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GNN model & dataset (100 MPD events)
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single MPD event

The detector volume 1s divided into non,
segments, where n, = 4 and n, = 2, n 1s the
pseudorapidity.

The node features are {7, ¢, z},

the edge features are {AO, Ap, Ao, Az}.

Here, 7, ¢ and z are the cylindrical coordinates of a
hit, 0 is its polar angle, 0’ = ¢p?+6°.

Hits related to particles with p < 200 MeV are
considered as noise, otherwise as useful
information.
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CustomWeightedGATConv

e The two-step aggregation was implemented to take into account the features of
incoming and outgoing surrounding nodes in two coordination spheres.

e The edge labels at the current step are used for the attention mechanism.

class CustomWeightedGATConv(MessagePassing):

def __init__( f, node_hidden_dim, hidden_dims, output_dim, edge_hidden_dim, node_feature_dim,
act tion=toxch.nn.Tanh(), end_act tion e, dropout=toxch.nn.Dropout(@.1)):

super (CustomWeightedGATConv, self).__init__(aggr-'add')

self.mlp CustomMLP (5 node_hidden_dim node_feature_dim 4 edge_hidden_dim, hidden_dims, output_dim, activation, end_activa

forward(self, x, edge_index, edge_attr, edge_weight, initial_x):
reversed_edge_index edge_index.flip(0)

first_step_incoming self.propagate(edge_index, x=x, edge_attr-edge_attr, edge_weight=edge_weight, step=1)
first_step_outgoing self.propagate(reversed_edge_index, x=x, edge_attr-edge_attr, edge_weight=edge_weight, step=1)

second_step_incoming attr-edge_attr, edge_weight=edge_weight, step=2
second_step_outgoing se ttr=edge_attr, edge_wei

self.final_update(initial x=initial_x, X=X,
first_step_incoming=first_step_incoming,
first_step_outgoing=first_step_outgoing,
[_step_incoming=second_step_incoming,
second_step_outgoing=second_step_outgoing)

second

message(self, x_j, edge_attr, edge_ ght, step):
step
1)

edge_weight.view(

update(self, aggr_out):
aggr_out

final_update(self, ini x, X, first_step_incoming, first_step_outgoing, second_step_incoming, second_step_outgoing):
out torch.cat([initia x, first_step_incom first_step_outgoing, second_step_incoming, second_step_outgoing], dim=-1)

self.mlp(out)




Dataset

split tracks

Old clustering algorithm!

The hit closest to the point
averaged over the ¢ angle is used
in each row for each particle to
build smooth tracks for training
the GNN model.




True Positive Rate

Counts

ROC curve (AUC = 0.989)
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Results
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Xy projection
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3D view
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Thank you for attention!



