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® |mprovement of the current trigger algorithm
of the ECL through graph neural networks

® Graph Neural Networks (GNNs) can easily
adapt to different geometries and input
sizes, well suited for ECL Clustering

® Current Trigger Algorithm: Difficulties with
overlapping clusters, energy threshold of
triggered clusters will probably have to
increase with higher backgrounds
— Possible loss of interesting signatures
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Belle Il Simulation - Barrel
® |mprovement of the current trigger algorithm R med exgror™ N
of the ECL through graph neural networks ] _ i
Forward Endcap i H HEHH Backward Endcap
® Graph Neural Networks (GNNs) can easily i
adapt to different geometries and input b 75 :
sizes, well suited for ECL Clustering e %
£ 00 o= 0g o
® Current Trigger Algorithm: Difficulties with i“ : '“_"_,,:5'”
overlapping clusters, energy threshold of S
triggered clusters will probably have to
increase with higher backgrounds e I
— Possible loss of interesting signatures T
® With increasing backgrounds necessary T

reduction of trigger rate
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Triggercell Training Data

3

Simulation of 1-6 photons,
testing on up to 10

Generated energy between
0.05 and 2 GeV

Photon has to deposit at least
30 % of its energy in ECL

0 €[13°,154°]

Each crystal with Eqep > 1 MeV
is used

Combination of crystals into
triggercells
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Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Data ﬂ(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

Barrel
Background B s E
Photon 1 E
® Triggercells consisting of Photon 3 N
(mostly) 4x4 crystals are s
input to current trigger Forward Endcap Backward Endcap
algorithm

® For training, combination of
energy depositions of all
crystals into one triggercell
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Triggercell Training Data ﬂ(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

o Bamel
Bskarepnd gs £
® Triggercells consisting of Photon 3 N
(mostly) 4x4 crystals are s
input to current trigger Forward Endcap Backward Endcap
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deposition in triggercell .
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Triggercell Training Data A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

o Barrel
Brskarepnd £3 Lo

® Triggercells consisting of Photon 3 - :

(mostly) 4x4 crystals are B

input to current trigger Forward Endcap D Backward Endcap

algorithm o : i
® For training, combination of * .

energy depositions of all s °s

crystals into one triggercell £ PAPS A A o AP 00 £
® Photon with highest energy i“ S Sl e oo Lo 70:

deposition in triggercell ’ : B R ’ :

“owns* that cell -10 _10

-1.0 -0.5 X?nom 0.5 1.0 o ' . : : ' ; : S : : . 1.0 0.5 x?ﬁom -0.5 -1.0
-3

06 08 10 12 16 18 20 22

14
6inrad

411 02. June 2023 Isabel Haide - isabel.haide@kit.edu: GNN-based Clustering Institute of Experimental Particle Physics (ETP)


mailto:isabel.haide@kit.edu

Triggercell Training Data A“(IT

411

Triggercells consisting of
(mostly) 4x4 crystals are
input to current trigger
algorithm

For training, combination of
energy depositions of all
crystals into one triggercell

Photon with highest energy
deposition in triggercell
“owns* that cell

Possible overlapping
photons might get lost in
triggercells
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Event Display (Full, Early Phase 3) - Example
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Triggercell Training Data A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Algorithm Overview A“(IT

. . Fast Inference: Karlsruhe Institute of Technology
Object Condensation:

® OC introduces potential to cluster vertices from same

& One-shot algorithm for both detection and reconstruction of )
object together

clusters (arXiv:2002.03605)
@ Each vertex gets a B-value assigned
— Vertex with highest 3-value invokes potential
(= condensation point)

® |rregular geometry and varying input sizes in the ECL
— GNN as base algorithm

a k only has 12414 . . _
Current network only has parameters ® Condensation points carry prediction for clusters

Cluster Parameter
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Adapted from L. Reuter
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Evaluation

Evaluation:

® Input: Erec, X, Y, z of
triggercell

® Training target: Egep, X, ¥, Z
of photon

® Comparison with current
trigger algorithm
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

PO Barrel
Evaluation: Background S . : 5 Prediction 0
Photon 1 il :

@ inrad

Prediction 2

® Input: Erec, X, ¥, Z of Photon 3
triggercell

L. Forward Endcap B ’ . ; ' B Backward Endcap
® Training target: Edep, X, Y, Z : - = 3 total CPs

of photon 10

® Comparison with current
trigger algorithm
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example
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Triggercell Training Evaluation A“(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

Evaluation:
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Efficiency and Precision Q(IT

Karlsruhe Institute of Technology

Efficiency (full)

Al — Belle Il Simulat
® Efficiency = (Nr. of corr. pred. Eary phase 3 Background
clusters) / (Nr of corr. clusters) 1ol
® Precision = (Nr. of corr. pred. — %v_,_.ﬁ%‘—‘
clusters) / (Nr. of all pred. clusters) o %o N
m Efficiency of OC algorithm on Z ..
triggercell input shows B
improvement over all energy s
. - 07
regions =
8
Z 0.6
05 + ocC
R =+ Trigger
D'40.‘00 D.‘ZS 0. ‘50 0. lIS 1.‘00 1.‘25 1 ‘50 1. l15 2.00
Egep in GeV
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Efficiency and Precision Q(IT

Karlsruhe Institute of Technology

Efficiency (all)

Tell = Belle 1l lati
m Efficiency = (Nr. of corr. pred. i ;”;gcak;'ggn |
clusters) / (Nr of corr. clusters) 10t
u— ”‘HMW’%WWW%**HM
® Precision = (Nr. of corr. pred. o %ﬁ%ﬁ i e iﬁiﬁ;ﬁ%
clusters) / (Nr. of all pred. clusters) gosf - "
m Efficiency of OC algorithm on Zb %
triggercell input shows \8 06 ;FP oc
improvement over all energy a8 =+ Trigger
regions g
O 04F
® Additionally, increase in efficiency =z
is consistent over full detector
021 i
{ FWD
0.0 v v L
20 40 60 100 120 140 160
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Efficiency and Precision Q(IT

Karlsruhe Institute of Technology

Precision (full)

el = Belle 11 Si lati
m Efficiency = (Nr. of corr. pred. By phoee 3 Backoreund
clusters) / (Nr of corr. clusters) 020t
® Precision = (Nr. of corr. pred.
clusters) / (Nr. of all pred. clusters) ]
Qoast
m Efficiency of OC algorithm on =
triggercell input shows = W%%x—
. (9] ——
improvement over all energy 5 o0l
regions §
® Additionally, increase in efficiency =2
is consistent over full detector 0051
® Precision does not worsen I =+ oC
drastically 000} +  Trigger
0. 60 0.‘25 D.‘SO D.‘75 1 60 1.‘25 1.‘50 1,‘75 2.00
Epred in GeV
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Energy Resolution A“(IT

Karlsruhe Institute of Technology
Deposited Energy:

Photon Energy: [0.2, 0.4] GeV

Energy Resolution (OC, dep. Energy) 4050 100N Energy: [0.6, 0.8] Gev Energy Resolution (OC, dep. Energy)
Belle Il Simulation Nr of OC Cluste Belle Il Simulation Nr of OC CIi
Early Phase 3 Background Nr of TRGCluste Early Phase 3 Background Nr of TR
2000
1000
1750
S S
@ 800 @ 1500
o [}
< <
S 1 Trigger 8 1250 1 Trigger
S w0 99 S 99
- [ ocC N [ ocC
> > 1000
[ [
2 2
3 400 2 750
o O
500
200
250
90.4 -0.3 =02 -0.1 0.0 0.1 02 03 04 904 -0.3 -02 -0.1 0.0 0.1 02 03 04
(Epred — Edep) / Edep (Epred — Egep) / Edep

® Resolution is calculated on truth matched predictions/triggercells
® Network is trained on deposited energy, no leakage correction etc.
® OC shows more narrow peak and smaller tails, increasing improvement for higher energies
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Energy Resolution

Generated Energy:

Photon Energy: [0.2, 0.4] GeV Energy Resolution (OC, gen. Energy)

Belle Il Simulation Nr of OC Cluste
Early Phase 3 Background Nr of TRGCluste
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2
8 70
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250
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(Eprea = Egen) / Egen
® Resolution is calculated on truth matched predictions/triggercells

Clusters / (0.004 GeV)

Photon Energy: [0.6, 0.8] GeV

1600

KIT

Karlsruhe Institute of Technology

Energy Resolution (OC, gen. Energy)

1400

1200

1000

800

600

200

Belle Il Simulation
Early Phase 3 Background

Nr of OC Cl
Nr of TR

[ Trigger
[ ocC

02 03 0.4
(Epred — Egen) / Egen

® Network is trained on deposited energy, no leakage correction etc. — wider distribution for generated energy

@ OC shows more narrow peak and smaller tails, increasing improvement for higher energies
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Position Resolution Q(IT

Karlsruhe Institute of Technology

Photon Energy: [0.0, 2.0] Gev 6 Resolution (True Position) a0 - 110tON Energy: [0.0, 2.0] Gev ¢ Resolution (True Position)
Belle Il Simulation Nr o =26 Belle Il Simulation
Early Phase 3 Background Early Phase 3 Background
7000 7000
= 6000 = 6000
o o
e e
m m
@ 5000 @ 5000
= ]
S [ Trigger S [ Trigger
2 4000 99 2 4000 99
S [ oC I3 [ oC
4 3000 4 3000
i3 i3
2 2
] ]
2 2
O 2000 O 2000 ey
1000 1000
700 20 —0.15 -0.10 —0.05 0.00 0.05 0.10 0.15 0.20 700 20 —0.15 -0.10 /:U 05 0.00 0.05 0.10 0.15 0.20
Bpred — Btrue pred — Prrue

® ¢ and ¢ distance is calculated on correct photon position
@ OC shows improvement for both 6 and ¢ distribution

® Accuracy of prediction increases for higher-energetic clusters
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Results: Object Condensation ﬂ(IT

Karlsruhe Institute of Technology

s Phyeton Energy: [0.0, 2.0] GeV Energy Resolution (OC, dep. Energy)
“ i i i Nr of OC Cl =317322
Summary: Belie L Sipulation,

® Training on triggercell input shows o
improvements in both efficiency 1al
and resolution

® Small network size for possible use
on FPGAs

® Evaluation on nominal background

[ Trigger
1 0oC

Clusters / (0.002 GeV)

® Possible inclusion of time as an
input feature

0.2

® Evaluating network on different

particles and overlapping particles =020 ~0.15 “o10 005 0.00 0.05 0.10 015 0.20
(Epred - Edep) / Edep
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Nominal Background ;(IT

Karlsruhe Institute of Technology

Event Display (Full, Early Phase 3) - Example

Barrel
Background Photon 6 K Prediction 0 Prediction 6
Photon 1 c Prediction 1
= Prediction 2 Prediction 8
Photon 3 A Prediction 3 Prediction 9
Photon 4 Prediction 4 Prediction 10
Photon 5 Prediction 5

Forward Endcap

Backward Endcap
. 11 total CPs

yinm
yinm

-1.0 =05 0.0 0.5 1.0

X 1.0 0.5 0.0 -05 -1.0
xinm

Trigger Cell

12 14 16
6inrad
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