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LHAASO has done tree important measurements

1. Measures knees of CR H & He          2. Discovers μQs being UHE emitters     3. Observes SNRs in VHE band 
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Cyg X-3
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70 years old `knee’: Updates by LHAASO        
 — composition does change accordingly
(from 0.3 to 30 PeV)

Knee: 3.72 PeV
γ1 = -2.743±0.005
γ2 = -3.13±0.005
S = 4.1±0.1 

•Systematic 
uncertainties 
are sufficiently 
small

•This unveils a 
clear 
correlation 
between the 
flux and the 
composition at 
the knee



5

We need a breakthrough !
WFCTA: 18 

KM2A: (ED, MD, 1 km2)
ED: 5195
MD: 1188

Hybrid 
Measurement 
of Cosmic 
Rays @  knee



 Reconstruction and Proton shower  selection

Energy 
reconstruction 

Gaussian energy 
resolution 
function

 μ-content 
Vs.
Shower maximum 
depth Xmax

Combined 
species-sensitive
Parameter
Simulated vs data  
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Selection purity 
& efficiency for 
protons and other 
nuclei 



   Proton spectrum: BIG SURPRISE !

 No “knee” !

 A “bump” at ~3.3 PeV

 Indicating a new component

 Contributing ~1/3 fraction

 New population of sources?

 Characteristic energy: few PeV



 Can we do more?  Light component (H+He) Selection

 Helium showers are very similar with 
proton showers

 it is impossible to separate helium from all 
other particles event by event

 Methodology: 
•Helium spectrum = F P+He - Fproton

•The same dataset and the same energy 
reconstruction as used in the proton 
energy spectrum

 High efficiency in selection for light 
showers:  >60%

Bias <3% for helium 
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Spectra of Light CRs and Helium Nuclei 
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 High Precision JLight (E) measurement   
 Systematic errors: same sources as 

proton spectrum 
 Inferred Jhelium (E) = JLight (E) - Jproton (E)

 Clear hardening at 1.05 PeV： 
>10 σ

 Knee at 7 PeV:   6 σ
 Strong deviation from the single 

index power-law spectrum 
below 0.3 PeV:    > 10 σ

 Iterations on Jhelium (E) and Jproton (E): 
significantly reducing uncertainty due 
to composition of CRs

60%
53%

34%

26%



Helium Spectrum and p/He ratio
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 Multiple components
 Domination of proton 

at the knee
 p/He ratio reverses at 

least 3 times over the  
energy rage from      
10 TeV  to 10 PeV

 Complex source 
characteristics and 
propagation features 
 He-rich ~0.1 PeV
 P-rich ~3 PeV



Spectra of Rigidity of protons and helium nuclei
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 Two or Three Components 
existence

 Strong enhancement of proton 
flux in the component around 
the knee

 Proton-rich source population

 Strong enhancement of helium 
flux in the component below 
100 TV

 Helium-rich source population

 No perfect rigidity dependence



A HE-component: Rigidity Scaling ?
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 HE-Component 
(PeVatron-component) 
has a rigidity scaling 

 Indicating fewer 
sources in the HE 
population which have 
close features in 
particle acceleration

 TeV-component has 
strong rigidity 
dependence 

 Indicating diversity of 
acceleration features 
among the large 
number of sources in 
the LE population 



 CR measured at the solar 
system

 Observations in VHE γ-ray 
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– SNRs in dense media
– SNRs in the environment with 

few targets
– A SNR in a cavity 

 μ-Quasars and the New 
component at HE
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 Summary



Known for 90 years
as a hypothesis …… 

•SNRs are the most promising 
CR origin candidates

•Below 1 TeV, LAT found 
experimental evidences

•SNRs to be High Energy CR 
origin needs evidence

•Is there limit of the maximum 
CR energy from SNRs  
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IC 433, W44, W51 in dense medium
•Two sources at IC 443

2025/3/21 The 2nd LHAASO Symposium, HK, March 21-25, 2025 15

•Shell and 
escaping at W44 

•SNR+MC indicating 
a PeVatron at W51 



SEDs:  They do produce CRs
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SNRs in an environment with fewer targets

2 components of  G150.3+4.5
3 components of γ-Cygni

On shell comp.
Escaped comp.



The Radiation from the shell seems dominated by 
leptons, similar to the RX J1713 in the southern sky
 The more concentrated 

radiation seems from the 
interaction with the clumpy MC

 It might represent the 
escaped high energy protons, 
could be as high as 1 PeV

2 comp. of  
G150.3+4.5

3 comp. of γ-Cygni



•ASCA data:  synchrotron X rays
• Fine structures in the radiation 

morphology points to B>100µG
• If leptonic, X/TeV ratio requires
•    B~10µG (with IC/Sync  B-2  )

•               

RXJ1713.7-3946 



T ~ 350 years old SNR  
D ~ 3.4 kpc away
R ~ 2.5 pc ~ 2.5’ radius

2025/3/21 The 2nd LHAASO Symposium, HK, March 21-25, 2025 20

ms34 ms59

0.
4°

        Yong SNR as a PeVatron?



•Complex of 3 sources: PWN (Boomerang), 

SNR(G106.3+27)+MC and an extended associated with gas   
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Particle escaping from the SNR  or PWN? 



SEDs of the 3 Components

•SNR+MC has Ecut ~ 50TeV

•PWN seems the source of UHE photons

•The bubble may associated with the gas 
distribution SNR+MC

(green)

Bubble
(red)

PWN
(blue)
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HE-comp.
SS 433



 Six μ-Quasars are identified to be PeVatrons

GRS 1915+105

MAXI J1820

Cygnus X-1

V4641 Sgr

SS 433

Many ways to accelerate 
Particles to PeV energy



SS 433: High energy radiation 
            at the central region

•Subtracting the jet-components

•1-D #-of-photon distribution: extra central component 

DGE
sources without SS 433 
all 



LHAASO HESS
1-20 TeV

25-100 TeV

Above 100 TeV



TeV γ-rays

= CR particles

UHE γ-rays

PeV protons 

Atomic gas

SS 433 SED
 LE:  Leptons 
 HE: Hadrons
 PeV proton power:
        ~1038 erg/s 



•This guarantees the 
proton accelerator 

•~4 PeV photons implies 
40 PeV proton A super-
PeVatron:

•For Protons >40 PeV, 
radiation mechanism: 

  proton-γ scattering 

Cyg X-3：4.8 hour orbiting 

3 R⊙



SED of a source of proton-photon scattering  



Black Hole as a super-
PeVatron?
Very difficult to detect: not only due to the distant: ~20,000 light-year !
But also out of main field of view of LHAASO: a source in southern hemisphere 
Powerful accelerator generating particle at E >10 PeV !!
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Survey power: 
AI-aid analysis

LACT: angular 
res.~ 3 arcmin

Galactic 
–source：30 
km3 detector  



AI helps to enhance the discovery power

WCDA was designed with 13 mCU        5 mCU 
KM2A angular res.~0.36°         0.27° 



LACT (36 MST) as the upgrading of LHAASO 
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 Stereo  measurement of Cherenkov image 
 At least 4 telescopes simultaneously 

 Reconstruction 

 Angular resolution 0.04° for E>30 TeV

空间立体成像测量系统

A.R.：<0.04°

 for E>30TeV



•Funded
•8X4 array at LHAASO 

site
•6-m telescopes
•two proto type 

telescopes 
•First light soon in this 

year! 

LACT : an IACT array in 
LHAASO



4 Telescope Array Performance 
•Effective area for small elevation targets
•Angular resolution 

Rp~ 630 m 



Jet Termination vs central accelerator

•LHAASO           vs.         LACT (either two point sources or complex morphology) 

LACT PSF

LHAASO PSF



LHAASO J0534+2202

Crab, Science, 373, 425 
(2021)

PeVatrons, Nature 594:33-36 (2021)

Guaranteed �-sources in 
our galaxy

2.5 PeV 

Cygnus Bubble, 
Science Bulletin,
arXiv:2310.10100  



 

High-energy Underwater Neutrino Telescope
H U N T

130 m

36 m

• Resulution   ~0.1°(tracks),   <3°(cascades)
• Energy resolution:   ΔlogE~0.3(tracks)
                                       ΔE~10-30% 
(cascades).
•Discovering Neu sources (>100 TeV) at 
the level of 5σ within several years•Volume：6×6 = 36 km2,  ~30 km3

•Separations of strings：Dstring ~  130 m 
•Separation of optical modules ：DOM   
~36 m 
•Length of each string：~860 m
•~2,300 strings, 24 OMs in each string，
55000 OMs in total



Prototype tests at GVD at L. 
Baikal 
and in South China sea



Summary
  

•Proton spectrum is measured for the first time with a 90% purity sample 

•The “knee” is actually a new component which naturally associated with Super-PeVatrons 

•SNRs are extensively studied as the cosmic ray sources & escaping is found clearly

•Emax is an unavoidable issue 

•unveiled the new CR accelerator population for the 

•Cosmic Ray Super-PeVatron is found among the BH+jet systems and PWNe

•In future, the improved spatial resolution enables a deeper investigation for the very 
interesting extended sources revealing Super-PeVatrons  

•30 km3 neutrino detector is really necessary for confirming those (super-PeVatrons) to 
be galactic CR sources. Prototyping is going on at sites in L. Baikal and South China Sea
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