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Pileup jet suppression in ATLAS

e Pileup is one of the main challenges for jets (and missing ET) at the LHC

e Pileup adds additional energy e Pileup has a large effect on jet | [® Pileup can give rise to
(offset) and degrades the shapes and jet mass pileup jets
jet energy resolution

: o ATLAS-CONF-2013-085: Pile-up subtraction for jet shapes

: o ATLAS-CONF-2013-083: Pile-up subtraction and suppression for jets

: o ATLAS-CONF-2012-066: Impact and mitigation of pile-up on large-R and groomed jets

: » Approved plots: Exhaustive studies of pileup effects in jetETmiss up to <u>=200

e Today’s new results: ATL-PHYS-PUB-2014-001
e Track-based pileup jet suppression
» Track-assisted grooming of large-R jets
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissPublicResults
http://cds.cern.ch/record/1643929/
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The need for pileup jet suppression

* Pileup effect on jets are mitigated by applying
the jet-area pileup correction
* based on event-by-event pileup pr density

e Local fluctuations in the event-by-event pileup
activity can give rise to pileup jets

ATLAS-CONF-2013-083
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* Track-based pileup jet suppression:

e associate tracks to jets with 11 1<2.5

e calculate the jet-vertex-fraction (JVF)

trk,HS
JVF = !
Z trk HS _I_ Z trk PU
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JVE based PU jet suppression

* JVF is a measure of the fraction of track pr
from the HS PV
* naturally decreases with Ny

trk,HS

i P
N =
Z trk HS _I_ Z trk PU

L ]
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e The explicit pileup dependence of JVF leads
to Nvix dependent hard-scatter jet efficiencies

0. ‘ h NATIONAL

ACCELERATOR

ghﬂv LABORATORY

Efficiency

—
~

—_l
N

0.8

0.6

ATL-PHYS-PUB-2014-001

T T | T T T T | T T T T | T T T T | T T T T |
- ATLAS Simulation Preliminary -
~ Pythia8 dijets —e— 20<p_<30 GeV .
- Anti-k, LCW+JES R=0.4 —u— 30<p_<40 GeV -
| Il <2.4,20 <p_ <50 GeV 40<p_<50 GeV
| JVF>0.5 i
fada gy 7
- e ."\‘N _
- - s
L —@- |

_._
_._
B 2
| | | | | | | | | | | | | | | | | | | | | | |

10 20 30 40 50

Truth vertex multiplicity

N truth

e A key element of this talk:

* new track-based variables to suppress

pileup jets with Ny insensitive jet
efficiencies
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bles for PU jet suppression

e Correcting JVF for its explicit pileup dependence

New varia

0.01

pileup tracks in the event
e JVF degrades by 20%
e corr]JVF stable at 90+1%

HS jet efficiency as a

k
o Ny PVU= total number of
function of Nvyix

HS trk,PU
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bles for PU jet suppression

([ ]
e Another variable with large separation power

New varia
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Anti-k, LCW+JES R
nl <2.4,20 <p_<30 GeV

Pythia8 dijets

[Zp

trk
1
e Ryr ~ charged fraction of a jet

0= Ny,=30
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corrJ VF vs. RPT correlation
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ATL-PHYS-PUB-2014-001

" ATLAS Simulation Preliminary
| Pythia8 dijets

| Anti-k, LCW+JES R=0.4
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| HS jets

o
1

corrdVF

| IIIIIL|_| 1 IIIIIII|

* Exploit corrJVF - Ryt correlation to gain discrimination power

jet-vertex-tagger JVT

e Construct a discriminator based on full 2D likelihood
using a nearest neighbor algorithm
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107

102 e PU jets populate low Rpr -
low corrJVF region

10° “

HS jets are mostly in
moderate Ryt - large corrJVF

region
107 102 ATL PHYS PUB 2014 001
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JV'T' performance

ATL-PHYS-PUB-2014-001
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e Cutting on JVT gives Nvi insensitive
HS jet efficiencies

ATL PHYS PUB-2014- 001
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e Hard-scatter vs. pileup discrimination with JVT
* fake rate of 0.4% for signal efficiency of 80%
* fake rate of 1.0% for signal efficiency of 90%
* fake rate of 4.0% for signal efficiency of 95%
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ATL-PHYS-PUB-2014-001

ATLAS Simulation Preliminary
Pythia8 (W' —=WZ — qgqq)
mw =1 TeV

Track-based grooming of large-R jets

Can we improve the grooming of large-R jets by exploiting
tracking information?
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track-based trimming of large-R jets

ATL-PHYS-PUB-2014-001

_e__IIII|IIII|IIIIll‘*q'lllllllllllllllllll_
6 ATLAS Simulation Preliminary

~ Pythia8 (W' —=WZ = ggqgQq)
mw = 1 TeV

— Anti-ki R=1.0 jets .
ki R=0.3 subjets “subjets have
o hard-scatter tracks proub/p pungroomed > 59
X pileup tracks
- [] topo-clusters
1—% truth Z boson
_ A truth W boson

N
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track-based trimming of large-R jets

o ATLAS Simulation Preliminary AR
the truth Z boson

Pythia8 (W' —-WZ — ggqQ)

e 3 subjets with e = 1 TeV

stub / pTungroomed > 5%

* only two subjets have ~ 3
associated tracks from the HS PV .

. PU track
. HS track
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track-based trimming of large-R jets

e The pink large-R jet is matched to
the truth Z boson

e 3 subjets with
stub / pTungroomed > 5%

* only two subjets have
associated tracks from the HS PV

m; =119 GeV %

, _ o ATL-PHYS-PUB-2014-001
ATLAS Simulation Preliminary

Pythia8 (W' —=WZ — gqqQq)
mw =1 TeV

. PU track
X‘ NG L HS track
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track-based trimming of large-R jets

e The pink large-R jet is matched to
the truth Z boson

e 3 subjets with
stub / pTungroomed > 5%

* only two subjets have
associated tracks from the HS PV

, _ o ATL-PHYS-PUB-2014-001
ATLAS Simulation Preliminary

Pythia8 (W' —=WZ — gqqQq)
mw = 1 TeV

. PU track
N .- HS track

m; =88.7 GeVe&e=

e A

m;=119 GeV -**
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track-based trimming of large-R jets

e The pink large-R jet is matched to
the truth Z boson

e 3 subjets with
stub / pTungroomed > 5%

* only two subjets have
associated tracks from the HS PV

ATLAS Simulation Preliminary
Pythia8 (W' —-WZ — ggqQ)
mw = 1 TeV

. PU track

..... HS track

m;=88.7 GeVe=

m;=119 GeV +**""

* using tracking information to

ATL-PHYS-PUB-2014-001

remove pileup subjets may
improve the jet mass resolution
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corrJVFE-based trimming

* subjet corrJVF vs. prubi/prngroomed jn W->WZ->qqqq events
e ungroomed jet pr > 300 GeV

ATL-PHYS-PUB-2014-001

g 1 3
2 - ATLAS Simulation Preliminary 2
3 " Pythia8 (W'— WZ-> qqqg) [=
= "My =1TeV L
ol - Anti-k, LCW R=1.0 jet 1023
-g\ O, LCW R=0.3 subjets ) N
e “high” pr O . ©
pileup jets o ) S
3 |8
o e " |
® fcut = 5%/
line
0) IPU 0.5 HS > 1
corrdVF
Trimmed jet
1 A ﬁ St e 10 Pascal Nef
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corrJVFE-based trimming

* subjet pr based trimming in combination with corrJVF e Jooking at large-R jets matched to the

* which f. is optimal? truth Z boson £ T arias Smutaton preiminary 8
; 8 I Pythia8 (W'— WZ-> qqqq) c
° jet pr>300GeV =, [mim .. 10?7
ATL-PHYS-PUB-2014-001 B e [ E
CD I I I I | I I I I | I I I I | I I I I O)‘O_ 5
2 | ATLAS Simulation Preliminary ] = 4 Lo
I= Pythia8 (W' WZ— qqqq) ungroomed - B
W 0.1 wm, =1Tev —e— corrJVF>0.6
© | Anti-k, LCW R=1.0 —m— corrJVF>0.6,f  =0.04 -2r i
.GN) 0= =40 * corrJVF>0.6,f_ =0.10 .
© i £ ] corrJVF
£ | 4 ]
: g
< i ¢ "; i e calculating the trimmed jet mass from subjets
0.05r- v o= - passing:
} * cortJVF & fout = 10%
~ — too aggressive
* corrJVF only:
s Ll — already quite good, but slightly too loose
0 50 100 150 200 e corrJVF & fou=4%
Mass [GeV] — best mass resolution for this signal
ol A 7 DATONAL 17 Pascal Nef
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Pileup removal with jet cleansing

Normalized Entries

ATL-PHYS-PUB-2014-001

Pythia8 (W'—= WZ— qqqq)
O' 1 _MW' = 1 TeV
_ Anti-k, LCW R=1.0

. ATLAS Simulation Preliminary

ungroomed
—e— f,,=0.05

—a— f.,=0.04,corrdVF>0.6 _

O<u=<40 Q f.1=0.04,linCleansing
- ‘9¢ —»— f,,=0.01,JVFCleansing
i /'h ]
B fout = 5% 4] .
;Y?
0.05( g0 |
v Y
_ . Vv ) |
VF cleansin v .
") g,v'
B ﬂ
_ 8
0 AiAsdhid ﬂ_'!'!j'!':ﬂ ' N aee s SNNRNARS
0 20 1 OO 1 50 200

Mass [GeV]

comparing corrJVF-based grooming
with jet cleansing (arXiv:1309.4777)
[see dedicated talk by Matthew Low]
* linear jet cleansing

e JVF jet cleansing

jet cleansing aims to approximate the subjet p from

:the HS PV:

: o JVF cleansing;

. ® scale 4-momentum by JVF

linear cleansing;:

e scale subjet 4-momentum based on the

assumption that preharged / pritotal from pileup
is 0.55

e In 2012 pileup conditions, performance (in terms of mass resolution) of track-based procedures are
similar to a calorimeter-only based f... = 5%.
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Conclusions

n 1 02 T T Tt =
2 - ATLAS Simulation Preliminar ] . o g . . .
= Foaeaes s 1 |* Pileup mitigation was important for many 8 TeV analyses, and will be
L 1 ANtk LOW+JES R=0.4 HS jets _
g pheesmep <a0Gey event more so for future LHC runs.
N L O =<Nyy = i
% B |
€ 1F E
o B \ 6
<

107 e Presented new results on pileup jet suppression:

e new 2D likelihood-based discriminant ...
2L A ] e :
107 e shows excellent pileup vs. hard-scatter discrimination power
10° e results in hard-scatter jet efficiency that is flat with Ny

ATLAS Simulation Preliminary

e First ATLAS results on track-assisted grooming procedures Piniag O 7 We = agqq)

* more studies ongoing

e The results presented here are published in

ATL-PHYS-PUB-2014-001
e A CONEF note with more details is in preparation ... stay tuned.
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Additional Material
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HS jet efficiency in data

e Hard scatter jet efficiency for various JVF cuts in Z->1 events for data and MC
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Hard scatter jet selection efficiency

Data/MC
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