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» Introduction
» Inputs to substructure variables

» Substructure calibration and
systematic uncertainties

» Current uses and future experimental
developments

» Conclusions

David Lopez Mateos, Harvard University, for the ATLAS Collaboration,

BOOST 2014, August 19th, 2014



§ Introduction

» A wealth of substructure techniques have been proposed and studied in this
workshop in its last 5 editions

» ATLAS is implementing and studying, at the detector level, many of these
techniques

» At the same time, understanding the precision with which our detector allows us
to learn about these techniques is crucial

» This can be done through a combination of the understanding of our low-level
objects and the use of standard candles (but extrapolations beyond the kinematic
regime of those candles are not trivial and result in larger uncertainties)

= Try to summarize in this talk how substructure techniques are studied in ATLAS,
and how systematic uncertainties are established (with an eye on improvements for

Run 2
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Inputs to Jet Substructure:

Transition “73""“\-\..\ y [mm] . Extension
Radiation 1000 —
Tracker B
------- : 'S
- S
500 |- S
Silicon ~ 8'
Zr:r:i(ldate : %
—_ o
: K
0+ L
— i O
Silicon i N 3
Detectors A\ i |<Ti
\ \ - N
\ \ -500 =
0% -
o % L
Bog,, & I B
Nominal 1000 B
|nt.efaCti0n / c v b v b by by
Point j -1000 -500 0 500 1000
.f i x [mm]

» Tracking using three different sub detector technologies: inside-out tracking combined
with outside-in tracking

» Can go as low as pt= 100 MeV, but typically for jets use pt>500 MeV or | GeV, [n|<2.5

» Tracking challenging in jets of pr=500 GeV (efficiency starts dropping)
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» Clusters are built starting from the fine readout granularity of the ATLAS
calorimeter (above the EM calorimeter in the central region)
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§ Inputs to Jet Substructure: Clusters

ATLAS

n=0 n=0.I n=02 n=03 n=04 n=0.5 ] 40 seed cells

J939WIJO[Bd |A|]

s

» Seeds are taken from cells that are above 4 standard deviations of the noise

» Noise includes electronic noise and average energy readings from pile-up

» Each cell has its value of noise stored in a database and that value is validated in data

BOOST 2014, UCL, London D. Lopez Mateos 5




[ 40 seed cells

(13 ”
20 “growth” cells
JJJJJJ C 7111 TEH 00 mf , - 1T \:7 ’ N FEEREYY 00 mf l PR
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H i J Y "y 1) // 1 /) //

(AT Mt ) g 1)

‘H it / 1110 i / 7

R il

I

////

Q11 1 e )11 e 1

» Cluster grows (in 3 dimensions) into adjacent cells where a deposition >20 is found
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n=0 n=o0.l n=0.4 n=0.5 ] 40 seed cells

/ 20 “growth” cells

jjjjjj

J939WIJO[Bd |A|]

‘\
g 1 1 i

e T~

» Cluster grows (in 3 dimensions) into adjacent cells where a deposition >20 is found
» Growth continues while adjacent cells with >20 are found
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n=0 n=o0.l n=0.4 n=0.5 ] 40 seed cells

/ 20 “growth” cells

jjjjjj

J939WIJO[Bd |A|]

‘\
g 1 1 i

e T~

» Cluster grows (in 3 dimensions) into adjacent cells where a deposition >20 is found
» Growth continues while adjacent cells with >20 are found
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[ 40 seed cells

20 “growth” cells
boundary cells

J939WIJO[Bd |A|]

» Once growth is no longer possible, an additional set of boundary cells is added
(irrespective of their energy)
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Calibration of Clusters

ATLAS Preliminary |
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Jets using uncalibrated clusters Jets using calibrated clusters
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» Using calibrated clusters, jet calibration factors are less than 5% for pt= 100 GeV

= Jet substructure analyses use calibrated (LCW) jets and clusters
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» Good handle into scale of clusters via isolated hadron response measurements

» Compare momentum measurement in ID with cluster measurement (neutral
subtraction not completely trivial)

» Angular resolution of isolated clusters similarly well behaved
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Clustering in data: )

0.85 T T T T oA 3 r— 1T rrrrrrrrr
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» Regime accessible with 2010 (or 2012) data is not the most relevant for substructure

» High energy only reachable using test beam data (ATLAS uses this to set uncertainties
for very high-pt jets, where no significant statistics are available)

» Some insight into jet environment obtained using Ks— TTTT decays

=>Need additional handles to understand systematic uncertainties on complex
substructure variables
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ATLAS

» Split-filtering, trimming and pruning studied in
detail with 201 | and 2012 data
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» Split-filtering, trimming and pruning studied in 5 | I
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» Split-filtering, trimming and pruning studied in |
detail with 201 | and 2012 data .
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'—|_||||\|||||/||||||||||||1 VAR R AR
7 i
S = ' L :
-o : R :
S5 - \ ~
< ' .
4= =
3 N ’ s S
B // -- g \‘
2:_ -1
B / : S L BT
1 —
N 1.4 10
I \ - L . -
0_||\|W||||||||||||||||u-0—-1|||||1|-|||11||||_ 1
4 3 2 4 0 T2 3 4 — - .
y | Lo O LN
anti-k; R=1.0 jets PADNEELIR Y
| korC/A i@ ©O4 O ‘\‘
l\O o @) OO !
A\ o o/
\\? ° O/,,/
Trimming in action O e o ARy <R PSS

BOOST 2014, UCL, London D. Lopez Mateos




¥

ATLAS

Substructure Techniques: Grooming

» Split-filtering, trimming and pruning studied in
detail with 2011 and 2012 data |

ATLAS Preliminary Simulation _ Pythia di-jet
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U Substructure Techniques:

S
ATLAS

» Split-filtering, trimming and pruning studied in |
detail with 201 | and 2012 data .
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» Split-filtering, trimming and pruning studied in ‘
detail with 201 | and 2012 data !
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» Subtract the equivalent ghost pile- ~ 0.12—

up contribution in building @O,- 0_115_ ATLAS Preliminary \‘s=8TeV,J.Ldt=20.3 fio' _f
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» At high luminosity we need to 10 15 20 o5 30
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(see Ariel’s talk)
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Substructure Variables
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» Planar flow

see Max Swiatlowski’s talk

Number of jets

v

~ [] JHEP09 (2013) 076

» Jet pull 0w 1o Trimming
20F .
10; E'!’.‘
NI 2 Rl E
» Track multiplicities L Mitesci PR
S 12l e e e
= 68 e Rt 0 - D T "f.""
o oy O R N T D R B R
» Angularities (and EEC angularities) & 0850 100 150 200 250 300 350

Jet mass [GeV]

=>Wealth of variables studied with different taggers as motivation, but they also
teach us about QCD and MC implementations, and often used with sroomers
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» Calibrated energy doesn’t mean calibrated S Aermasscabraon 1F
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» Calibration improves resolution and g .
teaches us many things about detector g 08 -
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_|||||\|||||||||I||\||||||||||||||l|||||||||||||||_
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masses, easier for EVV jets
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n-situ Energy Scale Systematics
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» To set uncertainties on pt measurement, we need a reference object affected by
independent effects (and preferably “well measured”)

» Photons, Z-bosons, etc... are such objects in events where they balance jets

» You test in one sample, but apply to others with different topologies (quark/gluon,
EWV, top jets...), so some additional systematics needed

BOOST 2014, UCL, London D. Lopez Mateos



)

llllllllllllllllIIIIIIIIlIIIlIIIlI]IL

5 6rATLAS [Lat= 471" vs 770V
9 [ anti-k, LCW jets with R=1.0
EL: L Trimmed (fC =0.05, R ,=0- 3)
] ~ 500<p'et<600GeV h]|<08 12
calorimeter - el Data 2011 12
IETTITE Weeeees Dijets (Pythia) 1ea
measurement 4 v A Dijets (POWHEG+Pythia) 1o
EERIEY Winini Dijets (Herwig++) 1
L 1 0>
3 u@ 18
- Y 1T
T T ool uy o .'E
2 s SUA T o 4 e
f ~ 1:}}1IIHH{!IH}IIH{IHI{IHIIHH{!I_
reference 5 .
" 11 8,'f:'.t'f,'.'ff!"f!‘.!!,ﬂf.‘.!‘..‘,,A..L\...E. ||||| R e~ ks k;’:;;;i.‘.’.‘."'-'-E'-v'-”"g"
3 0.9 L
= ' ||||||||||||||||||||||||||||||||||]"E'|'
o 0O 50 100 150 200 250 300 350

Jet mass [GeV]

» Reference measurement is very precise, but of a quite different quantity than that
of interest (large fragmentation systematics)

» Much more generic (do not exploit balance, can be applied to different topologies/
variables)

» Used in ATLAS for mass scale, splitting scales and N-subjetiness uncertainties
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§ Other Techniques 9
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» Ws from tops can be used as a known-mass reference for EW jets
» Also for calibrating taggers in specific kinematic phase space

» Extrapolation to other regions of phase space requires understanding of tagging
variables and use of MC simulation
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» Variables can be directly
used as taggers
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» Systematic uncertainties on
variables allows setting
uncertainties on taggers :
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o

tagging rejection
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» Good understanding of
correlations across the
variables needed o022 04

06
tagging efficiency

=>Combination of ry« techniques and direct efficiency measurements likely
necessary for full systematics and correlations in more sophisticated taggers
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» Few measurements on substructure variables, but helpful in tuning QCD showers

» Variables also used as part of measurements (e.g. to build custom discriminators for
boosted cross section measurements)

=>Detector-level plots come with only experimental uncertainties, but often enough
for 10-20% idea of description/usefulness of the variable
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» ATLAS jet substructure is studied mostly through calorimeter energy deposits

» Detailed studies of our understanding of hadronic showers creating those deposits
exist, but hard to extrapolate to the environment relevant for boosted objects

» Other objects (Z, photons, W, tracks...) are used as references to understand
behavior of the calorimeter; tracking has a lot of versatility, but hadronic Ws may
allow for smaller systematics

» Grooming is a necessary step for background rejection and reduction of pile-up
sensitivity: optimizations using 201 | conditions exist and they are being redone for
Run 2

» ATLAS has explored many substructure variables, as taggers directly, or for
measurements

» Techniques for setting uncertainties on discriminators with the highest
performance are still evolving; fully unfolded measurements only will happen with
strong motivation from theoretical community
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» Tracking can be used to help make decisions about which subjets to keep in the

trimming process

3

<k

[*] ATLAS-CONF-2014-018

ATLAS Simulation Preliminary
Pythia8 (W'—-WZ = qqqq)
my = 1TeV

» Mostly useful at very high luminosity (see Ariel’s talk)
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