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« Characteristic signature per particle
category and subdetector

« Combined subdetector information
crucial for particle identification

 Observable reconstruction based on
system with superior resolution

I"#$

%"#$

&H (%'

C\E/RW ‘ 5/21/2025

Lena Herrmann | MLPF




Particle Flow
> I"HPNE' I (#')&'*+,")-*1"#."&

"#$%&'($) “#(+,9)
Charged Hadrons 1" "8, % &p
Neutral Hadrons 1", %
Photons '

Electrons ("

Muons )’

o IHES OR(F.)(%'HO'S. 1S 1 H(+,$.
+HHE06&'2."/3.)043SHS+HE, .

« Combined subdetector information
crucial for particle identification

 Observable reconstruction based on
system with superior resolution

C\E/RW ‘ 5/21/2025 Lena Herrmann | MLPF 3



Particle Flow
> I"HPNE' I (#')&'*+,")-*1"#."&

"#$%&'($) “#(+,9)
Charged Hadrons 1" "8, % &p
Neutral Hadrons 1", %
Photons '

Electrons ("

Muons )’

« Characteristic signature per particle
category and subdetector

. 1854(/$3.)043$HS+H&' (/685" #(&.
FO+(",.6&" 1" H#(+,$.(3S1H(6(+"#(8&/

 Observable reconstruction based on
system with superior resolution

C\E/RW ‘ 512112025 Lena Herrmann | MLPF



Particle Flow
> I"HBB&"T(#)&*+,")-*1" #,"&

"#$%&'($) “H(+,9)
Charged Hadrons 1" "8, % &p
Neutral Hadrons 1", %
Photons '

Electrons ("

Muons )’

« Characteristic signature per particle
category and subdetector

. 1854(/$3.)043$HS+HE&' (/685" #(&.
FO+(",.68" 1" #(+,5.(3B/#(6(+"#(&

 Observable reconstruction based on
system with superior resolution

C\E/RW ‘ 5/21/2025 Lena Herrmann | MLPF



Particle Flow

10 ——— — T
\ Kolanoski, Wermes 2015 ,+*
‘\‘ *
N\
8 [ B N
~\O"C‘
4 *,
H . K “, .
: \~\ . T T, I |
1 " e
H P N L 0 my n
y e "H$%8& L |
~ H Ko H T~
w :‘ : RS
& H SO >
4 | » (\‘-..‘ : *
(20 :
L) 0(5}.’ ' \
. ((t." 63 GeV I
. . ' I
. | Byl S
2 n s -~ # o
el : -~
1 ~..____.£fp- cal. ' ‘f
L L T P, .
17 GeV PonTTmmeemme——aaes
O * L Hl| L | L [ L | L
0 20 40 60 80 100
E (GeV)

« Characteristic signature per particle
category and subdetector

« Combined subdetector information
crucial for particle identification
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|deal PF: ” 0

I ldeal tracking efficiency/ track-cluster matching

| Efficient clustering
I Good calorimeter resolution

Calo based: ($0—2)&* (%)**#H@ @ 100 GeV

Current perf.: 2#840#@ 100 Gev
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Classical vs ML
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- :&30,.'0,$ <")$3. algorithm
I i.e. clustering pipeline:

clustering cluster merging re-clustering
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I Many parameters per sub-algorithm that
need to be tuned

« Algorithms and threshold #"(,&'$3.#&.3%$#$+#&.'.
3$)(%/

=,$>(4,%.9/3 #&$/3.)&,0#(&/. using raw or low-
level detector inputs

?3"1#"4,%. to changing detector conditions
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End-to-end ML PF approach
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I Simplified dataset to probe the setup
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Full sim CLD

« Balanced in 5&#6&BBRHT &#
« 89##< #Particles per event

« 4<<=events
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Physics Events

Exploration ongoing
Not today‘s topic
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Clustering in embedding space
shows strong performance

I Improved energy and angular
resolution for neutral hadrons
compared to Pandora

Energy and direction of charged
particles determined by tracking
system

I Performance compares to
Pandora
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Similar overall efficiency at high energy:
Pandora: R... @S40 & U#2S90

Better efficiency for low momentum muon
reconstruction in ML approach VSWO0Xpandora
V480X

I few hits in the muon detectors

ML.: high fake rate for CH in low energy regime
due to fake tracks

High fake rate of NH

I MLPF refines clustering despite its
challenges

I MLPF outperforms Pandora by a factor 2
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» Better efficiency for low momentum muon
reconstruction in ML approach VSWO0Xpandora
V480X

I few hits in the muon detectors

* ML: high fake rate for CH in low energy regime
due to fake tracks

» High fake rate of NH

I MLPF refines clustering despite its
challenges

I MLPF outperforms Pandora by a factor 2
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ML.: high fake rate for CH in low energy regime
due to fake tracks

High fake rate of NH

I MLPF refines clustering despite its
challenges

I MLPF outperforms Pandora by a factor 2
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Similar overall efficiency at high energy:
Pandora: R... @S40 & U#2S90

Better efficiency for low momentum muon
reconstruction in ML approach VSWO0Xpandora
V480X

I few hits in the muon detectors
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High fake rate of NH

I MLPF refines clustering despite its
challenges

I MLPF outperforms Pandora by a factor 2
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« Similar overall efficiency at high energy:
Pandora: R... @S40 & U#2S90

» Better efficiency for low momentum muon
reconstruction in ML approach VSWO0Xpandora
V480X

I few hits in the muon detectors

* ML: high fake rate for CH in low energy regime
due to fake tracks
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60+ algorithms for fine-granularity detectors
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https://github.com/PandoraPFA/Documentation/blob/master/Pandora_LC_Reconstruction.pdf
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» Each particle object has one condensation point d,

« Attractive potential to ‘condensation point’ if hits belong
to same particle object; repulsive potential otherwise
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https://arxiv.org/pdf/2002.03605
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https://academic.oup.com/book/43645

