CEPC Jet Tutorial

Kaili Zhang
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* Including varied components N,
. Y W
* CEPC uses FastJet ee-kt/Durham to do jet clustering. SCEA ANV
* You need and only need to specify N_jets for Fastjet. )
: H
* Generally, for all kt algos, 2 parameter: R and P can be adjusted.
(1 —cosb;;)

* ee-kt no R and P setting.
d;; = min(E*, B3P
J mlﬂ( ) ])(1—COSR)’

* Inclusive clustering -> Everything should be in jet.
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JetDefinition jet_def(ee_kt_algorith

Jet @ CEPCSW

ClusterSequence clust_seq(input_particles, jet_def);

vector<PseudoJet> jets = sorted_by_p st_seq.exclusive_jets

nitialize(){
. . .
» Specify PFO container and njets
° _file File::0Open(m_outputFile.value().c_str(),
_tree ew TTree ts®, t >
_tree->Branch x", &jetl1_px, =t
y", &jetl_py,
z", &jetl_pz, Z
_tree->Branch E", &jet1_E, "jet1_E/D");
° ° _tree->Branch(" je , &jet1_costheta,
* Not stored in final ntuple e
p [ tree->Branch t &jet1_pt, 1 D

_tree->Branch("je onstit nstituents,
_tree->Branch("jet2_px", &jet2_px, -
_tree->Branch , &jet2_py,

_tree->Branch("je Z &jet2_pz

* https://code.ihep.ac.cn/cepc/CEPCSW/- ==

_tree->Branch
_tree->Branch("
_tree->Branch
_tree->Branch

/tree/master/Analysis/GenMatch?ref_type=heads e

s", &nparticles, I
, &jet1_GENMatch_id,
_GENMatch_id,
R", &jet1_GENMatch_m R,y

 Many variable stored. Eae o

, &PFO_Energy_muon);

->Branch R", &PFO_Energy_muon_GENMatch_dR);
_tree->Branch E y_m NMat ID", &PFO_Energy_muon_GENMatch_ID);
" . . . _tree->Branch("PFO_E Y 0 E", &PFO_Energy_muon_GENMatch_E);
* Find jet_ntuple to extract information e
J — p L] _tree->Branch("PF0_Energy r Ecal", &PFO0_Energy_Charge_Ecal);

_tree->Branch("P y arge_ , &PFO_Energy_Charge_Hcal);
_tree->Branch y arge_ _dR", &PFO_Energy_Charge_GENMatch_dR);
_tree->Branch("PFO_E y ar c , &PFO_Energy_Charge_GENMatch_ID);
_tr Branch("PF y_Char GENMatch_E", &PFO_Energy_Charge_GENMatch_E);
_tree->Branch("PF i Charge_E", &PFO_Hits_Charge_E);
_tree->Branch("P &PF0_Hits_Charge

3", &PFO_Hits_Charge_theta);
_tree->Branch("PF its arge i", &PFO_Hits_Charge_phi);

_tree->Branch("PFO_E Neutral”, &PFO_Energy_Neutral);
_tree->Branch("PF _sing luster", &PFO_Energy_Neutral_singleCluster);
_tree->Branch("PFO_E leut singleCluste , &PFO0_Energy_Neutral_singleCluster_R);
PF , &PFO_Hits_Neutral_E
, &PFO_Hits_Neutral_R
, &PFO_Hits_Neutral_theta);
i", &PFO_Hits_Neutral_phi);
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Jet Study example

* Reco/Truth Jet match

* PFO reco PID

* PFO reco/truth matching via dE, dR.
* PFO reco/truth matching via simHit
* Track DO/Z0, Cluster position

* Prepare JOl inputs

T 7
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/cefs/higgs/zhangkl/CEPCSW/Analysis/JetOrigin/src




Flavor Tagging

Traditional: LCFIPlus

P-CNN

Particle Flow Network

e CEPC@Xiaotian:

LundNet

ParticleNet

* Arxiv:1902.08570

BDT based.
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https://scipost.org/10.21468/SciPostPhys.7.1.014
https://arxiv.org/abs/1810.05165
https://arxiv.org/abs/2410.04465v2
https://doi.org/10.1007/jhep03(2021)052
https://github.com/hqucms/ParticleNet

ParticleTransformer

* Platforms:

* Application on CEPC: )
* Tutorial on CEPC:

* Inputs from CEPCsoft: /cefs/higgs/zhangkl/Al/datasets
* Inputs from LHC, /cefs/higgs/zhangkl/Al/jetclass
* Require higgsgpu group. Request on

* Follow the tutorial, build the env if you are interested.
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https://arxiv.org/abs/2202.03772
https://github.com/jet-universe/particle_transformer
https://github.com/hqucms/weaver-core
https://arxiv.org/abs/2309.13231
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221802
https://github.com/ZHUYFgit/CEPC-Jet-Origin-Identification
https://zenodo.org/records/6619768
https://ccsinfo.ihep.ac.cn/

ParticleTransformer @ CEPC

https://github.com/ZHUYFgit/CEPC-Jet-Origin-ldentification

* Variable list in JetClass_full.yaml

* Under development to CEPCSW

e Unit as one jet: 4 momentum, M11 id information

* Train in Weaver:

e Submit jobs on IHEP:
* Qutput: Pred.root:

* Application:

e Alternative:

train_JetClass.sh
Label and score for each jets.

pt model or onnx format

Pytorch + Transformer. @Zuofei
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Inputs for JOI

Input ntuple

Jet->Event;

PFO->Component;

Length: ~50

Label: M11

Current training use truth PID information.

Reco ID is ready to replace.

2025/3/4

/cefs/higgs/zhangkl/CEPCSW/Analysis/JetOrigin/src

PFO point distance Ap(pfo,]et)

An(pfo,Jet)
PFO Vector variable (px, py, pz, E)

PFO

p]
PFO feature variable PFFO, log—— S

PFO

PFO
Et lOg E]et

AR(pfo,]et)

DO, Z0, DOerr, Z0err

PID

’E?@

Delta Phi, pfo to jet
Delta Eta, pfo to jet

4 momentum of PFO

Pfo pt and relative pt

Pfo E and relative E

Delta R, pfo to jet

(if with track)
impact parameters

Truth PID type

While new inputs like vertex can help,

Introducing new variables can reduce the performance.
Weaver has strict range conventions. See guide.
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Slurm Script

Higgsgpu group: Sbatch x.sh
http://afsapply.ihep.ac.cn/cchelp/en/local-cluster/jobs/slurm/

Weaver config: if you are not sure, keep it.

E!/bin/bash

HEHHEHE Part 1 #HHEHEHE
#SBATCH --partition=gpu
#SBATCH --qos=normal
#SBATCH --account=higgsgpu
#SBATCH --job—name=0303

Source you anaconda

#SBATCH --ntasks=8 --num-workers 5

#SBATCH --output=logs/0303.1log
#SBATCH --mem-per-cpu=32768
#SBATCH --gres=gpu:v100:4

--batch-size 512 —start-Ir 1e-3

A Part 2 osEEEE

Samples-per-epoch(-val): consistent with your inputs.

--optimizer ranger
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Monitoring

Acc
. . . . Acc/eval (epoch) Accltest (epoch) Acc/train Acc/train (epoch)
Monitoring training process with tensorboard tag: Acc/eval (epoch) tag: Acc/test (epoch) tag: Acc/train tag: Acc/train (epoch)

0.502
0.498
conda activate weaver 0.494
0.49

cd runs 0.486 ‘
¥4 0.475 4

tensorboard --logdir . --bind_all 0.478 1 0.465

# wait for two or three miniutes

Loss

# if the port is used by the other program, you need to specify a port manualy
Loss/eval (epoch) Loss/test (epoch) Loss/train Loss/train (epoch)

tensorboard --logdir . --bind_all --port 8888 tag: Loss/eval (epoch) tag: Loss/test (epoch) tag: Loss/train tag: Loss/train (epoch)

1.43 08 146

0.4

]

0 50k 100k 150k 200k < 300k
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Output el
* Best model are stored in * Logs to debug:
net_best_epoch_state.pt e /best: epoch performance

* Option: use pytorch to read * /entries: epoch sample entry label

R : * . : : :
Ntuple: Pred™.root.  /metric  train/test/validation

e Test sample with score



Tagging Score CE:

Wy
ik
W

* For single jet, use the max score for

M11 to get best jet likelihood; \ prob(b)
Bvs All = prob(b) + prob(c) + prob(udsg)
. . . . BuvsT — prob(b)
* For flavor tagging, with certain scenario: ~ prob(b) + prob(udsg)
B prob(b)
Bvs 0= prob(b) + prob(c)

* Define tagging eff, mis tagging rate, prob(b)

B vs All weighted =
O e ke~ prab(e) + (1 — k) - prob(udsg)

purity, ROC curve.

2025/3/4 12



Matrix/Curve

Current result are ready for TDR.

0.7656

0.0138

¢4 0.016

0.0024

& 4 0.0015

True

0.0017

4 0.0021

d A 0.002

d 4 0-0017

g 0.0153

tdr, only charged particles

sklearn.metrics.roc_curve()

0.7699

0.0143

0.0016

0.0023

0.0024

0.0018

0.0018

0.0021

0.0155

0.0261

0.7482

0.0169

0.0167

0.0197

0.0092

0.0109

0.0191

0.0286

0.0254 0.0035 0.0023

0.0256

0.7498

0.0168

0.0169

0.0089

0.0192

0.0198

0.0105

0.0283

0.0025

0.0283

0.0256

0.0731

0.0377

0.1179

0.0954

0.0805

0.0669

0.0033

0.0239

0.0272

0.0715

0.1102

0.0355

0.0773

0.0865

0.0662

0.0016

0.0022

0.0293

0.007

0.0298

0.1196

0.0459

0.0676

0.2518

0.0704

0.0023

0.0015

0.0069

0.0278

0.113

0.028

0.0426

0.3802

0.242

0.064

0.0663

0.0016

0.0014

0.0086

0.0187

0.0894

0.051

0.0712

0.1617

0.2412

0.081

0.0498

0.0016

0.0019

0.0193

0.0091

0.0549

0.0968

0.1603

0.0735

0.0847

0.2452

0.0515
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Predicted

0.0224

0.022

0.0571

0.0573

0.1307

0.1307

0.1528

0.1531

0.1574

0.1576

Receiver operating characteristic

1.0

0.8 1

e
@

Bkgrnd rej.

0.4 4

= = Micro-average ROC (AUC = 0.901)
= Macro-average ROC (AUC = 0.883)
ROC of b (AUC = 0.971)
ROC of b (AUC = 0.971)
ROC of ¢ (AUC = 0.943)
ROC of € (AUC = 0.944)
ROC of s (AUC = 0.870)
ROC of 5 (AUC = 0.873)
ROC of u (AUC = 0.851)
ROC of § (AUC = 0.854)
ROC of d (AUC = 0.826)
ROC of d (AUC = 0.829)
ROC of g (AUC = (.848)

0.2 1

0.0 T T
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Sigmal eff.
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Tagging eff, Charge flip rate

1.0 1.0
il e —— —— N e y—
efffiavor tagging for all and only charged efffiavor tagging for TDR and CDR
= ———— ) = ——— NS ———— = ———
0.6+ ~  Penarge fiip for all and only charged 081 > ¢ Penarge fip for TDR and CDR
A\

0.6

0.4
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1.0
B R et tigs Sut LEET ERRFCErY sres . . . .
o AT e S Using test ntuples(assuming yields are uniform)
0.8 r'e Y
CDR flavor tagging eff use test set
0.6 Y ek et Sy S S~ e~ NSt et

TR max(score_b+score_bbar, score_c+score_cbar......)
R S = e e o s S B SEb St S o WO
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Application: Weaver Predict

* Do not need GPU. Directly run weaver

* weaver --predict --data-test "nnHgg:S{test_dir}/*.root" --data-config S{input_var} --network-config

S{modelopts} --model-prefix S{trained_model} \

T 7_
CZ

(&

Prepare the inputs with same format as training.

Suggest with evt number in “observers” to match.

S{GPU} S{batchopts} --log S{log_file} --predict-output S{output_file}

* To onnx: weaver --data-config S{input_var} --network-config S{modelopts} --model-prefix

S{trained_model} --export-onnx S{output_onnx}

e CEPCSW implement: to do
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