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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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He3R(F 2SS 2R AR

python -u main.py \
——batch_size 512 \
——learning_rate 0.001 \
——epochs 3 \
——momentum 0.9 \ «
_ D 4R S ¥
i e B e SGD /L4 S BH =

——arch 'ParT' \ WL, wF[iEParTs&EPN
TNUM_NEAAS=4 N\ ypeey po TR R &R 224
__num_LayerS:4 \

-—-EdgeConv_config="'[[16, [64, 64, 64]], [16, [128, 128, 128]], [16, [256, 256, 256]1]"' \
——fcs="[[256, 0.111" \ i PNEO P 4 4544

——data_root "/aifs/user/home/zhuyf/LHAASO/dataset/L100/finetune/L100_FT_3" \ i A\ ¥IEER1R
——exp_dir "/aifs/user/home/zhuyf/Mine/save/test" \ JJI|FHIEBEIZ(EER1D

—--mode "train" \ &{THEZ, trainf$Fzi)lI%k , infer &R R TIEIE

——load_model "/aifs/user/home/zhuyf/Mine/save/test/best.pth" \ IR HZRE
——predict_output "/aifs/user/home/zhuyf/Mine/predict_output" XZ#UETELE R fa L pRIR
—Processing_conditions="[ {ERIMBMHIELE, HBMMAEPNARITET A2 EEENES
{"name": "vx", "subtract": 0, "multiply": 1, "min": -10000, "max'": 10000},
{"name": "vy", "subtract": 0, "multiply": 1, 1n": -10000, "max": 10000},

e LHAASO- WGTJM:?E’WJﬂ AR ?%%Iﬁ S5 5.0,

{"name": "deltaR", "subtract": "multiply": 0.02, "min": -5.0, "max": 5.0},
{"name": "polar_angle", "subtract": 3.14, "multiply": 1.55, "min": -5.0, "max": 5.0}
1"\

——labels='["1label_s","label_b"1' \ 9 FES

-—0bservables="'["vx", "wvy", "vq", "xc", "yc", "energy", "label_b", "label_s"]' \ WNlE, FRiEsm

——fixed_length 100 \ X|>%/&brKE

——1labelSmoothing 0. \ e o

—_flip_rate 0. \ BRIBAE

—-gpu @ {EHEIFRIEE0Ngpu
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multi-head self-attention
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Concat

Linear Tk

MultiHead(Q, K, V) = Concat(heady, ..., heady, )W
where head; = Attention(QWiQ, KWE . vVWY)



Particle Transformer
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He3R(F 2SS 2R AR

python -u main.py \
——batch_size 512 \
——learning_rate 0.001 \
——epochs 3 \
——momentum 0.9 \ «
_ D 4R S ¥
i e B e SGD /L4 S BH =

——arch 'ParT' \ WL, FJiEParTs&PN
TNUM_NEAAS=4 N\ ypeey po TR R &R 224
__num_LayerS:4 \

-—-EdgeConv_config="'[[16, [64, 64, 64]], [16, [128, 128, 128]], [16, [256, 256, 256]1]"' \
——fcs="'[[256, 0.111" \ i PNEO P 4 £544

——data_root "/aifs/user/home/zhuyf/LHAASO/dataset/L100/finetune/L100_FT_3" \ i A\ ¥IEER1R
——exp_dir "/aifs/user/home/zhuyf/Mine/save/test" \ JJI|FHIEBEIZ(EER1D

—--mode "train" \ &{THEZ, trainf$Fzi)lI%k , infer &R R TIEIE

——load_model "/aifs/user/home/zhuyf/Mine/save/test/best.pth" \ IR HZRE
——predict_output "/aifs/user/home/zhuyf/Mine/predict_output" XZ#UETELE R fa L pRIR
—Processing_conditions="[ {ERIMBMHIELE, HBMMAEPNARITET A2 EEENES
{"name": "vx", "subtract": 0, "multiply": 1, "min": -10000, "max'": 10000},
{"name": "vy", "subtract": 0, "multiply": 1, 1n": -10000, "max": 10000},

e LHAASO- WGTJM:?E’WJﬂ AR ?%%Iﬁ S5 5.0,

{"name": "deltaR", "subtract": "multiply": 0.02, "min": -5.0, "max": 5.0},
{"name": "polar_angle", "subtract": 3.14, "multiply": 1.55, "min": -5.0, "max": 5.0}
1"\

——labels='["1label_s","label_b"1' \ 9 FES

-—0bservables="'["vx", "wvy", "vq", "xc", "yc", "energy", "label_b", "label_s"]' \ WNlE, FRiEsm

——fixed_length 100 \ X|>%/&brKE

——1labelSmoothing 0. \ e o

—_flip_rate 0. \ BRIBAE

—-gpu @ {EHEIFRIEE0Ngpu




Weaver Zic{EFH AN

https://github.com/jet-universe/particle transformer

ParticleNet/E XX

Phys. Rev. D 101, 056019
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https://arxiv.org/abs/2202.03772
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HepAIFE&1)l|&ParticleNet 1 Particle Transformer

echo "slurm job ${SLURM_JOB_ID} start.."
date

Aia A E T SR

source /aifs/user/home/zhuyf/env_conda.sh

conda activate weaver?2

echo "args: $@"
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He3R(F 2SS 2R AR

python -u main.py \
——batch_size 512 \
——learning_rate 0.001 \
——epochs 3 \
——momentum 0.9 \ «
_ D 4R S ¥
i e B e SGD /L4 S BH =

——arch 'ParT' \ WL, wF[iEParTs&EPN
TNUM_NEAAS=4 N\ ypeey po TR R &R 224
__num_LayerS:4 \

-—-EdgeConv_config="'[[16, [64, 64, 64]], [16, [128, 128, 128]], [16, [256, 256, 256]1]"' \
——fcs="'[[256, 0.111" \ i PNEO P 4 £544

——data_root "/aifs/user/home/zhuyf/LHAASO/dataset/L100/finetune/L100_FT_3" \ i A\ ¥IEER1R
——exp_dir "/aifs/user/home/zhuyf/Mine/save/test" \ JJI|FHIEBEIZ(EER1D

—--mode "train" \ &{THEZ, trainf$Fzi)lI%k , infer &R R TIEIE

——load_model "/aifs/user/home/zhuyf/Mine/save/test/best.pth" \ IR HZRE
——predict_output "/aifs/user/home/zhuyf/Mine/predict_output" XZ#UETELE R fa L pRIR
—Processing_conditions="[ {ERIMBMHIELE, HBMMAEPNARITET A2 EEENES
{"name": "vx", "subtract": 0, "multiply": 1, "min": -10000, "max'": 10000},
{"name": "vy", "subtract": 0, "multiply": 1, 1n": -10000, "max": 10000},

e LHAASO- WGTJM:?E’WJﬂ AR ?%%Iﬁ S5 5.0,

{"name": "deltaR", "subtract": "multiply": 0.02, "min": -5.0, "max": 5.0},
{"name": "polar_angle", "subtract": 3.14, "multiply": 1.55, "min": -5.0, "max": 5.0}
1"\

——labels='["1label_s","label_b"1' \ 9 FES

-—0bservables="'["vx", "wvy", "vq", "xc", "yc", "energy", "label_b", "label_s"]' \ WNlE, FRiEsm

——fixed_length 100 \ X|>%/&brKE

——1labelSmoothing 0. \ e o

—_flip_rate 0. \ BRIBAE

—-gpu @ {EHEIFRIEE0Ngpu
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Table 3 The input variables used in ParticleNet for jet flavor tagging at the CEPC.

Variable Definition
An difference in pseudorapidity between the particle and the jet axis
Agp difference in azimuthal angle between the particle and the jet axis
logP+ logarithm of the particle’s Pt
logE logarithm of the particle’s energy
log Ptlé;e D logarithm of the particle’s P; relative to the jet P
log Got) logarithm of the particle’s energy relative to the jet energy
AR angular separation between the particle and the jet axis
do transverse impact parameter of the track
doerr uncertainty associated with the measurement of the dg
20 longitudinal impact parameter of the track
Zperr uncertainty associated with the measurement of the zg
charge electric charge of the particle
isElectron whether the particle is an electron
isMuon whether the particle is a muon
isChargedKaon whether the particle is a charged Kaon
isChargedPion whether the particle is a charged Pion
isProton whether the particle is a proton
isNeutralHadron whether the particle is a neutral hadron
isPhoton whether the particle is a photon
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(base) [zhuyf@ailogin@@l 1$ root -1 predict_output/predictions.root

root [0]

Attaching file predict_output/predictions.root as _file@...

(TFile *) 0x560951975b30

root [1] .1s

TFilexx predict_output/predictions. root

TFilex predict_output/predictions. root
KEY: TTree tree;1

root [2] tree->Show(5)

> EVENT:5

score_label b
score_label c
score_label _u
score_label _d
score_label_s
score_label g
score_label _bbar
score_label _cbar
score_label_ubar
score_label_dbar
score_label_sbar
jet_eta
jet_energy
jet_nparticles
label b

label_c

label u

label d

label_s

label_g

label _bbar

label _cbar

label _ubar
label_dbar
label_sbar

0.427836
0.000218556
4.34324e-05
4.27886e-05
3.71376e-05
0.0308735

. 540575
.000220918
.9414e-05
.2794e-05
.13302e-05
.318356
.3029

0
0
3
7
4
0
2
2
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Multi-Layer Perceptron (MLP)
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W: weight, learnable parameter
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we can perform the following tasks:

Toxic

Node Classification Graph Classification Node Clustering

Link Prediction Influence Maximization

N /

Examples of problems that can be defined over graphs. This list is not exhaustive!

24 DOI: 10.23915/distill.00032
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methods

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.

[ X715 X9, X35 -+« 5 X, ]

[)’1,)’29)73, ¢ o0 9ym]




OOOO0000OO000O

OOOO0000000

@QQQQQQQQOQ
00000000000

%@OQQOQQQQQQ

OOOOOOOOOOO
gOOOOOOOOOOO



Jet composed of multiple particles

particle features : [e, u, n~, k™, p™, y, charged hadron, neutral hadron, p,, E, d,, z,)
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self-attention
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self-attention
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Attention(Q, K, V') = softmax(
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Graph Convolution Network:

(k—1)
Z ueN() h”

INOW) |

h§k> :f(k)(W(k) : Bk . h‘gk_l))

h{®: embedding of node v

| N(v) | : the number of node v neighbours
For each step k, the function f(k), matrices W® and B® are shared across all nodes.

Graph Attention Network

h® = FOwE | Z ak=Dp k=1 4 gk=Dp (k=1))
ueN()

A(k)(h‘gk), hl/(tk))

k(1 k) 1, (k)
ZWEN(V)A( )(hv ’hw )

For each step k, the function f(k), matrices W and attention mechanism
AW (generally, another neural network) are shared across all nodes.

k) _
algu) T
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multi-head self-attention
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Concat

Linear Tk

MultiHead(Q, K, V) = Concat(heady, ..., heady, )W
where head; = Attention(QWiQ, KWE . vVWY)



