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Brief introduction to the Muon g-2 Experiment



Tracker Detector in the Muon g-2 Experiment
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Motivation of the Tracker System

• Beam Position: 

• Beam Momentum:

• Beam Dynamics: 



Default Tracking Reconstruction Workflow

taken from Fermilab muon g-2 internal note 215



Default Tracking Reconstruction Workflow



Graph Neural Network

A graph represents the relations (edges) 

between a collection of entities (nodes)

Molecules as graphs Social networks as graphs



GNN V.S. official workflow
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Datasets



Build the Graphs:

fake edges truth edges

Truth edge: 

Fake edge: 



GNN Track Finding: Message Passing



GNN Track Finding: Architecture
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GNN Track Finding: Edge Classification

train loss test loss

train accuracy test accuracy



GNN Track Finding: Node Clustering

Track #1 Track #2 Noises

Remove the fake edges according to the 

GNN model

Perfect condition:

Track #1 Track #2 Noises

Practice condition: 98% accuracy



GNN Track Finding: Node Clustering
• The fully connected graph method has both high efficiency and robustness:

Louvain Algorithm



GNN Track Finding: Efficiency and Purity

𝜀 =
𝑁𝐺𝑁𝑁𝑚𝑎𝑡𝑐ℎ𝑒𝑑 ℎ𝑖𝑡𝑠 𝑖𝑛 𝑎 𝑡𝑟𝑎𝑐𝑘

𝑁𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑢𝑡ℎ ℎ𝑖𝑡𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑡𝑟𝑎𝑐𝑘

𝑝 =
𝑁𝐺𝑁𝑁𝑚𝑎𝑡𝑐ℎ𝑒𝑑 ℎ𝑖𝑡𝑠 𝑖𝑛 𝑎 𝑡𝑟𝑎𝑐𝑘

𝑁𝑡𝑜𝑡𝑎𝑙 𝐺𝑁𝑁 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 ℎ𝑖𝑡𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑡𝑟𝑎𝑐𝑘



GNN Vertex Fitting:

2.5s process ~400 time island  

12G 2080Ti: 8s ~ 35,000 time island, ~25x faster
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decay vertex 



GNN Vertex Fitting: Architecture 

Huber Loss:

SmoothL1 Loss:

Log Cosh Loss:



GNN Vertex Fitting: Time

Train loss

Test loss

Recon Δt
GNN Δt

Δt [ns]

Δ𝑡 = 𝑡𝑣 − ҧ𝑡𝑡
𝑡𝑣 ：vertex time 
ҧ𝑡𝑡 ：mean time of track

Difference between GNN 
and recon vertex time:
0.03ns ± 2.01ns

Similar time resolution 
between recon and 
simulation 



GNN Vertex Fitting: Momentum
px [GeV] py [100MeV]Recon 

GNN 

pz [GeV] p [GeV]

Train loss

Test loss

• Distributions of momentum are almost similar, mismatch mainly at the tail
• The mean ∆momentum are <5 MeV level, the RMS are at ~100MeV level



• Tracker is one of the key detector system component of the muon g-2 experiment

✓ Tracking measurement and reconstruction paly a important role in various aspects 

of the experiment: Field, Beam Dynamics …

• GNN in tracking is motivated by current limitations in tracking efficiency and speed

• Developed a fully connected GNN workflow (Finding & Fitting) to solve the challenges

✓ Preliminary result based on reconstruction data is promising 

• Further studies needed:

✓ GNN for Track fitting

✓ Verify the GNN workflow in simulation data 

✓ Test the feasibility of GNN methods in analysis

✓ Rather than just staying at the training itself

Summary and Outlook
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