
02/07/26 FCPPL@Lyon 1

Machine Learning at cosmic &
collider Frontier - learning

from all hits/particles

Manqi
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LHAASO
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AI group @ LHAASO
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Learning from all hits
● Tasks:

– Identification: Proton VS Gamma, Different species of ions...

– Regression: Angular, energy, and central position... 

● ML Models, evolution & optimization 

– i.e., Dual Stream Transformer@ KM2A, physics info. guided optimization
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KM2A: ~ 1.5x @ 
Grab Nebula (2024)

Credit: Yangchao, Yongfeng, etc
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WCDA: ~ 3x @ 
Grab Nebula (2022)

Credit: Shicong, Weiguo, etc
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WCDA: ~ 3x @
GRB 221009A (2h)

Credit: Shicong, Weiguo, etc
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Next milestones
● More tasks, especially to address MC-data discrepancy

● Sky survey: increase the #sources by multifold

● LACT upgrade & Fusion of info. from different sub detectors

● Agents

● Synergies with more facilities

● AI interpretation

● ...
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Higgs factories
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Physics metrics
● CEPC Physics White papers: 

● Higgs: 2019, CPC

● ESPPU input: 2019 ArXiv

● Snowmass input: 2022 ArXiv

● Flavor physics: 2025, CPC 

● New physics: 2025 CPC 

● Current focus

– EW White paper

– QCD studies

– Reco & Det. Optimization

– ...

● Boost horizon by orders of magnitudes 
          

Address/answers profound mysteries:
mass/matter origin, nature of Dark Matter, Phase
Transitions, evolution and fate of the Universe... 

https://inspirehep.net/literature/1699545
https://arxiv.org/abs/1901.03170
https://inspirehep.net/literature/2084168
https://inspirehep.net/literature/2863363
https://inspirehep.net/literature/2927088
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Holistic Reco: Jet origin id

● 11 categories (5 quarks + 5 anti quarks + gluon) identification, realized at Full Simulated di-jet events at
CEPC CDR baseline with Arbor + ParticleNet 

● Published in PRL 132, 221802 (2024). Comment from the referee: "demonstrate the world-leading
performance of tagger", "a "game changer" and opens new horizons for precision flavor studies at all
future experiments."

https://arxiv.org/abs/2310.03440           
https://arxiv.org/abs/2309.13231     Hao Liang, Yongfeng, etc

https://arxiv.org/abs/2310.03440
https://arxiv.org/abs/2309.13231


02/07/26 FCPPL@Lyon 12

Holistic analysis: identify event type

● To identify Higgs (full hadronic) signals
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@ Higgs measurements

Link to paper

Holistic approach: improves the accuracy ~3 times, approach the statistic limit for H->bb...

SM background included 

https://www.sciltp.com/journals/hihep/articles/2603003481
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LEP Legacy data: 1 min at CEPC/FCC
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LEP Legacy data: Preliminary

Rb comparable to Delphi result; Rc improved by 4 times, 
and first direct measurement of Rs, simultaneously

Theoretical uncertainties from hadronization: to be included
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Scaling @ LHAASO Pid

Model could distinguish Proton from Photon, after ~ 10 events training... 

Difference between EM/Had showers if much significant than hadronic events/jets
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Scaling: @ event id

S-Curve: the emerging and saturation of the performance...
What determines the critical points?
What determines the ultimate performance & converging speed?  
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Summary
● Machine Learning, boost the effective luminosity/yields by ~ 1 order of magnitude

– LHAASO: Significance of crab nebula (standard candle) & GRB * 1.5 – 3 times

– Higgs factories: accuracies of core Higgs measurements: * 2-4 times

– LEP legacy data: ~ * 4 times on Rc and 1st direct measurement on Rs (Preliminary)

● Scaling: quantify the emerge & saturation of 
performance, characteristic to ML models 

● Future: 

– Novel methods to address MC-data 
discrepancy & systematic control

– Fusion of Agent + ML + X...

– AI interpretability: what AI perceived, 
beyond conventional methods 

– ...
pi-0 reco @ Higgs/Z factory, preliminary
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Back up
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Impact on Physics

Improved by ~3 times

Improved by 1-2 orders of magnitudes
~ 2 folds improvement at H->cc & Vcb

Presumably... firstly quantified
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Yields ~ Xsec * Lumi * Time

● CEPC: 100 km main ring circumference

● 4 Million Higgs (10 years)

● ~ 1 Giga W (1 year) + 4 Tera Z (2 years)

● Upgradable: Top factory (500 k ttbar) 
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From CDR baseline to AURORA

CEPC CDR baseline: TPC + SiW ECAL + RPC HCAL, BMR of 3.8%

Confusion & Acceptance & Intrinsic Resolution: 50%, 25%, 25%

Key contributions: Fragments (leading confusion) & Intrinsic HCAL resolution

AURORA: DHCAL->GSHCAL, + 5d calo with 100 ps/Hit time resolution, BMR of 3.4%
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Pid: differential performance

Neutral Hadron ID: 5d Calorimetry with ToF capability (δt~100 ps/hit)
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1-1 correspondence reconstruction

https://arxiv.org/abs/2411.06939 
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Detector change (usage of high density scintillating glass HCAL): BMR 3.7% → 3.4%; 

AI enhanced reconstruction: 3.4% → 2.7%.

BMR of 2.7% reached
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Learning from all particles/hits

o(1E4 – 1E5) 
hits

o(10 – 100) 
Reco particles

...Events... 

o(1 – 10) 
Para. of. Interests

...Models... 

o(10 – 100) 
visible particles

● Ultimate goal for detector design & performance: 1-1 correspondence

● Holistic approach using 

– All reco particles

● Physics object reconstruction

● Identifying the nature of physics events: Signal & Backgrounds

● From leaves to the tree

– All detector hits

● Energy estimation for hadron

● Pid at LHAASO
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Learning from all hits: energy
estimation for hadronic shower
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@ CSI

Reduced by 3-5 folds compared to conventional (jet clustering + matching)
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Impact on physics benchmarks...

Y. Zhu@SJTU

Preliminary
2%, critical 
For H->ss

BMR ~ 4%, essential 
For H->inv, tautau, ...
(measurement with 

qqH, H->non hadronic)

As well as Higgs width
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Z→2 jet, 
H→2 tau

~5%

Z→2 muon, 
H→2 b
~2%

ZH→4 jets
~50% 

Z→2 muon
H→WW*→eevv

~1%
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