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® Introduction to Particle Flow
» How does it work in general?

® Particle Flow performance studies at 8 TeV
® Jet recommendations: status and plans
® Quick look at top samples with Particle Flow jets

® Systematic uncertainties (but not for PFlow jets)
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Particle Flow algorithms try to follow the path of the particles through the detector.

Main goal is to improve the energy resolution of the hadronic objects

How to do it? combining the information from different sub-detectors
= Emphasise the role of the tracker in jet physics.
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__Why Particle Flow In ATLAS?

® Reasons for using Particle Flow in ATLAS:

» Tracker resolution significantly better than Calo resolution at low pt

» Particles that don’t create a topocluster (low E) are accessible by the ID
» Better angular resolution of the tracker for single particles

» The vertex information can be used to mitigate the pileup contribution

Calorimeter

» Calorimeter’s ability to reconstruct neutral particles
» Better energy resolution at high pr
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How does Particle Flow work?

» Track reconstruction in the ID

HAD EM Tracker IP
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How does Particle Flow work?

» Track reconstruction in the 1D
» Extrapolate the tracks to the Calorimeter
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How does Particle Flow work?

» Track reconstruction in the ID
» Extrapolate the tracks to the Calorimeter
» Match the tracks to the clusters

HAD EM Tracker IF
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How does Particle Flow work?

» Track reconstruction in the 1D
» Extrapolate the tracks to the Calorimeter
» Match the tracks to the clusters
» Remove clusters from charge particles
» Finally keep:
» tracks (charged particles) and
» clusters (neutral particles)

HAD EM Trackar P
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How does Particle Flow work?

» Track reconstruction in the ID

» Extrapolate the tracks to the Calorimeter

» Match the tracks to the clusters

» Remove clusters from charge particles

» Finally keep:
» tracks (charged particles) and
» clusters (neutral particles)

eflowRec algorithm in ATLAS
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ATLAS jet calibration

PFlow EM jet
constituents

Jet finding applied to topological clusters and tracks

Applied to both MC and Data

Origir “orrection

Changes the jet direction
to point to the primary
vertex. Does not affect E.

Jet area based
and residual pile-up
corrections

Function of event pile-up
energy density and jet area

Function of y and NPV
applied to the jet at
constituent scale

Absolute Eta)ES

Corrects the jet 4-vector
to the particle level scale.
Both the energy and
direction are calibrated.

Global sequential
calibration

Based on tracking and
muon activity behind jets.
Reduces flavour dependence
and enerqgy leakage effects.

Applied to Data

Residual in-situ
calibration

A final residual calibration
is derived using in-situ
measurements and is
applied only to data
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Calibration chain:

® Slightly different steps depending on the jet collection.
® MC studies to infer the missed energy in the jets using

the jet response: R=pri¢t/prtruth,
® |n-situ studies provide an additional correction to take
into account data-MC differences as well as part of JES

(Rdata/RMC).
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https://indico.cern.ch/event/574168/contributions/2323248/attachments/1348247/2033997/newLCReleaseICHEP.pdf

Unfortunately, final recommendations have been delayed
until January due to problems with MC calibration ...
but working to get them asap, hopefully by January!
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ngoing:

B 2016 data
JES MC calibration
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_Firstcalibration for PFlow jetsongoing: 3016 data

PFlow calibration status:

® |ES finished:

® Included in JetCalibTools-00-04-68 or later
® https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/ApplyJetCalibration2016

® GSC almost ready:
® Punch-through not available but not essential for PFlow
® Preliminary tag available for testing

® |n-situ measurements prepared to start (waiting for the final MC calibration)

® Uncertainties are not evaluated yet

R.Moles-Valls
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/ApplyJetCalibration2016

MET stutlies

® PFlow MET studies ongoing:
® Stable with pileup (left)

® Reduction of the tails in Z—ee compared with TST MET (right)
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Look at PFlow jets In tthar events _
: udnind detheedlieteleBntis Bt A — g P Falke (master thesis)

® ttbar TOPQ| derivation 2015 data
(mcl5_13TeV.410000.PowhegPythiakEvtGen_P2012_ttbar _hdamp|72p5_nonallhad.merge. DAOD_TOPQ|.e3698 s2608 s2183 r7267 r6282_p2460)

> |+jets selection implemented
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— g P Falke (master thesis)

2015 data
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Figure 8.6: Comparison of the normalised m(W,,4) (left) and m(t,4) (right) distributions for pflow and topo jets.
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Unfortunately not for PFlow jets but available for other jet collections
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~_dystematic uncertainties at 8 Tel

Fractional JES uncertainty

Fractional JES uncertainty
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Fractional JES uncerlainty

Fractional JES uncertainty
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~ Systematic uncertainties at 13 Tell (Current recommendations)
lﬂ+lES
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__dystematic uncertainties at 13 TeW (EM+JES)
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~ Systematic uncertainties at 13 Teu [

EM+IES)

Moriond-17 version improvements

at low and high pr wrt to ICHEP-16 EJ8
é 0.08

2
» Without two highest-pt effects: 5 006
- No MJB : .

« No High-pt single pions uncertainty
(Improvements expected from new E/p) 0.02
» Reduction of in-situ uncertainties:
o Improve out-of-cone uncertainty

o

EM+JES [I’HE[IMINAHYJ

ATLAS Internal

B Data 2016 Ys 13 TeV 25 ns
[ anti-k, A =0.4, EM+JES + in silu correction
n=0.0

11

[ Tetal uncentainty
- Absolute in situ JES (Z.y+el)

rav.comesion. NO MUB
yet!

|

llIl

<1+« Flav, response
Pileup
- Punchthrough

'.11111111

: “‘1 DEER R RN 70T Ca T TP R ALY
2x10° 10°  2x10°
d:‘ (GeV]

20 30 40 10

problems with r]-intecalibration

« New sherpa 2.2 samples
 Higher statistics

o
o
D

» Main systematic Flavour uncertainty

o
2

0.08—

e Fltil\‘lj ht :rr‘lyx?:.'lllluJEs NO M\J B
«.=«. Flav. rasporse
— Pileup yet!

IIIII

Puncnhrouch

Fractional JES uncerlainty

* Can be reduced by top group deriving

. . 0.02
the correct quark-gluon composition

R.Moles-Valls
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_Summary

® Performance studies have demonstrated advantages for the particle-flow jets:

» Better jet momentum resolution at low pt and comparable above ~80 GeV

» Better angular determination (in N and )
» Reduction and stability of/with pile-up and improvements in Er™iss

® Many (single)-top analysis can make profit of using PFlow jets.

® Not urgent but it would be nice to include them in SingleTop ntuples
» Study the impact in top analyses
» Provide feedback to |etETMiss
» Papers with PFlow for summer conferences

® Systematics:
» Not ready yet for PFlow but
» EMTopo improvements (Moriond)
» LCTopo will come soon

It is time for starting having a look
at particle-flow in top physics!

Thank you
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_PHowinTopxh0D

® PFlow collection available in the primary xAOD
® DerivationFramework (00-02-78)

»AntiKt4EMPFlow]ets (1% of the total size in the slimmed xAOD)

DerivationFramework/DerivationFrameworkCore/trunk/python/AntiKt4EMPFlow]etsCPContent.py
»MET_AntiKt4EMPFlow

DerivationFrameworkCore/trunk/python/MET_Reference AntiKt4EMTopoCPContent.py
» BTagging AntiKt4EMPFlow

DerivationFrameworkCore/trunk/python/BTagging  AntiKt4EMTopoCPContent.py

® Analysis Top

» Apply the right calibration for running PFlow jet collection:
* JES_MCI5Prerecommendation_PFlow_July2015.config

» No b-tagging SF applied (not available yet)
» Turn off the jet uncertainties (not available yet)
» JetCleaning variables not included in the derivation (should use AntiKt4EMTop)ets)

R.Moles-Valls

26


https://svnweb.cern.ch/trac/atlasoff/browser/PhysicsAnalysis/DerivationFramework/DerivationFrameworkCore/trunk/python/AntiKt4EMPFlowJetsCPContent.py
https://svnweb.cern.ch/trac/atlasoff/browser/PhysicsAnalysis/DerivationFramework/DerivationFrameworkCore/trunk/python/MET_Reference_AntiKt4EMTopoCPContent.py
https://svnweb.cern.ch/trac/atlasoff/browser/PhysicsAnalysis/DerivationFramework/DerivationFrameworkCore/trunk/python/BTagging_AntiKt4EMTopoCPContent.py

PFlow in Top .

from Dimitris (top mass workshop)

———s B

ES uncertainties breakdown

e §TeV lepton+jets analysis, analysis ongoing

most 1ikely,
includes
“customised”
jet flavour
composition

\

R.Moles-Valls

JES Component

Uncertainty

JES stat

0.1344

JES model

0.4068

JES det
JES mix
JES eta
JES pileup
JES flavor
JES puncht

0.0
0.0895

Name

AL S

¢ E-scale material

¢ E-scale presampler
¢ £-scale baseline

¢ E-scale smearing

p E-scale baxcline

p E-sCale smearing 1D

MC gencrator

Description

Material uncertainty on election energy scale
Presampler uncerainty on electron energy seele
Baselne uncertainty on electron energy scale
Uncertainty on electron energy smearing
Bascline uncertainty on muon encrgy scale
Uncertainty on muon 1D momentum smearing

Category

det
dJdet,
mixed
mixed
det,
det,

tot JES unc

bJES

Total

Ditlerence between MC zenerators model

VF JVITHIORT LA TR

| Ad | Extrapolation in Ad model

| Out-ofcone Contribution of partick s outside the je: cone model
Sub-leadng jet vew Variaton in sub-leadirg jet vero model
Statistical components | Siatistical wncentainty stat/meth.
y+jel
y E-scale material Material uncertainty o photon enargy scale det.
y E-sqle presampler Presampler unceraimy on phown erergy scals det.
y E-scale baseline Baseline uncerminty on photon enerzy scale det,

e B coale < > 3inty o MON SRS snsannge et
MC gencramr Cafference bevween MC zenerawors model
Ao Extrapolation in A¢ model
Out-of cone Contribution of particks outside the je: cone model
Sub-icading jet vew Variation in sub-leading jet vewo model

POy PRV O I PR I e aer
Suistical components | Suatistical wncernainty | stat/meth.
Muldjet balance
@ sclection Angle between leading jet and recoil system mode |
g selection Angle between leading el and closes! sab-leading jet model
MC peneranor Ditference between MO penerators (Fengmentation) mixed
pr asymmetry selection | Asymmetry selection between krading and sub-leadiag jer | model
et pr threshold Jet py threshold mined
Statistical components | Siatistical uncentainty stat /meth.

Table 6 Summary of the uncartinty components progagated through 1o 1he combination of in sirw jet energy scalke
measurements from Zejet, y+jet and multi-jet balince studies. These are discussed in more detal in Sections 7 and §

11
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PFlow MET

PFow M

Default selection:

— [ studies

- 20<pT<60 GeV &4 |etal<2.4 && Jvt>0.64

+ pT>60 GeV && |etal<2.4

+ pT>20 GeV && |eta

>2.4

Default Tight selection:

- 20<pT<B0 GeV && |etal<2.4 && Jvt>0.64

+ pT>60 GeV && |eta

+ pT>30 GeV && |eta

<2.4

>2.4

Particle Flow selection:

20<pT<60 GeV && |etal<2.4 && Jvt>0.2

+ pT>60 GeV && |eta|<2.4

+ pT>30 GeV && |etal>2.4

R.Moles-Valls

from Kate (Jamboree)

—=s = =N

Two E;Ms variants depending on the Soft Term:

< Track Soft Term => TST E,™*
*  Fully calibrated physics objects

* Core tracks coming from the primary vertex unassociated to physics objects

* Tracks belonging to jets between 7 and 20 GeV with JVT cut

+ Pile-up suppressed
- Neutrals in Soft Term are lost
= Limited Tracker acceptance

< Calorimeter Soft Term => CST E,™"
* Fully calibrated physics objects
* Core clusters
* Clusters belonging to jets between 7 and 20 GeV, no JVT cut

- Non Pile-up suppressed
- Neutrals in Soft Term are kept
~ Full calorimeter acceptance

28



Glohal and categorg reductions L K Pachabe <l
« - .Pachal’s slides

Global and category reductions

19-parameter and 25-parameter uncertainty reductions also ready, using the same config files
which specify the EM reductions. Maximum correlation loss is 1.5% in the global reduction
and 2.6% in the category reduction (both smaller than corresponding EM reductions)

- Strongly reduced uncertainties not yet available for LC jets, but we think also non-critical for
primary users. Will follow in the next ~week. Strongly reduced configs in the tag contain only
EM recommendations.

anti-k, A = 0.4, LCW+JES M 7*%) = (0.0,0.0) anti-k, A = 0.4, LCW+JES " ,*%) = (0.0,0.0)

ATLAS Internal Data UNKNOWN, is = 0 TaV. . ATLAS Intemal Data UNKNOWN, 15 = 0 Ta\.
> Y - e
(.n_i 004 & (.3.
10° 0080  %-10°

'8 10

-0.05
20 30 10° 2x10° 103‘#@103 20 30 10 2x10° 10° 10°
Mean value -0.4%, max -1.5% alt (478,1094) GeV T [GeV] Mean value -1.1%, max -2.6% at (131,530) GeV T [GeV] 7
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Js = 8 TeV

» Average number of particle flow jets originating form pile-up is much suppressed.
» Average number of particle flow jets is stable as a function of pile-up.
» Particle flow jets behaviour flatter than the LC and LC+JVF jets

» Hard scatter (HS) selection

» Pileup (Pl) selection

N TR )

File-Up ™ 'J('/ ‘.P le-Up

0.9

llllll

0.8

<No. of Jets>

0.7

0.6

1 I LI LR I LI ' L |
_[L ot~ 20.3fo"
> HS selection

e Data LC hcco. | !

o MC LC Reco.

Data LC Reco. |JVF|>0.25
T MC LC Reco. [JVF|20.25 —

nl<1.0 s Data Pflow Reco.

7771 MC Pliow Reco.

lllr—

'-:-llllllllxl

0.4 ]
] e T P R P I P B
12 14 16 18 20 22 24 26 28 30 32

U
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Hafd Seatter

Selecnon 7 Selection

Selection

<No. of Jets>

0.5: 1 I LI L I L | I l- 1 ' | l. '
B J-L ot~ 20.3 fb
0.45— ) PU selection

1 | LI L ' 1
Pata LC heco.
“ow MCLC Reco.

1 T

Data LC Reco. [JVF|>0.25 —

|

= #:3 MCLC Reco. [JVF[>0.25 3

0.4 — in|<1.0 ¢ Datz Pfiow Reco. —
- B MC Pflcw Reco. -
0.35— -
0.3 ‘:_ oo "“';‘

F—IIIIIIIII I

12 14 16 18 20 26 28

30 32

1]
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_Particle flow s
ETmiss
miss __ particle flow jets e Y u uk, unassociated lu, unassociated
Eyy =-— (ZE_,.,y + 2Py, 2Py y + LPxy + 2D, - EEﬁ,y )
» ttbar MC events with high and low pileup conditions
» PFlow
» CST (cluster soft term)
> (track soft term)
» PFlow TST (PFlow track soft term)
;505 rrrTETTe T —-I—YC‘SIII] LI ;50:"1"1'”1"l""""l"'l"'l""l':
8 45;_ MC Simulation. ttbar inclusive +$§$w . _; 8 45:_ MC Simulation, ttbar inclusive -
q:—' 407_ \s =8 TeV<u>=14 _._PF'O:/O STCrL;ctJivfcut E — 405_ (s = 8§ TeV, u=40 3
g - TST with jvf cut 1 3 = —+— 3
w 350 —=— PFlow TST with jvi cul = = 35— =
— - | . R : — :
g 25 e ERE PR =SS~ E
Pl oe=c=S Sl 4 gz T E
)] SN . - —— =
S 150 4 2 15= 5w =
« 10 ] s 105_ +;§L$o échrlwlci) jvf cut _E
s = = TST wilh jvf c.u{ . =
5E = E e PFlow TST with jvi cut 1
0E [T S B R R RTINS SR L vov | I lE Oillllllulllluvluull‘“ll.llu“ JE
0 5 10 15 20 25 30 &5 0O 5 10 15 20 25 30 35 40 4%
P vp
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Paper link: PFlowP
p oWraper Jet angular resolution Pile-up re]ectlon

Js =8 TeV

‘ N
T - n é <l 24 e | CoJFS Jats.
:50 OS_ATLAS Simulation  *  LC+JES Jets {0 10“., E_amay KCRESHGINFL025
0.07-° -Internal s+ ParticleFlowJets § W [ 's=8T¢ - Parck Flow Jets :
- 3 4 -~ r )
Jet Pt resolution B 24 1 & | p>20Gev ATLAS Simulation
€ 0.06-— < 18 | Internal
) ) MI <1.0 . ~
M | 7 0.05 8.2
%  Eamas smulation : 2107
0.3Internal ¢ LC+ESUis(W~24) 4 o4— 41 o
o ] - - 4 X
E s Particle Flow Jets ((u)~24) = - 1] L el E
T - i B S 19
02 i< 1.0 7 00 e, Te, 1 107
Eoae - ] - —t—_‘__‘- .. §
0 15; - ’.... —<: 001 __ i'.‘.**:::“‘“:\:- ' _-
01: -.-.--'::1 ] —_— PR AN | 1%“ I lis s TENTEEE N a1y L1l
: Tua,, : e 10° 4 3 2 4 0 1 2 3 4
: b, : p. [GeV] "
0.05 il -
: : A; : T 4 A | T ' ] T T 1 L T T I: >‘ ‘
) E e e 87 g ngl ATLAS Inlerral e LC-JES+GSC Jels = 4 <>~ 24 —e— LC+JES Jets
%_ R R T ———— N ; s+ Particle FlowJsts 1 2103 I LC+JES Jets [JVFI>0. 25
o DA R end - @ 00TE - o - V8= € Parlicle Flow Je's 3
R ) —— gt i = : : {01 02" ml<1.0 ATLAS S mulation B
o || R SO = U.cet n=<:.0 - ) : Internal
[ ] e e e e E - ] S emna
&k : i n.osf - T ogrot -
20 30 40 100 2x10° 10’ I | = f 1
p, [GeV] n.04 E - -3 }m_-, S
E —- ] c i T ey AT .ﬂ
. . 0.C3}- - = o -
» Most significant improvements at low pr E - 3 80,ggt,rf—' 2
and central  region 0.C2p T "o,. : oc - ]
» Resolution at high pr is a bit worse 0.01 ""“'-‘-u.:m"gml = p E
= A —
» It will be fixed in Rel 20.7 E L Lo
107 10°
p, [GeV]

| 30 35 40 45 50 55 60 55 70 75 80
"UB [GGV]
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https://indico.cern.ch/event/574168/contributions/2323248/attachments/1348247/2033997/newLCReleaseICHEP.pdf
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EM jets:

frien: jet energy fraction in the TileO layer

fiars: Jet energy fraction in the EM3 layer

Nk - nuMber of tracks associated to the jet

widthy, . average angular spread of tracks around jet, weighted by track pr
Nsegments: number of muon segments behind the jet

OO~ ON

» Each jet property leads to an improvement of:
» frien @nd a3 — jet energy resolution
» Ny and widthg, — flavour response difference LQ and gluon jets
» Nsegments — very high pr jets entering in the muon spectrometer

p-flow jets:
1. f.p: jet charged fraction
2. frig: jet energy fraction in the TileO layer
3. fLasa: jet energy fraction in the EM3 layer

6. Nsegments: NUMber of muon segments behind the jet
— Nsagments NOt implemented yet due to technical issues

» Each jet property leads to an improvement of:
» fryg0 @Nd f a5 — jet energy resolution
» nyi and widthy, — flavour response difference LQ and gluon jets
» Nsegments —+ Very high pr jets entering in the muon spectrometer
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J\IT studies |

®First look at JV'T with PFlow jets:
® A small fraction of PU jets remains
® Further reduction by a factor > 5 using a
cut at 0. lwith 1% inefficiency for HS jets

Chris

b — T 1 7T T T 7T T T l t T T T

g ! ATLAS Inlemal p 13 TeV, 151"

- |=| Pythia Z— ee

o —/ Hard Scatter

@ m Pile-Up
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2016 data

Current recommendations
based on EMTopo

Warking Paint  JVT Cut Average efficiency

Loose 0.11 97%
Default 0.589 92%
Tight 0.91 85%
rnyrenaarane : S

ILdl—d.JID Y5 =13 TeV

l).l!? ?

0.75E- Default JVT =

0 - E. e A o o1 el A o .E
~20 25 30 40 45 S0 55 60




