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Central Drift Chamber Event Display
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Central Drift Chamber Event Display
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Central Drift Chamber Event Display A\‘(IT

: oy e o er +— Tracking
" 1) reject background hits
'''''' 2) identify signal hits (track finding)
— I 3) estimate curvature « p; for
=5 , trigger decision
& MC simulated u*u ™ pair
® overlayed with real background
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Back in 2021... ﬂ(".
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Run: 22, 26

2021-11-30 0

e Mean ECL hits: 2.2277

* Mean CDC extra hits: 208.02
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Run: 26, 1968

2022-06-22 07:02:47

e Mean ECL hits: 3.2435

e Mean CDC extra hits: 1 437.1

-o- Mean ECL hits
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Future...

high background
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Run: 22, 26

2021-11-30 0

e Mean ECL hits: 2.2277

* Mean CDC extra hits: 208.02
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nominal phase 3 /

expected future conditions

Run: 26, 1968

2022-06-22 07:02:47
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e Mean CDC extra hits: 3900

-o- Mean ECL hits

@ high background (future)

~ 27.1% of wires hit

Workshop on Fast Realtime Systems and Realtime Machine Learning

high computing cost

X
7)) Beam BG condition
e
o 1800 3.5
O 1200 <IN
Q
A 0
=
; @
O 600 | ' 25 3
l “l'
-
- 0 2
N O A AN DA D © 0 S5 D QD A D N DD N0 N0 N AL L P P A D
> q‘}"w@\b‘qfq’hq, ;5'7"@;;\%3,@";@&&\,0°&u \,bo‘l'\p‘b\bq R \Q,@, 8 Q::\'?' @u}) _6(0 .;5{0 .\ojb,g\%.@q?\uﬁ ..;\6,,_;\6.(556 Q,q‘,:) ,\bb,bsbgro Fo P S .(\«‘L\Q;b A \(\‘L
m L P L P PR P e rbb" "Lh. rl?" rl?" qy"' q?‘ q?“ rbb“ Bes b QP“ Q/b" Y Vv v Y Y VY Y VY rﬁ) qs? rl’b' q’b' rl?)‘ q’b‘ "Lb. ".')0\ .-bQ‘

-+ Mean CDC extra hits

*The number of CDC hits in the event not assigned to any track.

d\ﬁ\o\)\\

ETP - KIT


mailto:greta.heine@kit.edu

Displaced vertices

® tracks not originating from the IP

\

\

\
.H - -

\\ pointing

/ ’ ~
L LY
X1 R .
________ 5
______ E
-------- LY
~
—— ‘\
1 4 _
§ S \1
S
.
\\
\“
\\
LY

non pointing :

10 / 33

10.04.2024 Greta Heine -

r‘[,;t“,ﬁ“,]\’“]

etl,ut,nt, K7

100

501

y (cm)

_50,

—1001

| pldt from Lea Reuter

ooooooooooo

-100 -50 0 50 100
X (cm)

greta.heine@kit.edu

efficiency

Workshop on Fast Realtime Systems and Realtime Machine Learning

4]}

Karlsruhe Institute of Technology

Current Tracking Algorithm
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Real time tracking: the challenges A\‘(IT
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Hit Cleanup
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Hit Cleanup: with a Graph Neural Network A‘(IT
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Interaction Network A\‘(IT

® Interaction network model by Battaglia et al. with PyTorch Geometric

® Inputs: hit information encoded in graphs

InteractionNetwork(node_dim: 4, edge_dim: 3, hidden_size: 8)

8 Outputs: edge-level predictions jnteract ionetuork(node_din: 4, edg

Modules Parameters
p—————— 4
- - R1. layers.0.weight 88
Interaction Network R1.layers.0.bias 8 Edge block R1
; R1. layers.2.weight 64
3 2 O Rz) % R1.layers.2.bias 8 for edge feature updates
Aggregate g%‘iﬁ Block J—- R1. layers.4.weight 24
{ R1.layers.4.bias 3
3 / 0. layers.0.weight 56
R 0. layers.@.bias 8 Node block O
0. layers.2.weight 64
<0 a 0. layers.2.bias 8 :
Node Block O / Edge Block R, * 0. layers.4.weight 32 for hit feature updates
: : 0. layers.4.bias 4
[ : R2.layers.0.weight 88
: i R2.layers.0.bias 8
. ; R2.layers.2.weight 64 Edge block R2
: : R2.layers.2.bias 8 .
; : R2.layers.4.weight 8 1-dim edge-level output
: E R2.layers.4.bias 1
’ t ——_————————————— e —— ¢

Total Trainable Params: 544
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Graph Building

® connect hits to graphs \ e

@ connect just the right amount of hits ousorer| =
with each other . <o

| fully conn?cted graph
Nedges = Enhits(nhits - 1)~ n/%its ..."

# design goal ‘4..9‘ R :.':.‘
Nedges ™ 2+ My %:"
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Graph Building

Q O L & same layer connections with 2 nearest neighbour
2) . wires (if hit)

o ©
©

ldl

© (59
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(59

© @

superlayer 1
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Graph Building ﬂ(".

@ next layer connections with 2 nearest neighbours

superlayer 1
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Graph Building ﬂ(".

@ next to next layer connections with 3 nearest
neighbours

superlayer 1
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Graph Building

® build all possible (allowed) connections

superlayer 1
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Graph Building: Features ﬂ(“.

node attributes

X, Y
node attributes ADC, TDC

edge attributes

® wire coordinates (x, y) R

O

@ ADC (energy) and TDC (time) uthO
"‘

T

edge attributes

. dr, d(P, dTDC generated particle ID

truth labels

truth label

¥ truth truth
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Hit Cleanup
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Graph Neural Network Output

y (cm)
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Graph Neural Network Output

y (cm)
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Graph Neural Network Output

y (cm)
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Graph Neural Network Output

y (cm)
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Graph Neural Network Output S(IT
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Graph Neural Network Output A\‘(IT

medium background medium background B
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Graph Neural Network Output A\‘(IT

medium background medium background B
= £ 1 O
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Hit Cleanup Results

medium background

=
N

kept signal hits

. Belle Il Simulation 2024 (own work =l = —
i ) —o— efficiency . effICIency o

- ee—- uuly) -M- purity

b
Ao

all signal hits

~how much of signal hits kept"

purity & efficiency

O
o

kept signal hits
Bourity=———
purity _
02 all kept hits
0-00.-0 I PR ~how much of kept hits are signal”

GNN threshold
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Hit Cleanup Example Low Background A‘(IT
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Hit Cleanup Example High Background

high background high background
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Next steps towards implementation

x 20 FPGAs
— \
/ Data Aquisition { Hit Cleanup
i System i D ——— i —— S .
| y | x 70 Boards / Graph Edge .
e O o o o Construction Classification Filter Output ‘

:OOOOOoé Merger EOOOOOE éoOooog
— 00000 —> — > o0Qoo0P  s0o0o00
0000, [ 908090  oo00o00 |
000007 oRPo 50000
L1 Trigger Input | O _____ OOO _____ O | : o o o O o E /
FULCDC e T
CDC segmentation FPGA implementation
® segmentation by superlayer & angle B size reduction studies

on 20 FPGA boards ‘ (quantization, graph size
@ handle overlaps compression, pruning, etc.)

| ('v 3
@ handle merging \KJ/ B implementation (his4ml)  hls 4 ml
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(Remove Overlapping Hits)

Condensation

Summary

o \ | Parameters
- Momentum i
I ‘

® tracking/ trigger is challenging for higher backgrounds

® hit clean up with GNNs shows promising results

| 4 A 4 A
CDC Hits » Graph Building —  Hit Cleanup » Track Finding —» Track Fitting
O (0
GNN-based
Tk © O O
racking O O O
Pipeline o O Q
O W A v, \. O Y, \ Y,
FPGA arXiv:2307.07289 offline solution exists,
* but with very large networks
wock in Prodcess,.,
Next talk: Marc Neu /

* Collaboration with ITIV (Department of Electrical Engineering and Information Technology at KIT)
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Belle Il backgrounds

Background Processes

Particle Scattering Luminosity Synchrotron rad.

x E*4

_Touschek Scattering

Radiative

I Bhabha

XpoxIX—-
n,o,

x N

particles

Injection bkg.
Injected
/ beam
Coulomb
Y

Scattering +
Two-photon - 2
Bremsstrahlung TR P A
x P xIXZ*

/'/\ Machine
acceplance

. /

eff

Slavomira Stetkova, slavomira.stetkova@kit.edu 3 Belle |l Group Meeting A\‘('T

Oy o+t Ce—

x N X N

particles gas molecules

x /33 10.04.2024 Greta Heine - greta.heine@kit.edu Workshop on Fast Realtime Systems and Realtime Machine Learning ETP - KIT



mailto:greta.heine@kit.edu

Feature Distributions
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Graph Building: Results A\‘(IT

SRSk o] lowbg mediumbg high bg
' % Signal Hits 29.1% 3.7% 1.6%
/s | # Hits 250 1800 3900
- A ke # Edges 500 4200 8200
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Graph Building Models A—“(IT
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Figure 7.9.: Ten different graph-building patterns analyzed in this thesis, showing
possible connections for a node in the Central Drift Chamber.

Node withdl =0

Masterthesis ,,Graph-Building and Input Feature Analysis for Edge Classification in the Central Drift Chamber at Belle I1” of Philipp Dorwarth, May 2023
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True Hit Definition ﬂ(IT

® What hits do we want to keep?

J

1) all hits from signal particles?

® 2)or only some?
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Object Condensation Track Finding (offline)

Cluster Space
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Highlevel SynthQSis for MaChine Learning (hls4ml) Karlsruhe Institute of Technology

S —

PyG 3 2 ® automatic translation of ML

 HLS desi N
{HES aesgrSieRs. models to hardware level
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i

ﬁ"‘aﬁ
&
‘ J;l
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e
< E . | rification :
i L Pexport ¥ based on Vivado HLS
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! & XILINX W@ fast prototyping by automated
— workflow
SE,:EEZ?CI HiScomwesion: i Vivado HLS backend HLS IP block Vivado
model.pt o pmjez;t wtg*liter | project ’- project . Several COangurathn
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Design Optimisation 'k\‘(".

Quantization

@ reduction of number of bits used representing the NN model (precision)

® data representation by arbitrary precision fixed-point data format ap_fixed<W, />

® bit widths directly affect resource usage

Compression

® reduction of model parameter number

@ number of model parameters strongly depends on the number of hidden nodes/ neurons
Pipelining

@ key advantage of FPGAs: throughput acceleration by parallelisation and pipelining

& total latency = iteration latency + Il - (number of functions -1)

@ pipelining includes task parallelism, pipelining within a run, of runs or within a task
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