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Jets and jet tools

« Jets (a collimated spray of hadrons resulting from an initial state quark or
gluon) are ubiquitous at hadron colliders

« [HC jet revolution
Particle flow (CMS), topo-clusters (ATLAS)

> Improved jet resolution

> Pileup removal before clustering
Sequential recombination jet algorithms
Boosted heavy object jet tagging

> all decay products of heavy particle (ex. top, W, Z,
Higgs) reconstructed within one jet

»  jet grooming, subjets
Subjet b-tagging, double b-tagging

Pileup jet ID, Quark/gluon discrimination

. hitp://atlas.ch k¥
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LHC jet tagging

u,dors pileup jet

W or Z jet Higgs jet
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Boosted heavy object tagging

« example: 2 body decay

decay product angular separation
AR ~ 2M/pt

* Boosted heavy object jets are identifiable
based on their mass and via jet
substructure

The jet, it's constituents, and it’s clustering
history, contain useful information which can
be used to identify these objects

g examples: jet mass, “subjettiness”, W mass within
a top jet
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Jet mass as a tagging variable

+  For a merged top/W/Z/H jet, the LO jet —@
Mmass Is the heavy object mass

« For background jets (quark/gluon) the . )
LO jet mass is ~ O, but perturbative (M?) =~ C - Qs p2R?
effects lead to measured mass ™

Ellis et al. Prog. Part. Nucl. Phys. 60 (2008)
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Jet grooming

Algorithmic jet substructure techniqgues designed to remove isolated
soft radiation in jets (contamination from ISR, UE, pileup)

J. Dolen
Trimming, Filtering - Recluster jet with smaller distance
parameter. Condition based subjet removal.

Trimming:
Recluster Remoye soft
small R subjets

Filtering:
Keep N
hardest

Pruning - Recluster jet. Remove soft large angle particles.

Redo clustering
remove soft
large angle
constituents

BDRS, MMDT, Soft Drop, JHU top tagger, CMSTT -
Recursively decluster jet. Remove sub-clusters not
satisfying algorithm condition. Stop declustering when
both subjets satisfy condition.

Remove sub-
clusters not
satisfyin
Decluster sor;ye ’
|terat|vely cr|ter|or1
Stop when
both subjets
satisfy
criterion
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Jet shape tagging variables

Particle energy pattern within a jet used to identity “multi-prong” jets

N-subjettiness

Z;’l;olnstituents pT,i min{ARl,ii ARZ,i/ ceey ARN,i}
n tituent .
Ziiolns ituents pT,ZR

™N =

Determines how consistent a jet is with
having N or fewer subjets

Boosted Top Jet, R =0.8
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Better discrimination by using ratios (ex. Ts/T2)

Energy Correlation Functions (ECF)

ECF(N,B)= > (ﬁm) (ﬁl ﬁ Ri,,z-c)ﬁ

i1 <io<...<ineJ \a=1 b=1 ec=b+1

Jet constituent based observables sensitive to
N subjet substructure
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" Boost 2013 report
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ECF(N +1,8) ECF(N — 1, 8) ~ ECF(3, B)ECF(1, B)°

W) =

ECE (Y, 57 2(P) ECF(2, B)°

ECF ratios (C2,D2, etc.) for boosted object
discrimination (Small C2 = 2 subjets)

B parameter allows access to different angular scales
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2-prong tagging “V-tagging”

* Boosted W, Z, H tagging

CMS Preliminary Simulation, (s = 8 TeV, W+jets
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W-tagging data-MC  —<
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H-tagging —oo

10’
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Double b-tagged H-jet  —o
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Top tagg

Top jet properties used for
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Top tagging algo

* Taggers utilizing general algorithms
- Groomed mass + N-subjettiness (13/T2)
- Shower deconstruction [1]
- Splitting scale
- Subjet b-tagging

* Dedicated algorithms
- CMS Top Tagger (JHU Top Tagger) [2]

> Decluster jet twice to find 1-4 subjets

> Select tops based on top mass, W mass, Nsubjets
- HEP Top Tagger v1 [3]

> Very large jets (R=1.2-1.5)

> Multistep decluster + filter procedure

> Select tops based on top mass, W mass

- HEP Top Tagger v2 [4]
> Multiple algorithm improvements + multi R approach

» Select tops based on top mass, W mass, optimal jet
size

James Dolen
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Tagging efficiency

Tagging efficiency
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Pileup

Z — u p event with 25 vertices at ATLAS

« LHGC: high intensity machine

- Multiple collisions per bunch crossing (in-
time pileup)

»  Run 1: 21 interactions per crossing

»  Run 2: 40 interactions per crossing

. . . . . Peak number of interactions per crossing vs. time
»  High Luminosity LHC: 100 interactions - P J

gao‘ * 2000, 7TeV nE&8.0mb s 2011, TTev u“.o-lb. * 2012,8TeV . »69.4mb ‘40
- High collision rates — particles/signals L # "
from previous and future collisions affect i " xi’ L
the current event (out-of-time pileup) “’ ’,f’ :  »
E s ‘.’h. ’ ’ ;' s
PR—— | ﬁ L......' .- LN '.. . .
« Presents numerous challenges: I R R
_ Trigger/computing . 2‘c:mza preliminary s =8 TeV
5 . o AMAT R0, Piow
> More hits, more energy % 18, <13
. - 16 :::t::o
- Contributes extra energy to event T A ¢ o<h, <1
& 1.45- i X t 20<::<2s
> Needs to be subtracted to correctly measure o 121 L 2N, <0
jets, MET, photons, taus, electrons etc. S
QL 1»‘-«.-......3" Iﬁi““""'"”“"q
> jet/MET resolution degrades asl
»  Pileup jets i pf“'(‘éew
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Pileup jet tagQiNg ssscow oo

CMS Preliminary, \'s = 8TeV L=20 fb
105k Z—uu e Data

« Each pileup vertex contributes
~0.7 GeV of energy per unit

Py Il <2.5

area (n,®) of the detector

- High pT pileup jets are formed
from overlapping low pT energy

from pileup

* Pileup jets can be rejected using tracking and jet shape information

- Charged particles inside pileup jets are not associated with the primary vertex

Events/1.25 GeV

90 100
p, (GeV)

- Pileup jet more defuse (overlapping soft particles from multiple vertices)

* Pileup jet ID essential for MET resolution and jet counting

i JVFjet2, PV1] = O

JVF[jet2,PV2]=1

JVF[jet1, PV1] =
IVLjett, Pv2] =

ATLAS: Jot  gor CMS: Pileup g [oeremm sl —
DMVA  § 4 i<zsietpozscoy o oaer
vertex lagger g ogmsn, =em : T %
(V) BDT with4 "L
2 | 1 track/vertex e
2-dimensional " ] variables and \ e
likelihood of 10t 5 jet shape I ﬂ .
track/vertex 10° variables -1 -08-06-04-02 0 02 04 06 08 1
vari ables JVT Pileup Jet MVA

James Dolen
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Pileup Subtraction

e Jet area - the region around a jet In which energy
will be clustered within the jet

e Jet area pileup subtraction method

- Measure the pileup energy density (per event)

- Subtract energy density X jet area from each jet

Jet area method G. Salam, M. Cacciari e

pileup, sub

| I———

no pileup, sub
pileup -----

no pileup

I

1

arXiv:0707.1378 ky R=0.4
pSTUb = pp — pA g 0.02 |- -
P = median[ij/Aj] %
% 0.01
- The problem: subtracting only the average = e
pileup energy within a jet %060

- Result: jet momentum smeared by the jet to jet pileup
fluctuations — reduced jet energy resolution

- Example: High Luminosity LHC (2022) - 100 pp
collision per crossing

T

RMS(p**° - pi®) [GeV]

»  atypical anti-kt R=0.4 jet has on average 35 GeV of
excess enerqgy from pileup which needs to be
subtracted — fluctuations ~ /35 GeV

»  large R top jet (ex. R=1.0) has 200 GeV of excess
enerqy from pileup

James Dolen Aspen Center for Particle Physics - January 15, 201_

80

" - L
100 120

reconstructed W / top mass [GeV]

T | LI I L T | LU
- ATLAS Simulation Preliminary

Pythia Dijet\s=8 TeV

L anti-k, LCW R=0.6

20 <p!™® < 30 GeV

T ml<24

—e— uncorrected

—m— (), Nw} correction

—&— pxA correction

[ NN NN

' NS S

[T

EEEEE

5 10 15 2

0

N
25 30 35

40

(u)

140 160 180 200 220

18



Pileup removal before jet clustering

| *  New tools which utilize additional information
* Charged Hadron Subtraction (CHS) for pileup removal

- enabled by particle flow - Constituent subtraction [1] - per particle area

- remove charged particles originating from subtraction

pileup vertices before clustering jets - Jet cleansing [2] - charged particle vertex

- does not remove neutral pileup information used to correct jets at the subjet level

- Soft killer [3] - progressively remove soft
particles until the average pileup density in the

2 CMS Simulation Preliminary 13 TeV eventis O
= :Y $ I -T | B ] |l 2 I g 9 I 0 9 ] S 8 ' 9 I 58 ¥ ] S 99 I a8 I T 1 Y: ) ] o ]
S 35000l PYthia QCD — Prvent . - Pileup Per Particle Identification (PUPPI) [4] -
2 - Anti-kT (R=0.8) = arprpod SR . , _ ,
S b =40 | . jet shape and charged particle vertex information
n > = L 3 .
%3000 200 GeV < p, <600 GeV Aeais70sy used to suppress pileup
- Ml <25 RMS=17.9 GeV il
25000/ /J\ — PF+CHS g
- CMS JME-14-001 [ ;ﬁﬁﬂéﬁfg gg\y n Jet mass resolution improved by
20000 o s Bl Charged Hadron Subtraction (CHS)
PF(Cleansing) :
L <Am>=-0.8 GeV
15000} RMS=12.7 GeV = -
n PF+CHS(SCGonsv|.Sub.}< Jet mass resolution is further
E <A "t Ge A , : :
; - RM"S'>=°= 157GV ] improved by new technlqu_es which
0000 -3 also remove neutral pileup
5000 =
E : [1] P. Berta, M. Spousta, D. Miller, R. Leitner arXiv:1403.3108
900 ' '_8'0' o - ‘100 [2] D. Krohn, M. Low, M. Schwartz, L. Wang, arXiv:1309.4777
Mygco = Myen(GEV) [3] M. Cacciari, G. Salam, G. Soyez, arXiv:1407.0408
[4] D. Bertolini, P. Harris, M. Low, N. Tran, arXiv:1407.6013

James Dolen Aspen Center for Particle Physics - January 15, 2016 19



PileUp Per Particle Identification (PUPPI)

* Pileup handles:

Tracking/vertexing— we know which charged [2] 32::2:2 ::Z: f::;g o
particles come from pileup and which ones come - [ neuta
from the hard scatter ? |
| | - | . X [] O o Cartoon from
Pileup is randomly distributed, while collinear f ) ‘ Nhan Tran
radiation from a particle from the hard scatter is nore likely from PU ? .O -
preferentially radiated at small angles , L OO 0
o1 spectrum of pileup falls quickly O more likely from leading vertex
*  PUPPI assigns each particle a weight based on the
likelihood it originated from pileup . . _
Handle: Calculate a=pt1/AR; for each particle j within an £ @ O ) )
annulus around particle i AR AN | |
» o small for particles from pileup (nearby particles are soft and o N
at large angle) C OEEEEEe T Tl
> alarge for particles from the LV (radiation around the particle . - Q )
harder and at small angle) o - @
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PUPPI performance

13 TeV

%-3 : %.300

5 250 o 10 s

w r - !

s | : g :

= 200! 8200}T

3. g = B

T | S |

N | N |

8,100 8100:

© r o }

= [ B o = [
50 50

8 ._ -. - . 8 i
Oessidisiadansntissndisisdaosnsdisos Luaad ) - o '

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Number of Primary Vertices

PUPPI jet mass stable with pileup

Number of Primary Vertices

PUPPI corrects jet shapes for
pileup — improves tagging
discrimination

2 0.14
0.12
0.1
0.08
0.06

0.04

B I T T | T T
' CMS
_ CA15, flat P M

-300-470 GeV
‘Mg, > 120 GeV

" Simulation Preliminary

T T T T T | T T T

— CHS, Top, 83%
— CHS, QCD, 35%
... PUPPI, Top, 70%
....PUPPI, QCD, 24%

L
0.6 0.8 1

Ungroomed t./t,

Improved MET resolution With pileup the top jet N-

Improved lepton isolation

4000 p0 ' (13 TeV)
e 1 \

subjettiness value is shifted to be
more QCD like

13 TeV, <PU>=20

| B B A B B | 3
l cwom | S | cMms X
3 -3 0981 Simulation Preliminary reducedby
: ; > ; A
: : 0O 0.94 7
: 3 ) 4 P¥ > 20GeV
; 3 0.92f
I : ] —— PF bp-corrected
¢t 32 3 0.9 _
: 18 H. 3 ——— PF PUPPI with muon
il M <3.0 bl “,1’_ E 0.88} PF PUPPI no muon
: |8 086 ——— PF PUPPI combined
-1 ] ) T Y A T T T T T T T R R R
10920 40 60 80 100 120 140 002 004 006 008 01 012 0.4
MET (GeV) QCD efficiency
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James Dolen

[rack based grooming

Apply track based
pileup 1D to subjets

- Example: jet subjets
satisfy trimming
momentum fraction
cut, but one has a
large number of pileup
tracks

ATLAS Simulation Preliminary
Pythia8 (W' —=WZ — qqqq)

mw = 1 TeV Example: Subjet in

which all charged tracks
originated from pileup

— Anti-ki R=1.0 jets
ki R=0.3 subjets
-0 hard-scatter tracks
x pileup tracks
] topo-clusters
- truth Z boson
A truth W boson

< 1
g - ATLAS Simulation Preliminary
8 ~ Pythia8 (W'— WZ— qqqq)
2 "My =1TeV
= L . .

o Anti-k, LCW R=1.0 jet
T Ok, LCW R=0.3 subjets
=]
n_HF -

o

N -

o
o i
o

corrdVF
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CERN-PH-EP-2015-206
w U) T T T T | T T T T | T T T T | T T T T
R .C':J . ATLAS Simulation Preliminary i
-E I Pythia8 (W'— WZ— qqqq) ungroomed
L L O 1 My =1TeV —e— corrJVF>0.6 N
1 102 8 8 _ Anti-k, LCW R=1.0 - corrjxll?g.g,:wtig.?g i
: N .N OS H' < 40 * —A— Ccorr. >U. y cut_ .
1 0w & %
| E — B }*‘ N
| —-— O 0
i (®)
Z Z i : by i
_ -3 - _]
1 10 0.05 g
’ i * . i
¢ ¢
B ' A ?/?;??é//
0 - Gt
0 50 10 150 200
Mass [GeV]
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Examples of new tools in LHC analyses

Top resonance search

Very fat jets (R=1.5) allow

Boosted top-tag:

all-nadronic analysis to = 10" g+ Ce e
CMS B2G-13-008 extend downto Mz =750 & | CMS T e (NDMS TOD. Tagger +
GeV = 162 95% CL expected Leplonsjets (hreshok) —Sgbjettlness *
N [ Z1%width e s subjet b-tag
N
— 103 «:wie Allhadronic (high-mass)
Unboosted semileptonic “: \ |
channel underperforms & 1r""-..,\\ - All-hadronic ttbar channel
for Mz > 850 GeV T - P — 3 competitive with semi-
,E.,(,-né \ ) leptonic channel
§1° : g\A Semi-leptonic channel
310'3 1 ! - L ) C Ll with boosted top jets and
0.5 1 1.5 2 25 3 non-standard lepton
Mz [TeV] isolation
HH resonance search
ATLAS CERN-PH-EP-2015-099
Boosted H-tag:
Boosted analysis , :
6 o necessary for M Trimmed AK R=1.0 jets
P ) — )< P > 1150 GeV Matched R=0.3 b-tagged track jets
E - ) & [— u&uﬂ,.-u 3 ) .
0.2 . g - ATLAS JR— st Crpmcted U B8 C1) | ATLAS Bulk RS, ki, = 1.0 -
.*n“u'".,' Anelysi - =195 | ceeen Booeed: Uit _ _ 1 e Observed Limit (95% CL
-g [ i — - $vegpren 2‘#&2."".;:;1‘ t‘°’rw e fua PR = 'E \s-aTerLdt_IQ.sm ------ Expomdum((u%cu) 7
£ emefgugn == e £§ F ' = T B Expected =% |
ﬂO.lS "'—~\ Vs=8Tov ' 1 = : Expected 20 i
g 0.1 d / N\ \ . t E . |
4 / N\ : : g [ O
g r P - \\\ . \ 11 . . \ . ) . !t 10 3
0.05+ ////, ~o \\\ . N § 1.5;;‘ Ratio of Expected Limits : 5 ]
L~ S~ S 05t 3 -
500 1000 1500 2000 0500 800 1000 1200 1400 1600 1800 2000 . T T T YT R T T T
. [Ge 600 800 1000 1200 1400 1600 1800 2000
%-l V] %‘u [GOV] "b [Gev]
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Examples of new tools in LHC analyses

CMS TOP-14-012
ATLAS TOPQ-2014-15

Top cross section measurement (boosted)

ATLAS top tag :

R=1.0 jet

Trimmed jet mass > 100 GeV
Splitting scale \/d12 > 40 GeV
Matched small-R jet b-tagged

CMS top tag :

R=0.8 jet

CMS Top Tagger
(140< jet mass < 250,
minMass>50

Nsubjets >3 )

James Dolen

Events / 25 GeV

Events / GeV

Pred. / Data

19.7 17 (8 TeV)

m_ 14 1 1 4 .
E CMS Proliminary 5
50:_ + Data {
. M ti Signal -

@ t Othor

o B Single Top ]
N W - uv .
20~ QCD -
. = Uncertainty
20_'— 1 ttag + 1 blag ~

u+lots
Post#¢ ywizs

200 1000 1100 1200

.

100

p'(hadronic top) [GeV]
{s=8 TeV, 203 1"
—o- Data 3
)1 Single lepton

B 1 Diepton B
Waets -

. Zejets 1

W Sngletop
Doson 3

. Mutiet .

S e - _—:
. -

—— -
_.__:

160 180 200 220 240
Top-jet candidate mass [GeV]

120

140

See talk by Mayda on Monday

19.710" (8 TeV)

B 107 CMS Preiminary
g ¢ Data 3
. - Powheg+Pythias t i
£ - - - - MacGraph+Pythias i
g 107 Stat. Uncertainty -
Stat. ® Syst. 1
g '-v—'-l_r
104 E I E
| — ’ ___________
8 1.4 [ ]
= 3
o _.l--—‘f—J .
> . 3
S osf ]
£ 55500 ‘
500 600 700 800 900 1000 1100 1200
Particle-level top P, (GeV)
; 10 'Zi T T T ;
g ™ Fiducial phase-space ~
- S #= Data il
- o v POWHEG+PYTHIA
a E o * ALPGEN+HERWAG g
= 3 - . » MCONLO+HERWIG -
5 F —ht + POWHEG+HERWIG .
10" =— '_.l‘_ —
- ATLAS .
" fse8Tev. 2030 . 3
- A
102 —
g 2:-' T A 2w [T e o s e e ey vy g -~ ~
e ”: N T nl *
2 o.o[
m ' ' i :J " .. . '’
300 400 S00 600 700 800 900 1000 1100 1200
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Examples of new tools in LHC analyses

Boosted top-tag
R=1.5 jet - HEP Top Tagger + filtered subjet b-tag

VLQ Top partners decaying to tH
CMS B2G-14-002

Boosted H-tag
R=1.5 jet - 2 filtered subjet b-tags and pairwise

19.7 b (8 TeV)
T ‘ T 1T ‘ L \7

\\\\‘\\\
—§— Data

6 [ T 1T ‘ T
= 'CMS _ .
CO + B co (rom data) b-tagged subjet mass > 60 GeV
N t
E 0.8+ — TT—>tHtH (500 GeV/c?) i 19.7 b’ (8 TeV)
S TT—tHtH (700 GeVic®) x10 1 =
o oel = Re - TT—>tHtH (1000 GeV/c?) x100] < CMS
L Multiple H tag category ] E
0.4 Q-
i JEN % 107
0.2F - -
L doereemrrrenperessnne e s nesnneen " — Obs.95%CL
1 I}H" ‘ 1“ ‘{‘H ‘L ----- Exp. 95% CL
g 2F — _ Theory TT
- 15F 102 = Central 95% CL exp. N
© r N
= F o e —— [ [ Central 68% CL exp. ~N
o) | r ~
05F ) L N L T T | L | ! ~
0 500 1000 1500 2000 2500 3000 600 800 1800
H. (GeV/c) m; (GeV/c?)
2 F T - e —
g 0.43, ATLAS s=8TeV,203 1" 3 -------- Expected imi (s10,.)  ATLAS
4 ZN r Inchusive selection . ":-‘_ — QRervd it (o1 u‘::)
S ot @ 0.35; —e— Dan = Al limits a1 95% CL
4\”J = Z m’ = Eooeeemes Multi-jot (Sherpa)
s > 100 GoV s 0.3: . m{G) = 600 GeV, mG:)-‘?SGoV 1000} 15=8TeV, 203m’
T 1<2.8 Foevwes mi@)=10TeV, miK) = 175 GeV
0.25) ..... m{G) = 1.4 TeV, m() = 175 GeV
0.2 +5° |
Large M‘J => i .0 b ,
0.15:, ® .. -~ 5001
f e "7
- Angular structure 0.1 .{_ oo
: 0.05-® &% uT o,
- Many energetic [e oo @0, W%,
hadrons Y02 04 06 '6.5‘"?"1’.}' 'y - B
Total jet mass, M [TeV] m, [GeV)
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Examples of new tools in LHC analyses

VV resonance

ATLAS-CONF-2015-073 N
8 107 ATLAS Preliminary  —— no boson tagging E swowoary 4 CMS data :
CMS EXO_1 5_002 g 10 » Y —e— WZ tagging B B 2 par. background fit
2 P Vs =13 TeV, 3.2 b —=— w/o mass cut §‘l(fl . . .
> 10 e WioD, s F 02 ToV)-=WW (0 =0.014 p¥) 3
g 10° o —¥— w/o N, g WW, high-purty
& F = __ Al -hadronic M Mot T 13
—O— L s \ ]
107 by T, ok All -hadronic ]
-y Y—_ __‘_:!:=l=+ 1? H
_T_+ —N—_y - _*_ L .
1 .:F 1 .
e . e .? o"'*eiA.,
1000 1200 1400 1600 1800 2000 2200 2400 3 e A R —— 4
H 4 :
M [GeV] 1 - = Dnmarlammnﬁss [Gr\;’]o
L M S — E 221" (13 TeV)
ATLASRunIV-tag: é EATLAS Preliminary E E'y-r "'vvlrvv'Ivrvvlvrvvlwv'yl"1rg
d ' ' A
R=1.2 g - Vs=13TeV,3.20" i % - P*xfw! SR Asymer. CL, Expected + o F
- | _ ' ~ @ Observed 95% CL | ks it IR QPSS p— CL; Ex s 20 |
Split filtered jet mass window % 10° All -hadronic Expected 95% CL § '°? O, * BAG, ks [
y<‘| 2 E/ i s o . Tg - ——— Asymgt. CL_Ovserved _E
: B + 20 1 1_ | i i
m B 1 - 0 I
Ntrack < 30 x — HVT Z—WW ) S I | g E
>_<'_ 10 E ; @ 10" T — - 4 m?
N 1 2 N -
ATLAS Run Il V-tag : Lot 1 2N
Q 3 N\
R=1.0 T 10 E E ol ;
' ' i - ] [ L Alldhadionia
Trimmed jet mass window B ] 10° Ao NG+
i i 3 : 4
D2 (B:1) < 1 '2 (pT dependent) 1 1 | L L I L 4 : sl i3 l 1111 }\1\§? rTn-]xl 1 |1E’1p;t9r11|?1 1
N 30 1500 2000 T8 2 25 a3 a5 4
track < Ve (Tev)
m,. [GeV] -

CMS V-tag :

REORS

Pruned jet mass window

To/T1 < 0.45, 0.45 < 1o/11 < 0.75
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Conclusions

« New jet tools have proven to be indispensable to LHC analyses

Impressive progress in the last 5 years developing and commissioning jet
tools

> Boosted objects are now mainstream
+ Thoroughly calibrated and commonly used

+ example: groomed jet mass is now in the CMS trigger

g Strong community of theorists and experimenters

+ Short turnaround time between new ideas and results

» Pileup poses a significant challenge for run Il and beyonad

New pileup subtraction techniques - improve jet energy measurement and
resolution for all jets

Jet grooming - essential for boosted object tagging
Per particle pileup removal - correct both jet p4 and jet shape

Removing pileup essential for jets, MET, isolation

James Dolen Aspen Center for Particle Physics - January 15, 2016
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Pileup Per Particle Identification (PUPPI)

arxXiv:1407.6013v1

° PUPP' framework deSigned to Utilize a” trackjngfveﬂexjngjnformaﬁon CartOOﬂ from
handles to mitigate pileup global event information Nhan Tran

o (pileup energy density measured per event) f@\ procision timing
charged tracks from the hard scatter groom g/ oce. siape .M J

. . depth segmentation
charged tracks from pileup vertices /
the local distribution of pileup with respect to v in one algorithm:
particles from the leading vertex correct the jet pT

following the “jets without jets” paradigm...
Define on a per particle basis, before jet

clustering, a weight for how likely a particle
(or jet constituent) is to be from pileup or the

correct the jet mass/

» LV particle radiates preferentially at small angle. shapes

Pileup from many vertices is randomly perform pileup jet ID

distributed in angle and its pT spectrum falls leading vertex, then rescale each particle four c;:?lf::ﬂﬁ:;;?
more rapidly momentum by that likelihood
* Assign a weight to each particle equal to the 2 o
T . ' h d from leadin X
probabillity that the particle originates from o oU 5 O ihZiZ;f,ZmZT;f““"
0 lleu 0 H ’ [ ] neutrai
O very likely pileup — 1 very likely hard scatter O 0O @
Multiply weight by particle 4-vector nore likely from PU ZJ .O *\.
S
Remove particles with small weight ? O ® h |
D more likely from leading vertex

Cluster jets with weighted particles

»  Also corrects the jet shape
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PUPPI Algorithm

1. Calculate ai for each particle | ai =log Y &j x O(Rmin < ARy; < Ry),
jEevent

Sum of p1i/AR; for each where £;; = i’;ﬁ |

]

particle | within an annulus

around particle | S = cherged Py
o --:=« neutrals LV
. 8 oo e neutrals PU m
> Ro determines the outer cone o | '
. o i
Slze E 0.04|-
»  Rmin chosen based on detector 0onl
resolution B
Choice of §; 5

»  ~1/AR: Collinear radiation from a particle from the hard scatter is mostly
radiated at small angles while pileup has no angular preference ( bigger AR
— smaller a = less likely to be pileup)

»  ~p1: pT spectrum of pileup pileup falls off faster than pT of particles from
the hard scatter ( smaller pT — smaller a — less likely to be pileup)

In tracking region sum over charged particles from the LV, in
forward region sum over all particles

James Dolen Aspen Center for Particle Physics - January 15, 2016
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PUPPI Algorithm

2. All charged pileup particles are assigned a weight wi = 0 and all
charged leading vertex particles are assigned a weight w; =

3. The weights of all other particles are calculated using:

A2
X:‘E _ E)(ﬂ:t- —-‘Z_IPU) % (0 Eﬂfi u)
Opu

4, The four-momentum of each particle is rescaled by its weight PP 5 w; x p

5. Particles with small weights wi < weut or with low (rescaled)
transverse momentum pri < Pr,cut are discarded.

L T PP R i, e
S neutrals LV |1 e -\ R S :
. I .- s ). . 1 eesa il -
E — neutrals PU S O 17 Tkl e
S 10° g o AN : g i
5 ] - -f.}l ' 1' s 2
2 NN AT
ﬂg -4 -2 0 2 4 " 2 0 2
- - i _-.l' i 1—1!1023 - . . | I-. —1.51023
10° 3 .'-_. @ e 5 . r‘.).- 17 5
::.:' A .".. = ‘..;'. E _10 ’ Ik ] _10
I 1 SEha st e : - (w1
4 -~ - : . L . L. . i :.’_.. . .. . . A : _/ =1
10% 02 04 06 08 1 Q ek 1' Q 1' |
weight (a°) I L S R S
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Reconstruction level pileup suppression

Peter Loch

* Pulse Integration (ATLAS)

reading out (digitize) 5
samples sufficient!

Fast signal shaping such that pulse integral = 0 and
amplitude proportional to energy— Net average signal
contribution from pileup = 0

normalized amplitude
b

Works best for small bx (25ns) 02}

: . 3haped and
Can not reduce out-of-time pileup event by event sarypled signal

fluctuations oal

0 100 200 300 400 S00
time (ns)

* Jets clustered from topoclusters (ATLAS)

100|||1|!r||||||1|||r|....

S -
: : : : ® -~ ATLAS Simulation Preliminary
!3|Ieup engrgy and electronic noise lsuppressmn ©) 90E P thint dite (ACD 2 5 2) it
included in topocluster reconstruction S 80~ vl - P = 60)
« . . 705_ 25ns bunch spacing -*ﬁs:z;pw =)
4/2/0” clustering tuned based on expected max {u, C Vs =14 Tev Effect of| O’ = 140)
60 sigma ol s (u = 200)
- noise ¥ -
°%% -
o Seed: 40E o
pof@lo o |E..q| >40 -
o @R o Neighbors: 30;—
022 0 |E..4|>20 20
022220  Nearest neighbors: 105_
1 I I IE:HII:'-DE E
O'_IIIJJ_IllllllllilllIJ_IIII
Ariel Schwartzman 50 100 150 200 250
(W
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Quark/gluon discrimination

* Quarks and gluons have different QCD color
factors

Gluon more likely to radiate a gluon

Gluon jets tend to be wider with larger multiplicities
and correspondingly fewer hard particles

Quark jets tend to be narrow with smaller multiplicities
and asymmetrical energy shared between constituents

*  Quark/gluon jet discriminator variables:

ATLAS
Cr=4/3

e Number of tracks

Yo ipra x AR(i, jet)

»  Track/Calorimeter width S prs s pratenan. e 131 n ot (38 T

> Energy correlation angularity (track based) g 3 50<|;"<ss GeV, W <2 | '
* Dlet data

T PIDIN -‘:;A»},’_],VI».;.;:JH-‘I.,'II;-' 2500..* :cc:::r:"::::gw

CMS 294 UME-13-002 |

1500 | ]

. jet multiplicity wof g e

» jet shape (minor axis width) 500, T

% 0z 04 06 08 1

R .
pTD (energy sharlng) Quark-Gluon Likelihood Discriminant
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-------- merged PF neutrals

 Run 1 - tagging efficiency for boosted
objects decreased at high pT

split PF photons

444444 @ split PF photons+neutrals

* Run 2 - Improvements to particle
reconstruction

Normalized Distribution
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- make better use of detecter granularity

- tagging efficiency now stable at high pT %

pruned jet mass (GeV)
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