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Clustering in the ECL T
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@ Clustering in the ECL is done at two separate times from data taking to
physics analysis:
1. During online reconstruction for L1 trigger decisions

2. During offline reconstruction for physics analyses

Crystal energy Shower (no timing selection) Cluster (timing selection, E___>20 MeV)
v “Clust

[Endcap ' ‘Barrel 7 FEndcap ' Barrel | °

7z &N @ @

Belle Il Simulation Belle Il Simulation
L b L2 I 1 1 14 1

il
T. Ferber

Improving ECL Clustering on Trigger Level with Object Condensation - Isabel Haide isabel.haide@kit.edu September 20, 2022

2113



Clustering in the ECL T

Karlsruhe Institute of Technology

@ Clustering in the ECL is done at two separate times from data taking to
physics analysis:
1. During online reconstruction for L1 trigger decisions

2. During offline reconstruction for physics analyses
= Next talk by Florian Wemmer
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Clustering in the ECL

@ Clustering in the ECL is done at two separate times from data taking to
physics analysis:
1. During online reconstruction for L1 trigger decisions
= Focus of this talk
2. During offline reconstruction for physics analyses
= Next talk by Florian Wemmer
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Clustering in the ECL

AT

Karlsruhe Institute of Technology

@ Clustering in the ECL is done at two separate times from data taking to
physics analysis:
1. During online reconstruction for L1 trigger decisions
= Focus of this talk
2. During offline reconstruction for physics analyses
= Next talk by Florian Wemmer

@ Machine learning algorithms may improve both use cases
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Online Reconstruction

@ Current L1 Trigger Reconstruction:
o Decision time < 1 ps for ECL, 5 s total

o Clusters are reconstructed in trigger cells, possible
upgrade would read out more crystals

o Events with signatures similar to background are
filtered

=> loss of potential dark sector signatures, e.g. Dark
Photon decay

Improving ECL Clustering on Trigger Level with Object Condensation - Isabel Haide isabel.haide@kit.edu

Azimuthal Crystal ID (6)

current 4x4 trigger cell

Belle Il Simulation
Calorimeter

/
(
\

@ Photon 1
B Photon 2

u

Belle Il Simulation
I I I

Polar Crystal ID (¢)
B. von Krosigk, T. Ferber

September 20, 2022 313



Online Reconstruction

Karlsruhe Institute of Technology

° i ion:
Current L1 Trigger Reconstruction current 4x4 trigger cell

o Decision time < 1 ps for ECL, 5 s total /

o Clusters are reconstructed in trigger cells, possible ( W
upgrade would read out more crystals Calorimeter

o Events with signatures similar to background are \ ’ . odon ’

filtered
=> loss of potential dark sector signatures, e.g. Dark

Photon decay ‘D

@ Use of Machine Learning Algorithms:

o Graph Neural Networks may provide improvement
on real-time clustering

o Implementation of trained ML model on FPGAs for Belle Il Simulation
fast reconstruction : : :

o Possible better reconstruction of background-like
events

Azimuthal Crystal ID (8)

Polar Crystal ID (¢)

B. von Krosigk, T. Ferber
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Object Condensation

Karlsruhe Institute of Technology
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0 @ Object condensation (OC) for

multi-particle reconstruction by Jan
Kieseler (arXiv:2002.03605)

@ Objects and their defining properties
are condensed into one
representative condensation point

@ Applicable to overlapping objects
without clear spatial boundaries
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@ No assumptions on the object size
or the sorting is needed

Input image containing different shapes are overlapped with
their predicted condensation points.
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Effective Potential g("‘

Karlsruhe Institute of Technology

o Effective potential draws vertices to
condensation point

@ Vertices belonging to the same
object are drawn towards the
condensation point with the highest
charge

@ Vertices not belonging to the object
are pushed away

@ Hyperparameter can tune focus on
separation or focus on property

Effective potential affecting a vertex belonging to the prediction

condensation point in the centre. arXiv:2002.03605
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https://arxiv.org/pdf/2002.03605.pdf

Object Con i
densation on Belle Il Calorimeter D
ata

Crystal energy

e
_Endcab-:-p-.-wr”'
X g ) o & o]
fooprasl 2 Barrel v e S .
e T h. TN ., o 3|
y . Yo CARA £ 3 .0. % 00.0 7S
C : S SNTNKG B> 2008,
C ". ~ . . 0‘0 . o~ . LR R
= DO o o . . s
& e X LR 3 e
" S ’o.”o’""n.o PRE R £ wed
2% , 87 ¥ 0’ +
CERL X v o . L
[ SO XX RGN o
. O. ¥ s, CRORNS .00.0 .0 SR |
o sl RGN RIIBETR oo ¥
¥ 3 O'O" .0. ., .. .0 0.0 .0 QQ.Q.O'. ..0-
N . * pa
0:'0# . 0~'0. 00000 02 Tee X coe
" ¥ 0'#0 Oh' Yo '.'0’. . 4, .O' . .&
0.‘ O. 0.000 . .Q.0~ LKL KA 2 .._
DRI PRS2 R OBR, QR
0'0 RELLR2 * /.O: . . PR ...‘.
C RARGEK LA 22NK LKl e ot —
Lo? RLTOBA2 LB X I B . —
A ot X OISR o8 S A
REETRA LSO L8 0 REA] e 32
Folstiactieisa s s stosl "t 0> 1
Foe’ o) .
LTINS R BRBE S W
B 0.0'~.0'0' Yo, e ¥ LX) .O 1 o]
L 'Il’é“"' LI LA <5
H T ) -
3 imulation: T S
o, Soe * O L ation,* 0 .
R AR AR
S S e ‘ ]
a1 o T -
o Yol

Improving ECI
L Clust i
ering on Trigger Level with Object C
ondensation -

| L
sabel Haide isabel.haide@kit.edu

AT

Karlsruhe
lsruhe Institute of Technoloay
loay

Currentl

y only the barrel regi

. r .
considered, simulation w'tiglon °
release-06-00-03 |

Simulation of
1-6 photons
gnelrgy between 0.05 and g%r gVent V\'lith
arly phase 3 background 0 et wih

t S navi t o
3 /

Crystals “bel
ong” to a ph i
i photon,
y 7 of the crystal’s energy waIf atloast
eposited by the photon )

September 20, 2022
6/13



Object Condensation on Belle Il ECL Simulation IT

@ Every crystal with energy
Event Display (Barrel) - Example deposit > 1 MeV is used as
input to the network

Photon 1

>hoton 3

Photon 4 o :
2 Background’ : ' S @ Input features are
' o ' : reconstructed energy,
1 i _ : reconstructed time and x, v,

and z position of the crystal
@ Network consists of six blocks

-1 ‘ : k : o with three dense layers, one
s GravNet layer, and 128 output
- X
' filters
-3 : ' @ Current comparison is against
050 078 100 Y i 178 200 22 basf2 offline reconstruction, L1

Trigger reconstruction
significantly worse
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Object Condensation on Belle Il ECL Simulation AT

Event Display (Barrel) - Example
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@ Every crystal with energy
deposit > 1 MeV is used as
input to the network

@ Input features are
reconstructed energy,
reconstructed time and x, v,
and z position of the crystal

@ Network consists of six blocks
with three dense layers, one
GravNet layer, and 128 output
filters

@ Current comparison is against

basf2 offline reconstruction, L1
Trigger reconstruction
significantly worse
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Cluster Prediction by OC and basf2

Event Display (Barrel) - Example
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@ OC predicts existence, position
(in x, y, and z) and energy

@ Predicted positions are shown
with x

@ Predictions are matched to
true cluster, false predictions
are shown in grey
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Cluster Prediction by OC and basf2 AT
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Event Display (Barrel) - Example
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Cluster Prediction by OC and basf2

Event Display (Barrel) - Example

Photon 1

x False Prediction
El . . + x Prediction 1
Photon 3 . .
Photon 4 3
Photon 5
Background
2| Basf2 Cluster + . . : : [E2
1
<
- +
3 .
c 0
-
-1
e .
= i
X+
-3
0.50 0.75 1.00 125 150 175 2.00 225
6in rad
Improving ECL Clustering on Trigger Level with Object Condensation - Isabel Haide isabel.haide@kit.edu

@ basf2 offline cluster predictions
are shown in black

@ basf2 also predicts existence,
energy, and position

@ Reconstruction by basf2 needs
local maximum to reconstruct
cluster, not necessarily existent
here
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Cluster Prediction by OC and basf2

Event Display (Barrel) - Example

Photon 1 x False Prediction
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6 and ¢ Resolution
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6 Difference ¢ Difference
Photon Energy: [0.1, 0.2] — basf2 Fit Photon Energy: [0.1, 0.2] —— basf2 Fit
~—— ocC Fit —— oC Fit
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3
S 3000 3
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Position resolution for correctly predicted photons

@ Similar position error of OC and basf2, resolution improves with higher energy
@ 6 and ¢ resolution does not differ significantly
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Energy Resolution

Relative Energy Difference

Karlsruhe Institute of Technology

Relative Energy Difference
50001 photon Energy: [0.1, 0.2] GeV — basf2 Fit 7000} Photon Energy: [0.5, 0.6] GeV, — basf2 Fit
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Energy resolution for correctly predicted photons

@ Energy resolution improves with higher energy for both basf2 and OC

@ Basf2 is still significantly better than OC
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Efficiencv and Precision

Efficiency (barrel)

Karlsruhe Institute of Technology

Precision (barrel)
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Efficiency and Precision for all photons

@ Basf2 tends to overestimate the number of photons, while OC underestimates the number of
photons

@ Errors are higher for lower energy photons
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Summary %(IT

e Institute of Technology

Object Condensation as a clustering algorithm

@ OC can predict cluster existence, position and energy simultaneously

@ Energy resolution and efficiency of basf2 still outperforms OC
= Improvements through tuned network architectures and optimized trainings

Further steps

@ Extending to full ECL and Phase 3 Background
@ Including hadronic and non-photon clusters
@ Decreasing network size for implementation on FPGA
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Missed Cluster A\ ¢
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Event Display (Barrel)
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