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1. Measures knees of CR H & He

v _ﬁ\

LHAASO has done tree important measurements ;2255

2. Discovers pnQs being UHE emitters
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All-particle energy spectrum &
composition by LHAASO
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uncertainties
are sufficiently
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flux and the
composition at
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" Large High Altitude Air Shower Observatory

150<Rp<155

LHAASO
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Hybrid Measurement of Cosmic Rays (@ knee
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Reconstruction and Proton shower selection

A s K ARk

LHAASO N “ Large High Altitude Air Shower Observatory
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Proton spectrum

A s K ARk

LHAASO N “ Large High Altitude Air Shower Observatory

Hardening above 100 TeV

Knee @ knee of all-particle spectrum

Steeper spectrum than all-particle
~1/3 fraction

New population of sources?
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Light component (H+He) Selection
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» Helium showers are very similar with
proton showers

> 1t 1s impossible to separate helium from
all other particles event by event

» Methodology:
* Helium spectrum =F 5, . - Fjo00n
* The same dataset and the same
energy reconstruction as used in the
proton energy spectrum

» High efficiency in selection for light
showers



1 Spectra of Light CRs and Helium Nuclei

» High Precision J ;... (E) measurement
» Systematic errors: same sources as
proton spectrum

» Inferred Jy jium (E) = Jiigne (E) - Jproton (E)

» Clear hardening at 1.05 PeV:

>10 0
> Kneeat7PeV: 60
» Strong deviation from the single

x10°°

AR

index power-law spectrum
below 0.3 PeV: >100
» Iterations on J, i, (E) and J, ... (E):
significantly reducing uncertainty
due to composition of CRs
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1 Helium Spectrum and p/He ratio
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1 Spectra of Rigidity of protons and helium nuclei
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1 A simple two-component model describes the data reasonably

» PeVatron-component
has a rigidity scaling

» Indicating fewer rEr g s, 7Y |

-1 protons  auua0 -5 w1 Helium ——

sources in the HE 24

population which

have close features in

particle acceleration

10* 4 10t b e

» TeV-component has
complete rigidity
dependence

» Indicating diversity of
acceleration features
among the large J J " logulEGey) | } U i : " logulEiGey) | } "
number of sources in
the LE population
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Baade & Zwicky (1934) :
SN > NS & CRs

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

2025/3/21

Known for 90 years
as a hypothesis -

COSMIC RAYS FROM SUPER-NOVAE

By W. Baape anp F. ZwicEY

Mouwt WiLson OpsErvATORY, CARNEGIE INSTITUTION 0F WASHINGTON AND CALI-
FORNIA INSTITUTE OF TECHNOLOGY, PASADENA

Communicated March 19, 1934

happenings in a super-nova now confronts us. With all reserve we ad-
vance the view that a siper-nova represents the transition of an ordinary
star into . consisting mainly of neutrons. Such a star .may
possess a very small radius and an extremely high density. As neutrons
can be packed much more closely than ordinary nuclei and electrons, the
“gravitational packing' energy in a cold neutron star may become wvery
large, and, under certain circumstances, may far exceed the ordinary
nuclear packing fractions. A neutron star would therefore represent the
most stable configuration of matter as such. The consequences of this
hypothesis will be developed in another place, where also will be mentioned
some observations that tend to support the idea of stellar bodies made up
mainly of neutrons.

D. Conclusions.—From the data available on super-novae we conclude

(1) Mass may be annthilated in bulk. By this we mean that an assembly
of atoms whose total mass is M may lose in the form of electromagnetic
radiation and kinetic énergy an amount of energy Er which probably
cannot be accounted for by the liberation of known nuclear packing frac-
tions. Several interpretations of this result are possible and will be pub-
lished in another place.

(2) The hypothesis that super-novae meads to a very
satisfactory agreement with some of the major observations on cosmic
rays.

The 2nd LHAASO Symposium, HK, March 21-25, 2025
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1C 433, W44, W51 in dense nediupm s
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SNRs in an environment with fewer targets
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LHAASO N2 4%
. . . A id BT F 15 AL 5k
The Radiation from the shell seems dominated by
leptons, similar to the RX J1713 in the southern sky
O The more concentrated O It might represent the escaped
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T ~ 350 years old SNR

Yong SNR as a PeVatron? D ~34kpcaway
R~ 2.5 pc ~ 2.5 radius

Broadband ~-ray spectrum of supernova remnant Cassiopeia A
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Dec (deg)

Particle escaping from the SNR or PWN?

* Complex of 3 sources: PWN

(Boomerang), SNR(c1063+27+MC

with gas

and an extended assoclateo
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SEDs of the 3 Components

+ SNR+MC has E_,, ~ 50TeV

* PWN seems the source of UHE photons f ¢ Il"?'m.“ N
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New Component Responsible to the Kne@ .

& b F & 0w 2k

[.5 S SdOD

* SNRs accelerate CRs to very high energy, W 51, W 44, IC 433, Cas A -
* |C 433: the m®-decay spectrum extending to tens of TeV without cut-off

* Almost all of them cut at energies around 10 TeV or even lower
* New component is indicated by the hardening of the spectrum

* Stronger enhancement of the flux than that observed in 10 TeV range
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Six p-Quasars are identified to be P'eVat.'rons A
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Number of events

* Subtracting the jet-components

High energy radiation at |
the central region

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

significance
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* Jet termination

shock

UHE y-rays

Persistent or

transient jet __ § " :
“"~~._ Shock driven by disk wind oy , :
\\ "- Atom' % ;
\ .
Central BH (Penrose process; A0S

" centrifugal force at BH magnetosphere) 4. . (, —
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400 TeV - 600 TeV

Cyg X-3: 4.8 hour orbiting | oy =0

Galactic Latitide (deg)

* This guarantees the proton
accelerator

" 4 PeVphotons implies e,
Natu7,-202,1.) .......

—10 1

the super-PeVatron: 40 PeV protons N
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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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Content
CR measured at the solar
system Survey power:
Supernova Remnants as the Al-aid analysis
sources of the VHE-
component LACT: angular
u-Quasars and the New res.~ 3 arcmin

component at HE

Future expectations mmmmssmm)  Galactic —source:
Summary 30 km? detector



Al helps to enhance the discovery power :::::.
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WCDA was designed with 13 mCU ==> 5 mCU
KMZ2A angular res.~0.36° = 0.2/°

Declination [ degree ]

dN/d [ 10° sr')
dNdn [ 10° sr')
5

o \ ¢70 =0.38°

-
*
e et et et s e et eses

(5 1 5

2 25 3
Angular Distance [ degroe |

¢70 - 0 380

-
Tassesssert sttt ressne

05 1 5 2 25
Angular Distance [ dogree |

Classification

825 82 815

85 84.5 835 83
|

Omax = 380

800

600

400

Significance [ s.d. ]
Declination [ degree ]

200

85 845 84 835 83 825
Right Ascension [ degree ]

[P | . |
85 845 84 835 83 825
Right Ascension [ degree ]

dN/dn [ 10° sr')

Reconstruction

|

I
1.7 X

Significance [ s.d. ]
Declination [ degree ]

500

¢70 - 0 240

R R

0s 1 15 2 25 3
Angular Distance [ dogroe |

83

85 M.S 84 83.5 ) 82.5 82
Right Ascension [ degree ]

Significance [ s.d. ]
Relative Probablity

Relative Probablity

] 2k

L7351 KM2A 10-25 TeV (y MC)
1.50 A Baseline Ggg%,=0.740°
New Model Ogg2,=0.528"
1.25 A
1.00 A
0.75 A
0.50
0.25 A
0.00 T T T T T
0.0 0.5 1.0 1.5 2.0
Angular Distance (°)

KM2A 25-100 TeV (y MC)
3.01 Baseline Bggs;=0.358"
2.5 New Model 86g%=0.269°
2.0 A
1.5 1
1.0 A
0.5
0.0 — T T - -

0.0 0.5 1.0 1.5 2.0

Angular Distance (°)




B LACT (36 MST) as the upgrading of LHAASO i

» Stereo measurement of Cherenkov image
O At least 4 telescopes simultaneously

» Reconstruction
O Angular resolution 0.04° for E>30 TeV
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LACT : an IACT array in LHAASO

W subarray-1 M subarray-3

W subarray-4

W subarray-2

v - 1"‘“““

2
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BR300

-600 400 200 O
X (m)

e Funded
e 8X4 array at LHAASO site

e 6-m telescopes
e two proto type telescopes

e First light soon in this year!




4 Telescope Array Performance

* Effective area for small elevation targets

* Angular resolution
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Jet Termination vs central accelerator

 LHAASO VS. LACT (either two point sources or complex morphology)
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Guaranteed v—sources in

our galaxy

neutrino flux (single flavor)

1LHAASO J2031+4052u*
LHAASO J2027+4119
HI + MC (Cygnus Bubble)

L9
Cygnus Bubble, >
Science Bulletin, | vnsse y
arXiv:2310.10100 } 4 "
LHAASO . 7\\\
e

PeVatrons, Nature 594:33-36 (2021)

Galactic latitglie (o

2.5 PeV

186 185 184 183
Galactic longitude (deg)

Crab, Science, 373, 425 (2021)



Cosmic Messengers

e Resulution ~0.1°(tracks), <3°(cascades)

e Energy resolution: AlogE~0.3(tracks)
AE~10-30% (cascades).

eDiscovering Neu sources (>100 TeV) at the level

of 50 within several years

e\Volume: 6x6 =36 km?2, ~30 km3
eSeparations of strings: Dstring~ 130 m
eSeparation of optical modules : DOM ~36m
eLength of each string: ~860 m

*~2,300 strings, 24 OMs in each string, 55000

OMs in total

130 m
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Prototype tests at GVD at L. Balka\_
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* Proton spectrum is measured for the first time with a 90% purity sample and
provides evidence of the new component which naturally associated with Super-
PeVatrons

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

unveiled the new CR accelerator population for the

IS an unavoidable issue

max

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 km? 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 40
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