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ASICS

If we are doing a measurement related to top quarks at the LHC, we are
usually interested in events containing Z/W/H bosons.

Since these bosons have very short lifetimes, leptons from their decays
effectively come from the primary vertex.

As such, they should have less activity around them compared to the leptons
that come from a decay chain of a b-/c-/lI-hadron or hadronic tau decay.

The idea is to combine information about the lepton itself and its immediate
surroundings in order to conclude if the lepton comes from the H/W/Z boson

or not.




Thus, we want to differentiate prompt leptons coming from

decays from non-prompt leptons coming mostly from semi-
c-, and |-decays.
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eptonic b-,

What is the difference between a non-prompt lepton and a misidentified

lepton?

- Non-prompt leptons come from semi-leptonic decays of hadrons or

photon conversions.

- In the case of a misidentified lepton, the reconstructed object is in fact

not due to a lepton.




:

PLIT (Prompt Lepton Isolation Tagger) is a machine learning based isolation
tool separating prompt leptons coming from H/W/Z decays from non-
prompt leptons coming mostly from semi-leptonic b-, ¢c-, and |-decays.

It's useful to analyses sensitive to non-prompt lepton background (same
sign leptons and multilepton analyses such as ttH(ML)).

PLIT employs flavour-tagging tools and transformer architecture to achieve
unprecedented performance.

As such, it supersedes PLIV, its predecessor.




acessor of PLIT

PLIV (Frompt | epton Improved '/eto) is based on a BDT operating on input variables calculated with respect
to the lepton, , and track jets. It is an algorithm extensively used in Run 2 multilepton analyses.

RNN inputs - defined for tracks

BDT inputs - defined for leptons ~ RNN inputs Description
AR(track, trackjet) The angular AR between ID track and j ettl:z i
InPUts Description BD Trféw BD T:ew P¥ ges ;r ckyet Pr of ID track divided by pr of j ettlfzzcl)cn
. . ] Zpsin(6) longitudinal impact parameter scaled by sin(6)
RNN RNN using track impact parameters and other variables v v bl transverse impact parameter significance
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L;’V"gt';"g'\';a' Secondary vertex longitudinal significance using dedicated vertexing v/ v D N;::éxr number of hits of the track in the pixel detector
Vs Coma30 ] ) ] - N, .. number of hits of the track in the semiconductor tracker
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> E;°"°c°"e3°/pr Lepton isolation using topological clusters within a cone of AR < 0.3 v v T e
E:ruster/EexPeCted Relative muon calorimeter cluster energy v - H PLIV I‘e|IeS on Seconda ry ',
. Nirack in track jet Number of tracks clustered by the track jet - v Ve ckmomaneises s chaamn e R Ea aomnrses
Relia nce on ¢ p'f' Lepton pr along the track jet axis: p - sin(< lepton, track jet >) - v .
: . j._ ot tack 1 trmck - | PLIV relies on separate
. tl‘aCk JetS T Pr Lepton track pr divided by track jet pr v v . . . .
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\LI'JQ C T T T T T
5
@ 107
8
j f [ gorithms! -
Major advantage of PLIT: No reliance on separate algorithms! 2

Non

ROCs of PLIV
and its
predecessor o T TR T I

Prompt efficiency, &

—_
o

T IIIIIIII

@ PflowTight_FixedRad

+ PLVTight

4+ PLImprovedTight

¢ PLImprovedVeryTight

—— PromptLeptonVeto

—— PromptLeptonimprovedVeto
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On the right, one sees the result of the reanalysis effort which uses PLIV,
but also contains updates to pt thresholds, reconstruction and b-tagging algorithms.

6


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-05/

Variables computed with respect to the lepton and tracks are used as
iInput variables:

- Lepton variables: Use of standard isolation variables

- Track variables: Up to 40 tracks with AR<0.4 around the lepton are

associated to it. Usage of same variables as the current ATLAS b-tagging
algorithm!

This large set of input variables along its advanced architecture enables
PLIT not to rely on separate algorithms and efficiently separate prompt
leptons from the non-prompt ones.

L

Muon Input Description

T Transverse momentum

n Pseudorapidity

1) Azimuthal angle

prreenedd /i Scalar sum of the p¥* of the inner detector tracks associated with the

varcone3(
Er /PT

primary vertex in an 7—¢ cone of AR < 0.3 around the muon, excluding
the muon track itself, divided by the muon pr

Sum of the transverse energy of topological cell clusters in a cone of size
AR = 0.3 around the position of the muon, extrapolated to the calorime-
ters, after subtracting the contribution from the energy deposit of the
muon itself and correcting for pile-up effects, divided by the muon pr

caloClusterERel Energy of the calorimeter cluster associated with the muon divided by the
muon’s expected energy loss in calorimeter
Track Input Description

An(track, lepton)

Ag¢(track, lepton)
track track

q"" /p

do

Zosin @

do significance

2o sin @ significance

nPixHits
nIBLHits
nBLHits
nIBLShared
nIBLSplit
nPixShared
nPixSplit
nSCTHits
nSCTShared
muon__track

Difference in 1 between track and lepton

Difference in ¢ between track and lepton

Track charge divided by momentum

Transverse impact parameter

Longitudinal impact parameter times sine of the polar angle
Significance of the transverse impact parameter

Significance of the longitudinal impact parameter times sine of the polar
angle

Number of pixel hits

Number of IBL hits

Number of B-layer hits

Number of shared IBL hits

Number of split IBL hits

Number of shared pixel hits

Number of split pixel hits

Number of SCT hits

Number of shared SCT hits

Indicates whether a track was used in reconstruction of the lepton




fecture & Classification

PLIT uses flavour tagging tools and a transformer machine
learning model.

. Is the lepton prompt or not?

Auxiliary tasks improve the convergence of the main one:
- track origin prediction task
- vertex prediction task

Transformer architecture

PLIT: 3 layers with 128 nodes, 2 attention heads Pooled graph
representation

Deep Sets architecture
PLIT: 1 layer with 256 nodes

. .

Combined Intial track
Inputs representation

i non-prompt?

Track origin
predictions

Track
Initialiser
Node
Network

Conditional track \
representation

Vertex
predictions

Edge
Network

,f- Lepton prediction: prompt or

Lepton truth labels are determined according to
ATLAS truth classification tool:

- prompt leptons: coming from H/W/Z (including
charge-flips)

- non-prompt leptons: coming from a b-, c-, |-
nadron or hadronic tau decay; for electrons
ohoton conversions and electrons from muon
oremsstrahlung are taken into account

* leptons for which classification failed
(“Unknown” type) not considered

| Truth labels for tracks are obtained by examining
the full ancestry of the truth particle linked to the |
| track, and these are used for auxiliary tasks. ’
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. PLIT Run 2 Training Dataset Size |

Number of muons

Muons: 35 million
Barrel electrons: 11.5 million

Track selection: identical to selection used f' : . |
! Endcap electrons: 5 million

'f for b-tagging in ATLAS (details in backup)

F V5 =13.6 TeV, muons —— Non-prompt muons

. PLIT Run 3 Training Dataset Size |

Number of muons

The trainings were done on Run 2 and Run 3 ttbar

MC (nonallhad and allhad). Muons: 75 million

Barrel electrons: 50 million

prompt score , -
. Endcap electrons: 18.5 million |

PLIT discriminant = log(

Nnon-prompt score is
PLIT discriminant



Non-prompt lepton rejection
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PLIT performs better than PLIV for all prompt-muon efficiencies.
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Run 3 Barrel Electrons
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PLIT performs better than PLIV for all relevant prompt-electron efficiencies for Run 3.
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Background rejection
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PLIT performs better than PLIV for all prompt-electron efficiencies.
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Ablation study involves comparing performance
of a classifier before and after a change of its
input variable list.

What are track jets?

- Track jets are reconstructed from inner detector
tracks using the anti-k: algorithm.

- They were introduced to ATLAS as a way to
identify and tag b-hadron decays independently
of calorimeter jet algorithms.

Q: Can we afford dropping them?

13

. Markers on the left indicate the |
 input variables that were dropped

‘s

Description ' |n the SeCOnd tralnlng

Muon Input
pT Transverse momentum
n Pseudorapidity

varcone3(
Pt /pr

varcone3(
Ey /pr

Azimuthal angle

Scalar sum of the pi** of the inner detector tracks associated with the
primary vertex in an 17—-¢ cone of AR < 0.3 around the muon, excluding
the muon track itself, divided by the muon pr

Sum of the transverse energy of topological cell clusters in a cone of size
AR = 0.3 around the position of the muon, extrapolated to the calorime-
ters, after subtracting the contribution from the energy deposit of the
muon itself and correcting for pile-up effects, divided by the muon pr

caloClusterERel Energy of the calorimeter cluster associated with the muon divided by the
muon’s expected energy loss in calorimeter

pr | pirckiet Lepton transverse momentum divided by transverse momentum of closest
track jet

P! Transverse momentum of the lepton with respect to the track jet axis

AR(muon, track jet) Distance between lepton and closest track jet

n(tracks)rackict Number of inner detector tracks associated with the closest track jet

Track Input Description

pieck / plrack)et Track transverse momentum divided by the track jet transverse momentum

AR(track, track jet)
An(track, lepton)
Ag¢(track, lepton)
qt.rack / ptrack

do

zo sin @

do uncertainty

zp sin @ uncertainty

do significance
zp sin @ significance

nPixHits
nIBLHits
nBLHits
nIBLShared
nIBLSplit
nPixShared
nPixSplit
nSCTHits
nSCTShared
muon _track

Distance between track and closest track jet

Difference in 1 between track and lepton

Difference in ¢ between track and lepton

Track charge divided by momentum

Transverse impact parameter

Longitudinal impact parameter times sine of the polar angle
Uncertainty of the transverse impact parameter

Uncertainty of the longitudinal impact parameter times sine of the polar
angle

Significance of the transverse impact parameter

Significance of the longitudinal impact parameter times sine of the polar
angle

Number of pixel hits

Number of IBL hits

Number of B-layer hits

Number of shared IBL hits

Number of split IBL hits

Number of shared pixel hits

Number of split pixel hits

Number of SCT hits

Number of shared SCT hits

Indicates whether a track was used in reconstruction of the lepton




Non-prompt lepton rejection
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PLIT performs better than PLIV for all prompt-electron efficiencies.

Removing track jet variables does not affect the performance for electrons!

Non-prompt lepton rejection

—_
(@]

Ablation Study Results
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Background rejection vs pT

Run 3 performance
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Background Composition

Goal: Understanding distributions of PLIT discriminants for different backgrounds

Run 2 Muons Run 3 Muons

g 30000_{ IIIIIIIIIIIIIIIIIIIIIII o Iil 'IralulDlecla)I/ R g B een 'i' 1I'alu|Dlecla)l/ T
2 [ V5 =13 TeV, muons Light Flavour Decay g | Vs =13.6 TeV, muons Light Flavour Decay |
5 : tt events W C-hadron Decay | ‘S 60000 tt events W0 C-hadron Decay — _
E’ i [ B-hadron Decay E, - 1 B-hadron Decay
5 25000/~ ] % of entries 5 % of entries
I | 50000 -
20000 | i Tau decays 2.2% Tau decays 1.8%
- - 40000 I
ool ; Light decays 6.5% Light decays 6.7%
I 30000 !
_ C-decays 35.2% C-decays 34.6%
10000 — i
- 20000
B-decays 56.1% B-decays 56.9%
5000 -

10000

-q5.0 -12.5 -10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0
TPLTmu discriminant

S50 125 -100 -75 50 -25 0.0 25 5.0
TPLTmu discriminant
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Background Composition

Goal: Understanding distributions of PLIT discriminants for different backgrounds

Run 2 Barrel Electrons

e e e —

Run 3 Barrel Electrons

e e e —

% I B L B B L A L L L L L B oo SHELEAEL L R
S £000 B Electrons from muons o 136 TeV. clect = $Iect[;ons from muons
= | _ on J — . 2 B S = . eV, electrons au veca ] M
% I geveln?sTEZ;rZ:eCto i = ;iotzre:c:znversions | % Of entries % [ ttevents, barrel — Photon-cgnversions ; % Of entries
) W C-hadron Decay | '© 17500 - W C-hadron Decay .
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'gEDJ 1 ;?hr:dlj:)an%u;c[;jcay i E|eCtr0nS o 'g I [ B-hadron Decay ] E|eCtr0nS o
S 4000 |- — <01% 2 15000 - 7 <01%
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Tau decays 17% 12500 Tau decays 1.3%
3000
Photon 10000 Photon
: 2.5% ' . 2.7 %
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2000 7500
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5000:
1000
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" 25 100 75 50 25 0.0 2.5 5.0 B-decays 61.1% 0 __1 50 125 100 5 50 25 00 25 %o B-decays 62.1%
PLITel barrel _run2 discriminant PLITel barrel run3 discriminant
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Number of electrons

Background Composition

Goal: Understanding distributions of PLIT discriminants for different backgrounds

Run 2 Endcap Electrons

— e —

Run 3 Endcap Electrons

s

T Ewectrons from muons | , S " mm Electrons from muons - .
Vs =13 TeV, electrons BN Tau Decay % Of entries B | Vs =13.6TeV, electrons Bl Tau Decay 1 o/o Of entries
| tt events, endcap Bl Photon-conversions | % - ttevents, endcap B Photon-conversions
1000 - | C-hadron Decay o 3500__ © " C-hadron Decay |
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1 of the training

Many studies were done to understand PLIT e T — Muon tracks MG20 from primary
c 1 —— Muon tracks MC20 from B |
performance better: 5 O | ~— Muon tracks MC20 from BC :
2 - —— Muon tracks MC20 from C
. . . . . . . s o | = —— Muon tracks MC20 not from primary /BC/C__
- Examination of input distributions, studies on E 0% L e : |
. . . Z -
choice of input variables ol ll"l-.-_ )
- Background composition studies B T e - |
1072} S
- Impact of pile-up on the performance 00 02 o4 06 R
- Validation of auxiliary tasks

é 1801 | | — PLITRun2

- Training Sta bi“ty StUdieS -% 160:_Tfug\r/§nts, test data, €(prompt)=0.9 in each bin — Run3_:

- Impact of having a separate training for low pr ?'E;mo— -

MuoNSs 2 ool :

S e _

- Impact of isolation pre-selection on training and 100} -

on performance relatively to PLIV ol g

0 — 210 — 4|0 — 6|O — BIO - 100

actuallnteractionsPerCrossing
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- First version of PLIT is ready.
- PLIT is performing better than PLIV in MC.

- The current version of PLIT has been implemented in ATLAS central software.

Work by |

@ 10°gTT T T T T 10° ]
ocata WA, g T e | Zongpu Wang :
& 10°E (5= 13.6TeV, 291 - CWiets, WZets, @ 10°E 5=13.6TeV, 29t " [T, ‘pmpeosnys .
2} TCPT Validation Wt EWiets —a TCPT Validation CIWijets -ZJets ]
10" B Zmumu CR M Zjets 7 Uncertalnty 10" B [ Zjets, Uncertamty
- Next steps: o
[}
[ ] [ ] [ ) [ ) 105 105
- validation of inputs in data
. . e e, 10°E
- working point definition ,
102§ 102
m 2 0L, 5
- calibration [ o
s e
]
8 075 - u 8 075
0% 02 04 06 08 1 12 14 0% 02 04 06 08 1 12 14 16 18 2
ptvarcone30TTVARel topoetcone30Rel
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Non-prompt lepton rejection

Non-prompt lepton rejection
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/fkﬂOW

- Inputs extracted from DAOD_MUONS and converted in h5 files: LeptonDumper
- Later preprocessing with Umami and Salt: more here

Workflow q A

= O umami-hep / umami-preprocessing trainin P —— P yr——-—-
Lepton dumper @ <> Code (%) Issues 3 1l Pull requests () Actions datasegt “ ,. |
s N Project ID: 172178 [ s D\ ——— \ J | @ s
e ™\ < 350 Commits }’ 3Branches ¢ 3Tags &3 52.8 MiB Project Storage
DAOD -o- 8 Commits # 1Branch ¢ 0 Tags hS validation e flavourtegging with neurai networks
MUONS5 ntuple dataset
\ ) \ / e o umami-hep | atlas-ftag-tools - )
4 N :
. <> Code (© Issues 5 7 Pullrequests 2 teSt [Sa It G ItLa b]
[Le tOn DU mper G ItLab T° atlas-ftag-tools ruvic dataset



https://gitlab.cern.ch/ATLAS-IFF/leptondumper
https://gitlab.cern.ch/atlas-flavor-tagging-tools/algorithms/salt/

Track selection

Object || pr [MeV] | |n| | |do| [mm] | |20sinf| [mm] | A R(lepton, track) | Ng; | Nghered | Négle | NJoke
|

pix
track || >500 | <25 | <35 | <5 | <04 ' >8 | <1 <2 | <1
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