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Peter Loch

BOOST2013 in Brief e -

College of Science

International joint
theory/experiment workshop on August 12-16
boosted objects in hadron colliders BOOST

Fifth annual workshop organized by the

Experimental Elementary Particle Flagstaff, Arizona, USA — Hotel Litle America

Physics group at the University of

Arizona

Followed workshops at SLAC (USA),
Oxford (UK), Princeton (USA), and
Valencia (Spain)

About 8o attendants from theory,
phenomenology, and experiment

(ATLAS & CMS)
Format accommodates significant time
for discussions
Addresses all aspects of boosted object
phenomenology, reconstruction, and
use in searches
Hadron and lepton jets and their
substructure

Recent new aspects include jet and sub-
jet characterization in boosted and non-
boosted scenarios - light quark/gluon
jet separation, sub-jet b-tagging, ...
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http://www-conf.slac.stanford.edu/Boost2009/
http://www.physics.ox.ac.uk/boost2010/index.asp
http://boost2011.org/
http://ific.uv.es/boost2012/

Peter Loch

This Talk UAPhysics

THE UNIVERSITY OF ARIZONAg
College of Science

Introduction

Motivations and technologies

Theory and phenomenology
Emphasis for BOOST2013 and the near future
Selected first results from calculations

News from technologies and observables
See also Jesse Thaler’s talk this morning

Experiment (LHC)
Performance evaluations in the presence of 2012 pile-up conditions

Preparation for future challenges at LHC
Conclusions
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Motivation for Jet Substructure Analysis ,, UAPhysics

THE UNIVERSITY OF ARIZONAg
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£ Kinematic reach at LHC - AR, (pt) in t — Wh

ey Allows production of boosted (heavy) particles like Wand g 22w

£ Higgs bosons, and top quarks decaying into collimated z 2 ATLAS Simdaton

5 (single-jet like) final states > 12: Pythia 2= 1, t - Wb

E All decay products are collected into one jet with size 1ab

% R =2m/p; 120

P Final state not resolvable with standard (narrow jet) 1

S techniques anymore 0.8F

= Searches for new heavy particles with boosted (SM) decay 0.6-

S products 041

- Single jet mass indicative observable for new particle 0-2F

4 production % 100200 300400500600 700 800 900
. . . t

£ High luminosity Py [GeV]

oy Presence of additional proton-proton collisions in a bunch W - _

m . . . . —_—

< crossing can deteriorate single jet mass and shape _ _Aqu(p T )1n ‘/IVT)qu .

& measurements s ATLAS Simulation

= Needs techniques to extract relevant internal jet energy flow & 35 Pythia Z' — tf, t - Wb

>§ structures for mass reconstruction from diffuse pile-up

: contributions severely affecting single jet mass scales and

S resolutions

2 Jet substructure analysis

> Collection of techniques aiming at enhancing two- or

£ three-prong decay patterns in single jets g

& Typically leads to suppression of QCD-like backgrounds from 05

2 uark- and gluon jets with their typical parton shower and e s

= ragmentation driven internal flow structure 100 200 300 400 500 600 700 800

p¥V [GeV]

Slide 5 September 16, 2013



Peter Loch

Jet Grooming Techniques UAPhysics
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Trimming D.Krohn, J.Thaler, L.Wang, JHEP 02 (2010) 84
R, ={0.2,0.3}

fiu ={0.01,0.03,0.05}

Initial jet . p‘%/p!;t < feut Trimmed jet
sub jet
p T > cut X p T

Figures from ATLAS Coll., arXiv:i1306.4945 [hep-ex] (2013) (to be published in JHEP)
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Jet Grooming Techniques UAPhysics

THE UNIVERSITY OF ARIZONAg
College of Science

Tl‘imming D.Krohn, J.Thaler, L.Wang, JHEP 02 (2010) 84
R, ={0.2,0.3}

fowe ={0.01,0.03,0.05/}

Initial jet . p"T/pJ,I'?t < feut Trimmed jet

J.M.Butterworth et al., Phys.Rev.Lett. 100
(2008) 242001

Mass drop...

J2
Ty m. /m._ <
C/A PR O 1 / jet Hirac
—y AN o
‘o o%o. 4 . 2 2
) v oo [ . . ]
J1 \\o oo“' . min pT,]l’pT,]Z XAR >
Sl y= 2 j1,j2 Yeut
Initial jet mi (M < pgec and Y > Yeu mjet

oo =10.20,0.33,0.67}, Y, =0.09

Figures from ATLAS Coll., arXiv:i1306.4945 [hep-ex] (2013) (to be published in JHEP)
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Jet Grooming Techniques UAPhysics

THE UNIVERSITY OF ARIZONAg
College of Science

Tl‘imming D.Krohn, J.Thaler, L.Wang, JHEP 02 (2010) 84

....... R, ={0.2,0.3}

fowe ={0.01,0.03,0.05/}

T

Initial jet . p"T/pJ,I'?t < feut Trimmed jet

J.M.Butterworth et al., Phys.Rev.Lett. 100
(2008) 242001

Mass drop... ... ... ce cue woe oGSl teTiNg

J2
£77 N
N Y
C/A ',—-‘\\P (j‘\\ 5 .\\‘
i @) A \
—_— ! (@] i !
O O NSO 7 /
. v O A )
J1 \\O (o]} IJI
\\~~ O ’I' ”
et J1 g pqiet > Y ey . AR;, ;
Initial jet m! (M < pigae and Y > Yeur Initial jet Ry = min[0.3, “2 ] Filtered jet

oo =10.20,0.33,0.67}, Y, =0.09

Figures from ATLAS Coll., arXiv:i1306.4945 [hep-ex] (2013) (to be published in JHEP)
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Jet Grooming Techniques UAPhysics
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Tl‘imming D.Krohn, J.Thaler, L.Wang, JHEP 02 (2010) 84
R, ={0.2,0.3}

fowe ={0.01,0.03,0.05/}

Initial jet . p‘%/p!;t < feut Trimmed jet

J.M.Butterworth et al., Phys.Rev.Lett. 100
(2008) 242001

Mass drop... ... ... ce cue woe oGSl teTiNg

Figures from ATLAS Coll., arXiv:i1306.4945 [hep-ex] (2013) (to be published in JHEP)

J2
77 N .
C/A P RN R
O o oy ~O__ ,/' i
_]1 \\\ “ ,”
" o O,.' o
Initial jet m M < e and Y > Y Initial jet Rsie = min[0.3, AR—Q 2] Filtered jet
oo =10.20,0.33,0.67}, Y, =0.09
Prunlng S.D.Ellis, C.Vermillion, J.Walsh, Phys.Rev. D80 (2009) 051501 & Phys.Rev. D81 (2010) 094023
’4”—- -.-"‘\\
/80 o _
ktOI' C/A !. ( O Q “‘l RCUt - {Ool, 002, 003}
—> ¥

O s
Q o s’
Ny, = @] ,

-~
S

| Z,, =1{0.05,0.1

Initial jet O prIpy ™" > zew or AR;, j, < Rew Pruned jet September 16, 2013
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Jet Substructure Observables UAPhysics
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Single jet mass

_ 2 2
mjet o \/Ejet pjet

Deduced from four-momentum sum of all jet constituents
Before and after any grooming

Constituents can be massive (generated stable particles, reconstructed tracks) or
massless (calorimeter cell clusters)

Can be reconstructed for any meaningful jet algorithm
kT Splitting Scales J.M.Butterworth, B.E.Cox, ]J.R.Forshaw, Phys.Rev. D65 (2002) 096014

\/de = min[pT,i)pT,j] X ARij

kr distance of last (d,,) or second-to-last (d,,) recombination
Hardest and next-to-hardest recombination considered

Has expectation values for pronged decays
d,, =~ (M/2)? for particle with mass M undergoing 2-body decay

N- -Subj ettiness J.Thaler, K. Van Tilburg, JHEP 03 (2011) 15
Ty = 2y Pr Xmin[oR .. .,5RNk]/(Zk Pr X R)

Measures how well jets can be described assuming N sub-jets
Degree of alignment of jet constituents with N sub-jet axes
Sensitive to two- or three-prong decay versus gluon or quark jet

Highest signal efficiencies from N-subjettiness ratios ty,,/Ty
Slide 10 September 16, 2013
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The Grand Picture UAPhysics
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Back to basics (Salam, Thaler, Schwartz,...)
Past focus on the development of technologies/tools/observables for jet
substructure analysis
Trimming, (mass drop) filtering, pruning, shower decomposition, Q-jet, ...
N-subjettiness, planarity, centrality, energy-energy correlations, ...

Now shift/extend focus to precision calculations for jet substructure
observables

Check “sanity” of numerical approaches like e.g. Pythia

Understand why an algorithm works and re-invest this understanding in
better algorithms

Evolution of calculation attempts (Thaler)
Calculations for precision (BOOST2012) - try to calculate something!
Focus on jet mass
Calculations for insight (BOOST2013) - back to basics!

Understanding to which extend the large number of developed jet
substructure technologies and observable probe the same physics

Calculation for liberation (BOOST2014) - relax IR safety requirements!
Analytical understanding of IR unsafe observables

Slide 12 September 16, 2013
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Back to Basics Examples I .
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quark jets Trimming: MC v. analytics
Monte Carlo Analytic
m [GeV], forp,=3 TeV, R =1 m [GeV], forp,=3TeV,R =1
10 100 1000 10 100 1000
0.3 rrrrr——r—r—rrrrry r—— 0.3 rrrre——r—r—rrrrry rr—
L Trimming L Trimming
029 | Reyp = 0-3, Zgyy = 0.05 —— 7 Qs Reyb=0-3, Zg=0.05 ——
Reyp = 0.3, Zgyy = 0.1 = == | ' Reyp=0.3, Zo=0.1 = — =
N 02k sub cut 4 N 02 k sub cut i
© ©
L 0.15 - 2 015 -
L L ;
< 01 . < 01 .
0.05 - 0.05 -
0 0
10 1 1078 1
G. Salam Non-trivial agreement!
(also for dependence on parameters)

Slide 13

Calculate effect of trimming

Gavin Salam (CERN) Towards an understanding of jet substructure Boost 2013, Flagstaff, August 2013 40




Peter Loch

Back to Basics Examples I UAPhysics

THE UNIVERSITY OF ARIZONAg
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Calculate effect of trimming

gluon jets Trimming: MC v. analytics
Monte Carlo Analytic
m [GeV], forp;=3 TeV,R =1 m [GeV], forp,=3 TeV,R =1
10 100 1000 10 100 1000
0.3 rrrr——rrrrrry rrr—r 0.3 rrrre———rrrrr rrr—
L Trimming ; . Trimming
0.25 i Reub = 0.3, Zyy = 0.05 —— ] 0.25 i Reup=0-3, Zg4=0.05 —— ]
o ozf Royp = 0.3, Zgyy = 0.1 = == ] o o2f Roup=0.3, Zg=0.1 — — = |
L 015 | K > AR 5 o015} .
o i / L o
< o1} / - < 01} -
. / .
)
0.05 | p - 0.05 | .
0 [ ] L a1 a1 . O
108 1074 0.01 01 1 10® 1

p = m?/(p? R?)

G. Salam Non-trivial agreement!
(also for dependence on parameters)

Slide 14 Gavin Salam (CERN) Towards an understanding of jet substructure Boost 2013, Flagstaff, August 2013 41
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Back to Basics Examples II e

Y-pruning

Pruning with analytical methods
R
Attempt to reproduce pruned jet mass ,:__'?,m
spectrum from Sudakov calculations R
Consider two different pruning scenarios =~ S------%_\_[__i_/-_<- =
separately - Y-pruning and [-pruning - .’
S. Marzani
Pythia 6 MC: quark jets Analytic Calculation: quark jets
m [GeV], forp,=3 TeV, R=1 m [GeV], forp;=3 TeV,R=1 p1 -
10 100 1000 10 100 1000 I-prunlng
02}  Pruning, z=0.1 —— A 02}  Pruning, z=0.1 —— - Rorune | P2
Y-pruning, zg;=0.1 = = = Y-pruning, zg;=0.1 = = = e ol
I-pruning, z, 4=0.1 ==« = I-pruning, z,4=0.1 ==+ = ---------
5 § -.
: : R o
© 01 . 9 1 <z : _~
L L N T e - - - L L= - , e
N . A , /
5 A N p Y g
“0° 10 001 01 1 1 S E’b
p = m2/(p2 R AN /gé/ .

Slide 15
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Back to Basics Examples III e
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Mass drop tagger with analytical methods
Inherently complicated to calculate jet mass spectrum after mass
drop tagger (MDT)
New approach: use transverse mass order to pick sub-jet (not mass) -
modified MDT (mMDT)

mMDT shows interesting features
Insensitive to underlying event

Can be calculated

Unraveled bug in Pythia6.425 (fixed in 6.428pre)
S. Marzani

LO v. other showers (quark jets)

L0 v. Pythia 6.4 showers (gquark jets)
m [GeV], forp;=3TeV, R =1

m [GeV], forp;=3 TeV,R=1
10 100 1000 10 100 1000 10 100 1000
ey ——rrrrry ——rrrrry v —r———rrrr——r—rr— 2.5 —rrrrey S — —r—rrrrry .
virtuality ordered (DW) = = = Herwig 6.520 =— — = Plain mass
01 F p, ordered (v6.425) +xxx-- 1 01 F Pythia 8.165 (4C) = = = ] Trimmer =====+
p; ordered (v6.428pre) = - — Leading Order s 2r pruning = = = |
Resummed s Y-pruning =— - =

Leading Order === |

- m -
=1 \':.. Leading Order (R=0.5) —— §' | :I) 15k MMDT = = = 4
3 [Simmessg--~- 3 [emonoasaos 5
"g_ = L % E i _.._:’:._"T..'..::_:::-;,. ....... .
Ptjet >3 TeV Pjet >3 TeV 05 F - ]
MMDT (ygyt =0.13) MMDT (y,; = 0.13)
0 1 1 L o L O 1 L L alo s 0 1 L [ P | | o
10° 107 001 01 1 10°® 107 001 01 1 10°® 10 001 01 1
2,2 52
p = m2(p? RY) p=m/(p} RY) p=m/(pf R?)

Slide 16 September 16, 2013
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Other Selected Topics from Theory UAPhysics
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Algorithms

Work on separating hard kinematics from parton shower and
fragmentation features in jet (Curtin)

Analysis of information content from substructure techniques and
observables

Shower decomposition (Soper et al.)

Attempt to decompose jets according to splitting kernels in parton
showers - sensitive to jet substructure

Application of image processing strategies to jet structure (Cogan et

al.)
Fisher discriminant based technique
Telescoping jets (Chien et al.)

Analyze jets with increasing size R and evaluate (change of) substructure
information

Precision calculations

Calculate substructure from tracks in jets (Waalewijn)

Attempt to analytically understand substructure using tracks only - highly
resistant to pile-up effects

Semi-classical approach to jet substructure (Tseng)

Variation of distance scale motivated by semi-classical approaches — R? and
transverse mass scales

Slide 17 September 16, 2013



Experiment

The experimental progression*:

BOOST2o010: “Dhese arnen't your daddy's jets”
BOOST2o011: “Donot data’

BOOST2012: “Reds cu a candy otore”
BOOST2013: “Breinging subotructune iute the

»

wmacusneawt
*according to D. Miller (U Chicago) in his summary for BOOST2013



Peter Loch

Experimental Contributions UAPhysics
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Precision measurements
Detailed calibration and validation schemes
Jet mass, internal distance scales, N-subjettiness
New approaches
Q-jets
Jet substructure at work
Tagging
New tagging schemes using substructure techniques and/or sub-jets
Final state (W, top) tagger performance evaluations

Searches for new physics

Looking for e.g. massive particles decaying into a jet in resolved and
boosted scenarios

Pile-up mitigation in high luminosity environments

Can techniques refined for today’s (2012) LHC conditions still be
successfully applied in the future (2015 and beyond)?

Loss of precision in reconstruction of observables — effect on discovery
potential (e.g., signal/background)

Slide 19 September 16, 2013
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Precision Substructure Measurements _ UAPhysics

THE UNIVERSITY OF ARIZONAg
College of Science

Jet mass measurements CMS JME-13-006

CMS Preliminary, 19.5 fb at\s=8 TeV W—> T v

Jet mass good discriminator in = 20 i
i S8 I d
searches - calibrated mass scale © 400l ]
important s | dm :
: . . : : o L —— dath fit I
Calibration requires validation! = 300F T 5
Hadronic W decays provide reference sool :
for jet mass i ;
100 ]
ATLAS-PERF-2012-02 (arXiv:1306.4945) ‘
= 300 L B B B B ~ 300~ \""\“‘\""\““, -
(“5’ C ATLAS Simulation 8 det 47m'Ns=7Tev  ATLAS ] 40 50 60 70 80 90 100 110 120 130
f 250 - = Polynomial Bkg. 0 250} - = - Polynomial Bkg. { pruned Jet mass (GeV)
52] L —— Signal + Bkg. Qo i — signal + Bkg. | . .
T 200 wesresozcey | 82000 1090800V P. Maksimovic
L + it} L
150 Filtered /AR = 1.2 150f Filtered C/AR = 1.2 |
- Monte Carlo - Data i
100r 100 -
: ., i - H
50; *"__._" ] 501: ++ + ++++ E
- ~ ] Tt H
| I B Serarare OLH\....\HH\...+.+1TP+T"T‘+T’T‘T-
50 100 150 200 250 50 100 150 200 250
Jet Mass [GeV] Jet Mass [GeV]
C. Pollard

Slide 20 September 16, 2013
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Applying New Approaches UAPhysics
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_. :-- 1: T T T | T T T | T T T | T T T I T T T i:
Q ]ets o ATLAS Simulation Preliminary — Dijets 3
. . . . -~ | anti-k R=07LC, {s=8TeV - W-iets 7]
Tests several possible recombinations in =~ € [ z-oi.a=mp, capuning jets
. . o N(}iels=?5’u=0'1 a

a given jet < otk M. Swiatlowski

: o VH | . oW1 wsKki

Parton shower/fragmentation cannotbe 3 [ atlo

exactly undone in experiment

With some respect any recombination

attempt is arbitrary

Jet is unchanged if all inputs are always

included - need to introduce randomness

in jet grooming to change e.g. the jet mass
Based on pruning

Select random pairs instead of minimum distance pairs — randomness
controlled by rigidity o

Calculate scoring variable “volatility” describing the relative width of the jet
mass distribution arising from the various combinations - still for one jet
only!

Analysis
Distribution of volatilities in jet sample is expected to be sensitive to jet
origin — massive particle or light quark/gluon jet

1 | 1 IEi Eliiii =1 1 | 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1
Reconstructed Volatility

10—3:| L

Slide 21 September 16, 2013
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Q-jetS iIl the Experiment I UAPhysics
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° ° ° ) ° ° <10
Volatility rather insensitive to pile-up = ¢ T S Setaion ety
. . . . L. . 2 0.9F Dijet Selection, {5=8 TeV
Diffuse pile-up contribution in jets is even ~ sk 2=01,d=mi OA Puring
. e e = 19, o=l
more randomized o7k Corelation Factor 0.00
0.6
— CMS Preliminary Simulation, 1S = 8 TeV, Wrjets - - CMS Prefiminary Simulation, is = 8 TeV, W+jets 0.5-
L cares | X — W, W,, Pythiaé | % Y X = W,W,, Pythiaé | 0,4§—
1= 250 < p_< 350 GeV + <PU>=22 +sim. | e | 250 <p_< 350 GeV + <PU>=22 +sim. | =
P — + <PU> = 12 + sim. S g6l mees +<PU>=12 +sim. | 03F
------------ W+jets, MG+Pythiaé | g ’ |l 60<m,<100GeV -~ W+jets, MG+Pythia6 | 0‘2:_
- +<PU> =22 + sim. 7 L +<PU>=22 +sim. E
. e : 0.1
N + <PU> =12 + sim. -+ (D] - + <PU>=12 + sim. - C
N £
[ i —_— 0.4_ — 1 |||||||||||||||||||||||||||||||||||||||||||| 0
E I %5 10 15 20 25 30 35 40 45{5}0
- W
— B | T TTTT TITTTTT[TTITT[ T TT T[T TTT[TTITT[TTIOIT
zZ 0.2 N % 0'3—_ ! l AT.lLAS éimulalﬁon Plrelimilnaw
T =l s [ W-jet Selection, {5=8 TeV 16
i 7 )0 25—_ z=0.1,d= mpr, C/A Pruning
] i . 30 N pie = 75, 6=0.1
| 0 = S i S ] ; Correlation Factor 0.06
r 1 0 01 0.2 0.3 04 r 0.5 0.2
Qiet a Qiet - 10
E. Usai 0.15f
- 8
Excellent signal versus background ﬂ N R ‘
[ L) [ : + EL
discrimation i :
0.05
Also after full detector simulation i 2
||é||||1|(]||||1|5||||2|(]||||2|E;|||:3|0|||ég|||4-|0||||4.g|||50 0

OO

(T

M. Swiatlowski
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Q-jets in the Experiment II __ UAPhysics
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2 L o B 2 RRARERARERARAAARRARRARRARRRRRRRRRRERRE

VOlatlllty 1S Well % 1045_ ATLAS Preliminary e Daia @ 10%¢ J- ATLAS Preliminary Data
° FlLdiz203t06m" 5=8Tev E Ldt=363+1.0ph", Vs=8TeV —* E
descrlbed by MC [ W-jet Selection, antik, R=0.7 LC %E?EOSO”S ] [ Dijet Selection, antirk R=0.7Lc ] Pythia Dijets ]
103:— z=01,d=mp, C.-‘A Pruning [ Single Top - 10?:— z=01,d=mp., CAPuning []Cstar .
Performance o Nomiriasor | Elzies ; T T ason -

E +ets L
comparable to N- ; 20 s

subjettiness ratio 1%
Better at low

: 10
efficiency ;
Turn-over pomt : ”—1@ T L1l
O 1 5 o T T T | T T 4 i T :|. | :| | T T T
under study = 15~ I
%;‘5 '”+;+ 5'»=+§|55:55§ 805 vl
(=] ! 1 1 1 | |-¢—|A 1 I | .‘— | Sy | | | 1 1 1 | a ’ 111 | 111 | 111 | 111 | 111 | | | 1 |I:I| |*| II |I| |ﬂ?|ﬂ
0 0.2 0.4 0.6 0.8 1 0 02040608 1 12141618 2
Volatility Volatility
g _I.IllllllllIllllllllllllllllllllIlllllllllllllllll
— l_l‘. 3 - . = s = a . 3 . 19, 1 = ] .
3 - ATLAS Simulatiop Preliminary | 2 ;10 __CMS Preliminary, 19.3 f" 3t {5 = 8 TeV, Wejets 1 g, GXJQ .c.AlR‘?’“'.':;PT*'l'"."’!"‘W??fP RRRSRESEEE
) = z=01,d=m/p_C/APrunng 5 © B CcAR=08 ata +Jets - o r s +Jets ]
o L N jors = 75, 00 = 0.1 3 @ F 280« P, <350 GeV +on DZ - 1 @ 1aF B0 22330 Gev 4o I:IZ et E
E C I\'-. MC, All Backgrounds ] 5 ni<2.4 |:|Single Top .wwmrzrzz - ’ 25 60 < |1qu 100 Gev Dsmgle Top .mwwz.'zz ]
o - - 4; — Whjets Pythia —— W-+jets Herwig E ' - — Wejets Pythia — Wejets Herwig
C _ 1= —
1 02 = = C {T powhe Filme sweesys - f powhe MCStat+Sys ]
z E . B 1 i off B ]
i _ 1 E. Usai E
10 T = = 3 E
E— Volatility TN ] 0_ ______ _ : . .
: - N-subjettiness \\ : £ ZF E 1S = —
N Rz = P 4 5E ]
1 ||||||||||||||||||||||||||||||||||||||||||||||||| :c‘z -Eﬂw E E T E | |-L|| ||I—|—||‘ml
0 010203040506070809 1 § 1A Rrrknu- S 8 e M ikt by
W-jet Efficiency %7 E 05

01 02 03 04 05 06 07 08 09 0.2 0.3 0.4 0.5 07.6
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Mitigation of Pile-up Effects e o

College of Science

Jet area method (scalar)

Corrects pile-up contribution to jet py
Subtract p from pile-up estimated using transverse momentum flow
density and jet area

Transverse momentum density determined from “soft” event
components (least affected by hard scattering in event)

Jet area determined using “ghost area”
Does not correct mass or substructure
Mass scale changes according to change in p; but still sensitive to pile-

up
Same for substructure observables depending on the global jet energy

(pr) scale
Use a vector area quantity to correct observables related to its

composition
See next slides...

Slide 24 September 16, 2013
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Mitigation of Pile-up Effects in Substructure __ UAPhysics
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College of Science

Jet Shapes S. Menke ATLAS-CONF-2013-85

» pile-up subtraction for jet shapes (arXiv:1211.2811) is an extension of
the jet area correction approach beyond the p, of the jet

first ingredient is the ghost’s 4-vectors
g, = g1 [coso, sing, sinhy, coshy] with area A; = 1/

their addition during the jet forming change jet shapes V(p, g. )
slightly

by varying the ghost’s transverse momentum scale g, the effect on
any shape can be evaluated

and eventually subtracted

» instead of subtracting the average p x A from the jet p, the
corresponding subtraction is done for the ghosts

e measured shape: V(p = po, g1 = 0)

e desired shape: V(p =0,9, = 0)

e correction principle: V(p+6,91) = V(p, g1 + 9 x Ag)

e evaluate: V(p=0,91. =0) =V(p=po0,91 = —po X Ag)
» calculated with first 3 terms of Taylor expansion

S. Menke, MPP Minchen < Pile-Up in Jets in ATLAS ¢ BOOST, 12-16. Aug 2013, Flagstaff, AZ
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Mitigation of Pile-up Effects in Substructure __ UAPhysics
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Jet Shapes » Performance ERLEILE
» several shapes tested in 2012 data and MC

e splitting scale , /djj = min(p j, p ;)ARj, with the distance

x10 S

o
- ATLAS Prellmlnary 15=8 TeV, _[ Ldt=20.31" —|
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of two subjets AR;;
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» examples for di-jet events .
» corrected shapes closer to truth i
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LHC 2010 (PU ~o0) LHC 20m (PU ~12) LHC 2012 (PU ~21)

' £ \ {
IN X\~

Event taken at random
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LHC beyond Run 1

A. Schwartzman

2000 “— LHC startup, s 900 GeV
2010 )

2011 \s=7+8 TeV, L~6x10¥cm=s". bunch spacing 50ns Run 1

2012

2013

st LS1 \ — Go to design energy, nominal luminosity - Phase 0

2015

2016 Vs=13~14 TeV, L~1x10*cm?>s", bunch spacing 25ns

2017 ~75-100 fb!

2018 N Injector + LHC FPhase | upgrade to ultimate design luminosity

2019
Vs=14 TeV, L~2x10*cm3s", bunch spacing 25ns

2021 ~350 b

HL-LHC FPhase |l upgrade: Interaction Region, crab cavities?

20307

:
I - I -

Vs=14 TeV, L~5x10>*cm?s", luminosity levelling ~3000 b

PU~20

PU~25

PU~80

PU~140

A
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A. Schwartzman

First impressions from full simulations

Jet substructure techniques can mitigate pile-up - jet mass spectrum
can be restored

Other observables under study...

Slide 29 September 16, 2013



Peter Loch

Conclusions UAPhysics

THE UNIVERSITY OF ARIZONAg
College of Science

Very selective and biased summary
My apologies — wealth of material required hard (biased) selections
Personal preference for performance probably shows....
Theory and phenomenology
Impressive results from recent calculations
Suggestions for new observables with promising features

Ongoing investigations of internal jet structure and correlations
between information content from various substructure techniques

Alternative technologies for structural analysis not only of jets but
also of the whole event

Experiment

Distance and energy scales can be resolved with sufficient precision
for most substructure techniques

Environmental effects like pile-up can be controlled in 2012 LHC
environment

Sub-jet tagging and searches using substructure become more
“routine”
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BOOST workshop series is alive!

High level of synergy between theory and experiments, and between
experiments

BOOST2014 at UCL, London, UK
Related “mid-term” workshop: Boston jet meeting January 2014

Report
BOOST reports present work started/set up at the workshop
No proceedings!
Optimistic goal: public early January/February 2014

Thank you!
All attendants for the interesting contributions and constructive discussions!
D. Miller (Chicago) and M. Schwartz (Harvard) for the excellent experiment
and theory summaries

Also see substructure related presentations at ISM D13

Tagging, searches and performance...

Links

Main workshop page
http://w3atlas.physics.arizona.edu/boost2013

Agenda

https://indico.cern.ch/conferenceTimeTable.py?confld=215704#20130812
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