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forever lost

▪ first filter: L1 trigger 
▪ reduction by factor 400 
▪ not triggered = lost 

classic trigger algorithms  
cut on single object 
properties (e.g. momentum) 

multivariate techniques  
optimally combine multiple 
object information 

level-1 trigger

(parking)

(scouting)
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case study: search for HH production

e

electron channel

muon channel

low pT regime 
inaccessible 

µ

signal event shape

(bbWW final state)



nodes: 64 ⊕ 32 ⊕ 32

score ∈ [0,1]

object variable

L1 HT pt, phi

L1 jets (x4) pt, eta, phi

L1 EG/Mu (x2) pt, eta, phi, iso

X
X X

80% 
pruning

X
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architecture - baseline

‘relu’ activation function
▪ feed-forward binary classifier 
▪ cross-entropy loss function 
▪ signal in training restricted to 

analysis phase space signal: HH(bbWW) simulation 
background: minimal bias simulation
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architecture - baseline

muon channel

electron channel

mean absolute SHAP value

top 5 features:
nodes: 64 ⊕ 32 ⊕ 32

score ∈ [0,1]

X
X X

X

‘relu’ activation function

signal: HH(bbWW) simulation 
background: minimal bias simulation



nodes: 128 ⊕ 32

score  
∈ [0,1]

X
X X

X
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architecture - optimised

‘relu’ activation function

30% 
pruningX

X

[IEEE Xplore] K. Kleinboelting, MSc thesis Uni Hamburg (2025)

FPGA

(electron channel)

https://ieeexplore.ieee.org/document/9606893
https://www.physik.uni-hamburg.de/en/iexp/gruppe-haller/scientific-output/documents/masterarbeit-karla-kleinboelting.pdf
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topo vs. l1 menu

roc curve 
scan network cutoff values 

trigger rate 
percentage of "minimal 
bias” events x collision rate 

pure rate 
percentage exclusively 
triggered by given trigger
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topo vs. l1 menu

roc curve 
scan network cutoff values 

trigger rate 
percentage of "minimal 
bias” events x collision rate 

pure rate 
percentage exclusively 
triggered by given trigger
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topo vs. l1 menu

rate =
Nbkg(score > cut)

Nbkg
⋅ fLHC ⋅ Nbunch

→ better performance than full menu 
combined

→ low cost: high efficiency, low  
impact on total L1 rate
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low momentum phase space

logic or: top 5 
→ 95% efficiency at about 20 GeV 

logic or: top 5 + NN 
→ 95% efficiency at about 16 GeV

top 5 + network (logical or) 
top 5 (logical or) 
neural network topological trigger 
single muon trigger

single muon and HT



analysis impact

test in full analysis chain 

current strategy 
single lepton trigger path 

topological trigger 
assuming HLT is 100% 
efficient  

perfect trigger 
assuming 100% tigger 
efficiency / unlimited 
bandwidth

K. Kleinboelting, MSc thesis Uni Hamburg (2025)

improvement by factor 2 
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https://www.physik.uni-hamburg.de/en/iexp/gruppe-haller/scientific-output/documents/masterarbeit-karla-kleinboelting.pdf


analysis impact

test in full analysis chain 

current strategy 
single lepton trigger path 

topological trigger 
assuming HLT is 100% 
efficient  

idealised case 
assuming 100% tigger 
efficiency

K. Kleinboelting, MSc thesis Uni Hamburg (2025)

improvement by factor 2 
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when the HLT strategy is still 
missing

https://www.physik.uni-hamburg.de/en/iexp/gruppe-haller/scientific-output/documents/masterarbeit-karla-kleinboelting.pdf


WE’RE DONE!
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OR ARE WE?
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goal: l1 hardware

↓

field 
programmable 
gate  
array

feed 
forward 
neural 
network
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goal: l1 hardware

field 
programmable 
gate  
array

feed 
forward 
neural 
network

quantisation / pruning 
firmware synthesis
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goal: l1 hardware

quantisation / pruning 
firmware synthesis

floating point number

fixed point number (i.e. 16/6 bits)
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goal: l1 hardware

only minor performance losses

K. Kleinboelting, MSc thesis Uni Hamburg (2025)

quantisation / pruning 
firmware synthesis

https://www.physik.uni-hamburg.de/en/iexp/gruppe-haller/scientific-output/documents/masterarbeit-karla-kleinboelting.pdf
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goal: l1 hardware

quantisation / pruning 
firmware synthesis

75 ns latency 
about 7% ressource usage

pi
le

up

run in test crate: well behaved,  
rate follows luminosity linearly 

F. Labe, Dissertation Uni Hamburg (2024)

https://fiona.uni-hamburg.de/b846dcb4/thesis-finn-labe.pdf
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next: l1 menu

level-1 menu emulator

-SW

PLOT IS WORK IN PROGRESS

no performance loss after c-code conversion 
and compilation, bug in emulator code? 



ALMOST DONE..
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summary

new trigger algorithm 
from network… 
…to hardware… 
…to analysis

use case 
trigger limited signals 
(hhbbWW) with low 
momentum leptons 

ml based topological trigger 
very promising  

→ large efficiency gain 

next up 
full menu emulation 
automated workflow
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THANKS FOR 
LISTENING!
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