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COSMIC RAYS FROM SUPER-NOVAE

By W. BaapE AND F. ZWICKY

MoUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF 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 super-nova represents the transition of an ordinary
star into a meuiron siar, 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 very
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.

Imll

FEFOERR, - FEYEZF 'HEFEDOFES.

“CHEITE” ZEBEOEINHEF
XD ET D “REFEC
ZULIEDHDTIE?

S NDINS BRAEDMEND 7



B[O [BEEELE VIR MRIE
REFE EYIESF QBR/NILVY—DHER

T T AR FHHS O eFR
hiry ~ 17

=R

(BIC. “BEHEDH H/ —N)YEFE)

C hoonaw ) [ TEEEROLE

=IO F. = mrw? M\ 3
- Mm Fmax = \ — 5
Eajj F =G—— ( w? )
\_ /N J
FoxP=19)~ 1,500 km r . (P=1ms)= 15 km

k(= BEEE)EE ~ 6,400 km
HERELDIAV/INJ NTHIVE =REFE 1?




£ _[o: [EEELEIVINT FXIF

FEFE EYIRF QRMDAEREE

729 I R=—IVICRZ—SFHDO DR T—BEBELYE

R

[RF#%. BHREF

AR

EVRF%. BEPESF. BHEF
%

PiEF. B BFHR—TD
RCFELTVBREFRIF,

A%
AADBEHEEME, PEF

IR FELTRER-TLS
OMHhELNBEWVWL, 9L T
DAd—CI3>TVWBADHEL
NZWVL. TN\ 1xRO> g [E53o
TL3DHELNLLY,

xR
K=, ANUDL, K&

PEFEOME X FR2FHLUTWVT,
EDEERCHVITE DL (CABZIRSY,

BRNICEE L ERERDSHRIE,

2.5-
2.0 |
| J0348+0432
15 B HY NASA (T
2 | aw170817 WD ERZET
= - ESNT-ERiE
{——BOB
1.0q9—v1s
1——nNo3
| ——UuIX
| ——APR
0.5 4 —— DBHF(A)
{ —— DBHF(B)
1—FSS2CC - - - Skyrme
1——FSS2GC oo NLWM
0.0- AFDMC ------DDM
8 9 10 11 12 13 14 16
Rikm] Byrgio et al. (2021)
am =] 3, (VL RE O —b N ~
EFEOFRE (REBAERN) 2 TRITES




B[O [EEE

{t&EaAVINT MK

FHEFE EPIEF DETRKRIFN

E

1L

=]

o
X
=t
EE

EREDEVWTRDEFEMHGRE UTFHDOEEELIC

N/

. E

REEWTTEDRERE =& YILF XY

LI v —KNXNEN

21

it E AADE

0 LN L L L L L L L L L L = 2% Lighteurve from Fermi/GBM (10 — 50 keV) i i
- o g : | /N — S
= J—X)LE 19934 : D TERIN—R ‘ o g &”}“‘f&f‘&
. S5 JLZ & 45— : (GRB170817A [V V
wn [ =~ i J
~ s e s |
t _10 I ::t 1750 4 Lightourve from Ferr JGBM (50 — 300 kel')
.-E —:-_3 1500 4 J
G E e [FTXTHR )
3 15 |- : soofpmanin B AR A pu ablnad \las adg
ks oo NSO O PR U Y V| YUY S Y
q) -
o 20 = Lightcurve fram INTEGRAL/SPLACS
QQ 20000 1 (= -
_-; £ 117500 .
© —25 '_»'3 115000 43 'L:\ N "lﬂkh( o x& n.rgl ﬂff”“iq\Am ‘i"‘] L
5 £ 112900 | "‘"“ Lh J f‘!ﬂr‘ W T’TJ R0 L Ly !
2 o
= —30 ,
O &
35 fg :
- L —~/\ r~
- —ﬂﬂ‘ﬁﬁnﬁﬂ@%m —:tﬂl B,
—40 L | 1111111111111111 I A (Abbott+2017)

1975 1980 1985 1990 1995 2000 2005
Year

[C B JIIRIREL (19755F)

lmlt
(1LY
S/

7 D 1B 18R 8 (20165F)

HEE

S NEREZFESTEVILFAYE Y Vv —RKXENREREBEINTWS




E_[O: EEEETVINY MKEE
729 I7K—=ILEYBRE QT v 7R—ILDFE

HEEWNICEZ DR ENTES EHRETERV EREDOKAE

Za—Rh2AENSDFE

g // 1, GMm - 2GM h 1700 ERICT Vv F T ILP T T RIC K > TIEHE
2" T 8T T2 LRSS BONEENS EHREENAN ?

\_ HTOBETERN? BLERE = SEEE LI B & y - JEIREN T, HELEERI N TLWEH -

— XA FRN S DT

/ APV DIV R (T 7k — V)

| AT TAY NIRRT A a s 4 FRAOK

o . 1917 ST H—IL - Y2 /LY VL K 2 & > TEHE
1.2 — [ _SYUMH ) 9 5.9 ar- 2 8 4 2 2 .

ds (1 2 )r. dit® + " 2GM + r-(df~ +sin“Odp*) - O, FH5FEHEF v RStEH—JLIERRDHERRERE
- KXE & OEEEFIFFEVEEZI SN TV




E_MO: EEEkEaVINI MKIK

75y IiR—ILEWEBRE @75y IiR—ILIRHE)DFER

BINEXIRZNE BN o @ETHEZLE T 2HOREDEER

[ AR X1 OREER ( XEEXZOTE - BEARENEONDEHZ
B hMM%%M%@ o Xi& = #100F E M F OB EREN S HE
M T @ EIMCTHEWEWHAE
-~ o =

G TXREGRATEELRWVWTU &£...] y

0 Pl - X L |
23443 2138 931 21143.731
SECONDS UT

/\HF25c4

o HEEAMICEWLWXIIRKRZRKR
o UMH. BWLWIFEITZEE) - /NS RKIK

e 20 KIFBEEEDBTWED EIC

o TOEDEFENS, DR EHBKXEZDIOFIFEL)
y A ER(AIBEX TIEREZIBW)DINE

77y I R=)VEBREICE LTI, R—F YT HHEN. TNCSVWVERENDHER




E_MO: EEEkEaVINI MKIK

727 iR—ILEYBEE QENKRXF DRI

20155, 7oV V7 R—ILRAITOEENS DEIK (—RIEBEXwmNSFE) Z&E

LL

L ——F it & 3 EAERE O FE ~30 XGEB = BH RTDO &% . CAREVBH RBLTLASE?

LIGO Hanford Data Predicted

Black Holes of Known Mass

P

Strain (102")

LIGO Livingston Data Predicted
f

AN

A N T\ (VLI
oA 8 _/_"”\I -"/ \ ,'I \" {{ \‘ ! |! 11 ‘ |‘,l'\ N N\A
w1 \._4_/ \,« v‘ / | | | | \I‘ vh ' v
W | ]] 1l 11
"\J :d| Ell )

U

) | MWJ-%%IJEL; é /Uiéf*sl‘ l/—“'*f— 2=

5
o
-
.E
©
S
)
v

X-Ray Studies
GW150914
LIGO Hanford Data (shifted)

0.30 0.35 0.40
Time (sec)

LVT151012

Strain (10?%")

LIGO Livingston Data

HAROKZRENTFE LW

o
a2 P

> = AN ~ W 3 “w,: 7- . s/ .
YIVE BH &6ARZ5(E39 ! NI (77 =i

e GO, Calieeh, MIT, N7 20 1 7£E / - /\\\} I/ tl:% :Eil- Pj7ll E

—IRTEXFROIRAED A2 59, FHUIMOXAERZRS TO—T(C

"

. e

-\ o
LS
d N
. -Yv- e



E_MO: EEEkEaVINI MKIK

75y oR—IL L MBS OBEAEE TS v /h—ILO%R

2020F / —N)VYBZRE: TERAFOICcHDBERIAVIN N EIEDFEER

for the discovery of a supermassive compact object at the centre of our galaxy
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