlz, mis, m23] E — minMass
Z 6000—
soooi—
4ooo§—
3ooo§—
zoooi—
10002—
°o: '
Mass(GeV)
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Example: W-tagging with pruning
= Ellis et al. (arXiv:0903.5081) 2 o ] [ e
= Improves mass resolution by 2 oo s S

removing soft, large angle particles

Simulation

from the jet 1
» Recluster each jet, requiring that 01f ]
each recombination satisfy the ;
following: I i
mln(pT17pT2) > 0 1 l‘l‘I(l)0|120 14|0I_
pr : Jet Mass (GeV/c?)
Mot S
AR12 < 0.5 x — g s g Mg |
p T & o.oai— a(a:tM\fs§S="';‘Tuc:=\ilﬁon s
Simulation ]

= For W tagging, require: 0.06]
Jet mass in 60-100 GeV/c?

Mass drop (mu) < 0.4_ mj1

0.02 -

m; i
Conway, Erbacher, Dolen, Hu, Maksimovic, ol bt ST Tk,
RappOCCio, Sierra-Vasquez 0 01 02 03 04 05 06 0.7 0.8 0.9m11
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