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Enrico Fermi

BioRGE v E AL Hl

PHYSICAL REVIEW VOLUME 75, NUMBER & APRIL 15,

On the Origin of the Cosmic Radiation

Exnrico FeErMI
Tnstitule for Nuclear Studies, Unaversidy of Chicago, Chicago, Illineis
(Feceived January 3, 1949)

A theory of the origin of cosmic radiation is proposed according to which cosmic rays are ungmated
and accelerated primarily in the interstellar space of the galaxy by collisions against moving mag-
metic fields. eatures of the t ie urally an inverse power law for the

spectral distribution of the cosmic :r.aE 3 t it fails to explain 1n a straght-
orward way the heavy nucler observed i the primary radiation

Assuming: every “collision” results in energy gain
A = , particle has an escape probability
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SNR Spectral Indices
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A Fermi-LAT, Science, 339, 807 (2013) _ Zeng et al., 2019, ApJ

E2 dN/dE (ergcm@s™)

10 - ey By by Bt Bty el Eodery Frbee ety Bobori Budorn el Bty Eionn Baloy Boiciees Pt Bolow: Eobic ko Bk ol Fadowy -
] IC 443 N
107 F " =
-10 |__ E .-
1078 5 ; e
L il i 10* L = -
L / Nm 3
- .E J‘ ¥
- S 105 F i 3
107 5 | E
- 10° Lit =
L uﬁ E
% = | E
i = :
B Besii broken power law & o 107 4 T 3
i Fermi-LAT w &1
2 AR - -
107 = *  AGILE (31) 10° | 4
- * deca E E
= s======e. Hremssirahiung . L
i R [ | |“|T| -|- ?V?V??SIH%“,@HWWT IBIFEIHH 1l R A o ||:|" [ 10'9 iw o mom g el o3 pa meogiie um il iw we umeosmowe od ial
108 102 1010 10 1012 10" 10" 107° 10® 10% 10* 10% 10° 10* 10* 10° 10°
Energy (eV) E [MeV]

> FermiZ N 2B E G INiRE T F HZLIERE, AiEScience 2013F R+ KRBl F =R

> EHTE IR ﬁll]t_‘;ﬁﬁ)%‘ﬁ‘ﬁéﬁﬁﬁiﬁ’ﬁ?ﬁﬂﬁi‘imo TeVE Z#EH+TeVEIFEE R, E%KE
BFETE 1RETE 1] SENNiRPeVEEE L EHIFEHZ

17



ARENZ=

A D g U log €1V LHAASO, 2021, Sci
R, = 308, (this work) ; -5 0 5 10 ’ , 2Clence
- otk | iy : | /_,’?’ | T T 1 T I T T T I T T T T I T T 10 T T T T T T T T T T T -
P img-fluog- i i - =
oynting-flux-dominated wind 22 . Wi
ro=109 = Whipple
il 10%0 & CANGARCO
. . § i Tg;fbe;tﬁt)
5 NOAMES N ¥
o w - =
5 £ 2
& - 108
o S
=;_-| "\‘_IL"-,,.-'." o -~ t t t
S - 10GeV  300GeV  10TeV 100TeV
3 5 ;
E = —ste (e1) \ \ .
' 2 102 Crab Nebula ﬁﬁ%ﬁﬁﬂﬂ’ ¥ |13 |--- 2nd e (Maxwellian type, e2a) | %l
! = /|- -- 2nd e (Power-law type, e2b) | | LT AT
AN - " |—else2a  —eise2b ; vy
— I . L . L i | L Ll 1 L
- 10 15 20 - 10 10°  10° 10 107 1 10
log (¥/Hz) Energy (eV)
R, =3x10"m
= = Possible new feature?
oSsSsi1ble new 1teature:

> BKHRENXZ=: HEKAEFE R IE 51 BF XA E BRI B Al$E 2 B BYEUK IR R 13
A IR AR, —RRHA AR S EEER FINRIR

> )\ FHASySEIE M 2K B CrabBY BE & =18450 TeVHINF; S8R B Z Nk,
LHAASOIEEZER B CrabiBidPeVRIFEF, mEEE=].1 PeV (8(ZE2021F7H)

18



Differential luminosities (erg s™' GeV™)

Aharonian et al. 2021, Nat. Astron.
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PEFHZAR: AREE
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Ren et al. (1987, Nuovo Cim.C, 10, 43) - _

Recorded in textbook “Cosmic Rays and Particle physics” by T. Gaisser
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FEFHEWR: ARE/\H
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Amenomori et al. (2006, Science, 314, 439)
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The Monkey King spacecraft, which took to the skies on 17 Decembar, is designed to detect the high-snergy particles produced by annihilating dark matter,

7

S 8] F 52 B4

'Dark-matter probe launches
era of Chinese space science

Monkey King 1s first in a line of Chinese space missions focused on scrennﬂc discovery.

BY ELIZABETH GIBNEY. CELESTE BIEVER &
DAVIDE CASTELVECCHI

gainst a purple morningsky, in a cloud

of brown smoke, the Monkey King

took off. China’s first space-based

darle-matter detector — nicknamed Wukeng

(or Monkey King) after a warrior in a sixteenth-

century Chinese novel — rocketed into the air

on 17 December, marking the start of a new
direction in the country’s space strategy.

From Earths orbit, the craft aims to detect

high-energy particles and y-rays. Physicists
thinkthatdark matter — a substance thought to
‘make up 85% of the Universe’s matter but so far
observed only through its gravitational effects
__could revealitselfby producing such cosmic
rays as its constituent particles annihilate.
‘Wiukong, officially called the Dark Matter
Particle Explorer (DAMPE), is also notable for
being the first in a series of five space-science
missions to emerge from the Chinese Acad-
emy of Sclences’ Strategic Priority Program on
Space Science, which kicked offin2011.

24731 DECEMEER 2015

© 2015 Macmillan Publishers Limited. All rights reserved

China is already one of the world’s major
space powers, but so far has focused on human
and robotic exploration, with little investment
in space science. (A notable exception is the
Double Star probe launched in collaboration
with the European Space Agency in 2003 to
study magnetic storms on Earth.)

The DAMPE lift off from the Jiuguan Satel-
lite Launch Center in northern China will be
followed next year by a further two missions:
the worlds first quantum-communications
satellite and an X-ray telescope observingin »
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CATCHING RAYS

China’s new observatory will ~925 000 m —
intercept ultra-high-energy y-ray ’
particles and cosmic rays.

18 wide-field-of-view -~
air Cherenkov '
telescopes

" 5,195 scintillator
detectors .

- 80,000-m? sur;'fa,;:e—
- water Cherenkov
detector |

- water Cherenkov tanks

1,171 underground
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LHAASO, Nature, 594, 33 (2021)

Article LHAASO Sky @ >100 TeV
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LHAASO discovered a number of PeVatrons, successfully opens the PeV window
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Acceleration of PeV electrons by Crab nebula LHAASO, Science, 373, 425 (2021)
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LHAASO measurement of the Crab nebula spectrum extends to PeV, revealing PWNe as

PeV electron accelerator
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TABLE II. Comparison of the properties of pulsars J0622 + 3749, Geminga, and Monogem.

Fast di ffusm n o

Name P (s) P (107 557 L (10 exgs™) t (kyr) d (kpc) Ref.
J0622 4+ 3749 0.333 2.542 29 207.8 1.60 [25]
Geminga 0.237 1.098 3.3 342.0 0.25 [59]
Monogem (0.385 5.499 3.8 110.0 0.29 [59]

LHAASO discovered extended emission from a pulsar, indicating a very slow
diffusion (slower by ~100 times) compared with that inferred from B/C
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LHAASO, 2022, PRL, 128, 051102
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