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2: Cosmic Ray Spectra and
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2: Origin of Cosmic Rays
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1: Spectra of 46 SNRs before
_  LHAASO

electrons
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2. Evidence for CRs escaping from
SNRs

THE ASTROPHYSICAL JOURNAL LETTERS, 749:L35 (5pp), 2012 April 20 doi: 10.1088/2041-8205/749/2/L35

© 2012. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

§ VLA 90cm
L =
FERMI LARGE AREA TELESCOPE DISCOVERY OF GeV GAMMA-RAY EMISSION bl A 1
FROM THE VICINITY OF SNR W44 8§ Ll W28 (Radio Boundary)
g HESS J1801-233 T,
[=]
YasunoBu UcHivama! 28 STEFaN Funk' 2, HIDEAKT KATAGIRI?, JUNICHIRO KATSUTA!, MARIANNE LEMOINE-GOUMARD?,
Hirovasu Tanma®®, Takaaki TANAKAZ, AND DiEGo F. Torres®?
o
N
- L [y]
2FGL J1857.6+0211 i ! 2FGL J‘|35-|’.5'I-|12.1,1~ R
. + h
0
)
o
——“ W2BA2
- RA J2000.0 (hrs)
ar | | +
T, g . GROJI801-2320
_ 286000 285000 264000 _ 283000 . 282000 _ 28000 205000 280000 283000 282000 21.000 [N NN : ]
;10 3 'i' ....... r!%—!—l
5 43, TP
w,. M 1 L
—— 10
10-9F : o|== Dx=01 " o AGILE (2011) | E : !
] — Dy=10 e Fermi (2010) r
..... Dy =3.0 e SRC1+2 12
10 e
T: 10 T'— ; H . H
7 10” 1 S0 L . HESSJ1801-233
5 £ E H : : : 3
o L Bd vvvd vl il vvid vl
3 B 5 4 3 2 A
=5 I 10° 10" 107 107 10 1
= 210 E
= =z nergy ( TeV)
= 101 v 4 3
= H i DO, 10.1051/0004.436 220077765 Astronomy
2 ©FS02008 Astrophysics
A 10"
: 1
| ] B
—12li 1 Ly i i i i1 i Discovery of very high energy gamma-ray emission coincident
1o 108 107 1010 10" 10° 10? 1010 10!t 107 with molecular clouds in the W 28 (G6.4-0.1) field*

E [eV] E [eV]

& e B R PR i o il e TR e T [T




2: Diffusive Shock Acceleration
in SNRs

T: Age

U: shock speed

R: Radius ~ UT

D: Diffusion coefficient ~ES

Acceleration time: ~D/U2
Escape time: ~R2/D

D/U2 <R2/D then D <UR ~T(free expansion)
~T-1/5 (Sedov)
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2: Evolution of High-Energy Particle
Distribution in SNRs
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2: 7 SNRs Detected by LHAASO

Cas A; IC 443; W51C; Gamma-Cygni; G106.3+2.7; G69.7+1.0; G150.3+4.5
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2: Shock
Drift
Acceleration

THE ASTROPHYSICAL JOURNAL, 255:716-720, 1982 Aprl 15
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PARTICLE DRIFT, DIFFUSION, AND ACCELERATION AT SHOCKS
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3: Possible explanation of the diffuse emission
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1. There appears to be three components:
GeV dominated by acceleration of slow shocks

TeV dominated by fast shocks
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Ultrahigh-energy gamma-ray emission associated
with black hole-jet systems

The LHAASO Collaboration”,*
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Science Bulletin 69 (2024) 449-457
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An ultrahigh-energy y-ray bubble powered by a super PeVatron

LHAASO Collaboration *'
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Conclusions

Shock drift acceleration may play an important
role in the acceleration of PeV cosmic rays

PeV cosmic rays may also be dominated by
sources with hard ultra-high-energy gamma-
ray spectra, such as miscroquasar

Reacceleration in propagation may also play a
role in producing the PeV CR component

Thanks



Association with ATNF
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1: An example of time-dependent DSA
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EFFICIENT PRODUCTION OF HIGH-ENERGY NONTHERMAL PARTICLES DURING MAGNETIC
RECONNECTION IN A MAGNETICALLY DOMINATED ION-ELECTRON PLASMA

3
FaN Guo', Xiaocan L', Hut Lt', WiLLIAM DAUGHTON', BING ZHANG™, NICOLE LLOYD-RONNING .,

Y1-HsIN LIU4, HAOCHENG ZHANGI'S, AND WEI DENG'
!Los Alamos National Laboratory, Los Alamos, NM 87545, USA; guofan. uste @ gmail.com

2: Acceleration by
parallel electric field

f(ve — 1)/arbitary unit

10“] L . =— T T T
.. electron spectrum
" S N s=1.35
6L e N T
10 L" \]\\3.;(}
100N
4 NO) -
10 b W
102 | mi/me = 1 ‘\‘: ,»
|
. [ (d) varying m;/m, !.
10 P EPPPPY LU PTET] P TTT B EPITTeT, IS 1./
10° 10! 102 10° 104 10°
Ye — 1
/€

60
30

U
—al
— Gl

Electron
lon

4000
J£ / {Er’{ﬂ

100 2500 3500

4000

3000 4000 5000

twpe

0 1000 2000

6000



2: PeV Particle Acceleration in PWNS

MNRAS 478, 926-931 (2018) doi:10.1093/mnras/sty 1159
Advance Access publication 2018 May 5

Pulsar Wind Nebulae inside Supernova Remnants as Cosmic-Ray
PeVatrons

Yutaka Ohira,"** Shota Kisaka® and Ryo Yamazaki’
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Associated with
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PeVatrons

51% (35/69) 1-25TeV sources are UHE sources.
57% (43/75) >25TeV sources are UHE sources.
19% (8/43) UHE sources are not detected at 1-25TeV (new class?).
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UHE gamma-ray sources

* The position and
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>2 Detected above 100 TeV
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2 Detected up to 10 TeV
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Does or did the supernova remnant Cassiopeia A operate as a PeVatron? | l |
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For n=10 cm-3, rule out an injection index <2.5

[R—

<
[raiiy
[ty

[
<
(]

E* O(E)(erg s em™)

Energy(TeV)



Monthly Notices

Mon. Not. R. Astron. Soc. 427, 91-102 (2012) doi:10.1111/5.1365-2966.2012.21908.x

Escape of cosmic-ray electrons from supernova remnants

Yutaka Ohira,”™ Ryo Yamazaki,' Norita Kawanaka® and Kunihito Ioka>*
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Declination (J2000)

2: Radio/X-ray obs Y Cygni SNR
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2: High Energy Observations
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2: Hadronic vs Leptonic Models

HAWC $ MAGIC —— X-ray uplimit
§ LHAASO-KM2A ¥ Fermi-LAT total LHAASO-WCDA HAWC ¥ Fermi-LAT total LHAASO-WCDA
$ VERITAS —T— y-ray uplimit from Neutrino ¥ Radio § LHAASO-KM2A  —T— y-ray uplimit from Neutrino ¥ Radio
— 2 i
§ VERITAS —F— X-ray uplimit

n 104 'T'_l 1074

0 0
ki ~

E |

O 0 o 107

> >

[} [V

= =

e e

> > _

W 0 wy 0°

o] O

~ ~~

= =

o ©

N >
N >
W W 07
107
1 . . b i . . i) L
) ) ) ) ) Y ) 10710 1077 1074 107t 102 10° 108
10 102 103 104 10° 106 107 108 10° EY [MeV]

E, [MeV]

Hadronic with Leptonic with a ~17 pG B
an exponential cutoff of 10TeV (dotted)
a break at 4TeV (solid)

Index 2.1->3.1
“Zeng et al. ApJ, 910, 78, (2021) TR Liu et al. RMPP, 6, 19, (2022)



Galactic Latitude (Degree)

2: A Possible Model
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3: SNR G150
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Fitted with two Gaussians: One is spatially coincident with the radio and Fermi-LAT
observation (G150.3+4.5); another is very closed the unidentified source 4FGL ]J0426.5+5434.

(150.38, 4.47), extension =1.45; (150.9, 3.79), extension =0.26

The distance of CO emission (MWISP): 0.8 kpc, and a uniform density: ~1.0 cm~3, with an
age: <1.3x10% yr.
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SNR G150
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3: G150.3+4.5
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3: G150.3+4.5
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3: Boomerang SNR
J2229+6114(G106.3+2.7)
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3: SNR G106.3+2.7, G35.6-0.4
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Conclusions

Observation of Cas A has been published

Manuscripts on W51C and gamma cygni are
to be submitted

Manuscripts on G150, G106, G35.6 should
be submitted by the next collaboration
meeting

G69.7, HESS J1912, LHAASO J2108, J0341,
G57.2, G65.1, G205 should also be analyzed



3: Fermi and CO
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Nonthernal X-ray emission is detected
both from the head close to the PWN and
the tail region
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