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Outline

- |Introduction

- The central idea behind Qjets.
- How Qjets can be used with Pruning

- The Qjets clustering algorithm

- QJets + Pruning

- Volatility and its uses
- results of ATLAS studies.
- Statistics in the context of Qjets

= Applications in stabilizing statistical fluctuations in jet measurements.
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Q} ets:  The Idea
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Q} ets: The Ydea

Qjets is an idea that explores the dimension of clustering
history
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Q} ets:  The Idea

Qjets is an idea that explores the dimension of clustering
history
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it is a challenging task -- let us start with something simpler
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Q} ets:  The Idea

Qjets is an idea that explores the dimension of clustering
history

LT

answers to a question that

: depends on clustering history A
Start vylth the jet : \/\ would be different
Constltgents — algorithm
of a jet
Qjet
direction

it is a challenging task -- let us start with something simpler
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Qjets give different answers to
a question that
depends on clustering history

ex: pruning
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% wning

Start with the constituents of a given jet and rebuild the jet
along C/A or kT

Monday, September 16, 13

10



% wning

At every step of clustering check whether
the branch to be added is soft and wide
angled.

- if yes discard the softer four-vector.

soft if:

wide-angled if:

min (pr,, pr; )

\p7, + 7|

ARij > Dewt

Zcut
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% wning

Pruned Jet
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% wning

- Four-vectors that are pruned are actually branches of the
tree.

- Pruned jets depend crucially on the tree-structure or the
clustering algorithm used to construct the jet.
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Steve Ellis, Andrew Hornig, David Krohn,

Q C / ) Matt Schwartz and TSR
arXiv:1201.1914
ets uS t@’l an Phys.Rev.Lett. 108 (2012)

- As in a sequential recombination algorithm, assign every pair of four-vectors
a distance measure dj;.

- However, unlike a normal sequential algorithm (where the pair with the

smallest measure is clustered), here a given pair is randomly selected for
merging with probability

rigidity parameter

dmin = Min ({d;;})
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Q}ets C/uste’zing

a — 00
a >0
o — ()

a <0

1 d.: :
Qi = —exp | —a =
Y N P < dmin)
dj: we take C/A or kT measure

Classical regime: only path corresponding to dmin is selected
physical regime: physical paths are preferred
democratic regime: all paths have same weight

unphysical regime: physical paths are de-weighted

|5
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quets - P wuning

one pruned
jetmass

SR —

D

N pruned jetmasses

>

«
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Q}ets - P wning

Ex. W decaying to two quarks

The original jet is made using anti-kT algorithm with
R =0.7 and pT > 500GeV

QPruned jetmass
distribution

classical pruned
jetmass

jetmass
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Q}ets - P wning

Ex. W decaying to two quarks

The original jet is made using anti-kT algorithm with
R =0.7 and pT > 500GeV

QPruned jetmass
distribution

classical pruned
jetmass

jetmass

How can this distribution be used?

Monday, September 16, 13

18



Outline

- QJets + Pruning

- Volatility and its uses
- results of ATLAS studies.
- Statistics in the context of Qjets

= Applications in stabilizing statistical fluctuations in jet measurements.
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QF Tuning vs. % wning

Let us take a sample jet

How can this distribution be used?

S

QPruned jetmass
classical pruned distribution

jetmass
7 Use the distribution
—> to reduce statistical
fluctuations in

Simply use the shape of

= H _ measurements
the distribution
to discriminate signal from Application in determination of
background

Ccross-section, mass etc.

Application in signal discovery
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Volatility of a jet

volatility of a jet

10!

102

10™

Y — Wp wp = width of jetmass distribution
o mp = averaged pruned jetmass
mp P
o =001
— W-Jets

---- QCD-Jets

Volatility
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0 atl ltl/ 0/[ A /.et.' expe?zimenta/ vesults

ATLAS NOTE
ATLAS-CONF-2013-087 y

August 11, 2013 N/

Performance and Validation of Q-jets at the ATLAS Detector in pp
Collisions at /s = 8 TeV in 2012

The ATLAS Collaboration

Available on the CERN CDS information server CMS PAS JME-13-006

CMS Physics Analysis Summary

Contact: cms-pog-conveners-jetmet@cern.ch 2013/08/15

Identifying Hadronically Decaying W Bosons Merged into
a Single Jet

The CMS Collaboration
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/l/Olatl[ltl/ 0/[ A /.et.' expe’zimenta[ vesults

Summary:

- The volatility distribution for QCD jets and W-jets have been

reproduced.
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Volatility
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/l/O atl [tl/ 0/[ a /.et.' expe’zimenta[ vesults

Summary:

- The optimized separation is obtained for a=0.1 and Nqjets > 25
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/l/OlatL[ltl/ 0/[ A /.et.' expe?zimenta/ vesults

Summary:

- Volatility distribution does not have strong dependence on Pile-up
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/l/O atl ltl/ 0/[ a /.et.' expe’zimenta[ vesults

Summary:
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/l/Olatl[ltl/ 0/[ A /.et.' expe’zimenta[ vesults

Summary:

Dijet Rejection
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/l/Olatl[ltl/ 0/[ A /.et.' expe’zimenta[ vesults

Summary:

CMS Preliminary Simulation, Vs = 8 TeV, W+jets
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- Comparable performance with N-subjettiness

- Volatility and N-subjettiness are weakly (ATLAS)/ strongly (CMS)

correlated !
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rl/O/atL[ltl/ 0/[ A /.et.' expe?zimenta/ vesults

Summary:

x10°

\\\\\\\\\\\\\\\\ ‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 40
B ATLAS Simulation Preliminary

min
o1

Jets
m
o4

Jets

T T ‘ T T T T ‘ T T T T ‘ T T T T I
ATLAS Simulation Preliminary_’

1.2~ W-jet Selection, {5=8 TeV || 1er Dijet Selection, 5=8 TeV
- z=0.1,d= m/pT, C/A Pruning 0 - z=0.1,d= m/pT, C/A Pruning
1; Ngjets = 75, =01 | 1= Ngets = 75, =01
i Correlation Factor 0.50 ] 8 i Correlation Factor 0.24
0.8— — 0.8 ;T i i
i t 4 ] r e ol g g
L L Y
R ' |
L ++ + m L
. P 0.6
- | b = |
B 7
, i A i
: = 0.4@ :
2f =2 0.2
L i L 5
07\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\|7 O 07\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ O
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0102 03 04 05 06 0.7 08 09 1
Volatility Volatility

- Comparable performance with N-subjettiness

- Volatility and N-subjettiness are weakly (ATLAS)/ strongly (CMS)

correlated !
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QF Tuning vs. % wning

Let us take a sample jet

How can this distribution be used?

S

QPruned jetmass
classical pruned distribution

jetmass
7 Use the distribution
> to reduce statistical
fluctuations in

Simply use the shape of

<t | measurements
the distribution
to discriminate signal from Application in determination of
background

Ccross-section, mass etc.

Application in signal discovery
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QF Tuning vs. % wning

Consider candidates for a W jet

Mass window
for W

classical pruned
jetmass

pruned mass is
either in or out of the bin

tagging efficiency is either O or 1

70 GeV 90 GeV

QPruned jetmass
distribution

tagging efficiency is a number
between 0 to 1
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QF Tuning vs. % wning

Consider candidates for a W jet Mass window
for W
70 GeV 90 GeV
: =001 Pruning -> QPruning
— Classical
10

A transition from a discrete
(binomial distribution) to a continuous

distribution
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o

tagging efficiency
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Statistical aspects Q/[ Q}ets

Consider a master set of jets

In an experiment
e pick N jets at random out of the master set
* Qjet+prune every jet and determine
1. tagging efficiency ( 1)
2. An observable averaged over all gjets ( q;)
eX. average mass of the distribution ( ;)

Experimental Observables:

B T
Nexpt — ZTj Qexpt _ Z] 747
J Zj 75

we want to determine ONexpt and &Qexpt
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Statistical aspects Q/[ Q}ets

we want to determine 6Nexpt and &Qexpt

In an experiment

e pick N jets at random out of the master set
* Qjet+prune every jet and determine
1. tagging efficiency ( 1)
2. An observable averaged over all gjets ( q;)
eX. average mass of the distribution ( ;)

Standard Procedure:

* repeat the experiment many times and calculate Nexpt and 0Qexpt

one can derive &Nexpt and 8Qexpt analytically

Monday, September 16, 13
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Statistical aspects Q/[ Q}ets

one can derive &Nexpt and 8Qexpt @nalytically

SNoxpt = v/ Noxps X \/ () + VQZI:; )

 (Qexpt) 9 var(t) = var(qr) _cov(T,qT) 1
Mewt = TN \/ e~ e o ()

Monday, September 16, 13
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Statistical aspects Q/[ Q}ets

one can derive &Nexpt and 8Qexpt @nalytically

SNoxpt = v/ Noxps X \/ () + VQZI:; )

\/ (T) + var(r) < 1 for all distributions

= 1 for binomial distributions (i.e. for pruning)

Monday, September 16, 13
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Statistical aspects Q/[ Q}ets

one can derive &Nexpt and 8Qexpt @nalytically

SNoxpt = v/ Noxps X \/ () + VQZI:; )

just pruning

11y
< i )2 | e \>
10" jets
v/ Nex - . :
Pt g Qjets + pruning

QCD jets
Qjets + pruning
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Statistical aspects Q/[ Q}ets

one can derive &Nexpt and 8Qexpt @nalytically

Qo = (ept) \/ var(r) | var(gr) ,cov(r.ar) |, ( % >

VN (1) {qm)? (T)(q7)
L simplifies for
just pruning
However, depending — \/Var (qr), var(7),
on the algorithm )2 — 5
qT)5 (T)%

S&Qexpt caN go either
way
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Statistical aspects Q/[ Q}ets

one can derive &Nexpt and 8Qexpt @nalytically

 (Qexpt) y var(r) var(qr) cov(T,qT) 1
ot = TN \/ e e o)

0095 @
- 0.090:, jUSt pruning
— r o
_ Sl So00ss e * 2 . ¢ -
For numerical example, we use FICE ~
= [~ 0.080 - . a=1
: : : (] ° ® e
q = U = average jetmass in the % 0075, *
bin 0070 ®
: ° a=0.01
10 25 50 75 100 125 150
N
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Conc[usion

Grooming tools (pruning, trimming, filtering) even though designed for
boosted search, are useful and essential for non-boosted cases.

We introduced QJets: a non-deterministic jet clustering algorithm.

- QJets Clustering lets us look inside a jet in a new way.
- QJets + pruning renders stability to jet observables and provides new discriminants
for the discovery of signal jets.

e (Q-jets are a new way to interpret jets: focus on multiple possible
clustering histories, motivated by non-invertibility of parton shower

e The first time such an idea is being considered!

e Just the tip of the iceberg: volatility is the first application of Q-jets
at ATLAS—- looking forward to seeing more!

Maximilian Swiatlowski, for the ATLAS Collaboration
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