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Cosmic Accelerators: evidences of existence

* After 110 years, we have learnt a lot about CRs
near the Sun

Particularly in the era of high precision
measurements
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* However, their origin is still an open question

—s— solar system (Lodders, Ap)] 591, 1220 (2003))
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We knew that the accelerators exist.
Where are they? How to find them? e

/ | : & cosmic rays +
LHAASO is ~ & neutrinos
. T ’ .
a y-ray Telescope T
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a CR detector
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Era of Multi-Messenger Astronomy
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Y 4
-JtF y-ray Astronomy

Image Atmospheric Cherenkov Telescopes: pointing observation

Observatorio Roque de los Muchachos (2200 meter a.s.l.)

La Palma, Canary islands (Spain)
MAGIC

The Large Size Telescope (LST) has a 23meter diameter mirror, that
is about twice bigger than a MAGIC telescope (17 meter diam.),
and the array will consist of 4 telescopes (instead of 2)



ZIREIFBR:

AN EEFHAR-

Scientific Goafs, = .

y-ray astronomy:

Survey for sources (above 500 GeV)-'

PeVatrons (above 100 TeV)

LAl kind of sourCes: SNR, PWN, MYC, binary,

pulsar, AGN, GRB etc.

Cosmic Ray Physics:
The knees |

Compositions:: individual species H, He and Fe
Anisotropy: (1 TeV to 10 PeV)

New Physics Front: pm, LIV, etc.
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Complementary Observations: survey vs. pointing

* Time-domain astronomy vs. steady radiation
 VHE vs. UHE bands .
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UHE y-ray Astronomy: survey for sources

> Survey discovered 30+ new sources, 40+ PeVatrons and diffuse y-ray emission

<500 GeV Fermi-LAT __Excess Map 1-25 TeV LHAASO-WCDA _Excess Map
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Many types of y-ray sources have the potential to accelerate particles to 1 PeV and above

A&A 671, A12 (2023)
Science 10.1126/science.abg5137 (2021).

The Astrophysical Journal, 913:115 (11pp), 2021 June 1
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Black Holes and Jets: nQs

* Very important !!

* New CR source population

particularly at energy E >3 PeV

1-25 TeV
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MicroQuasar: SS433 etc

_ _ Revealing particle acceleration and

s+  transportin microquasarjets .
FromBH " - RIS i T

_ directly IO

{1,000 km diameter)

Microquasar

)37 Microblazar T
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Black Holes and Jets

» LHAASO measured them clearly
»> At low energy, the jets - .
» At higher energies, BH itself may have shown up Energy (TeV)
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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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Jet termination
shock

Persistent or M any WayS
- Shock driven by disk wind to accelerate
' particles to

. I central BH (Penrose process; ry h |g h

‘}centnfugal force at BH magnetosphere)

/ energy
/ \\ \Qj:f; x Relativistic outflow
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. AL
What LHAASO Observations Tell Us/’-\

They are HE Cosmic Ray Sources

* Many evidences collected for the SNRs accelerate CRs to very high energy, W
51, W 44, IC 433, Cas A

IC 433 amazingly shows the m%-decay spectrum extending to tens of TeV
without indication of cut-off feature

Almost all of them cut at energies around 10 TeV or even lower

Before the SNR contribution completely dying away, the on-set of a new
component is observed with the hardening ot the spectrum

Stronger enhancement of the flux than that observed in 10 TeV range

|

—
=]
F Y

E...

Proton Spe

Op

LHZ
—e— AM
—— DA

rraasl
5 8 7
10 10° 10° E{Ge‘JF 10 10 10

dN/IE*ER™® (m? s 5" GeV' ™)

—



e
v ﬂ\

[ .5 SO

Content R

Introduction and Experiments

Gamma Ray Source Survey Results

The First Catalogue of Microquasars
* MQs as PeV Particle Accelerators

* Investigation in Depth of a BH+|et system

Cosmic Ray Source Papulation in “Knee” Energy Range

Future Experiments: LACT and HUNT «



B LACT as the upgrading of LHAASO

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

» Reconstruction
O Angular resolution 0.04° for E>30 TeV

LHAASO PSF

B IACT PSF

a0 e 7.0
A (cag)

jaas
a=ss

A.R.: <0.04°
for E>30TeV

27



LACT : an IACT array in LHAASO
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e Funded

e 8X4 array at LHAASO site

e 6-m telescopes
e two proto type telescopes

e First light soon in this year!




Jet Termination vs central accelerator

* LHAASO VS. LACT (either two point sources or complex morphology)
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Expected flux measured in one year with the 4
Telescopes of LACT
for different assumed cut—off energy E_
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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 B .
LHAASO . % 2
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)



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
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* LHAASO has been making discovery of PeVatrons in the Milky Way

* Among the discoveries, the 15t Black-Hole PeVatron catalog unveiled the
new potential CR accelerator population

* Cosmic Ray Super-PeVatron is found among the BH+jet systems

* SS433 is found a nearly perfect example of its kind, and they may supply
sufficient CRs In the ‘knee’ region

* Proton/Helium spectra evidence the compact objects may be the major
supplier of CR at/above the knee

* In future, the improved spatial resolution will bring the investigations for
the mechanism much deep

* Detection of Neutrinos from the PeVatrons will put the last piece of
puzzle in



