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/Origin of Cosmic Rays

* Gamma-rays point approximately
to the position of accelerators.

* Cosmic rays directions are
randomized by Magnetic Fields

in the Universe.
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All-particle energy spectrum & composition by LHAASO
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There is still no clue about the origins of CRs between the fﬁ\ _
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Cosmic ray anisotropy
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SNR? PWN? Other sources?

Many types of sources have the potential to accelerate particles to 1 PeV and above
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Location: 29°21' 27.6'N 100°08’ 19.6'E
Altitude: 4410m a.s./
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LHAASO sensitivity
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Wide energy range:
sub-TeV to 10 PeV;

E%dN/dE (ergs cm? s™)

-

=]
b
w

10 1 1 ||J|ll| 1 | ||]|III 1 1 |l|l|.].|I 1

01 3 0‘ 5 .- .
10 1 10 —_— 1 10 Large FOV:~1.8 sr

The most sensitive gamma ray detector to explore this highest energy range
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Cygnus BubDble,
Science
Bulletin,
arXiv:2310.101
00

. - LHAASO discovers
e ojant ultra-high-energy gamma-ray bubble,
identifying the first Super PeVatron

Galactic latitude (deg)

Galactic longitude (deg)

PeVatrons, Nature 594.33-36 (2021)

. g
LHAASO J1908+062

’ g '
M Discovering a giant 'fwenergy gamma-ray bubble in the
star-forming region of€ygnus, which extends to more than
one thousand light-years

B Positioning the source of cosmic ray with energy
above 10 PeV for the first time

® @
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The PeV Photon from Cygnus region
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®1.42+0.13 PeV from the Cygnus region

® Chance probility due to cosmic ray background 0.028% .

‘ E:1421.3 TeV, Ne:6258.7, Nu:6.6, 6:12.7° ‘
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A Bubble of UHE ¥’s centered at a complex core
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GaladicLatitude [ degree ]
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Association with HI gas distribution over ~200 pc £ 3%55% 0w

@ Clear correlation with gas distribution indicating a
hadronic origin of photons in the Bubble

Gaussian kernel=1.0" @ The signal is elongated along the disk and extends to

10°

® The significance map is smoothed with a

® The contour is from HI4PI 21-cm line survey
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Galactic latitude (°)

Association with molecular cloud

® The contour is from CfA galactic CO survey
® The significance map is smoothed with a

Gaussian kernel of 6=0.3"
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Radial profile of the extended emission
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® A very sharp distribution of gamma ray emission towards

the center agree with CR propagation scenario and rule out

a significant contribution from GDE.
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LHAASO measured the Galactic Diffuse Emission %f
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Energy specttum
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HE Protons injection from the core region ;.o

® High energy cosmic rays
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Fitting results o M
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Energy-dependent cosmic ray bubble?
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@ There is a large cosmic ray
bubble , which implies a rather
small propagation ecoetficiency
around the source.

@ The size of bubble depends on

the level of diffuse gamma.
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Neutrino from Cygnus region? LT

The sensitivity of neutrino detector seems not enough now.
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Conclusion I i

* A large scale extended emission from Cygnus direction is detected with
spectrum beyond PeV, which implies a Super-PeVatron.

* CR interact with atomic gas and clampy molecular clouds on the way
diffuse out very slowly forming the bubble and hot-spots

* The observation implies a large cosmic ray bubble extending hundreds of
pc as the 1st candidate of the origin of cosmic rays beyond the knee
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