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Outline 

ÅStatus and challenges in the measurements of energy spectrum and 
compositions 

ÅThe most precisemeasurements of all-particle energy spectrum
<lnAҔ ŀƴŘ ˋόlnA) from 0.3PeV to 30PeV  by LHAASO 

ÅHadronic interaction model test by LHAASO 



It is hard to trace cosmic 
rays back by their arriving 
directions 



Knee: a 65 years old puzzle 

üThe most striking features in the energy 
spectrum,whose origin remains enigmatic.
ÅIndex: -2.7->-3.1

ÅPosition: around 4PeV

üA key to the origin, acceleration and 
propagation 
ÅAcceleration  upper limits of Galactic cosmic ray 

sources 
Z dependentEc= ZEp

ÅNew physics
A dependent Ec= AEp

The measurements of the all-particle energy spectrum and composition(<lnA>),  
the single component energy spectrumarecrucial to unveil the nature of the knee 



Mess measurements
of energy spectrum and compositions 

all-particle energy spectrum <lnA> from Xmax <lnA> from secondary particles 

Indirect 
measurements

Energy and 
composition 

information is 
lost 

VBig fluctuations 
VReconstruction of energy and 

composition are dependent on 
each other
VHadronic model is uncertain
VThe energy scale is uncertain 



Challenges in the measurements of
all-particle energy spectrum and <lnA> 
üAll-particle energy spectrum 
ÅThe traditional energy estimator (shower size or density) not only is a function of 

energy, but also is a function of mass. 

üMean logarithmic mass <lnA>
ÅDependent on the energy and hadronic models 



Calorimetric energy estimator based one the 
Heitler-Matthews model 
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from 40% to 5% 

Only works at the shower maximum
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The most precisemeasurements of all-particle energy 
spectrum and <lnA> from 0.3PeV to 30PeV  by LHAASO 



Large High Altitude Air Shower Observatory@4410 a.s.l.
LHAASO  

proton 10TeV proton 100TeV proton 1PeV

4410m

Sea leval

Vertical Air depth of LHAASO site: 
600g/cm2

The best altitude for cosmic rays 
around the knee region 

60g



Precise measurements of ὔ and ὔ

1188MDs

5195EDs

Area: 1m2

Spacing: 15m

Area: 36m2

Spacing: 30m



Data selection criteria

üZenith angle:   10ғʻғол
Åslant air depth:  610g/cm2< X<692g/cm2

ÅNear the Xmaxof the cosmic rays around the knee

üCore position:320m<r<420m
ÅKeep the observation of showers completely 

Geometric aperture:
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πȢρφËÍÓÒ
Full efficiency is achieved above 300TeV



Energy reconstruction 
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Coverage of detectors



<lnA> reconstruction 
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The most precisemeasurements of all-particle 
energy spectrum and <lnA> from 0.3PeV to 30PeV

PRL 132, 131002 (2024)
By C.F. Feng, H.H. He and H.Y.Zhang

Flux <lnA>

Air pressure σϷ τϷ

Composition models ρȢυϷ σϷ

Interaction models ςȢυϷ φϷ



Advantages ofcalorimetric 
energymeasurement

The maximum uncertainty caused by two extreme 
composition models (pure proton and pure iron) is 
reduced from 300% to 12%  



Variance of the logarithmic mass of cosmic rays



variance of the logarithmic mass of cosmic rays
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ÅTogether with the all-particle energy spectrum 

andἂlnAἃ, Ɑ■▪═ ǿƛƭƭ ƎƛǾŜ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ 
composition distributions andwill further constrain 
the composition models.

ÅExample for Pure proton or pure ironⱭ■▪═=0

ÅThe same dataselectioncriteriaare used as 
measurements of  the all particle spectrum and <lnA>  
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Only shower to shower 
fluctuations 



Method validation by MC data 

ÅTwo extreme models 
ÅUniform model

ÅLinear model 



Validation test by MC data


