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Abstract: <span>We present new results on the performance of jet substructure techniques
and their use in distinguishing the signatures of new boosted massive particles
from the QCD background. Advanced approachesto jet reconstruction using jet
grooming algorithms such asfiltering, trimming, and pruning are compared.

M easurements of the jet invariant mass for each jet algorithm are compared both
at the particle level to multiple Monte Carlo event generators and at the

detector level for several configurations of the jet grooming algorithms.

& nbsp; The performance of these strategies and improvements in search
sensitivity for new boosted hadronic particles are compared. Recent results
using these techniques for both boosted RPV gluinos and top quark pairs from
new particles are presented. The result is a comprehensive foundation for the
use of substructure algorithms in the search for new physics at the LHC</span>
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Introduction Historical context

Evidence for jet production at CERN’s UA2 (1982)

First observation at a hadron-hadron collider
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Figure 4 shows the configuration of the event with the largest value

of LE

oy

127 GeV, It exhibits striking features : energy is concentrated

. . . . . ']
within two small regions separated in azimuth by Ad 180° and towards

which several collimated tracks are observed to point. In addition the

transverse energies of the two clusters are approximately equal

60 GeV).
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Introduction Don’t fix it if it ain’t broke! (But maybe it needs some 0il?)

Impact of the jet definition on the di-jet mass resolution
Gavin Salam:

Pirsa: 12100128
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Introduction Historical context

Evidence for jet production at CERN’s UA2 (1982)
First observation at a hadron-hadron collider
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Figure 4 shows the configuration of the event with the largest value

of '.-}'..1,,
. . . . . .l

within two small regions separated in azimuth by Ad 180° and towards

127 GeV, It exhibits striking features : energy is concentrated

which several collimated tracks are observed to point. In addition the
transverse energies of the two clusters are approximately equal (57 and

60 GeV).
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Introduction Don't fix it if it ain’t broke! (But maybe it needs some o0il?)

Impact of the jet definition on the di-jet mass resolution
Gavin Salam:
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Introduction Why measure jet substructure?

Relevance and motivation for jet substructure at the LHC

The structure of the jet itself begs for much
more than just a simple 4-vector description.

@ Develop understanding of the wide-angle
emissions that give rise to jet mass (NLO,
but LO in the jet mass!)

o Study the interplay of the parton shower
with the matrix element description

@ Provide a foundation on which to predict
the backgrounds to new physics searches

@ Assess tools for predicting the shapes and
structure of jets formed from boosted
massive particle decays to quarks and
gluons

How much do these jets look like they
have hard substructure?

—_—,

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 5/31
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The ATLAS detector Subdetector systems used for jet physics

The ATLAS detector at the LHC

@ Weight: 7000 tons @ 100,000,000 electronic channels

@ Length x height: 44m x 25m 44m @ 3000 km of cables
@ Toroid: 4T — - - _ ]
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But the whole is more than just the sum of its parts...

Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 6/31

D.W. Miller (EFI, Chicago)

Page 9/58

Pirsa: 12100128



The ATLAS detector Subdetector systems used for jet physics

E 1000 T ATLAS preliminary
The ATLAS tracking system > LIRT | R o
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A ] SCT
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21m.,’}\ x\.‘_ i J ! \\ ‘:.“;L::m\CondUC‘or o .‘ ‘ . [mm]
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\ fracker .
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‘\. gnd-cop sericonduct o

orp ~ 17pm, o, ~ 580um
@ 6.3M channels

Transition Radiation Drift Tubes (TRT)

@ 73 barrel straws, 2x160 end-cap disks @ 3 barrel layers, 2x3 end-cap disks
e o, ~ 130um, particle ID ® g,y ~ 10pm, o, ~ 115pm
@ 350k channels @ 80M channels

Excellent position resolution, tracking efficiency, vertexing performance.
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The ATLAS detector Subdetector systems used for jet physics

The ATLAS calorimeter systems

Min. bias trigger scintillators (MBTS) Tile barrel Tile extended barrel

/ * Fe-Scintillating
* Cu-LAr Tile structure
structure = *In|< 1.7
*1.5<n<3.2
LAr hadronic

end-cap (HEC) ——2

Eo
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— N ‘ -
NCT \
Xy f "" y * Cu/W-LAr
* Pb-LAr ¥ - structure
accordion - «32<n<4.9

‘| <2.5 g

LAr electromagnetic ‘

barrel

_ LAr forward (FCal)
L Cryostat (dead material)
(LAr: Liquid Argon)

Well known technologies with fast readout and high granularity.
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Quark gluon tagging and inclusive jet measurements of substructure

Outline

Q Quark gluon tagging and inclusive jet measurements of substructure

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 9/3]
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Quark gluon tagging and inclusive jet measurements of substructure Quark vs. gluon tagging

Quark vs. gluon tagging
ATLAS-CONF-2011-053 and additional ATLAS studies
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Quark gluon tagging and inclusive jet measurements jof substructure  Quark vs, gluon tagging

Quark vs. gluon tagging

ATLAS-CONF-2011-053 and additidnal ATLAS studies

Pirsa: 12100128

@ Use jet properties to
distinguish quark-like from
gluon-like jets

® Nirack and width (first
moment of radial pr
distribution)

o Schwartz and Gallichio
(arXiv:1106.3076)

9 HERWIG++ 2.5.2 gluon jet
properties signif. different

from PYTHIA, seems to agree
with data

@ Applications in Higgs,
SUSY, Exotics, and SM
(Lauren, Antonio, and Bjoern
already exploring these)
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Quark gluon tagging and inclusive jet measurements of substructure Quark vs. gluon tagging

Quark vs. gluon tagging
ATLAS-CONF-2011-053 and additional ATLAS studies
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Quark gluon tagging and inclusive jet measurements of substructure Unfolded jet mass and substructure in 35 pb

e v e ‘ —1
First measurements of “fat” jet substructure (35 pb™ ")
Using the anti-k;, R = 1.0 and C/A, R = 1.2 “fat” jet algorithms (arXiv:1203.4606)

= - ; PR ptactaeloiaceoseon| el st B
-|80,01 4l-ATLAS —a— 2010 1:.;-;-_I| aspb" —| 'D|-8 5 —— 2010 Dnm‘fl.. aspb
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creens Horwiges ; 3 v e
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Jet Mass [GeV] N-subjettiness v,
C/A,R = 1.2 mass 35pb™") anti-k;, R = 1.0 7y 35pb™ ")
o Jet mass is unfolded to the particle level to correct for detector effects.
@ PYTHIA under(over)estimates number of jets with large (small) jet mass
e “3-body-like” measure: N-subjettiness, 7, (Thaler & Tilburg)
D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012

11/31

Page 16/58



Quark gluon tagging and inclusive jet measurements of substructure Unfolded jet mass and substructure in 35 pb

Jet “grooming” algorithms in active use in ATLAS

An attempt to remove uncorrelated soft, wide-angle radiation without significantly
affecting hard, massive splittings within parton shower or, more importantly, heavy
particle decays — Improve mass resolution & S/B, reduce sensitivity to UE/pile-up.

. . pme ey .~
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/ . \
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\ ® 7
WO > /
\\‘ »”
" N 1 AR, s
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3 O T NI 1 B V1L BTN ANANY  ee———— _e=""aa
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(Y I
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S —,’
el | J2 fl+j2 f
Initial jet Py /Py > Zew or AR, j, < Row Pruned jet
- .
] Trlmmmg: (Krohn, Thaler, & Wang, JHEP 2010) L= -
e ——e "’ \\
l’ \‘
k R=R,, \
—_— E —p
\
\ ]
\ ¢
N Y
. ’,’
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Initial jet Py /[!.'; < feut Trimmed Jet
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Quark gluon tagging and inclusive jet measurements of substructure Unfolded jet mass and substructure in 35 pb

First measurements of split/filtered jet mass (35 pb™!)

By applying the jet filtering algorithm (necessary for mass resolution in boosted Higgs,
H — bb), generator differences are reduced and impact of pile-up is removed.
(Butterworth, Davison, Rubin, §a]am - BDRS, PRL 100, 242001 (2008))

_ T e _
- ATLAS 2 ata, 35 pb >
.LD,O’OM ~a= K105 —[‘ . o 260 ATLAS —a— Before Splitting/Filtering
o|E Cambridge-Aachen R«1.2 Systematic Unc — q
U|U0,012 SplitFitered with R » 0.3 el -~ 240 J-L 35 pb . After Splitting/Filtering
" 0.01 400 <, <509 GeV —— Pythia . ; 0 After Splitting Only
X Npy =1, |yl <2 s Heraoie 8 220 Cambridge-Aachen R=1.2 jets
0.008 — Split/Filtered with R_“] >03
@2 200 p, =300 GeV, Iyl < 2
0.006 ©
= 180
0.004 = UNL =2.920.3 GeV T
= 160 " .
0.002 % dm
5 g 140 Wwfn.w-nz(i\:i —— |-
1.8¢ W =
816 " ] 120
S e 100
1. n
g M 4.2.0.1 Gev
0.8 8Ll " W‘* ................. .
03 1 2 3 4 5 6 7 8 9
0.5 50100 150 200 250 300 N
Jet Mass [GeV] PV
. | .. . .
C/A, R = 1.2 (filtered) mass (35 pb™ ") Impact of pile-up on mass w/ & w/o filtering

@ World’s first measurement of split/filtered jet mass. Agreement among MC is good
after filtering — soft components reduced / removed.
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Quark gluon tagging and inclusive jet measurements of substructure Detector-level jet mass, substructure, and grooming in 5 fb

Comparisons of “fat” jet substructure with 5 fb=1 (I)

“Ungroomed” and trimmed jet mass: PYTHIA vs. POWHEG+PYTHIA

(Kr()hn:? Thaler, & Wang, JHEP 02(2010)084)

x10 ATLAS-CONF-2012-0635

%) . T o 10° . |
2 60 ATLAS Preliminary 2 ATLAS Preliminary
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anti-k,, R = 1.0 mass (600-800 GeV, trimmed)  anti-k,, R = 1.0 v/d}2 (600-800 GeV, trimmed)

@ 10%-15% improvements in jet mass description with NLO, up to 25% for \/chg
@ PYTHIA 6.425 tends to underestimate underestimate hard, wide-angle emission
o POWHEG+PYTHIA 6.425 is accurate to few %, even at large M’
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Quark gluon tagging and inclusive jet measurements of substructure Unfolded jet mass and substructure in 35 pb

Jet “grooming” algorithms in active use in ATLAS

An attempt to remove uncorrelated soft, wide-angle radiation without significantly
affecting hard, massive splittings within parton shower or, more importantly, heavy
particle decays — Improve mass resolution & S/B, reduce sensitivity to UE/pile-up.
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Quark gluon tagging and inclusive jet measurements

Comparisons of “fat” |

“Ungroomed” and trimmed jet mass

bl substructure

b g =
Detector-level jet mass, substructure, and grooming in 5 fb

! : =
et substructure with 5 tb™" (II)
| PYTHIA vs. POWHEG+PYTHIA

ATLAS-CONF-2012-066

) 0
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o Full jet mass distribution exhibits significa
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© Not a jet mass correction but rather a robust n}

definition of a jet
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Quark gluon tagging and inclusive jet measurements of substructure

Detector-level jet mass, substructure, and grooming in 5 fb

Comparisons of “fat” jet substructure with 5 fb' (II)

“Ungroomed” and trimmed jet mass: PYTHIA vs. POWHEG+PYTHIA

ATLAS-CONF-2012-066

" T T ] "
- 1o a =
'c ATLAS Preliminary c
> Data 2011, f Ldt = 4.7 fb’ 3
2 0.1 antik with R=1.0 LCW, No jet grooming ey
s 600 = p"' <800 GeV, Il <0.8 g
'-6 Y TTUT) 15N|,Us4 _5
< 008 - 55N, <7 <
. SsNI,VsH
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150 200 250 300

Leading jet mass, mjf'

anti-k;, R = 1.0 mass (ungroomed)

e Grooming provides resilience against pile-up

0.14~ ATLAS Preliminary
Data 2011,_{ Ldt = 4.7 b
0.12 anti-k, with R=1.0 LCW, f_ =0.05, R_ =0.3
' 600 = p!' < 800 GeV, hl <0.8
..... e 12N =4
0.1 '] 5&Np, =7
B=N,, =11
0.08 o bl Npyz12
0.06
0.04
0.02

150 200 250 300

Leading jet mass, rrf;Eat

anti-k;, R = 1.0 mass (trimmed)

e Full jet mass distribution exhibits significantly improved stability
e Not ajet mass correction but rather a robust new definition of a jet

D.W. Miller (EFI, Chicago)

Jets & Substructure in ATLAS

Perimeter Institute

23 October, 2012

15731

Page 22/58



Quark gluon tagging and inclusive jet measurements of substructure Systematic uncertainties using tracking

Preliminary mass scale uncertainties using tracking

>,0.12 ..................... T . . >‘012| “““ N —
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e Preliminary mass scale uncertainties for large-R jets: approximately
5-6%

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 16731
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Boosted hadronic object tagging in data Constraining the jet mass scale in situ

Using hadronic W decays as a standard candle
Adam Davison (UCL) & Gregor Kasieczka (Heidelberg)

>
8 100 ] el L L B WL B B ML BN L
2 - . e £ 180F ' - -
T 00f Aneu e B Wiy g Jra=azn ATLAS Preliminary
3 o T 160
L & = (Y 3
600 v &) 140 CIW .y —
- = 120 Ezw' .l
400 - Single Top .
-~ " 100¢ stat, =
200 - e 80 —=- Data 2011
-0 - -
ik *0—_._ 601 -
0 N TP T v -
T f— _ — 40
Z 14 20F- =
% H— 4 ﬂkﬂ—v—».;,,-a%_,-l—wﬁ_ﬁ | *
-1 PRI R RS SR R
S e 1 % 20 40 60 80 100 120 140 160 180 200
'%0 40 60 80 100 120 140 160 180 200 )
Jet Mass [GeV) W Candidate Mass [GeV]
Direct filtered C/A W+jets HEPTopTagger + ft selection
. . . : ‘ jet
o Direct filtered C/A W+jets: W+1 jet, A¢p(W,jet) > 1.8,;7'T > 200 GeV
e Focus on muon channel only, use filtered C/A jets and trimmed jets
e For HEPTopTagger: use a full 77 semi-leptonic muon-channel selection
@ Preliminary preliminary expected uncertainty: 2-3%/
D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 17731
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Boosted hadronic object kagging indata  Constraining the jet mass scale in situ

Using hadronic W decays as a standard candle
Adam Davison (UCL) & Gregor Kasjeczka (Heidelberg)
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opTagger + 17 selection
© Direct filtered C/A W+jets: W+1 jet, Ad(W, jet N 1.8 P
o Focus on muon channel only, use filtered C/A jets

o For HEPTopTagger: use a full 7 semi-leptonic muon-
o Preliminary preliminary expected uncertainty: 2-3%:

D.W. Miller (EFI, Chicago)
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Boosted hadronic object tagging in data

Standard Model top quarks at high p

Commissioning boosted object tools with SM top quarks (1)

Enriched sample of boosted tops using semi-leptonic (1) selection and high-pr fat jets
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Statistical uncertainty
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ATLAS-CONF-2012-065
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Statistical uncertainty

a L

|
250 300 350
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anti-k;, R = 1.0, trimmed

@ Significant increase in the purity of the top mass peak between 120 < M < 200 GeV
e Narrower top mass peak after trimming that is well described by the data
@ Rate of boosted tops is well-predicted by MC@NLO top MC

o implicit limits from this plot alone

D.W. Miller (EFI, Chicago)

Jets & Substructure in ATLAS

Perimeter Institute

23 October, 2012
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Boosted hadronic object pagging indata  Constraining the jet mass scale in situ

Using hadronic W decqys as a standard candle

Adam Davison (UCL) & Gregor Kasjieczka (Heidelberg)
3 "m Corr™y cvramag - I r " T r T T 1 i ] -
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Direct filtered C/A W+jets

W Candidate Mass [GeV]
HEPTopTagger + 17 selection

© Direct filtered C/A Wjets: W+1 jet, A¢(W, jet) > 1.8, Py > 200 GeV
o Focus on muon channel only, use filtered C/A jets and trimmed jets

o For HEPTopTagger: use a full ¢7 semi-leptonic muon-channel selection
© Preliminary preliminary expected uncertainty: 2-3%:!

D.W. Miller (EFI, Chicago)

Jets & Substructure in ATLAS - Perimeter Institute

23 October, 2012 17131

Page 27/58
Pirsa: 12100128



Boosted hadronic objecttapging indata  Standard Model top quarks at high pr

Commissioning boostetl object tools with SM top quarks (1)

Enriched sample of boosted tops usizF g semi-leptonic (1) selection and high-pr fat jets

ATLAS-CONF-2012-065
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o Significant increase in the purity of the top mass peak between 12
o Narrower top mass peak after trimming that is well described by the
© Rate of boosted tops is well-predicted by MC@NLO top MC

o implicit limits from this plot alone

It 2200 GeV
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Boosted hadronic object tagging in data

Standard Model top quarks at high p1

Commissioning boosted object tools with SM top quarks (1)

Enriched sample of boosted tops using semi-leptonic (1) selection and high-pr fat jets
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e Significant increase in the purity of the top mass peak between 120 < M < 200 GeV
e Narrower top mass peak after trimming that is well described by the data
Rate of boosted tops is well-predicted by MC@NLO top MC

o implicit limits from this plot alone

b-tag requirement highlights improvement in mass resolution from trimming

D.W. Miller (EFI, Chicago)

Jets & Substructure in ATLAS

Perimeter Institute

23 October, 2012
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' ’C el jet ma cture, and grooming in 5 b~
Quark gluon tagging and inclusive jet measurements pf substructure  Detector-level jet mass, substructure, and g g

A . . —]
Comparisons of “fat” Jet substructure with 5 fb~" (II)
“Ungroomed” and trimmed jet mu.s‘.\'f PYTHIA vs. POWHEG+PYTHIA

ATLAS-CONF-2012-066
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Leading jet mass, m'" Leading jet mass, m™

anti-k;, R = 1.0 mass (ungroomed) anti-k;, R = 1.0 mass (trimmed)

 Grooming provides resilience against pile-up
o Full jet mass distribution exhibits Significa

improved stability
o Not a jet mass correction but rather a robust

definition of a jet

D.W. Miller (EFI, Chicago)
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Boosted hadronic object fagging in data Standard Model top quarks at high pr

Commissioning boosteyl object tools with SM top quarks (1)

" - . o S ey 4 B T ) A
Enriched sample of boosted tops usig semi-leptonic (j1) selection and high-py fat jets

ATLAS-CONF-2012-065
350 T T T T 1 . - 350 - T 1 1 T i T e 1 4
é - ATLAS F’I‘olill.'!‘llr'la!'yi J'm-urn N T Tev ] ol E f%&ﬁnllr:lni‘l? ILG!-47I:; Nis 7 oV 3
S 300 7:‘::\;2::;:0::\1‘ X —— Data J011 E ?_ 300:"" Thmmes (1005, R _+03) 5 peta io}) :
~ 02" » 250 Gav [E==] 1 2 b o #200GCaV i 3
§ 250 = Woief: i § soF 3 Wojets :
i . B 2ot : & E 3 zeets E
o 200 o E Singid Top [ 20’0;7 D Singlo Top 4
Statisiial uncertainty [I Statistical unmrl:unty_i
150 - B 150 ' 1
100}~ ] _:
50}~ 3 -;::
: e NGRS

O0 50 100 150 200 250 300 as0 0 S0 100 150 200 250 200 350
Mass (GeV) Mass [GeV]
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o Significant increase in the purity of the top mass peak between 120 < Mt
o Narrower top mass peak after trimming that is well described by the data
o Rate of boosted tops is well-predicted by MC@NLO top MC

o implicit limits from this plot alone

< 200 GeV
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Boosted hadronic object fagging in data  Standard Model top quarks at high pt

Commissioning boosteyl object tools with SM top quarks (I)

Enriched sample of boosted tops using semi-leptonic (1) selection and high-py fat jets

ATLAS-CONF-2012-065
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o Significant increase in the purity of the top mass peak between 120 < ¢t
o Narrower top mass peak after trimming that is well described by the data
© Rate of boosted tops is well-predicted by MC@NLO top MC

o implicit limits from this plot alone

< 200 GeV

D.W. Miller (EFI, Chicago)
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Boosted hadronic objectfagging indata  Standard Model top quarks at high pt

Complex tagging algonithms using substructure

HEPTopTagger: Plehn, Salam, Spanpowksy, PRL 104, 111801 (2010) and Plehn, Spannowsky,
Takeuchi, Zerwas JHEP 10(2010)078

4 I3 e,
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. Initial jet Koy
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D.W. Miller (EFI, Chicago)
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Boosted hadronic object tagging in data

Standard Model top quarks at high p1

Complex tagging algorithms using substructure
HEPTopTagger: Plehn, Salam, Spannowksy, PRL 104, 111801 (2010) and Plehn, Spannowsky,

Takeuchi, Zerwas JHEP 10(2010)078

Combine generic substructure
tools like mass drop and
properties of the decay
products like the helicity angle
of the W and create a tagger:
@ Cluster fat jet and apply
mass-drop

@ Find subjets and keep N
hardest

© Recluster into 3 objects
(for top tagging)

D.W. Miller (EFI, Chicago)

Jets & Substructure in

i
C/A
—
o
.,l'l"f . Y
) )
‘\. f'
\“. 'ﬁ
Initial jet
n'' M . Hy
substructure objects
\l
{ ' { C/AR=R
| ] —>
\ ( ) ] WO
\ P -’
¥ 3)
\
______ w
AR, ;. AR, ., AR
Rin = min[0,3, =i, =i =i

Make exactly
three jets e

________

.............

ATLAS - Perimeter Institute

mi2[m’2 < pge

......

:—) I X I
) ) e i/
i
f‘ ‘\
S
Top candidate
Y
| —>
I
Mw (1 2015 (a, b= Jy, j3. J0)

23 October, 2012 19/31

Page 34/58



Boosted hadronic objectfagging indata  Standard Model top quarks at high pt

Commissioning boostey object tools with SM top quarks (II)
HEPTopTagger (HTT) in data

ATLAS-CONF-2012-065
“ -_ T I T T -' g 2 ‘_ T T 4 . T T i V i v ¥ L
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C/Ajets withR = 1.5 C/A jets with R = 1.5 after HTT
o Significant drop in background cbmination from W-+jets and increase in mass
resolution \

N,

© Again, both shape and rate of high-m- quarks well reproduced by MC@NL
and ALPGEN (W+jets) ’ y O (top)

© Calibration of subjets used in HEPTopTaggeNiporant

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Peri stitute
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Boosted hadronic object tagging in data

Standard Model top quarks at high p1

Complex tagging algorithms using substructure
HEPTopTagger: Plehn, Salam, Spannowksy, PRL 104, 111801 (2010) and Plehn, Spannowsky,

Takeuchi, Zerwas JHEP 10(2010)078

Combine generic substructure
tools like mass drop and
properties of the decay
products like the helicity angle
of the W and create a tagger:
@ Cluster fat jet and apply
mass-drop

@ Find subjets and keep N
hardest

© Recluster into 3 objects
(for top tagging)

D.W. Miller (EFI, Chicago)

Jets & Substructure in
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Boosted hadronic object tagging in data Standard Model top quarks at high p1

Commissioning boosted object tools with SM top quarks (11)
HEPTopTagger (HTT) in data

ATLAS-CONF-2012-065
%) ™ T T T T T T T | 4 L BN B AL B I LU B B LI IR R
8 1000F ‘ ] $ 250 .
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C/A jets withR = 1.5 C/A jets with R = 1.5 after HTT

e Significant drop in background contamination from W+jets and increase in mass
resolution

@ Again, both shape and rate of high-pr top quarks well reproduced by MC@NLO (top)
and ALPGEN (W+jets)

@ Calibration of subjets used in HEPTopTagger imporant

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 20/ 31
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Boosted hadronic object fagging in data  Standard Model top quarks at high pt

Commissioning boostey object tools with SM top quarks (I)

Enriched sample of boosted tops usiyg semi-leptonic (1) selection and high-py fat jets

160 ATLAS-CONF-2012-065

" T T T T T T T > 160f T T T ! 1 .

S - ATLAS Preliminary Jramarniviar ey A i ATLAS Preliminary Jrosarniviartey J 3

© 140} antek, LOW jots with Rl 0 o 140} ant-x LCW jots winh Rat 0 -4
= : N‘;,Q[qua;c:eq =— Data 301 = [ Thmmed(t_»0.05, R_ 03 =o= Data 2011

@ 120[- ¥ #3%0 Gev [==1% E 120/~ %7 » 30 eV =} 1

§ ; Silaat ) Viviets |

o 100F g 100F } 3 zsots -

8ol 80:‘1 (= single Top |

: Statistical uncartainty

60|~ 60!’ 4

“0j- 40:[; i

20f- . 20 4

%50 100 150 200 250 300350 0 14060 i1 : :

Mass (GeV] 00 150 200 250 300 450

Mass [GeV]

anti-k;, R = 1.0, ungroomed anti-k;, R = 1.0, tri

o Significant increase in the purity of the lop mass peak between 120 <
o Narrower top mass peak after trimming that is well described b

: th
o Rate of boosted tops is well-predicted by MC@NLO top MC o

o implicit limits from this plot alone
© b-tag requirement highlights improvement in mass resolution from trimming

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute

23 October, 2012
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New physics searches with substructure Search for boosted 1 resonances

Search for all-hadronic tt resonances using HEPTopTagger
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e Put HEPTopTagger to use in search for 2’ — it
@ Reconstruct top mass peak to demonstrate a consistent and well-understood final state
@ Search in the ¢ invariant mass spectrum for signs of new physics.
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New physics searches with substructure  Search for boosted ¢f resonances

Search for all-hadroni¢ tt resonances using HEPTopTagger

ATLAS-CONFE-2012-102
— NI LA LA LI A A A L B L L -E‘lo!ﬂ | LAY L L A A LA T 3
'g.. - —e— Obs, 95% CU upper limit =" - — Obs, 95% CL upper limit E
= Tag, b s Exp. 95% CU upper mt S INT e T Deers el iAo
T . Exp. 10 uncertainty T L Exp. 10 uncertainty g
NS Exp. 20 undprtainty m¥ 10k Exp. 2 0 uncertainty 4
g 10f = Laptophobiq2' E el - = Kaluza-Kigin gluon ‘
gk ATLAS Prelfninary 1 St ATLAS Preliminary
& I 7 =]
10" — w5 =7 TeV 1 [ \s=7TeV i
; 1 : 10‘1 - 1 ‘-:'
t L dt = 4,70 1 -
fnld“"l?mbl i ke I’diﬂ?lcblllll
500 1000 1500 2000 2500 2000 €00 800 1000 1200 1400 1600 1800 2000
' mass [GeV] KK gluon mass [GeV]
Z' - Il Lxx = 1T

o Expected and observed limits on the o xBR vs. the m
Kaluza-Klein gluon gxx — 1
o Largest uncertainties: b-tagging efficiency,

tt normalization, the jetenergy scale
© Upcoming combination with a 2nd approach for even higher-py sensitivity

for (left) Z" — 17 and (right)

D.W. Miller (EFI, Chicago)

Jets & Substructure in ATLAS - Perimeter Institte

23 October, 2012 22173

Page 40/58
Pirsa: 12100128



New physics searches with substructure Boosted RPV SUSY search

Boosted RPV signatures via jet substructure

Concept: Focus on the high-p tail of the g spectrum and utilize jet substructure
to reduce the QCD background and combinatorial issues.

@ 6-jet signature — 2-heavy-jet signature + calculable discriminants

M](:t m;;lum(:
Boosted Top Jot, A = 0.8 l
™N = ” E premin {ARA k} M
¢o k A jet mglmrm
" g t t
Sum over Minimize distance to
constituents candidate subjet axes
[+ IJ.' 1
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New physics searches with substructure Boosted RPV SUSY search

Boosted RPV signal kinematics

3106 ] — — @ AN RARAS RN Aa A R ARRE AR RARARRARRS RARRS |
% 10° ATLAS Internal S 10" ATLAS Internal - Simulation
S PROSPINO 2.1 g = s m, = 100 GeV
g 10 RPV gluino: g qqq = 3.1% with p’ > 2 m,
$ 3 + -2 | —e— m, =200 GeV
@ 10 < 10 o
3 , 0.8% with p_ > 2 m,
S 10 i : —
10 10-35— E
1 -
10" i
, 10 :
10 : E Pﬂq
10-3 PR ST NT SNY SET S N S S | T R ! (- _1|1||||1i|ui||i||i||_1|Hﬂ.|u.‘-HHH H|
200 400 600 800 1000 0 100200 300 400 500 600 700 800 900
Gluino mass [GeV] Gluino p; [GeV]

(Left) Gluino production cross-section calculated in PROSPINO 2.1 as a function
of mz. (Right) Gluino transverse momentum (pf) spectrum for two low-mass
gluino models.

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS — Perimeter Institute 23 October, 2012 24 /31

Pirsa: 12100128 Page 42/58



New physics searches with substructure  Boosted RPV SUSY search

. X . .
Boosted gluino mass distributions

arXiv:1210.4813
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o Hard selection on the pr of the leadin
(300 GeV)

® Incomplete “merging” of gluino decay products in latter case, but still ood discriminati
(peak at MI** = 275 GeV) 8 IScrimination

gJet: pr > 200 GeV (350 GeV) for mg = 100 GeV
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New physics searches with substructure

Boosted RPV SUSY search

Boosted gluino mass distributions
arXiv:1210.4813
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Jet mass [GeV] Jet mass [GeV]

@ Hard selection on the pr of the leading jet: pr > 200 GeV (350 GeV) for mz = 100 GeV
(300 GeV)

@ Incomplete “merging” of gluino decay products in latter case, but still good discrimination
(peak at M'® ~ 275 GeV)
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New physics searches with substructure Boosted RPV SUSY search

Background discrimination using 3
arXiv:1210.4813
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@ T3, provides an increase in §/B by a factor of two
o Signal efficiency drops by x2.5, background efficiency drops by x5
o Final optimization yields € = 12% and fiis—wag = 1.5%, as compared to leading jet pr and

trigger requirements alone
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New physics searches with substructure Boosted RPV SUSY search

RPYV gluino limits: resolved & boosted approaches
arXiv:1210.4813

— T A — :
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Obs Limit (CMS 2011) .ﬁg Cross-Section (NLO+NLL) Obs Limit (CMS 2011) .ﬁﬁ Cross-Section (NLO+NLL)

All limits at 95% CL All limits at 95% CL

I Ldt=4.6fb"Vs=7 TeV j Ldt=4.6fb (s=7 TeV

10
10 1
- | 10° L
100 150 200 250 300 350 400 450 500 100 200 300 400 500 600 700 800
m [GeV] m; [GeV]
Boosted limits (jet mass and substructre) Resolved limits (jet counting)

e Both analyses exclude top-mass region (non-trivial!)
o Resolved analysis extends reach to exclude up to m; > 666 GeV
e Lack of extensive optimization of boosted analysis hurts final limits...do better for 8 TeV!
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New physics searches with substructure Boosted RPV SUSY search

Boosted RPV signatures via jet substructure

Concept: Focus on the high-p tail of the g spectrum and utilize jet substructure
to reduce the QCD background and combinatorial issues.

@ 6-jet signature — 2-heavy-jet signature + calculable discriminants

» » »
M](:t m;;lum()
Boosted Top Jot, A= 08 l
. ™N = ; E premin {ARA k} M
¢o k A jet mglunm
" g t t
Sum over Minimize distance to
constituents candidate subjet axes
[+ I].'u 1
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New physics searches with substructure  Thinking towards the future

One of the holy grails of calorimetery: hadronic W vs. Z
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o Cefn these techniques help us attain discrimination between hadronic W’s and Z’s?
© Might this impact the strategy for new calorimeters? '
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New physics searches with substructure  Thinking towards the future

One of the holy grails of calorimetery: hadronic W vs. Z
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0 Cz%n these techniques help us attain discrimination between hadronic W’s and Z’s?
© Might this impact the strategy for new calorimeters? ;
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Summary and Conclusions

Putting the substructure toolbox in ATLAS to work

Aim: Exploit internal jet structure in order to understand QCD better and
search for new physics.

Measurements and searches that aim to benefit from substructure-based analysis,
including examples that use “fat” jets and grooming techniques.

@ Jet mass and splitting scale measurements (SM QCD)
@ High pr W bosons and top quarks (SM EW / Exotics) ‘
@ Boosted Higgs channels for light mass discovery (Higgs)

@ HRPV gluino or neutralino decays: Q/)ZU — qqq (SUSY)

@ Heavy particle (e.g. Z’) decays to boosted top quarks (Exotics)

Goal: study these objects and algorithms within the JetEtMiss Group to
develop strategies, calibrations, and understand systematic issues.

—Th,

D.W. Miller (EFI, Chicago) Jets & Substructure in ATLAS - Perimeter Institute 23 October, 2012 29/ 31

Pirsa: 12100128 Page 50/58



Summary and Conclusions Public results

Ko ATLAS NOTE 7\

ATLAS-CONF-2012-065

June 26, 2012

Extensive work on
Performanc uncel‘tainties, tagging 1 with the
techniques, S/B, and
more! (link)

Abstract
T'his paper presents the application of techniques to study jet substructure, The per
formance of modified jet algorithms for a variety of jet types and event topologies is in

vestigated, Properties of jets subjected to the mass-drop filtering, trimming and pruning
algorithms are found to have a reduced sensitivity to multiple proton-proton interactions and
exhibit improved stability at high luminosity. Monte Carlo studies of the signal-background
discrimination with jet grooming in new physics searches based on jet invariant mass and
jet substructure propertics are also presented. The application of jet trimming is shown to

improve the robustness of large-R jet measurements, reduce sensitivity to the superfluous

effects due to the intense environment of the high luminosity LHC, and improve the physics

potential of searches for heavy boosted objects. The analyses presented in this note use the

full 2011 ATLAS dataset, corresponding to an integrated luminosity of 4.7 £ 0.2 fb™'
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ATLAS NOTE
ATLAS-CONF-2012-066 ‘

June 26, 2012

Studies of the impact and mitigation of pile-up on large radius and
groomed jets in ATLAS at /s = 7 TeV

The ATLAS Collaboration

Abstract

Large radius jets provide one avenue towards efficient reconstruction of massive boosted
objects whose decay products are sufficiently collimated so as to make standard reconstruc

tion techniques impractical. The potentially adverse impact of additional proton-proton in
teractions on such large jets is assessed for a variety of jet types and hadronic final state
topologies. The mitigation of these effects via jet grooming algorithms such as trimming,
pruning, and filtering is then studied for high transverse momentum jets at Vs 7 TeV
using an integrated luminosity of 4.7 fb~' collected with the ATLAS detector, A total of 29
jet algorithms and grooming

sonfiguration combinations are studied. The application of jet
trimming and filtering si
sensitivity to the intense environment of the high-luminosity LHC. The consequence is an

antly improves the robustness of large-R jets and reduces their

overall improvement in the physics potential of searches for heavy boosted objects
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using an integrated luminosity of 4.7 fb~' collected with the ATLAS detector. A total of 29
jet algorithms and grooming configuration combinations are studied. The application of jet
trimming and filtering significantly improves the robustness of large-R jets and reduces their
sensitivity to the intense environment of the high-luminosity LHC. The consequence is an
overall improvement in the physics potential of searches for heavy boosted objects
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Summary and conclusions

ATLAS has a robust and broad effort devoted to
understanding and treating jets as much more than
just a fixed 4-vector surrogate for a parton.

Summary

@ Fully unfolded Standard Model jet mass
measurements with a variety of algorithms,
including grooming

e Comprehensive detector-level benchmarks and
“analysis-ready” syst. unc. for many additional
configurations

@ many searches employing these techniques,
some of which are not possible without them!

Conclusions

\
y

@ ATLAS is leveraging advances in detector
technology and theoretical foundations to 20149
investigate the limits of the energy frontier
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