
N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

An Ensemble of Neural Networks 
for Online Electron Filtering 
at the ATLAS Experiment

CALOR 2018, Eugene OR

May. 23, 2018

João Victor da Fonseca Pinto 
On behalf of ATLAS Collaboration

R



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

Outline

2

o Basics:
o ATLAS Trigger System;

o HLT Trigger Optimization;
o Ring-shaped Calorimetry Extraction;

o Neural Ringer Operation in 2017;
o Trigger Efficiency after switching to ringer;

o Impact studies;
o Conclusion.
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ATLAS Trigger System

3

o Reduces event rate to 1 kHz from beam 
crossing rate of ~40 MHz;

o Around 20% allocated to e/γ ;
o In Run 2 the peak lumi is 2X larger than Run 1;

o The trigger system was designed to record 
only ~1KHz;
o Need to keep the rates under control in 

high luminosity scenario;
o Upgrades were implemented during Run 

2
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Precise Track Reconstruction

HLT Trigger Optimization

4

o Fast Calo Intervention:
o Use a new event calorimetry

description (concentric rings);
o This information will be used to fed a

multivariate discriminator;
o An ensemble of neural networks;

o High rejection power when compared
to the old paradigm (cut-based
selection);
o Fake rate reduction before the

track reconstruction;
o Pileup correction to keep up the

efficiency;
o Only when triggering electrons above

15 GeV.
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• For explicit definitions see Appendix A of Phys. Rev. D83, 052005 (2011). The strip layer variables are 
computed from an array of cells that spans one or two rows in ϕ depending on the position in ϕ of the cluster 
barycenter.
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São mostrados na Figura 4.7, considerando a segunda camada eletromagnética

(E2), os sinais medidos para um elétron e um jato t́ıpicos e os respectivos sinais em

anéis gerados para esta camada.
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Figura 4.7: Sinais t́ıpicos medidos na camada E2 (acima) e os respectivos sinais em

anéis (abaixo), respectivamente para um elétron (esquerda) e um jato (direita).

A Figura 4.8 mostra sinais em anéis (após concatenação de todas as camadas e

normalização), respectivamente, para um elétron t́ıpico, um jato t́ıpico e um jato com

perfil semelhante ao de elétrons. Percebe-se que o perfil de deposição medido para

elétrons t́ıpicos apresenta pouco espalhamento (é contido em uma pequena região),

e é concentrado nas camadas eletromagnéticas. Os jatos apresentam uma maior

variação em suas caracteŕısticas f́ısicas. Essas part́ıculas tipicamente depositam

uma considerável quantidade de energia nas camadas hadrônicas e possuem perfil de

deposição com pouca concentração espacial, ou seja, mais espalhados (ver Figura 4.8-

b). Entretanto, alguns jatos (como o mostrado na Figura 4.8-c) podem apresentar
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Figura 3.8: Perfil de distribuição de energia nas células e anéis na segunda camada

para elétrons e jatos. Extraído de [42].

bar ultrapassando a E3 e depositando parte de sua energia na H1, e jatos podem

também serem absorvidos no ECAL, como aquele ilustrado em 3.9(c).

3.2.4.2 Normalização

Neste tópico estão as descrições das normalizações testadas para a otimiza-

ção do HLT_Ringer . Foram utilizadas normalizações presentes na literatura utili-

zando tratamento estatístico dos dados, como a Esferização, MinMax, adicionadas

de normalizações que fazem mão do conhecimento da topologia dos calorímetros, sua

segmentação longitudinal e das diferenças entre os chuveiros EM e HAD, buscando

realçar suas características, citando entre elas a normalização sequencial.

3.2.4.2.1 Energia Total (Norma 1)

Neste modo de normalização, cada um dos anéis (r) produzidos são normali-

zados pela energia total (considerando-se todas as camadas) contida em uma região
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o Ringer Shape:
o Concentric rings are built for all

layers;
o Compact cell information used

to describe the event throughout
of the calorimeter

New
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Rings
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Figura 4.7: Sinais t́ıpicos medidos na camada E2 (acima) e os respectivos sinais em

anéis (abaixo), respectivamente para um elétron (esquerda) e um jato (direita).

A Figura 4.8 mostra sinais em anéis (após concatenação de todas as camadas e

normalização), respectivamente, para um elétron t́ıpico, um jato t́ıpico e um jato com

perfil semelhante ao de elétrons. Percebe-se que o perfil de deposição medido para

elétrons t́ıpicos apresenta pouco espalhamento (é contido em uma pequena região),

e é concentrado nas camadas eletromagnéticas. Os jatos apresentam uma maior

variação em suas caracteŕısticas f́ısicas. Essas part́ıculas tipicamente depositam

uma considerável quantidade de energia nas camadas hadrônicas e possuem perfil de

deposição com pouca concentração espacial, ou seja, mais espalhados (ver Figura 4.8-

b). Entretanto, alguns jatos (como o mostrado na Figura 4.8-c) podem apresentar
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Figura 3.8: Perfil de distribuição de energia nas células e anéis na segunda camada

para elétrons e jatos. Extraído de [42].

bar ultrapassando a E3 e depositando parte de sua energia na H1, e jatos podem

também serem absorvidos no ECAL, como aquele ilustrado em 3.9(c).

3.2.4.2 Normalização

Neste tópico estão as descrições das normalizações testadas para a otimiza-

ção do HLT_Ringer . Foram utilizadas normalizações presentes na literatura utili-

zando tratamento estatístico dos dados, como a Esferização, MinMax, adicionadas

de normalizações que fazem mão do conhecimento da topologia dos calorímetros, sua

segmentação longitudinal e das diferenças entre os chuveiros EM e HAD, buscando

realçar suas características, citando entre elas a normalização sequencial.

3.2.4.2.1 Energia Total (Norma 1)

Neste modo de normalização, cada um dos anéis (r) produzidos são normali-

zados pela energia total (considerando-se todas as camadas) contida em uma região
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o Ringer reconstruction setup in the Fast
Calorimeter Reconstruction:
o Built from all calorimeter layers, centered 

in a window from the cluster barycenter;
o First ring in each layer is the cell closest to 

cluster barycenter;
o The next ring is the collection of cells 

around the previous one; ring value is the 
sum ET of all cells composing the ring;

o This process reduces the amount of 
information (w.r.t. using all cells), but 
keeps the physics interpretation (typical 
EM object shower shape);

Total number of Rings per layer
(covering 0.4 x 0.4 region in η x ϕ)

PS EM1 EM2 EM3 HAD1 HAD2 HAD3

8 64 8 8 4 4 4

r3

r2

r1

∑
∑ ∑∑

∑∑

Cells
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Ringer Ensemble
o As the same way that the standard shower shapes quantities are subject to

distortions according to the particle interaction position and energy in ATLAS,
as well are the rings;

o To deal with these distortions, as chosen from the offline analysis, the ringer
process online data through an ensemble that is defined in bins of eta and
energy;
o Specific models for defined regions to minimize distortions;

Network

Network

Network

Network

ThresholdNorm

Ri
ng
s

(ET,η)

<µ>

(ET,η)

ou
tp
ut

...

o The ensemble is build
from single-layer MLP
neural networks;

o Ensemble operation is set
to reach high detection
efficiency as defined by
the HLT Precision step
(Likelihood);
o Best trained models

are those that
optimize the fake
rate reduction.
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HLT e/g Workflow

8

Old New
Fast Shower Shapes 

reconstruction
Ringer Reconstruction

Cut-Based Selection Ensemble of neural 
networks

+ Pileup correction
Track reconstruction

Track cuts
Precise Shower Shapes Reconstruction

Energy Calibration
Precise ET cut

Precise track reconstruction
Electron Identification based on the Likelihood at 

relevant quantities (calo+track) + Pileup correction

L Y

R
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The Tag And Probe Method

o Need a clean unbiased offline electron 
sample for efficiency measurement;
o Use Z → ee / J/ψ→ ee / W → eν

characteristic decays;

o Apply strict selection criteria to one of 
the decay electrons (tag);
o Usually apply a tight trigger;
o Isolation;

o The second decay electron, the probe is 
identified with the tag by mee within the 
mass window;
o Probe electrons are used for the 

efficiency measurement;
o The probe electron is a trigger 

unbiased.

9

e-

e+

Z

tag

Probe

Apply trigger tight

Z m
in

< 
m ee

< 
Z m
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10

o Efficiency measurements in Run2;
o Clean unbiased samples give by 

the tag & probe method;
o Same signal efficiency w.r.t the old 

paradigm (cut-based at the fast 
calo step);
o Primary chain latency 

reduction: 200 ms to ~100 ms;
o High rejection power (~2-3X);

o Electron + photon slice: ~1/4 
latency reduction;

Trigger Efficiency Full 2017 period

Without Ringer
With Ringer

o Kept operating backup trigger sequence with the previously cut-based
selection to assess;
o Efficiencies changes;
o Offline impact.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults#Performance_of_Ringer_in_Trigger

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults
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Standard T&P procedure 
with tag passing 

single_lepton trigger list
e28_lhtight_nod0(_noringer)_ivarloos

e

Check for distortions
(currently using histograms)

Standard T&P procedure 
with tag passing 

single_lepton trigger list
e28_lhtight_nod0(_ringer)_ivarloose
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Offline Impact
o We are also interested in assessing 

whether:
o Is there a bias in the collected 

probe samples when we 
change single-lepton triggers 
(the tag trigger)?

o e.g. would the offline standard 
quantities (shower shapes) be 
biased by the ringer chains?

o To evaluate this, we apply statistical 
tests comparing histograms built 
with the quantity profiles of the 
probes distribution:
o Comparing the shape of the 

histograms;
o One histogram is built with the 

monitoring chain (previous 
paradigm) applied to the tag;

o Other histogram has tag 
passing equivalent ringer 
chain;

ringernoringer

baseline histogram ringer chain histogram

This process is applied for all standard 
quantities and phase space regions.
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Offline Impact

o As the number of T&P pairs in each phase space bin are not the same to small 
differences in the chains operations points:
o The total histogram entries are not the same
o we remove samples at random in the histogram with higher counts;
o Force both histograms to have the same number of counts;
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baseline histogram ringer chain histogram

o To reduce the number of bins and profit from Gaussian/Poissonian errors 
approximation:
o Adaptive bin grid is calculated in the reference hist; 
o The edges are then propagated to rebin ringer chain hist. 
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Offline Impact

o To verify any change of shape after the 
introduction of the ringer in the trigger 
sequence:
o We assess the Δ(counts)/! (~chi 

residuals in black markers) where 
the ringer histogram is used as a 
model to the baseline histogram 
(experimental outcome);

Without ringer

With ringer

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults#Performance_of_Ringer_in_Trigger

Eratio = (E1
max1 - E1

max2)/(E1
max1 + E1

max2)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults
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Offline Impact

Without ringer

With ringer

o No clear pattern can be observed in the residuals;
o They seem to oscillate freely around zero;

o No single residual can be found above 1 sigma deviation for 
all phase space regions and quantities;

o To verify any change of shape after the 
introduction of the ringer in the trigger 
sequence:
o We assess the Δ(counts)/! (~chi 

residuals in black markers) where 
the ringer histogram is used as a 
model to the baseline histogram 
(experimental outcome);

Eratio = (E1
max1 - E1

max2)/(E1
max1 + E1

max2)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults#Performance_of_Ringer_in_Trigger

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EgammaTriggerPublicResults
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Conclusions

15

o Ring-shaped Calorimetry: introduced new concept for characterization 
of the shower development in the ATLAS Trigger System;
o A complete shower description of the event throughout of the 

calorimeter;
o Compact information from the cells.

o Updated at the fast calo step to use an ensemble of neural networks 
based on calorimetry information;
o Electron trigger kept operating with similar electron efficiency with 

large improvement in the processing requirements:
o 200ms → 100ms, 2-3x reduction in fake rate;
o Residuals are small and oscillate freely around zero which suggests 

absence of bias
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Thanks a lot for all 
support!!!
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Backup
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18

o Data Extraction:
o Shapes extracted from the FastCalo rings;
o Event selection using TrigEgammaAnalysis:

o Signal: T&P selection + Offline LH Veryloose on probes;
o Background: Veto Probes;

o Tuning networks binning configuration:
o ET = [15, 20, 30, 40, 50, ∞[ and η = [0, 0.8, 1.35, 1.52, 2.37, 2.5],  25 

bins;
o Threshold binning configuration:

o ET = [15, 20, 30, 40, 50, ∞[ and η = [0, 0.8, 1.35, 1.52, 2,37 2.5],  25 
thresholds; (This can be latter adapted);

o Model Extraction:
o Standard full-connected 1 hidden layer MLP (as usual).

Ringer Tuning Approach


