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内容： 
• ParticleNet 

• Particle Transformer 

• 喷注味道鉴别

代码路径：/aifs/user/home/zhuyf/PNParT



The idea of Graph Neural Network: update the 
features of nodes/edges based on the features of other nodes 
or edges.
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the ParticleNet architecture

Phys. Rev. D 101, 056019
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https://doi.org/10.1103/PhysRevD.101.056019


SGD 优化⽹络参数的⽅式

⽹络结构，可选ParT或者PN

控制ParT的⽹络结构

控制PN的⽹络结构

输⼊数据路径
训练模型存储路径

运⾏模式，train代表训练+推理，’infer’代表只进⾏推理
推理时⽤到的模型
模型推理结果输出路径

模型⽤到的特征变量，其中前两个是PN⽤来计算节点之间距离的变量

分类类别
观测量，原样输出

补⻬/截断⻓度
⽬前⽤不到

使⽤申请的第0个gpu

LHAASO-WCDA上的伽⻢和质⼦鉴别任务

提交作业脚本参数说明
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https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw

self-attention

6

https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw


self-attention

待优化的参数 https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw
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https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw


单词1/粒⼦1

单词2/粒⼦2

单词3/粒⼦3

单词4/粒⼦4

=


=


=

multi-head self-attention 
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Particle Transformer

https://arxiv.org/abs/2202.03772
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https://github.com/jet-universe/particle_transformer

Weaver 安装使⽤⽅式

Phys. Rev. D 101, 056019

https://arxiv.org/abs/2202.03772

ParticleNet原⽂

Particle Transformer原⽂
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https://github.com/jet-universe/particle_transformer
https://doi.org/10.1103/PhysRevD.101.056019
https://arxiv.org/abs/2202.03772


申请计算资源

激活深度学习环境

HepAI平台训练ParticleNet 和 Particle Transformer
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SGD 优化⽹络参数的⽅式

⽹络结构，可选ParT或者PN

控制ParT的⽹络结构

控制PN的⽹络结构

输⼊数据路径
训练模型存储路径

运⾏模式，train代表训练+推理，’infer’代表只进⾏推理
推理时⽤到的模型
模型推理结果输出路径

模型⽤到的特征变量，其中前两个是PN⽤来计算节点之间距离的变量

分类类别
观测量，原样输出

补⻬/截断⻓度
⽬前⽤不到

使⽤申请的第0个gpu

LHAASO-WCDA上的伽⻢和质⼦鉴别任务

提交作业脚本参数说明
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正负电⼦对撞产⽣两个喷注，每个喷注中包含很多粒⼦
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信号和本底的特征分布
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喷注味道鉴别任务

每⼀⾏代表⼀种特征变量，存储了喷注中所有粒⼦的相关信息，是vector类型。
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sbatch train_JOI.sh 提交作业

代码路径：/aifs/user/home/zhuyf/PNParT，内容：



预测输出⽂件
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对输出⽂件进⾏分析得到喷注味道鉴别效果

19



谢谢



备注
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: activation function

: weight, learnable parameter

α = σ(W1 ⋅ A + W2 ⋅ B + W3 ⋅ C + W4 ⋅ D + W5 ⋅ E + W6 ⋅ F)
σ
W

Multi-Layer Perceptron (MLP)

A

B

C

D

E

F

α

萨摩耶

拉布拉多

阿拉斯加

哈⼠奇

β



Graph
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node

edge

https://doi.org/10.23915/distill.00032
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we can perform the following tasks:
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2， passing message: update 
the features of nodes/edges 
based on the features of 
other nodes or edges,

1. If we apply an MLP on the node/
edge directly, the information would 
not flow among the nodes and edges. 

methods

[x1, x2, x3, . . . , xn]

[y1, y2, y3, . . . , ym]



+ + + + + =
edge 1 edge 3



Jet composed of multiple particles

particle features : [e, μ, π±, k±, p±, γ, charged hadron, neutral hadron, pt, E, d0, z0]



K V Q

Transformer

Encoder

Decoder

arXiv:1706.03762

https://arxiv.org/abs/1706.03762


https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw

self-attention

https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw


self-attention
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self-attention

待优化的参数 https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw
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https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw

Encoder

https://mp.weixin.qq.com/s/uqqGI4GPXcSIrjE0jkh8vw
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Graph Convolution Network: 




: embedding of node v

: the number of node v neighbours


For each step k, the function , matrices  and  are shared across all nodes.


h (k)
v = f (k)(W(k) ⋅

∑u∈N(v) h(k−1)
u

|N(v) |
+ Bk ⋅ h (k−1)

v )

h (k)
v

|N(v) |
f (k) W(k) B(k)

Graph Attention Network 






For each step k, the function , matrices  and attention mechanism

 (generally, another neural network) are shared across all nodes.

h (k)
v = f (k)(W(k) ⋅ [ ∑

u∈N(v)

α(k−1)
vu h(k−1)

u + α(k−1)
vv h (k−1)

v ])

α(k)
vu =

A(k)(h (k)
v , h(k)

u )
∑w∈N(v) A(k)(h (k)

v , h (k)
w )

f (k) W(k)

A(k)



单词1/粒⼦1

单词2/粒⼦2

单词3/粒⼦3

单词4/粒⼦4

=


=


=

multi-head self-attention 


